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v Praze, Praha, 62 s., Priloha 1-4.

Abstrakt

Ptredlozend dizertatni prace se zabyva vlivem ruznych typt naruseni lesnich
ekosystému (holose¢né lesni hospodafeni, fragmentace, zména druhové skladby
dfevin, zména korunového zapoje v disledku plisobeni vétru na zapojené lesni
porosty) na hmyz. Za modelové taxony, na nichz byly studie provedeny, jsme zvolili
mravence a brouky. Z vysledki vS8ech provedenych studii vyplyva, ze mnozstvi
dopadajiciho svétla vyznamné ovliviiuje vyskyt a po¢etnost vSech zkoumanych druht.
Pro udrzeni vys$si druhové pestrosti mravencii ve smrkovych lesich je dllezité vytvaret
vetsi svétliny, na nichz zije signifikantné vice druhti nez na drobnych svétlinach
¢1V zapojeném lese. Na slunecnim zafeni jsou zavisli také na lesnich okrajich a
pasekach zijici mravenci Lasius flavus, kterym vyznamné napomahava zvysit teplotu
v jejich z hliny vystavénych hnizdnich kupach. Opacnou zavislost jsme zjistili u
mravence Camponotus ligniperdus, ktery se Castéji vyskytoval v uzavienych lesich.
Moznym vysvétlenim tohoto neocekavaného jevu mize byt snaha vyhnout se
konkurenci ostatnich druh@ mravenct ¢i pocetnéjsi vyskyt stromli napadenych
hnilobou, které¢ vyuziva ke stavbé svych hnizd. Zéavislost na hnilobou napadenych
stromech ukazuje, ze tento druh mravence neni lesnim Skidcem, za kterého byl
doposud pokladan. Oteviené porosty nevyhovuji ani bélokazu dubovému (Scolytus
intricatus), ktery se v nich vyskytuje v mensich pocetnostech a dosahuje mensich
velikosti téla. Pro své rozmnozovéni tento druh preferuje tlust$i kmeny stromd,
vyuziva vSak i tenké vétve. Ziskané vysledky Ize vyuzit v ramci lesniho managementu
k podpofe ¢i naopak omezeni vyskytu druht, jejichz pfitomnost je z pohledu ochrany
lesa Zadouci (mravenci) ¢i nezadouci (bélokaz dubovy).

Kli¢ova slova: bélokaz dubovy, fragmentace, hmyz, les, mravenci, naruseni



Véle A (2019): Impact of different forest disturbances on insects. Doctoral
dissertation, Department of Forest Protection and Entomology, Czech University of
Life Sciences Prague, Prague, 62 pp., Appendices 1-4.

Abstract

The presented dissertation thesis deals with the influence of various types of forest
ecosystem disturbances (forest management, change of species composition of trees,
change of the crown canopy affected by the wind, fragmentation) on insects. We chose
ants and beetles as model organisms on which the studies were conducted. The results
of all studies have shown that the amount of incident light directly or indirectly affects
the occurrence and abundance of all investigated taxa. To maintain higher species
diversity in spruce forests, it is important to create larger clear-cuts where live
significantly more ant species. The yellow meadow ant, Lasius flavus also depend on
the direct solar radiation, which helps to raise the temperature in their soil mounds.
The opposite dependence was found in carpenter ant Camponotus ligniperdus, which
is more common in closed forests. A possible explanation for this unexpected result
may be to avoid competition from other ants, or the more frequent occurrence of trees
affected by rot, which it uses for nest building. Dependence on rot-infected trees show
that this species is not a forest pest. The open stands do not even suit the oak bark
beetle, which there occurs in smaller numbers and has smaller body sizes. For its
reproduction, this beetle prefers thicker tree trunks, but it also uses thin branches. The
obtained results can be used within the forest management to support or reduce the
occurrence of species whose presence is desirable (ants) or undesirable (oak bark
beetle).

Key words: ants, disturbance, forest, fragmentation, insect, oak bark beetle
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CILE PRACE
Béhem zpracovani dizertacni prace byly hledany odpovédi na ¢tyfi stanovené cile:

Zjistit, zda je vyskyt mravencti ve smrkovych lesich ovlivnén piitomnosti
svétlin, ptip. jejich velikosti.

Urcit faktory, které ovlivituji termoregulaci hnizd mravence Lasius flavus.

Vyhodnotit faktory prostiedi ovlivilujici pocetnost bélokaza dubového
v méstskych lesich a navrhnout metody jejich ochrany.

Popsat faktory, Kkterymi je ovlivnén vyskyt mravence dievokaze
V hospodaiskych lesich.



UVOD

Lesy pokryvaji vice nez 30 % zemské souse a obdobnou rozlohu (33,8 %) zaujimaji
také lesy na naSem uzemi. V Evropé stejné jako v Ceské republice dochazi
v poslednich desetiletich k mirnému, ale neustalému nartstu rozlohy lest i mnozstvi
dfeva v nich ponechaném (MacDicken et al., 2015; MZe, 2018). I piesto se nelze na
lesy divat, jako na plynule se rozvijejici stabilni ekosystém. Struktura produkcnich
lesu se totiz vyrazn¢ lisi od struktur lest pavodnich (Gossner et al., 2013). Evropské
lesy jsou navic pravidelné naruSovany piirodnimi i antropogennimi silami
(Wohlgemuth et al., 2002; Angelstam, Kuuluvainen, 2004; Seidl et al., 2011).
Vyznamnou roli mezi naruSenimi zpiisobenymi pifirodnimi silami zaujimaji nékteti
zastupci hmyzu, ktefi dokazi zcela zasadnim zptsobem a na velkych plochach ménit
charakter pfirodnich i hospodarskych lest (Miiller et al., 2008; Seidl et al., 2011;
Grodzki, Fronek, 2017).

Hmyz tvofi podstatnou soucast lesnich ekosystému, vV nichz zastdva mnoho diilezitych
funkci (Weisser, Siemann, 2008; Yang, Gratton, 2014). Ovliviiuje kolob¢h Zivin
i jejich dynamiku (Hunter, 2001; Véle et al., 2010). Rozsituje i konzumuje houby
arostliny, svoji ¢innosti dokaze oslabit stromy ¢i zcela zménit charakter vegetace
(Schowalter, 1981; Jardon et al., 1994; Pletscher, Klepzig, 2004; Lemoine et al.,
2017). Hmyz je také podstatnou soucasti potravnich fetézcl, v nichz zaujima roli
predatorti i kofisti (Laakso, Setéld, 2000; Fayt et al., 2005; Moya-Larafio, Wise, 2007).
Mezi jednotlivymi zastupci hmyzu existuji slozité mezidruhové vztahy (Adlung,
1966; Pennacchio, Strand, 2006).

Vyskyt a abundance hmyzu v lesich jsou silné ovliviiovany puisobenim ptirodnich
I antropogennich faktorti. Vyznamnym abiotickym faktorem s dopadem na celé
lesni ekosystémy je v naSich podminkéach vitr. Vyznamnymi antropogennimi
faktory ovliviiujici hmyz jsou napf. lesni hospodafeni ¢i urbanizace Spojené
s ubytkem dfevni hmoty, zménou druhového i vékového spektra stromul
a s fragmentaci lesti (Niemeld, 2001; Nilsson et al., 2001; Hunter, 2002; Gaublomme
etal., 2008; Véle et al., 2011; pfiloha 1,3). Vliv pfirodnich a antropogennich naruseni
lesti na hmyz se muze, ale také nemusi od sebe odliSovat ¢i muze dochazet k jejich
synergickému pusobeni (Bengtsson et al., 2000; Hanson, Lorimer, 2007; Laurance,

Curran, 2008). Vzhledem k piedpokladanému nartstu v poctu a intenzité disturbanci
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v disledku nastavajici klimatické zmény, Ize Vv nasledujicich desetiletich

predpokladat i zvyseny tlak na populace hmyzu v lesich (Seidl et al., 2017).

Studium vlivu naruSeni lesnich ekosystémi na hmyz je aktudlni spoleCensky
I hospodaftsky vyznamné téma, které miZe napomoci nejen ochrané pted ptisobenim
hospodarsky nezadoucich druhi, ale také k udrzeni biodiverzity hmyzu v lesich.
Porozuméni dynamice pfirodnich disturbanci a jejich srovnéni s hospodaiskymi
zéasahy je nezbytné k ochran¢ a managementu biodiverzity a ekosystémovych funkci
Vv ¢lovékem silné ovlivnénych evropskych lesich (Nilsson, Ericson, 1997). Vysoka
diverzita hmyzu je zadouci mimo jiné i z divodu ochrany lesa (Hooper et al., 2005).
Navrh a aplikace metod pro udrzeni biodiverzity a novych metod ochrany lesa
v hospodaiskych lesich (vnichz je potlaéena funkce pfirodnich procesi), pii
souc¢asném zachovani produkénich schopnosti lest jsou jednim zcilt a pilifa
moderniho lesnictvi (Ferris, Humphrey, 1999; Fiihrer, 2000; Wohlgemuth et al., 2002;
Kuuluvainen, 2009). Ekosystémy s vyssi biologickou diverzitou totiz byvaji méné
nachylné k narusenim a tudiz vyzaduji méné intenzivni zdsahy vykonavané za ucelem

ochrany lesa (Hooper et al., 2005; Jactel et al., 2005; Mori et al., 2017).
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NARUSENI LESNICH EKOSYSTEMU

Lesni disturbance jsou vykyvy prostfedi a destruktivni udalosti, které narusuji zdravi
a/nebo strukturu lesa a/nebo méni zdroje nebo prostiedi v jakémkoli prostorovém
nebo ¢asovém métitku (FAO, 2005). Disturbance siln¢ ovlivituji druhové slozeni,
strukturu i fungovani lesnich ekosystému, kolobéh zivin a uréuji prostorové i casové
procesy v dynamice lest, ¢imz ovliviuji také populace hmyzu (Forman et al., 1995;
Oliver, Larson, 1996; Foster et al., 1998; Bebi et al., 2009; Hicke et al., 2012; Bradford
et al., 2013). Jejich dopad se 1isi v zavislosti na vyvojové fazi lesa (Dale et al., 2000;
Hilszczanski et al., 2005). Na hmyz disturbance ptsobi piimo (napf. thyn jedincti) i
nepiimo prostfednictvim zmén v podminkach prostiedi ¢i v mezidruhovych vztazich

(Roland, 1993; Bentz et al., 2010).

Disturbance jsou vyznamné také z ekonomickych davodi. Naruseni lesnich
ekosystému ovliviuji jejich produktivitu napf. prostfednictvim snizené schopnosti
zachytit zdroje v dasledku snizené listové plochy ¢i snizenou schopnosti ziskané
zdroje vyuzivat (Peters et al., 2013). Vysledky teoretickych modelt i empirickych
studii ukazuji, ze frekvence a intenzita disturbanci silné ovliviuji, prostfednictvim
zmén v environmentalnich parametrech, biodiverzitu zasazenych oblasti (Petraitis et
al., 1989; Wohlgemuth et al., 2002; Schowalter, 2012). Ta je ptitom dulezita pro
dlouhodobou stabilitu lesnich ekosystémi (Hooper et al., 2005).

Ve stiedni Evropé se mizeme podle Wohlgemuth et al. (2002) setkat se tfemi typy
disturbanci. Endogenni (gradualni) disturbance jsou zpusobené silami uvniti
stanovisteé (Starnuti a rozpad stromd, jehoz vysledkem je vznik mezer v porostu, mirny
tlak zvéfe). Exogenni (episodické) disturbance jsou zpusobené silami, jejichz pivod
se nachazi vné stanovists: vitr, ohefi, laviny, zaplavy, sesuvy pudy, skidci. Clovékem
zpusobené (periodické) distrubance: lesni hospodafstvi (tézba dieva, vysadba
apéstovani drevin), pastva, sbér dfeva, hrabanky a dalSich lesnich produktd).
V nedavné dobé zacalo byt mezi disturbance fazeno i sucho (jakozto dusledek
vzajemného pusobeni srazek, biomasy, teploty, rychlosti vétru a relativni vlhkosti)
diive povazované za perturbaci (Hanson, Weltzin, 2000; Peters et al., 2011). Mezi
nejvyznamnéj$i abiotické disturbance v evropskych lesich patii vitr, sucho a pozary
(Schelhaas et al., 2003; Jactel et al., 2012; Allen et al., 2015). Vyznamna bioticka

naruseni zde zpusobuji napi. klirovcoviti brouci, podstatna je ale zejména Cinnost
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Clovéka (intenzivni lesni hospodafeni, nartstajici fragmentace a urbanizace lesi
apod.) (Punttila et al., 1991; Schiegg, 2001; Keller et al., 2004; Zapata, Robledano,
2014).

Vitr

al., 2002; Schelhaas et al., 2003). V CR i okolnich zemich je pii¢inou piiblizné 70 %
nahodilé t&Zby zptisobené abiotickymi faktory (Sramek, Novotny, 2019). Vyznam
vétru spociva predevsim ve tvorbé ¢asové i prostorové heterogenity ve struktuie lest,
v disledku ¢ehoz ho lze povazovat za hlavni pfirodni Silu sukcese lesa (Bouget,
Duelli, 2004). Siln¢ ovliviiuje regionalni biodiverzitu hmyzu i vyskyt hospodaisky
nezadoucich druht (Bouget, Duelli, 2004; Grodzki, Fronek, 2017). Vitr mimo jiné
napomaha §ifeni hmyzu na nova stanovisté, vytvari ¢i nic¢i biotopy vhodné pro jeho
vyskyt, ovliviiuje chemickou komunikaci hmyzu (Bayers, 2000; Cardé, Willis, 2008;
Mezei et al., 2014; Chase et al., 2017; pfiloha 4). Hmyz se ¢asto vyhyba stanovistim
se silnou intenzitou vétru, na nichz nedochazi ke kladeni vajicek (Bonsignore,
Bellamy, 2013). Za zcela zasadni lze vliv vétru hodnotit ve vztahu ke vzniku polomut
a naslednym zménam v grada¢nim cyklu podkorniho hmyzu (Wermelinger, 2004;
Grodzki, Fronek, 2017).

Sucho

V Evropé dochazi k nardstu sucha od poloviny minulého stoleti (Dai et al., 2004). Na

naSem Uzemi je sucho pfic¢inou téméf Ctvrtiny nahodilé téZzby zplisobené abiotickymi

vvvvvv

wewvr

podkorni, dfevokazny a savy hmyz, ktery 1épe prosperuje na suchem oslabenych
stromech (Koricheva et al., 1998; Jactel et al., 2012). Opak plati napt. pro halkotvorny
hmyz (Koricheva et al., 1998). Jednozna¢né pozitivné na sucho reaguji sekundarni
Skidci. Jimi zpisobena poskozeni vzrlstaji s intenzitou sucha, které se odrazi ve

snizené obranyschopnosti stromt (Bultman, Bell, 2003; Jactel et al., 2012; Colangelo
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et al., 2018; priloha 3). Interakce sucha a vyssi poetnosti hmyzu mize mit zavazné
dasledky na prezivani stromd, které by nebyly zptsobeny pouze suchem ¢i samotnym

pusobenim hmyzu (Anderegg et al., 2015).

Lesni hospodareni

Lesni hospodateni narusuje lesy vicero zptusoby. Hmyz je ovliviiovan jiz samotnou
tézbou dieva (Punttila et al., 1991; Schiegg, 2001). Snaha o vysoké vynosy dieva,
zpusobuje nepfirozenou strukturu lest, ¢imz méni i slozeni spoleCenstev hmyzu
(McGee et al., 1999; Miiller et al., 2007). Péstovanim hustych a zapojenych porostl
mize byt hmyz ovlivnén negativné i pozitivné (pfiloha 1, 3, 4). Dal§im typickym
jevem intenzivniho lesniho hospodateni je odstrafiovani starych a uschlych stromii,
jez se odrazi v poklesu biodiverzity zejména saproxylickych druhti (Schiegg, 2001;
Siitonen, 2001). Krom¢ vékové skladby mize lesni hospodafeni také ovliviiovat |
druhou skladbu lesii. V druhové pozménénych lesich casto nachadzi piihodné
podminky a do vysokych pocetnosti se dokazi namnozit druhy schopné zptisobovat
znaéné hospodaiské ztraty (Wigley, Roberts, 1997; Hansen et al., 2001; Berryman,
2013). Lesni hospodafeni ovsem mize také simulovat ptirodni disturbance a tim
ptispivat k nartstu druhové diverzity hmyzu v lesich (Niemela et al., 1996; Nitschke,
2005). Typickym piikladem je napf. jiz zminéné holose¢né lesni hospodaieni, diky
némuz vznikaji, obdobné jako diky pusobeni nékterych exogennich disturbanci v
lesich mozaiky rtizné starych porostid S odliSnym slozenim hmyzich spolecenstev

(Wigley, Roberts, 1997; Palladini et al., 2007; Véle et al., 2011).

Je zifejmé, Ze mezi intenzitou hospodaiskych zasahti a strukturou hmyzich
spolecCenstev neexistuje jednoduchd zavislost, coz je dobfe patrné na piikladu
mravencu. Pfi tvorbé holose¢i dochazi k pfimému poskozovani hnizd i neptimému
ovliviiovani populaci v hnizdech (Rosengren, Pamilo, 1978; Niemel4 et al., 1996;
Sorvari, Hakkarainen, 2007). Intenzivné obhospodafované lesy piesto mohou byt diky
veétsimu zastoupeni mladych a prosvétlenych porosti osidleny pocetnéji nez lesy
obhospodarované extenzivné ¢i viibec (Punttila et al., 1991; Yi et al., 2005; ptiloha
1). V nejmladsich lesnich porostech ziji pfedev§im druhy s r-stretegii a druhy vazané
na oteviend stanovisté, zatimco ve starSich porostech ptevazuji druhy teritorialni

(Punttila et al., 1991, 1996; Maeto, Sato, 2004). Kolonizace t€émito druhy je pomérné
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rychla a jiz do dvaceti let dosahuje diverzita mravenct svého vrcholu (Niemeli et al.,

1996; Véle et al., 2011).

FRAGMENTACE

Fragmentace krajiny je dle Fahrig (2003) definovana jako rozd¢leni pfirodniho
krajinného pokryvu na nékolik menSich oblasti nachéazejicich se v ¢lovékem
pozménéné krajiné. Fragmentaci lesi zplsobuje nejen lesni hospodaieni, nybrz je
disledkem i dalSich lidskych Cc¢innosti napf. pokracujici urbanizace (Zapata,
Robledano, 2014). Vliv fragmentace spociva ve sniZeni rozlohy pivodniho biotopu
anaristu rozlohy lesnich okrajt, v disledku ¢ehoz dochazi ke zméndm Vv intenzitach
pisobeni environmentalnich faktord. Ty Se opét projevuji v nardstu i poklesu
abundance hmyzu. Vysledky nasich studii ukazuji, ze na vétSinu druhti mravencti
obyvajicich smrkové lesy mé fragmentace kladny vliv (pfiloha 1). VEétsi mnozstvi
slune¢niho zafeni, dopadajiciho na hnizdo diky fragmentaci souvislych lesnich celkd,
mize mravencim rodu Lasius usnadnovat termoregulaci jejich hnizd (pfiloha 2).
Jinym druhtim, napf. mravencim rodu Camponotus, zménéné parametry prostiedi
nevyhovuji (pfiloha 4). Kromé zmény environmentalnich podminek hraje dtlezitou
roli v odezvé hmyzu na fragmentaci také vzrustajici izolace jejich populaci (Hunter,
2002). Fragmentace ovlivitluje hmyz také prostfednictvim zmény ekologickych
procest, pficemz i tyto nesnadno pozorovatelné jevy mohou mit na populace hmyzu
dalekosahlé dusledky (Roland, Taylor, 1997; Tscharntke, Brandl, 2003). Konkrétné
lze zminit napt. gradace defoliatorti v boredlnich lesich, jez nastaly v disledku
nevhodnosti fragmentovanych lesi pro vyskyt parazitoida (Roland, 1993).
K takovymto gradacim ptispiva dle Roland (1993) i skutecnost, ze vétSina motylu
Klade sva vajic¢ka na lesni okraje radéji nez do tmavych casti lesa, a ze lesni okraje i
siln¢ fragmentované lesy se vyznacuji vyssi teplotou, ktera umoznuje rychlejsi
vyvoj hmyzu. Vliv mize mit také nevhodnost fragmentovanych biotopli napt. pro
ptaci predatory hmyzu (Fayt et al., 2005). Na druhou stranu mtze fragmentace lest
kladn€ plisobit na taxony hmyzu, jejichZ pfitomnost je vzhledem k jejich moznému
vyuziti v ochrané lesa ptinosna. Jedna se napt. o predatory, ktefi preferuji proslunéné

lesni plochy ¢i nékteré parazitoidy v dospélosti sbirajici potravu na vegetaci, jejiz
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vetsi mnozstvi roste na lesnich svétlinach (Hilszczanski et al., 2007; Klapwijk et al.,
2016).

Odezva hmyzich taxont na fragmentaci se 1iSi mimo jiné v zavislosti schopnostech
jejich rozptylu (Ribas et al., 2005). Fragmentaci pozménéné okoli ztistavs§ich ploch
muze slouzit jako bariéra pro Sifeni tizce specializovanych druhi, zatimco generalisté
mohou z takovychto zasahti profitovat a lesni okraje vyuzivat jako naslapné kameny
(Punttila et al., 1996; Maeto, Sato, 2004; Miiller et al., 2007; Sobrinho, Schoereder,
2007). Ve fragmentovanych biotopech tak muze postupné dochazet k nahradé
specialistu druhy s Sirokou ekologickou valenci (Tscharntke et al., 2002). Zajimavy
jev souvisejici s fragmentaci byl popsan v lesich severni Evropy. Polygynni druhy
mravenct 1épe prezivaji v rozlehlejSich a méné izolovanych fragmentech, zatimco
monogynni druhy dominuji v malych a znac¢né izolovanych fragmentech lest
(Vepsildinen, Pisarski, 1982; Mabelis, 1994; Punttila et al., 1996).

Vliv fragmentace se odviji také od uspofadani zbyvajicich porostd, které ovliviiuje
migraci zivo€icht a tim i druhové slozeni a pocetnost hmyzu (Mabelis, 1994;
Schoereder et al., 2004; Eggleton et al., 2005; Sobrinho, Schoereder, 2007
Summerville, Crist, 2008). U mravenci bylo zjisténo, ze jejich spolecenstva jsou silné
ovlivnéna ptitomnosti optimalnich habitati az 300 m vzdalenych (Véle et al., 2011).

Rozlehlejsi stanovisté zase maji schopnost piijmout vice imigranti (Kawecki, 2004).

BIOTICTI CINITELE

Bioticti Cinitelé vcetné hospodaisky nezadoucich druhii jsou integralni soucasti
lesnich ekosystému (Miiller et al., 2008; Svoboda et al., 2012). V hospodaiskych
lesich je vSak pocetna ptitomnost druhti zpusobujicich jejich rozsahlé naruseni (napf.
karovcovitych brouki) nezadouci (Schelhaas et al., 2003; Mezei et al., 2014; Grodzki,
Fronek, 2017). Vyznamné poSkozeni smrkovych lest zptsobuje Iykozrout smrkovy
(Ips typographus), ktery byl béhem uplnulych dvou stoleti opakovanou pfi¢inou
rozsédhlych naruseni smrkovych lesich v podminkach stfedni a severni Evropy
(Wermelinger, 2004). Z ¢isté ekologického hlediska se vSak i na n¢ho Ize divat jako
na kli¢ovy druh smrkovych porostd umoznujici jejich regeneraci a zvySujici poéty
mezidruhovych vazeb, spojené s vyssi diverzitou mnoha zastupci nejen hmyzu
(Miiller et al., 2008).
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Na listnatych stromech je dilezitym zastupcem kuarovcovitych broukti bélokaz
dubovy (Scolytus intricatus), ktery zptuisobuje zna¢na poskozeni dubovych porosti
(Markovi¢, Stojanovié, 2011). Ta mohou byt Citelna predevs$im v piiméstskych lesich,
U nichZ jsou vysoce cenény i jejich mimoprodukéni funkce (Konijnendijk, 2003).
Pocetnost bélokaza dubového lze snizovat odstranovanim tézebnich zbytka vcetné
tenkych vétvi, ve kterych se muze vyvijet (Galko et al., 2012; piiloha 3), ale také
preventivné zménou v usporddani a druhovém sloZeni porostl. Duby rostouci
Vv prostfedi s vysokym jarnim korunovym zapojem (zpisobenym napi. péstovanim
jehli¢nant v jejich blizkosti) jsou oslabené, cehoz bélokaz dubovy vyuziva. Takovéto
stromy Castéji napadd, uspésné se zde rozmnozuje a vylihli brouci dosahuji vétsich

télnich rozméra (ptiloha 3).

Ekosystémovymi inzenyry s vyznamnym vlivem na lesni ekosystém jsou také
mravenci (Toro et al., 2012). Mnoho z nich pozitivné ovliviiuje pidni vlastnosti
(Frouz, Jilkova, 2008). Mravenci premistuji semena rostlin, chrani rostliny pied
herbivory, ale také je oslabuji chovem msic (Adlung, 1966; Gorb, Gorb, 1999).
Z pohledu potravniho fetézce jsou mravenci dalezitou kofisti i predatory (Adlung,
1966; Horstmann, 1970). RovnéZz dokazi ménit slozeni zivo¢isnych spolecCenstev
(Laakso, Setdld, 2000; Hawes et al., 2002). Na rozdil od kdrovct je jejich pritomnost
hodnocena kladn¢ i1 Vv hospodaiskych lesich, nebot’ mohou snizovat populace
hospodarsky nezadoucich druht ¢i indikuji nevhodnost péstovanych dievin na
stanovisti (Adlung, 1966; piiloha 4). Ani mravenci dfevokazové diive povazovani za
lesni sktidce, nezptisobuji hospodaiské skody, nebot’ ke stavbé hnizd vyuzivaji stromy
napadené hnédou hnilobou (pfiloha 4). Vyskyt vétsSiny druhi mravenci Ize podpofit
udrZzovanim mozaiky dostate¢né velkych lesnich svétlin, jeZ zajiStuji mravenciim

vhodné environmentalni podminky (Véle et al., 2011; pfiloha 1, 2).

PARAMETRY PROSTREDI

Vliv naruseni lesa miizeme pozorovat ve zménach abiotickych i biotickych parametrii
prostiedi. Dllezitymi environmentalnimi parametry ovlivitujicimi vyskyt i abundance
mnoha zivoc€iSnych taxoni jsou dopadajici slune¢ni zafeni a S nim spojena teplota

vzduchu a puady (Carlson, Groot, 1997; Forrester et al., 2012; pfiloha 1, 3). Na
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zivoCichy mnozstvi dopadajiciho slune¢niho zafeni pisobi | nepiimo napf.
ovlivilovanim vegetace a mnozstvi potravnich zdroju (Punttila et al., 1991; Palviainen
et al., 2005; Yi et al., 2005).

Mnozstvi dopadajiciho slune¢niho zafeni se silné odliSuje 1 V drobnych
mikrohabiatech (Velde et al., 2011) a ovlivituje mnoho Zivo¢isnych taxont. Namatkou
lze jmenovat napt. pudni zivocichy, motyly, brouky a mravence (Selas Vidar et al.,
2004; Salmon etal., 2008; Velde et al., 2011; Battisti et al., 2013; Vodka, Cizek, 2013;
ptiloha 1,3). Druhova bohatost hmyzu na lesnich svétlinach muze byt diky vys$Simu

mnozstvi dopadajiciho zafeni az o 50 % vys$si nez ve vzrostlém lese (Duelli et al.,

2002).

Kombinace teploty a slune¢niho zatreni je Casto pouzivéna k vysvétleni distribuce
faktord ovliviljicich fyziologické funkce ektotermalnich Zzivoc€ichd, jejich vyvoj
aprezivani a tedy i uspéch populaci (Battisti et al., 2013). V teplejSim prostiedi
zivocichové dosahuji vétsich télnich velikosti (Atkinson, 1994). U mravenci je zména
v dotaci prostfedi sluneénim zafenim pfi¢inou zmén struktury jejich spolecenstev
beéhem starnuti lesnich porostd (Niemela et al., 1996; Véle et al., 2011). Oslunéni totiz
zvysuje také vnitini teplotu mravencich hnizd, ¢imz zkracuje fyziologicky ¢as nutny
pro vyvoj nasledujici generace (Kipyatkov, Lopatina, 2002; pfiloha 2). Zajisténi
dostatecné vysoké teploty vhodné pro vyvoj plodu je jednou z hlavnich funkci
hnizdnich kup a jednou z pti¢in uspésnosti mravenci (Holldobler, Wilson, 1990).
Zatimco napf. u lesnich mravencu je teplota zajistovana puisobenim vicero zdroji
(krom¢ teploty vzduchu a piimého slune¢niho zafeni se jednd napf. o rozklad
organického materidlu, z néhoz je kupa postavena), u druhti stavicich si hnizda pouze
z pady hraje primarni roli pravé slune¢ni zateni (Frouz, 2000; piiloha 2).

Velké mnozstvi slune¢niho zafeni dobie snasi zejména agresivni druhy (Punttila et
al., 1996). Na lesnich svétlinach se vSak Castéji nachazeji i dalsi taxony mravenct,
napt. zastupci rodd Lasius, Myrmica i Formica (Niemeld et al., 1996; Mabelis,
Korczynska, 2001; Véle et al., 2011). Hnizda lesnich mravenci na svétlinach 1épe
piezivaji (Mabelis, Korczynska, 2001), coz se odrazi v dlouhodobém vyskytu hnizd
predevsim ve svétlejSich porostech (Punttila et al., 1994; Niemela et al., 1996; ptiloha

1). Na svétlejsich plochach se také nachazi vice vegetace v podrostu a s ni spojené
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vy$8i mnozstvi potencialni potravy mravencu (Gorham et al., 2002; Jeffries et al.,
2006).

Pozitivni zavislost vyskytu hmyzu na teploté prostiedi vsak neplati vzdy. Pineau et al.
(2017) zjistili, ze lykozrout borovy (Ips sexdentatus) ma vyssi obsah lipida v téle
pokud se nevyviji v prostiedi s piili§ vysokou teplotou. V¢Etsi télesna velikost
u ktirovet znacdi jejich lepsi kondici (Reid, Roitberg, 1995). Problémem pro ktirovce
muze byt také skuteCnost, ze iIntenzivni sluneni zafeni Snizuje ucinnost, ke
komunikaci hojn¢ vyuzivanych feromonti (Wood, 1982; Seybold et al., 2000;
Artyushenko et al., 2017). Rovnéz mravenci rodu Camponotus castéji osidluji stinna
mista (pfiloha 4). Vzhledem ke skuteCnosti, ze mravenci patii mezi teplomilné
zivocichy (Holldobler, Wilson, 1990) spo¢iva mozné vysvétleni v existujici nepiimé
vazbé. Je mozné, Ze se umisténim hnizd daleko od svétlin snazi snizit konkurenci
s jinymi druhy mravenc, jejichz vétSina se vyskytuje na svétlinach (Alinvi et al.,
2008; ptiloha 1, 4). Mravenci dievokazové nepatii mezi pfili§ agresivni a bojovné
druhy (Savolainen, Vepsildinen, 1988). Moznym vysvétlenim je jejich preference ke
stojicimu mrtvému dievu s velkym obvodem (Westerfelt et al., 2015), které se na
svétlinach vétSinou nenachazi. DalSim divodem miize byt vyrovnanéjsi klima vhodné
pro vyskyt hnédé hniloby, kterou je napadena vétSina mravenci osidlenych stromt a

ktera usnadnuje mravencum tvorbu jejich hnizd (Gooding et al., 1966; ptiloha 4).
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ZAVER

Vysledky studie o vlivu velikosti lesnich svétlin na vyskyt a pocetnost mravenct
(pfiloha 1) ukazuji, Ze disturbance a fragmentace zptisobené lesnim hospodaienim
nemusi na hmyz ptisobit pouze negativné. Vétsi druhové zastoupeni i vys$si abundance
mravencii na rozsahlejSich svétlinach jsou odpovédi na zménu V mnozstvi
dopadajiciho slune¢niho zafeni a s nim spojené zmény dalSich environmentalnich
parametri. Slune¢ni zafeni a s nim spojena teplota vzduchu jsou také hlavnimi faktory
ovlivitujici teplotu v hnizdnich kupach mravence Lasius flavus (ptiloha 2).
Fragmentace lesti naopak nesvéd¢éi mravenci Camponotus ligniperdus, ktery preferuje
uzaviené smrkové porosty. Jeho absenci na prosvétlenych plochéch lze vysvétlit
unikem z konkurenéniho prostfedi, v némz dominuji agresivnéjsi druhy mravencd.
Roli pravdépodobné hraje i pocetnéjsi vyskyt dostateéné tlustych hnédou hnilobou
napadenych stromil v zapojenych porostech, v nichz si buduje sva hnizda (ptiloha 4).
Parametry prostfedi spojené s mnozstvim slune¢niho zateni ovliviiuji také vyskyt
bélokaza dubového. V zastinénych stromech se bélokaz vyviji ve vySSich

pocetnostech a zde vylihli jedinci se vyznacuji vétsi velikosti téla (pfiloha 3).

Cilem soucasného lesniho hospodafstvi je podpora biodiverzity a prevence ¢innosti,
jez mohou vést Kvysokym populaénim hustotam hospodaisky nezadoucich
organismii (Ferris, Humphrey, 1999; Fiihrer, 2000; Wohlgemuth et al., 2002;
Kuuluvainen, 2009). K témto cilim mtze dopomoci i aplikace nami ziskanych
vysledku. Pfitomnost mravenct v lesich je Zadouci z vicero divodt. Pro podporu
vétSiny druht mravenct lze vytvaret dostatecné rozsahlé svétliny (ptiloha 1, 2).
Stromy osidlené mravenci dievokazi neni nutné odstrafiovat, nebot’ tito mravenci
nejsou lesnimi Sktidci. V ochrané lesa Ize naopak vyuZit jejich predacnich schopnosti.
Jejich cCetny vyskyt lze rovnéz vyuzit jako indikaci podminek nevhodnych pro
péstovani smrkui (pfiloha 4). Pocetnost bélokaza dubového v ptiméstskych lesich lze
sniZit péstovanim dubi ve svétlych porostech a odstrafiovanim i tenkych téZebnich

zbytkd (ptiloha 3).
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Abstract  Ants are an important part of biodiversity and
are useful bicindicators. Cur aim was to determine whether
ant species richness and composition differ among large
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and areas of mature forest. The research was conducted in a
large plantation of Picea abies in the Jizerske Mountains in
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which had a large dear-cut, mature forest, and gaps; a
randomized complete block design was wsed. Spedes
richness and composition of ant assemblages differed sig-
nificantly among plots in the three treatments. The results
showed that amt abundance and diversity were similarly
low in small gaps and in closed-canopy mature stands; in
comparison, large clear-cuts supported significantly higher
species richness, more complex species composition, and a
higher abundance of ants. Six species were found in large
clear-cuts, but only one and two speces were oollected in
small gaps and mature forests, respectively. Our findings
suggest that small-scale forest management is not suit-
ahle for maintaining ant diversity.
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Introduction

A poal of modem forestry is to protect ecosystem biodi-
versity and functionality while maintaining cument wood
production {Decocg et al. 2004; Naga and Yoshida 2006;
Mewmaster et al. 2007). Achieving this goal in managed
spruce monocultures is difficult, becase such forests are
charactenzed by increased soil acidity and motrient defi-
ciency (Emmer et al. 1998), high susceptibility to damage
by ahiotic (Hlisny et al. 2011) and biotic agents {(Overbeck
and Schmidt 2012), and low diversity of other organisms
(see Felton et al. 2000). Secondary stands of Norway
spruce {(Ficea abies (L)) Katrs, account for 51 % of the
forested area (Ministemstvo Zemedélstvi 2014 ) in the Czech
Republic, and the number of ant native species is low
(Crechowski et al. 2002).

Clear-cutting is a widespread type of management, and
the sizes of clear-cuts vary considerably in different
regions. In Sweden, for example, the average size of clear-
cuts is 6.3 ha, and the legal maximum is 20 ha {Eckerberg
1987; Mc Dermott et al. 200100 In Czech Republic, the
average size is 03 ha (calculated from forest inventory
data from 2005 to 2012, Kristek pers. comm. ), and the legal
maximum is 1 ha (Kupka 2006). Despite the small clear-
cut areq, thers is ongoing dehate in the Czech Republic
ghout the hammful effects of clearcuts on biodivemsity
{BalaZ et al. 2008).

Ants constitute an  important component of forest
eoosystems because they improve soil properies (Véle
et al. 2000) and directly or indirectly affect herbivorous
insects (Manak et al. 2013; Wynhoff et al. 2015); more-
over, ant nests provide a habitat for other organisms
(Hirkiinen and Sorvari 2014). In general, ants can be
considered as a surrogate indicator of biodiversity {Alonso
2000}, The occumence of ants is strongly affected by the
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type of forest management (Maeto and Sato 2004). The
removal of wood decreases nesting possibilities for red
wood ants (Punttila et al. 1994; Punttila and Haila 1996),
and nests on clear-cuts have relatively low survival rates
(Sorvari and Hakkarainen 2007). On the other hand, har-
vesting of wood creates sunlit areas. In such areas, many
ant species occur in higher abundances than in mature
forests (Punttila 1996; Véle et al. 2011). The increase of
abundance in these cleared areas persists until the shading
increases again. Well-lit areas also serve as source points
for the spread of ants into shaded stands that provide more
suboptimal conditions (Véle et al. 2011).

Research to date has not taken into account the size of
clearings necessary for increasing ant abundance and spe-
cies richness. Although studies have indicated that small-
scale harvesting can be regarded as ecologically beneficial
(Phillips et al. 2006), it may not always be an ideal solution
for sustaining biodiversity in large plantations. Our
objective was to determine whether ant assemblages differ
in small vs. large clearings surrounded by large mature
stands of commercially managed forest.

Materials and methods

The study was conducted in a large plantation of Norway
spruce, Picea abies (L.) Karts., in the Jizerske Mountains
near the Josefuv Dul (annual temperature 4.4 °C, 1323 mm
precipitation, ca. 900 m asl.) in the Czech Republic.
Three study areas were located 0.5-1.0 km from one
another. Each area was composed of four study plots: one
in a large clear-cut (ca. 3000 m%), one in a mature forest
(plot area ca. 3000 m®), and two in gaps (ca. 400 m™ each).
All gaps and clear-cuts were approximately 3 years old.
Plots were situated in a secondary spruce monoculture with
equal age structure. The individual plots within a study
area were ca. 100 m apart. The clear-cuts and gaps were
the product of commercial clearcut forest management,
and approximately 30 % of their surface was covered by
undergrowth. Pitfall traps, which are a proven method for
sampling ants in spruce plantations (Véle et al. 2009), were
placed in an elliptical configuration, ca. 2 m from one
another. The plastic traps (10 cm deep and 7 c¢m in diam-
eter) were filled with 3 % formaldehyde. Fourteen pitfall
traps were placed in each of the plots in the clear-cuts and
the mature forest, and seven traps were placed in each of
the plots in the gaps. The traps were deployed at each plot
for 2 weeks/month in June, July, and August in 2009.

For the analysis of total ant species richness, we com-
puted stand-based rarefactions (Mao Tau function) with
95 % confidence intervals and the Chao function (Gotelli
and Colwell 2001; Horak and Rebl 2013). The same
analysis was used to compare the studied habitats: large

clear-cut (clear-cut), gaps (gap), and mature forest (forest).
The number of randomizations was set at 1000. Analyses
were computed using EstimateS 8.2 (Colwell 2006). Sta-
tistical significance among the studied habitats was tested
using ANOVA with 999 permutations as implemented in
the vegan package in R. As recommended by Gotelli et al.
(2011), we made occurrence-based analyses of identifying
species composition and individual species responses to the
three habitats. Canonical correspondence analysis (CCA)
was used as the most appropriate method (Hordk et al.
2014). A The Monte-Carlo permutation test with 999 per-
mutations under the full model was used. Permutation type
was restricted for split-plot design with whole plot freely
exchangeable. Statistical significance of associations
between species and habitat was tested using T value bi-
plots with Van Dobben circles in CANOCO (ter Braak and
Smilauver 2002).

Results

In total, six ant species were captured: Myrmica rubra
(Linnaeus, 1758), Myrmica ruginodis (Nylander, 1846),
Formica fusca (Linnaeus, 1758), Formica sanguinea (La-
treille, 1798), Camponotus herculeanus (Linnaeus, 1758),
and Lasius platyvthorax (Seifert, 1991) (Table 1). The
species rarefactions reached an asymptote for the entire
data set (Fig. 1), suggesting that most of the species in the
study areas were represented in the analysis and that the
number of plots was sufficient. Ant species richness was
significantly influenced by the studied habitat (F = 14.73;
P < 0.01), and significantly more species were collected in
the clear-cuts than in the gaps or mature stands (Fig. 2).
This result was also confirmed by the results for species
composition based on species occumences (F = 8.92;
P < 0.001).

Myrmica ruginodis was detected in both types of
clearings as well as in the mature forest, but it was more

Table 1 Total number of individual ants captured in pitfall traps in
three habitats (clear-cut gap, and forest) in Norway spruce planta-
tions (Jizerske Mis)

Species Habitat
Clear-cut Gap Forest

Myrmica rubra 2 0 1]
Myrmica ruginodis 237 9 14
Formica fusca 163 0 2
Formica sanguinea 257 0 (1]
Camponotus herculeanus 9 0 (1]
Lasius platythorax 16 ] 0

For each species, a value in bold is significantly different from the
other two values
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Fig. 1 Species rarefaction and estimate of total species richness of
the trapped ants (Formicidae) in the Norway spruce plantation
(Jizerske Muis). The black solid line shows the sample-based
rarefaction, the two surrounding black dashed lines are Mao Tau
estimates with 95 % confidence intervals, and the gray dash and
dotted line is the Chao 1 estimate of the total number of species
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Fig. 2 Final ant species accumulations (with 95 % confidence
mtervals) in the three habitats in the Norway spruce plantation
(Jizerske Mits)

abundant in the clear-cuts than in the gaps or mature for-
ests. Formica fusca was significantly more abundant in the
clear-cuts, while only two specimens were captured in
mature forests, and no specimens were captured in the
gaps. A significantly higher abundance of F. sanguinea, L.
platythorax, and C. herculeanus was collected in the clear-
cuts, while only two specimens of M. rubra were collected,
and both were collected from clear-cuts.

Discussion

In the present study, ants were substantially more abundant
and diverse in the clear-cuts than in the gaps or in the
mature forest. These differences cannot be explained by
insufficient time for colonization of the small gaps and
mature forests. Clearings, for example, are colonized by
ants within 1 year (Véle et al. 2011). A possible

@ Springer

explanation for the low numbers (only 16 individuals) of
ants in the mature forest was that the spruce plantation was
located on a cold plateau, which is an unsuitable environ-
ment for a number of ant species (Czechowski et al. 2002).
Removal of wood within the mature forest also limits
nesting opportunities (Punttila and Haila 1996). In addi-
tion, the low abundance and diversity in the mature forest
might be explained by the insufficient number of clearings
and therefore the limited opportunities for ant dispersal in
even-age plantations (see Veéle et al. 2011). In general,
these results are not surprising, because the diversity is
known to be lower in managed forests than in unmanaged
forests (Kone et al. 2014), and degraded forests may be
characterized by the absence of wood ants (Torossian and
Roques 1984).

Most studies show that anthropogenic changes in forests
have a negative influence on ants and especially on For-
mica species (Domisch et al. 2000: Sorvari and Hakkar-
ainen 2007). Zmihorski (2010) stated that the negative
impact of cutting may result from the increased vanability
of abiotic conditions (sunlight, temperature, and humidity),
as described by Aussenac (2000), Palviainen et al. (2005),
and Olchev et al. (2009). Negative effects of changes in
microclimate were also highlighted by Rosengren and
Pamilo (1978), and by Domisch et al. (2000). We suspect
that in closed forests, the increased amount of sunlight
caused by clearcuts may benefit ants, because light
increases soil temperature and thus the rate of ant brood
development and other ant activities (Lopez et al. 1992;
Banschbach et al. 1997: Kipyatkov and Lopatina 2002).
Moreover, light is likely to affect the amount of understory
vegetation (Cogliastro and Paguette 2012), which again can
affect the abundance of invertebrates that may serve as
food for ants (Gorham et al. 2002). The change in envi-
ronmental conditions can be regarded as a factor causing an
increase in ant species diversity in conifer forests after
clear-cutting (Palladini et al. 2007; Véle et al. 2011).

Because only diverse ecosystems can sustain ecological
functions (Bonn and Gaston 2005), diversity in managed
forests cannot be ignored (Nelson and Halpern 2005).
Quite the contrary, we must develop methods for main-
taining biodiversity in managed forests (Ferris and Hum-
phrey 1999), where natural processes have commonly been
inhibited (Kirby and Watkins 1998). Our findings suggest
that small-scale forest management is not suitable for
maintaining ant diversity. Because ants are important
indicators of biodiversity (Alonso 2000), we suggest that
the creation of larger clearings of at least 1000 m* will help
generate biodiversity in even-aged coniferous plantations.
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Abstract Like other organisms, ants require suitable micro-
climatic conditions for their development. Thus, ant species
mhabiting colder climates build nest mounds that rise above
the soil surface, presumably to obtain heating from solar radi-
ation. Although some ant species construct mounds of organic
materials, which generate substantial heat due to microbial
metabolism, Lasius flavus mounds consists mostly of soil,
not organic material. The use of artificial shading in the cur-
rent study demonstrated that L. flavus depends on direct solar
radiation to regulate the temperature in its mound-like nests.
Temperatures were much lower in shaded mounds than in
unshaded mounds and were likely low enough in shaded
mounds to reduce ant development and reproduction. In areas
where L. flavus and similar ants are undesirable, they might be
managed by shading.

Keywords Ants - Management - Mound - Lasius -
Temperature - Radiation

Introduction

Ants build nests to maintain microclimatic conditions (temper-
ature, humidity) suitable for the development of their brood
(Holldobler and Wilson 1990). The ability to regulate

0 Adam Véle
adam.vele@ centrum.cz

Forestry and Game Management Research Institute, Stmady 136,
252 02 Jiloviste, Czech Republic
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temperature is a key contributor to ant ecological success and
may help explain social development among insects in general
(Wilson 1971). The aboveground parts of ant nests are some-
times 23% warmer than the belowground parts (Tschinkel
2006). With this mcrease in temperature, the time required for
brood development decreases (Kipyatkov and Lopatina 2015),
which increases colony reproduction (Abril et al. 2010).

Ants often build their nests under stones because stones
provide better and more stable thermal conditions than other
habitats (Dean and Turner 1991; Fernandez-Escudero et al.
1993; Thomas 2002). Ants may also help control temperatures
m the nest by orienting mounds in a south-north direction
(Vogt et al. 2008). Moreover, ants often migrate to habitats
with more convenient microclimatic conditions (Smallwood
and Culver 1979). Migration is rather typical for L. flavus and
other ants with small nests and therefore with relatively poor
thermoregulation (Coenen-Stali et al. 1980; Rosengren et al.
1987). Although construction of a new nest is difficult and
time consuming, such construction is worth it (Mikheyev
and Tschinkel 2004) because relocation can enhance repro-
duction (Smallwood 1982).

The type of material used for the nest construction influ-
ences nest temperature (Banschbach et al. 1997). Thermal con-
ductivity of soil Lasius nest is much higher than thermal con-
ductivity of Formica nest (Frouz 1996). In nest mounds made
of organic material, the ant Formica s. str. 1s able to maintain
more or less stable microclimatic conditions (Rosengren et al.
1987: Frouz 2000; Lenoir et al. 2001). The primary sources of
the thermal energy in these nests are considered to be (i) the
metabolic heat of ants, (ii) the metabolic heat of the microor-
ganisms decaying the organic material, (1i1) the temperature of
the air surrounding the nest, (iv) solar radiation and (v) the
humidity of the nest material (see Kadochova and Frouz 2014).

The yellow meadow ant, L. flavus (Fabricius, 1781), in-
habits non-forested areas in Central Europe, Asia. Northern
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Africa and the Northeastern USA (Czechowski et al. 2002). In
some habitats, the density of L. flavus mounds can be as high
as 52 per 100 m? (Dostal et al. 2005). The microclimate in
these mounds, which consist largely of soil rather than organic
material, 1s likely to be affected by a variety of factors.
Because organic material is absent or scarce in L. flavus
mounds, the thermal contribution of microorganisms is prob-
ably negligible.

The temperature of a nest mound will be affected by ant
number and size. For example, a nest’s self-warming ability is
likely to be lower 1n a nest containing 2000 to 3000 L. flavus
ants that are 24 mm long (Odum and Pontin 1961) than in a
nest containing >1,000.000 red forest ants that are 4-9 mm
long (Czechowski et al. 2002; Rosengren et al. 1987). The
thermoregulation characteristics of Lasius nests, however,
have yet to be investigated, even though Lasius ants are con-
sidered to affect humans in both negative and positive ways.
Although Lasius ants improve soil quality (Holec and Frouz
2006), they can also make it more difficult to use the colonized
land (Lopéz et al. 2000), and non-native Lasius species have
invaded and colonized Europe (Boer and Vierbergen 2008).
The main objective of this study was to assess the effect of
solar radiation on the temperature of L. flavus ant mounds. A
method for the easy and environmental-friendly management
of L. flavus and similar species is also discussed.

Materials and methods

The study was conducted on a meadow with northem expo-
sure near Zelezny Brod, the Czech Republic (50°37°55.179"
N, 15°15'4.009" E). The meadow is at 400 m altitude, and the
area has a mean annual temperature of 7 °C and a mean annual
precipitation of 1000 mm (Culek 1995).

Eight L. flavus mounds that were 5 m apart and in a line
were selected. All of the selected mounds had the same size
and volume (50 cm in diameter, 30 cm high). Four of the eight
mounds were randomly selected and were artificially shaded
with a piece of light-blocking textile; the remaining four hills
were left unshaded. Each piece of textile was tightly attached
to four stakes so that it was 5-50 ¢m above the mound and so
that it shaded the mound throughout the day but did not block
rain or air flow. While unshaded mounds remained unshaded
throughout the study, the shaded mounds were shaded for a
10-day period and were then left unshaded for 14 days until
another 10-day shading period was initiated. From May to
August 2008, the mounds were examined in seven periods:
one unshaded period before any mounds were shaded. three
periods with shading of designated mounds and three periods
without shading. Air temperature was measured 25 cm above
the soil surface. A data logger with a sensory receptor was
carefully inserted in the central part of each mound to record
the temperature every hour on every day of the study. To sum
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the temperature effect, the accumulated hours with tempera-
tures >17 °C (accumulated degree hours, ADH values) were
determined for each period. A base temperature of 17 °C was
used because this is the lowest temperature that is suitable for
development of all ant stages (Kipyatkov et al. 2004).
Although the average nest temperature will differ depending
on the type of ant and the geographical location (Kipyatkov
et al. 2004; Kadochova and Frouz 2014), L. flavus and
L. niger are related species of similar size and with similar
behaviours. Nonetheless, the average nest temperature may
not be the temperature that the brood is exposed to because
workers may carry the brood to those parts of nests with tem-
peratures most conducive to development (Penick and
Tschinkel 2008; Anderson and Munger 2003). The Kruskal-
Wallis test was used to compare ADH values in each period
for periodically shaded and always unshaded mounds.

Results

During the circadian rhythm, temperatures fluctuated by up to
14 °C n unshaded mounds. In shaded mounds, fluctuations
were lower (Fig.1). In both shaded and unshaded mounds,
temperatures were highest near midday and then slowly de-
clined until the next morning (Fig. 1). The same pattern was
observed for air temperature (Fig. 1). Described circadian tem-
perature rhythm was same during all periods in shaded and
unshaded mounds. During periods when nests were shaded,
the shaded mounds temperature declined. During periods
without shading, the temperature of shaded mounds
approached to temperature of unshaded mounds, but did not
reached the same levels (Fig. 2).

In May, June and July, the average temperature was always
higher for unshaded mounds than for periodically shaded
mounds during the time when they were shaded (Table 1).

Temperature (*C)

1 3 5 7 s M 13 15 7 192 23
Time (h)
Fig. 1 Hourly temperatures in unshaded mounds (circles) and shaded
mounds (squares) of L. flavus nests and in the surrounding air
(triangles). The values are means + SE for first (unshaded) period
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Fig. 2 Hourly temperatures in
unshaded mounds (circles) and
shaded mounds (squares) of

L. flavus nests. The values are
means + SE for 2-7 periods. a)
2-shaded. b) 3-unshaded. ¢)
4-shaded. d) 5-unshaded. ¢)
6-shaded. f) 7-unshaded period

Temperature (*C)

e)

During periods with shading (periods 2, 4 and 6), the ADH
values were significantly lower in the shaded mounds than in
the unshaded mounds (Tables | and 2). During periods with-
out shading (periods 1, 3, 5 and 7), the ADH values tended to
lower in periodically shaded mounds, but the differences in
periods | and 5 were not statistically significant (Table 2).

Discussion

During periods 2, 4 and 6, when periodically shaded mounds
were shaded, ADH values were lower in shaded mounds than
in unshaded mounds (Tables 1 and 2).

Table 1 Temperatures (°C, means + SD) in shaded and unshaded
L. flavus mounds. These means are based on temperatures recorded
during periods 2, 4 and 6, when periodically shaded mounds were shaded

Treatment May June July August
Unshaded mounds  13.9+4.5 173+£45 17.6=40 164+36
Shaded mounds 13241 16134 168=33 165=35

1 13 15 17 19 21 23 1 3 65 7 9 11 13 15 17 19 21 23
Time (h) Time (h)

Accumulated degree hours in the current study were re-
duced by shading of L. flavus mounds, which has also been
observed for nests of Leptothorax, Formica and Myrmica

Table2  Accumulated degree hours (ADH) and their comparison (both
base temperature of 17 °C) in L. flavus mounds that were always
unshaded and in mounds that were shaded during shaded periods but
unshaded during unshaded periods. The values are means + SD for
each period. ADH values were compared with the Kruskal-Wallis test
(Kw-H)

Period ADH ADH comparison
Always unshaded Periodically Kw-H p
nests unshaded nests
1-Unshaded 20.5=2.6 202+24 0.01 0.9220
2—Shaded 224=x37 191+13 18.31  <0.0001
3-Unshaded 21.8+3.4 203+£22 542 <0.05
4-Shaded 22,135 189+14 2528  <0.0001
5-Unshaded 21.9+4 20.6 £3.0 1.51 0.2190
6—Shaded 202+28 19016 1472 0.0001
7-Unshaded 22.0+3.5 206+25 773 <0.05

Significant differences are in bold
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species (Brian and Brian 1951; Higgins and Lindgren 2012).
As a consequence, the shading prolongs the larval stage and
reduces the larval size as well as the size of the whole popu-
lation (Brian and Brian 1951).

The lower temperatures in shaded vs. unshaded L. flavus
mounds confirms that direct solar radiation 1s important for the
thermoregulation of L. flavus nests, whose mounds consist
largely of soil rather than organic matter. This 1s consistent
with the general understanding that the temperature of ant
mounds or hills consisting of soil can significantly differ de-
pending on time of day and location. The aboveground parts
of ant nests can heat up faster than belowground parts because
aboveground parts benefit from direct solar radiation (Penick
and Tschinkel 2008). The importance of solar radiation has
also been confirmed with small nests made of organic material
(Brandt 1980; Kilpelidinen et al. 2008). A strong dependence
on direct solar radiation by ants that construct hills consisting
largely of soil can be explained by (i) the small quantity of
metabolic heat generated by the small quantity of organic
material in the mound and (i1) the low number of ants.

The results reported here demonstrate the dependence of
Lasius ants on the meteorological conditions of the habitat.
Furthermore, the results suggest environmentally friendly
methods for managing ants with soil mounds. On the one
hand, the shading of such nests may cause them to decline
or even vanish. For instance, the absence of pasture manage-
ment causes open-habitat species of ants to disappear (Dahms
etal. 2010). This can be explained by the growing vegetation,
which will shade ant mounds in unmanaged pastures
(Andersen 1995). Other thermophilic ant species similar to
those of L. flavus are likely to be suppressed by overgrowing
vegetation in Central Europe. These include Formica clara
Forel, 1886 and Lasius camiolicus Mayr, 1861 (Bezdécka
and Bezdéckova 2011).

Conclusions

L. flavus, which builds aboveground nests, is strongly influ-
enced by solar radiation. Shading significantly lowered the
nest temperature and would probably slow ant development
and reproduction. The high dependence on solar radiation for
the thermoregulation of the nest demonstrates the susceptibil-
ity of L. flavus to weather conditions. Shading can be used to
manage L. flavus and similar species in locations where they
are undesired.
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ARTICLE INFO ABSTRACT

Keywords:

Urban forests are important for the health of cities. These forests face high anthropogenic pressure, including
demands on their multi-functional role. Therefore, the impact of pests-induced disturbances may be greater for
DBH urban forests than forests outside of cities. Monitoring of pests in their native environment is an important tool
Ozk bark beetle for the management of urban forests. To better understand how pest population density is affected by the forest
Schlv:l;nu; intricatus environment, we used the Oak bark beetle, Scolytus intricatus, as a model organism. The study was carried out in

2014-2015 in the urban forests of Pardubice City, Czech Republic. Pest population density was studied at three
levels: branch, tree and patch. The increasing branch diameter was identified as an important variable with a
threshold of 70 mm for entrance holes and 45 mm for emergence holes. Increasing host tree diameter at breast
height with a threshold of 46.8 cm was statistically significant at the tree level in terms of the number of entrance
holes. Increasing spring canopy openness was identified as an important variable at the patch level with a
threshold of 50.78% and had a decreasing trend for the number of reared adults and their total body size. Big oak
trees with thick branches under closed spring canopy are the most susceptible to attack by S. intricatus. Based on
our findings, we propose that the maintenance of mature oaks under open canopies is important for urban forest
management. Avoiding mixed plantings of oaks and conifers should promote these open canopies and lead to

Disturbance

multiple advantages regarding oak silviculture.

1. Introduction

Oaks (Quercus) are important economically, ecologically, and cul-
turally for humans (Costello et al., 2011; Haneca et al., 2009; Johnson
et al., 2009). Oak stands cover a substantial portion of the forested area
in Eurasia and America (Johnson et al., 2009). Significant loss of oak
stands as a result of the combination of abiotic and biotic (including
anthropogenic) factors has occurred over the last century (Sallé et al.,
2014). Oaks are threatened by multiple factors, including attack by
potential pests, such as the Oak bark beetle, Scolytus intricatus (Ratze-
burg, 1837).

The Oak bark beetle is distributed throughout Europe, North Africa
and the Near East (Bright and Skidmore, 2002). This species is common
in forests with presence of oaks in majority of the Central Europe.
Scolytus intricatus appears to be a less significant pest for oaks compared
with, for example, the Spruce bark beetle, Ips typographus L., for Norway
spruce, Picea abies, in Europe or the North American Mountain pine
beetle, Dendroctonus ponderosae Hopkins, for pines, Pinus spp. (Klutsch
et al.,, 2009; Wermelinger, 2004). Nevertheless, S. intricatus can cause
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E-mail address: jakub.sruby@gmail.com (J. Horak).
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significant damage to oak forests (Markovi¢ and Stojanovi¢, 2011). This
bark beetle is frequently found in dying oaks (Jurc et al., 2009), and is
often the most frequently encountered insect pest of oaks (Markovié¢
and Stojanovi¢, 2003; Kunca, 2011). Furthermore, this beetle is a vector
of fungi (e.g., Ophiostoma and Ceratocystis) and the nematode, Bursa-
phelenchus eremus, which negatively affect the health of oaks (Cizkové
et al., 2005; Marianelli et al, 2011; Yates, 1984). It can cause sig-
nificant damage, especially in weakened or depleted oak stands
(Fuhrer, 1992; Markovi¢ and Stojanovi¢, 2011). Scolytus intricatus also
colonizes recently cut trees (Svestka et al., 1998), thus damaging oak
timber. Urban forests in lowland areas appear to be an ideal habitat for
this bark beetle.

The Oak bark beetle attacks the twigs, branches, limbs, and narrow
diameter portion of trunks of oak trees (Galko et al., 2007; Markovi¢
and Stojanovi¢, 2011; Svestka et al., 1998). Its females build maternal
galleries in which they oviposit several tens of eggs. The species over-
winters as larvae and mating occurs during the maturation feeding or
during the construction of maternal galleries (Galko et al., 2007;
Markovi¢ and Stojanovi¢, 2011; Sallé et al., 2014; Yates, 1984) — up to
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almost 2800 maternal galleries and up to 50,000 adults can be reared
from a single oak tree (Galko et al., 2012). Scolytus intricatus has mostly
one generation per year (Svestka et al., 1998).

Oaks in pure or mixed stands are an important part of the urban
landscape (Costello et al., 2011). Urban forests are characterized by a
specific multi-functional environment (Blum, 2016) and often require
specialized forest management (Poleno, 1985; Horak, 2018). In Europe,
urban forests occupy nearly 20% of the forested area (Konijnendijk,
2003; Konijnendijk et al., 2007). Furthermore, urbanization has led to
the decline of oaks (Kromroy et al., 2007).

Here we aimed to evaluate the effect of S. intricatus on oaks growing
in urban forests and suggest ways to protect the impacted oaks. To
better understand how S. intricatus population density affects the urban
forest environment, we measured this pest’s population density at the
branch, tree, and patch levels in the urban forests of Pardubice City,
Czech Republic.

We focused on (a) the preference of adult beetles for available
breeding materials (based on the number of entrance holes); (b) the
success of larval development (based on the number of emergence
holes), which was controlled by (c) the number of reared adults; and (d)
the suitability of the breeding material for the next generation (based
on the total and mean body size of the reared adults).

2. Methods
2.1. Study area

The study area comprised of urban forest fragments (795 ha) within
the city of Pardubice (50.0337 N; 15.7679 E), Czech Republic. This city
is located in the flat lowland area without rugged topography at the
confluence of the Labe and Chrudimka rivers with mean altitude of
220m a.s.l. The climate is warm with mean temperature of 8.4 °C and
the precipitation of 599 mm per year. The city agglomeration has ap-
proximately 100,000 inhabitants, and it is the tenth most populated city
in the Czech Republic.

Former forest vegetation was consisted of oak dominated woodlands
with European hornbeam, Carpinus betulus (Neuhauselova, 2001). More
recently, native oak vegetation was partly replaced by Scots pine (Pinus
sylvestris) plantations. Majority of forest area is used as commercial
stands for timber production. Due to studied species preferences in-
dicated in scientific literature, we used stands older than pole-stage
(i.e., with trees thicker than 20 cm; Table 1).

2.2. Study design and variables

We used 40 bundles of freshly cut twigs and branches of Sessile oak
(Quercus petraea). Each bundle consisted of four to six twigs and
branches, to have an approximately consistent volume in all bundles.
Branches were pooled using wire (Fig. 1). These bundles were randomly
distributed in an equal-stratified design. We randomly placed four
bundles in each of ten forest fragments (mean = 79.49;
11.34-376.10 ha) in Pardubice. Each bundle was hung from an oak tree
(south facing; Fig. 1) on March 19, 2014, and was collected on

Table 1
Description of variables sampled at branch, tree and
forests of Pardubice, Czech Republic.

patch levels in urban

Level Variable Measure Mean Min Max VIF
Branch Length cm 65.71 50.00 86.00 1.00
Diameter mm 51.70 3.00 170.00 1.00
Tree DBH cm 41.60 2000 6590 1.08
Patch  Canopy openness non- % 51.44 33.14 60.46 1.06
vegetation
Canopy openness vegetation % 17.10 9.14 30.99 1.04
Representation of oak % 27.33 5.00 60.00 1.02
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Fig. 1. Methods used for this study of Oak bark beetle (Scolytus intricatus) in the
urban forests of Pardubice. Bundles made of twigs, limbs, and wire (upper left),
emergence cages used for rearing (lower left), and two examples of the place-
ment of bundles on Sessile oak (Quercus petraea) host trees — the forest interior,
under a closed canopy (upper right) and the forest edge, under the open canopy
(right).

September 4, 2014. Ten bundles were stolen and, thus, in our analyses
we used 30 bundles consisting of 141 fresh twigs and branches.

Immediately after collection of bundles, we counted the number of
S. intricatus entrance holes on the bark surface of each twig and branch.
The holes made by ambrosia beetles (e.g. Platypus cylindrus, Xyleborus
spp.) were excluded after verification of their depth using a thin wire.
Emergence holes of parasitic organisms were also excluded, following
their recognition by their small diameter and almost aggregated pattern
on the bark surface. Each entrance hole was marked by using a per-
manent marker to avoid it being re-counted as an exit hole.

After this, all bundles were placed separately into emergence cages
(Fig. 1). They were stored indoors but without artificial heating. The
cages consisted of metal cylinders with the top closed by using black-
out fabric fixed with rubber. Emergence cages had two openings, one at
the top and one at the bottom. Each opening was closed by using
transparent bottles with a saturated saline solution and detergent for
preservation of reared adults. All reared adults were taken out fort-
nightly until the end of the year 2015, counted, and stored in a re-
frigerator in a solution made of 1:1 commercial vinegar and 50%
ethanol. Each individual was measured (width of its pronotum, which
reflects the body size of beetles; Prikryl et al., 2012). We used a cali-
brated electronic microscope and Nikon NIS Elements to make the
measurement. All emergence holes were counted at the end of the year
2015.

We studied five dependent variables, namely: The number of en-
trance holes that should reflect available breeding material; the number
of emergence holes that should reflect the success of larval develop-
ment; this was controlled by the number of reared adults; and the body
size of the reared adults (total and mean) that should reflect the suit-
ability of breeding material.

We measured six independent variables: The length of each twig
and branch, as well as the diameter of its center as predictors were
measured at the branch level (Table 1). We also measured the diameter
at the breast height (DBH) for each host tree as a predictor at the tree
level (Table 1). Finally, for the patch level (i.e. surrounding of the host
tree; e.g. Hordk et al., 2016), we measured canopy openness during the
dormant season (when broadleaved trees are without foliage) on March
19, 2014. We also measured canopy openness during the growing
season on July 27, 2014. Photographs were taken by using a circular
fisheye camera (Sigma 4.5 mm 1:2.8 DC HSM with Canon EOS 600D),
1m from the bundle, on the south side of the host tree, at breast height
(1.3m). All pictures were then evaluated in GLA 2.0 and canopy
openness was recorded as the percentage of clear sky. The third
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variable, which was evaluated at the patch level, was the presence of
other native oaks in the surroundings (radii of 20 m; Loskotova and
Horak, 2016) of the host tree (Table 1).

2.3. Statistical analyses

All analyses were done in R 3.0.2.

For computation of our results, we first used control analyses of
potential multicolinearity (situation when one independent variable in
a model can be linearly predicted from the others with a substantial
degree of accuracy) between and among the studied independent
variables based on criterion VIF < 2 (package HH; Table 1). We did not
observe multicolinearity between and among studied variables and also
the volume of wood in the bundle was not correlated with the DBH of
the host tree (r = 0.11; P = 0.95). Thus, we did not hang bulkier
bundles on larger trees.

We were interested in response of the studied bark beetle in more
detail. Thus, we had searched for and used the most suitable statistical
methods. Namely, we searched for possible thresholds of independent
variables that should help to the practice in evaluation of the most
appropriate pest management.

We were also interested in potential shifts of thresholds of in-
dependent variables using confidence intervals and, in more detail, also
illustration of frequencies of species response using density plots. We
computed the density diagrams as plots of all thresholds found in the
bootstrapping (package boot). Bootstrapping (N = 1000) was used as a
method that allows measures of accuracy to be assigned (defined in
terms of density diagrams and confidence intervals) to sample esti-
mates. Then, we computed statistically significant thresholds for in-
dependent variables using the conditional inference tree method
(package party). The conditional inference tree is a method from the
family of recursive partitioning based on maximally selected rank sta-
tistics. Confidence intervals (95%) for predictors were computed also
by bootstrapping.

3. Results

In total, we observed 1047 entrance holes, with a mean of 7.43
holes per branch, and 4197 emergence holes, with a mean of 29.77
holes per branch. We reared a total of 3263 adult beetles with a mean of
108.77 adults per bundle.

3.1. Branch level

The diameter of the branch was the significant independent variable
that influenced the Oak bark beetle. We did not detect a significant
influence for length of branch.

The number of S. intricatus entrance holes was significantly influ-
enced by increasing diameter. The threshold value was identified as
70 mm (95% confidence interval 35-80 mm). The density plot identifies
an initial peak for 40 mm, the greatest preference for 60 mm, and three
decreasing peaks for 70, 80 and 105 mm (Fig. 2).

The number of emergence holes was also significantly influenced by
increasing diameter. In this analysis, the diameter threshold value was
45 mm (95% confidence interval 35-105 mm). Using a density plot, we
identified an initial noticeable peak at 45mm, the greatest preference
between 60 and 70 mm, and a late peak at 105 mm (Fig. 3).

We did not detect a significant influence of the studied independent
variableson number of adults and body size.

3.2. Tree level

The number of entrance holes was significantly influenced by in-
creasing DBH of the host tree. In this analysis, the threshold value was
identified at 46.8 cm (95% confidence interval from 32.1 to 54.7 cm).
Using a density plot, we identified a single significant peak at the

86

Urban Forestry & Urban Greening 36 (2018) 84-89

threshold value (Fig. 4).
The number of emergence holes, adults, and body size were not
significantly influenced by the DBH of the host tree.

3.3. Patch level

Canopy openness in spring was the significant predictor on the
number of reared adults and their total body size at the patch level. We
did not detect an effect of canopy openness during the summer and the
presence of oaks in the surrounding area.

The number of adults was significantly influenced by decreasing
canopy openness in the spring. In this analysis, the threshold value was
50.78% (95% confidence interval from 45.82 to 53.90%). The density
plot indicated two noticeable peaks at =47 and 52% (Fig. 5).

The body size of adults was significantly influenced by decreasing
canopy openness in spring. For this, the threshold value was 50.78%
(95% confidence interval from 45.82 to 53.90%). The density plot in-
dicated two noticeable peaks at =47 and 52% (Fig. 6).

We did not identify the response on entrance and emergence holes
and mean body size of adults at the patch level.

4. Discussion

We found that the studied Oak bark beetle was influenced at all
studied levels in the urban forests. Diameter was the important factor at
both the branch and tree levels, and canopy openness during the non-
vegetation season was the most important factor at the patch level.

Entrance holes were found in greater numbers on branches with a
diameter of 7 cm or more - this is the minimum diameter of econom-
ically used wood mass (Simon and Vacek, 2008). Thus, S. intricatus can
be regarded as possible economic pest. Also, we detected significantly
more emergence holes on branches with a diameter greater than 4.5 cm
compared to branches with a diameter <4.5. These findings indicate
that S. intricatus prefers thicker branches and limbs, but is able to de-
velop even in relatively small-diameter branches. Yates (1984) reports a
minimum diameter of 5 cm for S. intricatus breeding, while Galko et al.
(2012) also reported larger minimum diameters. Jurc et al. (2009)
found that beetles prefer branches with a diameter of 2.8 cm. Markovié
and Stojanovi¢ (2001) detected S. intricatus on a wide range of branch
diameters (i.e., 1-10 ecm). Thus, our findings are in line with the lit-
erature. A preference for branches with a maximum diameter of 7 cm
has been reported in most of the literature. This can be given by the
maximum diameter of the logging residues with high attention in forest
protection (Svestka et al., 1998). Our findings for preference of branch
diameter are consistent with the knowledge that more imagoes may
develop from thicker material — mainly due to longer maternal gal-
leries, in which females can lay more eggs (Galko et al., 2012). How-
ever, branch thickness (as a reflection of habitat quantity) is surely not
the only decisive factor in the density-area relationship — the preference
for a particular quality of the attacked tree might be more important
during the initial searching (Jackson et al., 2013). Observed thresholds
are important regarding the monitoring of species. Namely, significant
thresholds indicate the optimal branch diameter for monitoring of S.
intricatus.

In addition to the branches, S. intricatus also inhabits trunks.
Markovi¢ and Stojanovié (2001) report that trees with trunk diameters
of 25-30 cm are suitable for S. intricatus, which is less than our findings
(trunk diameters of 30-60 cm). These differences might be because of
the different selection criteria used here and those used by Markovi¢
and Stojanovi¢ (2001). Trunks of a suitable diameter might attract
beetles but then not be attacked by further beetles, for example, if they
have an infection history from the previous year (Yamasaki and Futai,
2008). Nevertheless, the two observed peaks in density plot (Fig. 2)
indicated that there was nearly no preference for diameters between
45-55mm. The most probable reason was that branches with these
diameters had clumped distribution in environment that was not
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Fig. 2. Density diagram for the identification of threshold values using a bootstrapping method (left) and identification of threshold value using conditional inference
tree method (right) for the number of Scolytus intricatus entrance holes at the branch level in urban forests of Pardubice, Czech Republic.

suitable for development. This is illustrated by the importance of en-
vironmental variables at patch level — mainly by spring canopy open-
ness (Figs. 5 and 6).

The spring canopy openness was identified as a significant variable
influencing S. intricatus abundance (Fig. 5). This variable was measured
before the leaves of oak and other broadleaved trees sprouted. Canopy
openness, and thus greater insolation (i.e. sun-exposure), can account
for the frequent occurrence of many saproxylic beetles (Ranius and
Jansson, 2000; Hordk and Rébl, 2013; Miiller et al., 2015). In the
conditions of the Central Europe, majority of conifers do not lose fo-
liation, while broadleaved trees do and the most abundant conifer tree
species was Scots pine. The importance of a lower spring canopy
openness regarding the success in the development of Oak bark beetle
may be related to the higher stress of oak trees caused by permanent
canopy closure by conifers in the surroundings (Vizoso-Arribe et al.,
2014). This might be caused by a lower incidence of solar radiation and,
thus, lower temperature (Forrester et al., 2012; Muscolo et al., 2014). It
is known that oaks growing in a darker environment have worse vitality
and regenerate poorly (Kelly, 2002; Ostrogovié et al., 2009; Martinik
et al., 2014). However, higher spring temperatures are associated with
higher tree-ring width increases (Matisons et al., 2012). This can be
explained by a longer growing period, greater accumulation of assim-
ilates, and better frost resistance (Dickson and Tomlinson, 1996; Morin
et al., 2007; White et al., 1999; Matisons et al., 2012). Water avail-
ability is another limiting element of oak growth (Matisons et al.,
2012). Higher canopy closure is an indication of greater tree biomass.
Trees have a high water usage, which increases with their dimensions
(see Wullschleger et al., 1998). Quercus petraea has an intermediate
tolerance to water stress (Dickson and Tomlinson, 1996). It is also
possible that the oaks growing under a closed canopy were over-
shadowed, which was reflected in their vitality.

Therefore, the above conditions are advantageous for bark beetles,
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which prefer weakened trees (Groot et al., 2018). Oaks weakened by
environmental factors, such as the competition of fast-growing conifers,
are less resistant (Coulson and Witter, 1984) and produce weaker
morphological and biochemical responses when attacked by insects
(Urbanek Krajnc, 2009). Therefore, a shady environment can provide
additional benefits for Oak bark beetle. The temperature requirements
of S. intricatus are unknown (Sallé et al., 2014), but Pineau et al. (2017)
found that another bark beetle Ips sexdentatus has a higher lipid content
when it is not breeding in too high temperatures (Pineau et al., 2017).
Furthermore, in bark beetles, a large body size indicates greater fitness
(Reid and Roitberg, 1995). Another issue is that higher solar radiation
might reduce the efficiency of pheromone-based communication
(Artyushenko et al., 2017). Bark beetles use the aggregation pheromone
to attract other individuals (Seybold et al., 2000; Wood, 1982). It is
likely that S. intricatus can produce this pheromone (Vrkocova et al.,
2003). Nevertheless, the detection of larger individuals in less irra-
diated trees reflect the rule that smaller adult body sizes result from
development at higher temperatures (Atkinson, 1994).

We found that the most responsible dependent variables were the
number of entrance and emergence holes. Although the counting of
holes methods has many drawbacks (e.g., confusion of species origin), it
is widely used to monitor pests (Dubois et al., 2004), as well as to
monitor threatened beetles (Albert et al., 2012). Their use appears to be
very simple for practice. Furthermore, we observed a non-equal number
of adults and exit holes, which is likely because, even if we closed the
extractors, it was still possible for a proportion of the adults to escape.

Regarding the monitoring, we concluded that the Oak bark beetle
was attracted by possible breeding material at the branch and tree le-
vels (as reflected by the number of entrance holes). The success of larval
development was influenced at the branch level (as reflected by the
number of emergence holes) and at the patch level (as reflected by the
number of reared adults). The suitability of breeding material was
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Fig. 3. Density diagram for the identification of threshold values using a bootstrapping method (left) and identification of threshold value using conditional inference
tree method (right) for the number of Scolytus intricatus emergence holes at the branch level in urban forests of Pardubice, Czech Republic.
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influenced at the patch level (as reflected by the total body size).

4.1. Management implications

Oaks are threatened by S. intricatus from the early stages of their
development and this threat does not decrease with increasing age. We
found that large trees under a closed spring canopy are highly suscep-
tible to S. intricatus attack. Therefore, forest managers cannot focus only
on the avoidance of logging residuals. Based on our findings, the most
important management implication is the maintenance of mature oaks
under open canopies. This can be done by avoiding conifers that are
mainly non-native to the lowland forests in central Europe. Open ca-
nopies also lead to better fructification and longer tree age. Thus, this
kind of management would lead to multiple advantages regarding oak
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silviculture.
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Abstract: Forest plantations are still often considered the antithesis of real nature. However,
plantations can host many organisms. The problem is that some of the hosted species are regarded ad
hoc as pests. The main aim of our paper was to study the carpenter ant (Camponotus ligniperdits) in
windstorm habitats. We studied forests in East Bohemia, Czech Republic, and focused on the spatial
distribution of snapped trees and the influence of selected forest characteristics on the incidence of ant
nests. We found that the nests in the study area mainly occurred in Norway spruce, which is the most
commercially important tree in the majority of Central Europe. More than one quarter of the snapped
trees were inhabited by the ants. We found that nests exhibited a spatially autocorrelated pattern
that differed on spatial scales. The most important characteristic of the host tree for determining
carpenter ant nests was the presence of brown rot, and the majority of tree nests were isolated
from forest openings. The presence of carpenter ants in forest plantations is, therefore, not harmful.
Their presence could be used by forest managers as an indication of unsuitable stand conditions for
the successful growth of the Norway spruce and other coniferous plantation trees.

Keywords: Camponotus ligniperdus; Norway spruce; rot type; sanitation cuttings; wind disturbance

1. Introduction

Forest plantations are often grown as monocultures, with clear cut harvest as the dominant
management type. In addition to the composition of one dominant, often non-indigenous tree species,
this forest land use type can negatively influence soil chemistry, moisture, and physical attributes,
together with vegetation. It can also influence other abiotic factors such as solar radiation, air,
and soil temperatures [1-3]. The response of insects, as the most abundant and biodiverse group of
organisms, to the management of plantation forests can be highly varied. For example, saproxylic
insects, in general, often have lower diversity, but, more particularly, bark beetle populations can
reach outbreak levels [4,5]. The dominant tree species in plantation forests in Central Europe is the
Norway spruce (Picea abies (L.) Karst.). This tree is highly susceptible to the attack of spruce bark
beetles, drought, and wind. Plantation forests, as monocultures, are therefore often less resilient to
disturbances caused by insect pests [6]. Current research has indicated that the protection of forests
against such pests is a complex issue.

Plantation forests are not only a place for timber products, but also provide ecelogical functions
such as water retention, soil conservation, and biodiversity maintenance [7-10]. Many forests with
high commercial importance for the timber industry are located in areas with specific biodiversity [11].
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Research has indicated that such land use is important for the survival of many different species,
including some threatened species [7,12,13]. A high population density of species that are beneficial
for forestry is also important. For example, parasitoids are used in biocontrol and fungi help with the
decay process of wood residuals [14,15].

Several insect species have two opposing functions, and are often considered, at least potentially,
pests. However, evidence of their damage is often lacking, or the damage they cause is negligible.
For example, aphids tended by red wood ants can reduce tree growth, but they protect trees against
herbivorous pests [16]. Woodpeckers can reduce the population of bark beetles, but they sometimes
damage trees while hunting and nesting [17]. Another example of a taxon often referred to as a pest
is the carpenter ants of the genus Camponotus. The two ant species that are most typical in forests
dominated by Norway spruce in Europe are C. herculeanus and C. ligniperdus [15,19]. Both species
build nests in the lower part of tree trunks. Their nests form a typical lamellar structure, with summer
wood being almost untouched [20,21]. Whereas C. herculeanus is often part of the insect communities
of indigenous spruce forests at higher elevations, C. ligniperdus is most common in lowland spruce
plantations. The literature indicates that C. ligniperdus is a forest species. Besides coniferous stands,
this species often occurs in mixed and deciduous forests or in habitats sparsely overgrown with woody
plants. Typical places of its occurrence include stone banks and sunlit forest edges [20,22]. Carpenter
ant nests are built in stumps and rarely in living trees; regardless, this species is often regarded as a
pest that is damaging the wood of the most commercially important part of the tree (i.e., the lower
part of the stem). The average population of a nest is approximately 3000 individuals. Ants collect
food on bushes and trees, and less often in deeper soil layers or from vegetation [22]. They partly
feed on honeydew, but they are also effective predators of insects [23]. This is one of the contrasting
indications of the situation of this neglected big insect species—is it a pest or a beneficial predator?
Highly unstable spruce plantations need beneficial species that can help combat insect outbreaks. Thus,
information about the requirements of carpenter ants in plantation forests has a high potential to help
foresters with successful protection.

In this study, we focused on the characteristics of plantation forest that influence the distribution
of the carpenter ant, Camponotus ligniperdus (Latreille, 1802). Namely, we were interested in the
spatial distribution of their tree nests, and the influence of the habitat, patch, stand, and isolation
forest characteristics.

2. Materials and Methods

2.1. Study Area

We studied plantation forests in East Bohemia, Czech Republic, with a total area of more than
800 ha. The elevation was from approximately 300 to 350 meters above sea level. The dominant tree
species in the area was Scots pine (Pinus sylvestris L.). Some stands were dominated by the Norway
spruce (Picea abies) and sessile oak (Quercus petraea (Matt.) Liebl.)), with the occasional dominance of
introduced European larch (Larix decidua Mill.) and white pine (Pinus strobus L.).

The study was conducted during the winter of 2017-2018 and early spring 2018. This area was
affected by the windstorm caused by cyclone Xavier in early October 2017. The windstorm reached a
peak speed of 202 km/h at Snézka, the highest point in the Czech Republic. The effect of the windstorm
was not the same as that of previous windstorms caused by Kyrill (2007) and Emma (2008). This means
that the wind disturbance did not cause large areas of damaged trees with a clumped distribution,
but rather individual (in the case of spruce) or small group disturbances (in pine) scattered throughout
the whole study area.

2.2. Data Collection

Carpenter ants more often inhabit weakened trees, which are less resistant to wind. For this
reason, we searched for all snapped trees in our study area. We carefully investigated all stands older
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than 40 years old. This is the approximate age at which trees start being damaged by windstorms in
the study area. We observed no damage in the younger stands. This means that all stands were walked
along their entire length in 50 m distant transects (i.e., two transects in stands that were wider than
100 m). In cases of the presence of natural regeneration, we performed individual visits to places that
could not be observed from transects.

The sanitation cuttings by forest mechanization started immediately after the end of the climate
conditions that caused the poor accessibility to the stands. This means that in the late spring, there were
nearly no residual snapped trees (except for stumps), and only a few of them stayed in roundwood
timber stocks until the late spring. The main reason for snapped tree removal was sanitation, mainly
for the suppression of potential bark beetle outbreaks. This led to the relatively short period of the
study (early October—early April).

2.3. Studied Variables

Our dependent variable was the presence of carpenter ant, Camponotus ligniperdus (Latreille, 1802)
nests where trees had snapped (Figure 1). The presence of the studied species is easily recognized due
to its galleries through the spring annual rings and the summer rings left nearly untouched (Figure 2).
Other species of the genus Camponotus that can create their nests in trees have not been observed in
the study area in the past during spring. Therefore, we confirmed that the nests were of Camponotus
ligniperdus origin without the observation of adults. Furthermore, adults are not present in galleries
outside the vegetation period.
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Figure 1. Distribution of all snapped trees (left) and the presence of nests of carpenter ant, Camponotus
ligniperdus (Latreille, 1802), (right) in our study area in the Czech Republic.
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Figure 2. Snapped Norway spruce (Picea abies (L.) Karst.) tree (a). Structure of wood affected by the
carpenter ant (Camponotus ligniperdus) in the snapped stem of the Norway spruce (b). Worker of the
carpenter ant with its prey, observed in the late spring (c). Cut snag of the Norway spruce infested with
a large nest of carpenter ant (d) in the East Bohemian woodlands, Czech Republic.

1.  The first two independent variables collected were regarding the spatial distribution of nests.
Each snapped tree was localized using a geographical positioning system (GPS) using geographical
coordinates of (a) northing and (b) easting in WGS84 format (center: 50.0058; 16.1780).

2. We searched for four habitat characteristics. We identified (a) the tree species of the snapped tree,
and five tree species were snapped. All were coniferous: the Norway spruce (N = 102), Scots pine
(N =17), larch (N =9), white pine (N = 1), and silver fir (Abies alba; N = 1). We also searched for (b)
the presence of rot in the place of the snap. We divided the type of rot into two commonly used
categories: white (N = 8) and brown (N = 69) rot. The white rot was most probably caused by
Armillaria and brown by Heterobasidion [24]. The rest of the trees were without any indication of
the presence of rot. We also checked for (c) the presence of resin on the stem, but this was highly
correlated with the presence of rot (Rs = 0.37; p < 0.001). This has been confirmed by current
research [25], and we thus did not use resin indication for further analyses. We measured (d) the
height of the breakage on the stem (mean = 246.57 + 1.63 cm SE), and the height of snapped of
trees inhabited by carpenter ant nests was 93.71 + 12.20 SE (5-230) cm.

3. We also collected two patch-based characteristics. We estimated (a) the canopy closure as a
percentage (80.04% + 1.63%). (b) The composition of the same tree species as the snapped tree
was also investigated (57.81% + 2.66%).

4.  The stand-based characteristic was the age of the stand (73.83 + 1.93 years).

5.  Two characteristics that reflected isolation were measured. The first was (a) the distance to the
forest track (67.36 + 5.31 m) as a permanently open area. (b) The second variable was the distance
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to clear-cut or non-forest land (93.65 + 12.57 m)—the gaps created by actual windstorm were
not measured.

2.4. Statistics

The spatial distribution of the nests was analyzed using Moran’s I, which is the measure of
spatial autocorrelation in SAM v4.0 [26]. Regarding this analysis, we used coordinates (northing and
easting) of the snapped trees. The number of geographic distance classes in SAM was manually set
to six. Class size in SAM was set to an equal number of pairs and symmetric distances. The test for
significance had 199 permutations.

Multicollinearity of independent variables was reflected by variance inflation factor (VIF) and
computed using package HH in R 3.5.1. Tree species were removed from the generalized linear model
(GLM) with forest characteristics due to multicollinearity (VIF > 2).

We computed a GLM with a binomial distribution of the dependent variable (presence and
absence of the studied species) for analysis of the influence of the space and the forest environment.
The global test for spatial autocorrelation was not significant (I = —0.01; p = 0.08). However, due to the
significant influence of space on more particular distances, we used the autocovariate of the dependent
variable as the control of the influence of spatial autocorrelation [27]. It was computed using package
spdep in R. The differences among types of rot were analyzed by GLM and visualized by observed
weighted means with 95% confidence intervals.

As the tree species was removed from GLM due to multicollinearity, we independently analyzed
the possible relationship of the carpenter ant to tree species by Kruskal-Wallis ANOVA in R.

3. Results

We found 34 snapped trees that were inhabited by the carpenter ant, representing 26.15% of all
snapped trees found.

Positive values on short distances (up to 1.5 km) between nests indicated their statistically
significantly positive autocorrelation; thus, they had a clustered distribution and nests were attracted.
Negative values for longer distances indicated that the nests were significantly negatively autocorrelated;
this means that they switched to uniform distribution and were repulsed. Finally, there was no
significant autocorrelation at the longest distance (over five kilometers) and the distribution of nests
started to be random. This means that space had, in this case, no effect (Figure 3).
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Figure 3. The influence of geographic distances in kilometers using the computed Moran’s T from
the observed incidence of the carpenter ant in the Czech Republic. Full circles represent p < 0.05,
empty denote non-significant values.

The number of snapped trees inhabited by the carpenter ant significantly increased toward the
east. The number of nests was the highest in the north-eastern part of the studied area (Figure 4).
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Figure 4. Influence of distribution of snapped trees on the incidence of the carpenter ant in the Czech
Republic. * denotes p < 0.05.

The incidence of carpenter ant was statistically significantly positively related to the presence of
rotten wood in snapped trees. The second significant positive relationship was with the increasing
distance from clear-cut and non-forest land. The other studied characteristics showed no significant
influences (Figure 5).
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Figure 5. Influence of forest characteristics on the incidence of the carpenter ant in the Czech Republic.
* denotes p < 0.05 and *** denotes p < 0.001.

Five tree species were found to be snapped in the study area. Only two were inhabited by the
carpenter ant (Figure 6). We did not observe a significant difference in the incidence of the carpenter
ant regarding the tree species (H = 8.18; p = 0.085).
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Figure 6. Incidence of carpenter ant nests with respect to tree species in the Czech Republic.

The trees preferred by the carpenter ant were rotten (Figure 5). The presence of brown rot had a
positive effect on incidence of the nests (f = 4.22; p < 0.001), whereas the absence of rot had a significantly
opposite effect (t = —4.44; p < 0.001). White rot had no effect (t = 0.35; p = 0.725; Figure 7).
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Figure 7. Influence of rot type on incidence of the carpenter ant in the Czech Republic.
4. Discussion

We observed that the nest distribution in the study area was most influenced by space, habitat,
and isolation characteristics. More than one quarter of the trees broken by the windstorm were
inhabited by carpenter ants. We found that the nests exhibited a clumped distribution on small scales,
but had the opposite spatial pattern across larger distances. Nests were more frequent in the eastern
part, although the forest structure was nearly the same in the whole study area. The most important
tree parameter for the ants’ nests being present was the presence of brown rot of the core wood.
Ant nests were less frequent close to the forest openings.

Focusing on nest distribution, one of the main causes for the pattern could be the carpenter ant
manner of breeding. After the mating flight, fertile queens build new nests. New queens sometimes
occupy existing nests, and rarely the maternal nests [28,29]. The distances found between nests
indicate that nests close to each other are related. The queen’s dispersal ability after swarming is
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limited [30,31]. The observed distance between the nests, 1.5 km, mainly corresponds to the flying
distance of wood ants. Their queens are able to fly a few kilometers. However, in 80% of flight
incidences, the distance is less than 2 km [30,31]. This distance mainly corresponds to our results.
Larger queens are able to disperse greater distances. Several morphological differences (such as a large
and heavy abdomen) may limit dispersal [32]. One of the important aspects of our information about
the aggregated distribution of nests over short distances is that the nest of one C. ligniperdus colony
can be placed in several trees [33]. Some nests may have up to three queens, but they do not tolerate
one another, and maintain territories within the diffused nests [28]. This also appears to be the cause
of our finding of aggregation of inhabited trees, as closely inhabited trees could be inhabited by one
ant colony. As the nest aggregation decreased with increasing geographical distance between them,
a mosaic structure of transition from aggregated to segregated spatial structure was created. A similar
pattern of ant nest distribution was noted by [34], who attributed it to several species-specific factors,
as well as stochastic processes. Competition is an example of a relationship with a strong effect on nest
distribution [35]. It is possible that only kinship nests exist in one clump. The subterranean species
Camponotus cruentatus establishes new colonies near maternal ones, and the foraging areas of colonies
overlap [36]. Formica exsecta nests that produce new queens supply nearby nests as well [37]. Formica
fruncorum ants hibernate in shared winter nests, which causes homogenizing of the population from
several nests [38]. Conversely, strong interspecies animosity exists among unrelated ant colonies [39].

Our finding of a north-eastern aggregated distribution of snapped trees with nests could be caused
by the prevailing direction of the wind. The wind direction in the Czech Republic is generally from the
west. However, Reference [40] stated that the direction of the wind does not affect the direction of
spread of the queens. However, a relatively high altitude of adult flight, which reaches up to 40 m,
indicates that they could use the wind to obtain sufficient altitude [40]. The spread of ants with the
help of wind corresponds to ant queens sometimes trying to establish new nests in unsuitable locations,
which confirms their low active dispersion ability [22]. This fact could explain the observations of
non-forest nest habitats mentioned in the literature.

The significant relationships of carpenter ant colonies with increasing distance from clear-cut and
non-forest land were relatively surprising, considering the information known from the majority of
entomological and forestry literature. The majority of ant species in spruce forests occur in or close to
clearings. Their numbers in these habitats are also higher [41]. One possible reasons for the carpenter
ants’ distance from more sunny places is the reduction of competition with other ant species. One of
the indications that can explain our results is that carpenter ants encounter species that do not defend
their territory [42] and avoid forests with wood ants with large territories [43]. It is possible that
carpenter ants can compensate for poorer temperature conditions due to their endosymbiosis with
the Blochmannia bacteria, which improves colony growth and immune defense [44,45]. They have a
good ability to heat their nests using metabolic heat [46]. One possible support for open habitats is that
C. ligniperdus apparently prefers standing dead wood with a large perimeter [47]. Large-diameter dead
wood is scarce in dense forest plantations. Thus, this situation mainly occurs in old or conservation
forests [48]. Due to the type of damage, we were unable to measure the tree diameter, though the
majority of trees were of average diameter in comparison to the surrounding trees in the stands.
Information about ant preferences for clearings may be based on observations of nest remainders in
stumps, because the discovery of nests is easier in open areas. However, the prime nests were located
in tree trunks in the forest. Therefore, we cannot support that C. ligniperdus is associated with sunlit
forest conditions and stumps.

Closed forests, the prevailing habitat in our case, have a more balanced microclimate than
clearings [49,50]. This is an advantage for brown rot occurrence [51], as the probability of trees being
inhabited by fungi is greater in darker forests than in gaps. For example, the mycelium of H. annosum
does not grow if the temperature exceeds 35 °C, and fungi are destroyed at temperatures exceeding
45 °C [51,52]. We found that C. ligniperdus only built nests in trees that were inhabited by brown
rot. Brown rot fungi preferentially decompose wood cellulose and hemicellulose, whereas white rot
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fungi are able to use lignin as well as cellulose and hemicellulose [53]. The presence of brown rot
causes softer wood [54], but the remaining lignin ensures the maintenance of the wood structure [55].
This means that nest creation is easier in trees which are inhabited by rot, but only the wood with
brown rot was suitable for nesting. Nests were mainly found in spruce trees. Spruce is an economically
advantageous, highly productive species [56]. However, in Central Europe, it is often grown under
unsuitable climatic conditions, which is reflected in its susceptibility to abiotic and biotic damage.
Therefore, considerable attention has been paid to its damage [57-59] and the fungi associated with the
species [25]. As C. ligniperdus inhabits fungus-infected trees, it can be seen as an indicator of weakened
trees. Its numerous occurrences in the forest may indicate the unsuitability of growing spruce at
lower altitudes. The number of nests in the study area was probably not so high due to the Scots pine
dominance. Pines find more favorable conditions here, and they are therefore more resistant to fungal
infections. Nevertheless, we observed a 1.5 km distance between the nests, which shows that not all
suitable trees could be used for nest building.

Another important fact is that herbivorous insects are the diet of carpenter ants. For example,
Reference [60] described successful hunting of Malacosoma larvae. During laboratory studies, it was
found that workers attacked and killed 98% of the submitted arthropods, and they were able to catch a
large number of taxa [23]. Although we have no specific data, we assume that their predation pressure
is unlikely to be as strong as that of wood ants. These ants intensively hunt up to 30 m away from
the nest [16]. The size of the Camponotus population is about 1/100th of the nest population of forest
ants [22], which approximately corresponds to the ability to protect one tree. However, due to nest
distribution, carpenter ants can protect entire forest patches against insect pests. Therefore, considering
C. ligniperdus a pest species could be a serious mistake.

5. Conclusions

Carpenter ants are large and conspicuous ants, but they live a relatively hidden life. We found
that carpenter ants are often found in coniferous trees, namely the Norway spruce. Regarding our
results, ant presence in forest plantations appears not to be harmful, because the possible damage to the
wood of stems occurs, in the majority of cases, to already rotten wood. As they often prey on insects
that are potential pests, we concluded that the populations of carpenter ants in plantation forests are
beneficial. Even when their nests indicated a clustered distribution pattern, we did not observe their
damage to many neighboring trees, which would be typical for a bark beetle outbreak. Observation of
aggregated incidences of the carpenter ants in trees would indicate to forest managers the unsuitable
climatic stand conditions for the Norway spruce, due to the high possibility of damage by pathogens.
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