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Abstrakt

Degradace nebo ztrata stanovist je spojena se zanikem druhll a
je povazovana za dominantni hrozbu pro biodiverzitu. Fragmentace lesa je Casto
zpusobena antropogenni ¢innosti, zejména rozSifovanim zemédé€lskych ploch,
dopravni infrastruktury a mést. Evropské lesy Celi fad¢ disturbanci, naptiklad
tézbé dieva. To je rostouci hrozbou predevsim pro organismy zavislé na dieve. Na
druhou stranu se s rostouci plochou stfedoevropskych lesti (nebot' okrajova
zemédelska puda a pastviny jsou ¢asto opustény) zvysil pocet druhii nékterych
organismil, a to pfedevSim téch, které jsou piizpiisobeny k Zivotu na stanovistich

mladych porostu.

Cile prace byly nasledujici: (i) Jakym zplsobem jsou vybrané vysoce
diverzifikované celedi broukt ovlivnény disturbancemi na tGrovni porostu, které
reflektuji fragmentaci lesii, a také charakteristikou vnitroporostni trovné, ktera
reflektuje mikroklima a svételné podminky; (ii) Jaky je vliv piavodnich
a nepivodnich dfevin na biotu v hospodaiskych lesich sledovaného pomoci osmi
skupin organismu s riznymi dispersnimi schopnostmi, taxonomickou pfislusnosti
ovliviyjici larvénku obrovskou na krajinné urovni; (iv) Jaka je role pfirodnich
horskych bukovych lesnich ostrovii a jejich topografickych a vnitinich

charakteristik pro distribuci riznych skupin organismi.

V nizinnych hospodaiskych lesich vliv disturbance porosti ukazal,
ze dominance neplivodnich smrki a velké plochy porostli neovlivnily vétSinu
studovanych taxont tak, jak bylo o¢ekavano. Dale i druhové slozeni Sesti z osmi
studovanych skupin smétovalo spise k vysSimu podilu smrku ve druhové skladbé
drevin. Rostouci zastoupeni smrku negativné ovliviioval pouze brouky a ptaky.
V  horskych lesich larvénka obrovskd byla vyrazné pozitivné ovlivnéna
pfitomnosti smrku na Urovni krajiny. Hmyz byl ovlivnén vzriistajici nadmotskou
vyskou a neni tak pfimo ohrozovan vyvijejicim scénafem klimatickych zmén,

oproti tomu liSejniky ano. Taxony hmyzu byly ovlivnény pfedevsim ploSkovou



strukturou. Smrk negativné ovliviioval pouze brouky. Pozitivni byl vliv

otevienosti zapoje.

Nejvhodnéjsim praktickym feSenim z pohledu studovanych organismt a
budouci stability porostiit by mohlo byt naptiklad selektivni kaceni smrki. Kromé
snizeni podilu smrku by tato moznost zvySila otevienost zdpoje a mnozstvi
mrtvého dfeva. Tento typ managementu by meél byt proveden piedevSim s
ponechanim padlého bukového a dubového mrtvého dieva. Pfirozend mortalita
smrku v budoucnu je také jednou z moznych opatieni, kterd mohou byt vyuzita
napiiklad u bezzasahovych bukovych ostrovi. Lesni hospodafeni napodobujici
prirozené disturbance by mély posilit heterogenitu porostu, coz by zaroven mélo

zvysit 1 biologickou rozmanitost.

Kli¢cova slova: biodiverzita, disturbance, fragmentace, lesni hospodafistvi,

saproxylické organismy, smrk, buk, dub



Abstract

Degradation or loss of habitat is associated with species extinction and is
considered a dominant threat to biodiversity. Fragmentation of the forest is often
due to anthropogenic activities, in particular by expanding agricultural areas,
transport infrastructure and cities. European forests face a number of disturbances,
such as tree logging. This is a growing threat especially for wood-dependent
organisms. On the other hand, with the growing area of Central European forests
(as marginal agricultural land and pastures are often abandoned), the number of
species of some organisms, especially those adapted to live on the stands of young
stands, has increased.

The objectives of the work were as follows: (i) How selected highly diversified
beetle families are affected by tree level disturbances that reflect fragmentation of
forests, as well as the characteristics of an intra-level level that reflects the
microclimate and light conditions; (ii) What is the impact of native and non-native
trees on biota in farm forests monitored through eight groups of organisms with
different dispersal capacities, taxonomy and ecological requirements; (iii) What
are the most important environmental factors affecting the Giant springtail on the
landscape level; (iv) What is the role of natural mountain beech forest islands and
their topographic and internal characteristics for the distribution of different

groups of organisms.

In lowland commercial forests, the impact of stand disturbance showed that the
dominance of non-native spruce and large areas of stands did not affect most of
the studied taxa as expected. In addition, the species composition of six of the
eight studied groups was rather directed towards higher share of spruce in the
species composition of tree species. Growing representation of spruce negatively
affected only beetles and birds. In the mountain forests the giant springtail was
significantly influenced by the presence of the spruce at the landscape level.
Insects have been affected by increasing altitudes and are not so threatened by a
developing climate change scenario; on the contrary, lichens are threatened by a

developing climate change scenario. Insect taxa were mainly influenced by the



patch structure. Spruce was negatively affected only by beetles. The influence of

openness of the canopy was positive.

The most suitable practical solution from the point of view of the studied
organisms and the future stability of the stands could be, for example, selective
cutting of spruce trees. In addition to reducing the share of spruce, this option
would increase the openness of the canopy and the amount of deadwood. This
type of management should be done primarily with the keeping of fallen beech
and oak deadwood in the stand. The natural mortality of the spruce in the future is
also one of the possible measures that can be used, for example, in the nocturnal
beech islands. Forest management simulating natural disturbance should enhance

plant heterogeneity, which should also increase biodiversity.

Key words: biodiversity, disturbance, fragmentation, forest management,

saproxylic organisms, spruce, beech, oak
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1. UVOD

Zajem o zachovani biologické rozmanitosti (dale v textu jako biodiverzita) vzrostl
v poslednich desitiletich a zachovani biodiverzity se stalo dulezitym cilem
multifunkéniho a trvale udrzitelného lesniho hospodafstvi (Druha ministerska
konference o ochran¢ lesi v Evropé€, 1993). Degradace nebo ztrata stanovist
je spojena se zanikem druhtl a celosvétove je povazovana za dominantni hrozbu
pro vSechny druhy (Sala et al., 2000 Nejen organismy zavislé na mrtvém dievu,
ale i lidé soutézi o zdroje dieva jiz tisice let a stale existuje konkurenéni boj mezi
¢lovékem a volné zijicimi organismy (napi. saproxylickymi brouky) o dfevo
v krajin¢ (Speight, 1989, Grove, 2002a). Fragmentace je zplsobena zejména
neustalym rozsifovanim zemédé€lskych ploch, dopravni infrastruktury a mést.
Muze byt také docCasné a vyuzitelné v lesnich podminkach, jako je kaceni.
Mozaikovitost krajiny a jeji zmény jsou dulezité, protoze ovliviiuji stav lesl
a poskytuji ekosystémové sluzby, jako je zajisténi stanovist a regulace vlivi
disturbance. Zaroven ovliviiuji ekologické procesy, napt. genovy tok, opyleni,

disperzi divokych zvitat a invazi Skidct riznymi zptisoby (Forest Europe, 2015).

Dlouha historie lidskych vlivli vedla ke zméné vyuzivani pidy, kterd pak vedla
ke zméndm krajiny, ekosystémli a Zivotniho prostfedi a pouze 0,2%
sttedoevropskych listnatych lest ziistava v relativné piirozeném stavu. (Perlin,
1988; Hannah et al., 1995). Evropské lesy c¢eli fad¢ disturbanci (napft. té¢Zba dieva,
fragmentace stanovist) a rostouci hrozbé pro saproxylické organismy (pievazné
produkci palivového dieva). Zachovani saproxylickych broukli v rozmanité
evropské krajiné vyzaduje lepsi pochopeni pozadavki na stanoviste
saproxylickych biotopu. Specializovani bezobratli, ktefi jsou zavisli na mrtvém
dievu, predstavuji mimoradné druhoveé bohatou ekologickou skupinu, zaroven
ale patii mezi nejrychleji kvantitativné klesajici ¢ast evropské biodiverzity (Nieto
& Alexander, 2010).

Lesy v Evropé jsou predevsim ve véku mezi 20 a 80 let. 12% lesti je mladSich
nez 20 let, 40% je ve véku 20 az 80 let a 18% je starSich 80 let. Témét tietina

evropskych lesti je nerovnhomérného véku (Forest Europe, 2015). Hospodaiské



lesy (monokultury) zahrnuji vétSinu lesnich ploch v mnoha zemich po celém
svété. Napftiklad 12% pidniho krytu ve Velké Britanii tvoii lesy a 68% lesa jsou
monokultury (FAO, 2007). Evropské hospodaiské lesy, které jsou uréeny k
produkci dieva, se ¢asto skladaji z druhii dievin, které nejsou specifické pro urcity
region (Bauhus et al., 2010). Pfirodni lesy (s minimalnim antropogennim vlivem)
maji zpravidla vyssi druhovou diverzitu a strukturdlni stabilitu a jsou kvalitné;si
nez hospodarské lesy (monokultury) s ohledem na produkci a ekologické funkce
(Sargent and Bass, 2013). V Evropé¢ jsou bukové lesy (Fagus sylvatica L.) zvlasté
dalezité pro biologickou rozmanitost. Pfiloha 1 smérnice o stanovistich
(92/43/EHS) obsahuje seznam osmi typid stanoviSt’ charakteristickych bukovymi
lesy, které jsou chranény. Souc€asna hrozba pro bukové ekosystémy zahrnuje také
i klimatické zmény (Gessler et al., 2007; Bonan, 2008; Di Filippo et al., 2012).
Nejvétsi hrozbou je pteména velkych ploch smisenych listnatych lesti v minulosti
(prevazné bukovych a dubovych) na monokultury jehli¢natych dievin (Spiecker et
al., 2004). Smrk ztepily (Picea abies L.) neni ptivodni dfevina v mnoha oblastech
sttedni Evropy, a sou¢asny pokles plochy smrkovych monokultur v regionu Ceské
republiky je zplsoben nevhodnymi abiotickymi a geografickymi podminkami
prostiedi (Holusa, 2004). Od 16. stoleti byl smrk ztepily preferovanou dievinou
na obnovu degradovanych lesnich ploch a zalesnéni novych lesti ve stiedni
Evropé diky svému vynikajicimu ristovému potencialu, vysoké kvalit¢ dieva
a minimalnim naroklim v mistnich podminkach. Tato vlastnost méla za nasledek
rozSifeni stanovisté smrku ztepilého daleko za své piirozené hranice vegetacnich

stupiiti (Spiecker, 2000; von Teuffel et al., 2003).

Jako jeden ze standardnich ukazatelti byl historicky pouzivan objem mrtvého
dfeva pro biologickou rozmanitost lesnich druhli a je stile Siroce vyuzivan
k hodnoceni vlivi hospodatfeni v lesich nebo politiky ochrany prostfedi. Pomér
objemu mrtvého dieva a druhového bohatstvi spojeného s mrtvym dievem
se zdd byt niz§i v opadavém listnatém lese mirného pasma nez ve srovnani
s borealnimi lesy (Lassauce et al., 2011). Mrtvé dfevo je dllezitym substratem
pro velké mnozstvi lesnich druhli, vcetné obratlovci, bezobratlych, fas,
mechorostii, cévnatych rostlin, hub a IliSejnikl. Mrtvé dievo pfispiva

ke strukturalni stabilité pady, napf. na svazich a pomaha pii zadrzovani
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organickych latek, uhliku, dusiku a vody. Mrtvé dfevo lze povazovat za tfadu
mikrohabitati, které se postupné vyviji v prub&hu ¢asu zvySenim rozpadu,
pricemz kazdd faze se rozliSuje na zaklad¢é druhti zavislych na mrtvém dieve.
Mnozstvi mrtvého dfeva v piirodnich lesich zavisi na mnoha faktorech, jako
je slozeni a struktura druht dievin, stupent sukcese, druh a Cetnost pfirozenych
disturbanci v daném regionu, typ hospodaieni a charakteristiky pidy a klimatu

(Forest Europe, 2015).

Pohledem rtiznych skupin s vazbou na lesni prosttedi lze konstatovat, ze naptiklad
saproxyli¢ti brouci maji velmi zvlastni pozadavky a vyuzivaji mrtvé dfevo mnoha
zpiisoby. Jsou mezi prvnimi organismy, které se objevi na odumielém lesnim
porostu, pfiCemz fada druhl se vyskytuje az do konecnych fazi rozpadu dieva
(Alexander, 2008). Rozsahlé zmény v krajinné struktuie ovliviluji rozmanitost
jak pozitivné, tak i negativné. Otevirani krajiny lidskou ¢innosti pravdépodobné
vedlo k vét§i rozmanitosti v prehistorickych a historickych €asech, i kdyz zmény
v tomto obdobi vedly predevsim ke ztratdm rozmanitosti. Naptiklad mnoho druhii
prizptisobenych na oteviené spasané lesy zmizelo. Existuji vSak vyjimky. Pocet
druhii ptaki, predev§sim téch, které byly pfizptisobeny k zivotu v zakrslych
stanovistich, se docasné zvysil, nebot’ okrajova zemédélska plida a pastviny byly
opustény a postupovaly smérem k vysokym lesim (Bengtsson et al. 2000).
Organismy, jako jsou saproxylicti brouci a houby, poskytuji klicovy vztah
v lesnim potravinovém fetézci (tzv. ang. forest wood web) a podporuji vyssi
trofické trovné, jako jsou mali savci a ptaci spojovani s mladymi i starymi lesy
(Lehmkuhl et al., 2004). To plati i pro ptaci spolecenstva, kde Biitler et al. (2004)
zjistil jednozna¢nou souvislost mezi vyskytem datlika trojprst¢ho a mnoZstvim

mrtvého dfeva ve Svycarskych a skandinavskych smrkovych lesich.
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Cile prace
Konkrétni cile prace byly najit odpovédi na tyto Ctyii otdzky:

() Jakym zptuisobem jsou vybrané vysoce diverzifikované ¢eledi broukd ovlivnény
disturbancemi na urovni porostu za vyuziti dvou charakteristik, které reflektuji
fragmentaci lest — tj. dominantni druh dfevin (tj. dub vs. smrk) a plocha porostu,

také na vnitroporostni urovni, konkrétn¢ korunovym zapojem;

(i) Jaky je vliv plvodnich a nepuvodnich dievin na biotu v lesnich
monokulturach sledovany pomoci osmi skupin organismi s riznymi disperznimi

schopnostmi, taxonomickou pfislusnosti a ekologickymi pozadavkys;

(ili) Jaké jsou nejdulezitéjsi environmentalni faktory ovliviiujici larvénku
obrovskou na krajinné urovni, a jak je jeji populacni hustota ovlivnéna

stromovymi faktory na urovni izolované lokality;

(iv) Jaka je role pfirodnich horskych bukovych lesnich ostrovi a jejich

topografickych a vnitinich charakteristik pro distribuci riznych skupin organismii.
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2. LITERARNI RESERSE

Biologicka rozmanitost je popisovana jako kruh, ktery obsahuje geny, jedince,
druhy, populace, spoleCenstva, ekosystémy a samoziejm¢ interakce mezi nimi
a nezivym prosttedim. To jsou velmi dulezit¢ faktory k pochopeni,
jak ekosystémy funguji (Lindenmayer & Franklin 2002; Scherer-Lorenzen et al.
2005). Predvidd se, ze v nasledujicich sto letech budou zmény ve vyuzivani
krajiny (spole¢n¢ s klimatickou zménou) jedny z hlavnich problémi ubytku
globalni biodiverzity. VétSina vyzkumt tykajicich se zmén biodiverzity je
zalozena na druhovém bohatstvi a fungovani ekosystémi (Chapin III et al. 2000).
Co se tyce lesnich ekosystémi, tak dle Winter (2012) je hlavnim problémem fakt,
ze degradace lesti nemusi byt dostate¢né rychle identifikovéna lesniky. Proto by
se ztrata biologické rozmanitosti mohla nepozorované zvysit. Jak uvadi Siitonen
(2001), odstranéni piiblizné¢ 90% mrtvého dieva z lesi by mohlo vést k poklesu
vSech saproxylickych druhtt o 25-50%. V pfipadé, Ze by byla soucasti
negativniho procesu i fragmentace stanovist’, snizeni poctu druht by mohlo byt
jeste vyssi.

Takzvana teorie ostrovii (nebo ostrovni biogeografie), kterou popsali MacArthur
& Wilson (1967), tika, Ze vétsi plocha ostrova vede k vys$Simu druhovému
bohatstvi. Z tohoto pohledu se v lesnické praxi doporucuje ponechat urcité plochy
pro druhy, které jsou zavislé na lesich pralesniho typu a vytvofit mozaiku téchto
ostrovll véetné mensich naslapnych kamenti (Janssen et al. 2009; Horak 2014).
Stanovisté o vétSi rozloze mohou pomoci pocetngjSim populacim v delSim
casovém horizontu, coz vede k nizSimu riziku jejich vyhynuti (MacArthur
& Wilson 1967). Stanovisté, ktera jsou blize k vétsi zdrojové populaci, budou
pravdépodobné kolonizovéna v kratSim casovém obdobi (Moilanen & Hanski,

1998).
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Antropogenni vliv na fragmentaci

Antropogenni disturbance zménily ekosystémy po celém svété, coz vedlo
ke ztrat¢ stanovist’ a vyhynuti druht u Sirokého spektra biomu (Butchart et al.,
2010). Antropogenni vliv, jako je tézba palivového dfeva a management ochrany
pfirody, piedstavuji extrémy gradientu intenzity vyuzivani lesa a také hraji
dalezitou a dominantni roli pfi ovlivilovani mnozstvi, rozmanitosti a distribuce
hmoty v celé krajiné (Gossner et al., 2013). Fragmentace lesi mulize byt
definovéna jako proces, pii kterém se kontinudlni lesni plosky postupné rozdé€luji
na mensi a izolované fragmenty (Lord and Norton, 1990). Fragmentace lest mize
byt zplsobena riaznymi faktory (viz Obrazek 1), v€etné ptirodnich procest, jako
jsou pozary a napadeni hmyzem anebo uz zminénou antropogenni ¢innosti, jako
je tézba dieva a vystavba infrastruktury (Linke et al., 2007). Bez antropogenniho
vlivu pfirodni disturbance také siln¢ ovliviuji ¢asovou a prostorovou dynamiku
lesi a mrtvého dfeva (Seidl et al., 2014). Lesni ekosystémy jsou jedny
z nejcitlivéjSich habitati na Zemi a jsou nejcastéji ovlivnény fragmentaci.
V minulosti byly lesy nej€astéji premeénény na plochy vyuZzivané pro zeméedélstvi,
kazdopadné lesy byly kiceny i z divodu rozsSifovani mést a budovani
infrastruktury. Dnes je stfedni Evropa jednou z nejhustéji zalidnénych oblasti
na svété s nejvetsi fragmentaci lesti zptisobenou ¢lovékem, kde 1ze pralesy nalézt
jen stézi. Biodiverzita je spojovana se ztratou biotopt, fragmentaci a nadmérnym
vyuzivanim zpiisobujici zvySené obavy mezi spravci ptirodnich zdroji a ochranafi
(Forman, 1995, Wilcove et al., 1998, Spiecker, 2003, Wade a kol., 2003,
Parviainen, 2005). Proces fragmentace lestt vznikl v disledku lidské ¢innosti, jako
je té€zba dfeva Ci preména lesii na zemédélské plochy a suburbanizace (Forman
1995). Termin fragmentace mél odkazovat predevSsim na ztratu stanovist
a konfiguraci zbyvajiciho prostiedi po né&jaké udalosti, ale fragmentace sama
0 sobé, tj. rozdéleni kontinudlniho prostfedi do vétsiho poctu menSich plosek

se muze lisit v identickych stupnich ztraty biotopu (Fahrig, 1997).

Jakakoliv rozséhla disturbance korunového zapoje mize mit vliv na dalsi vyvoj
lesa, z tohoto diivodu je dilezité rozliSovat aktivity na uzemi lesa ¢i jeho blizkosti,

pokud se jedna o antropogenni narusovani (napft. za ucelem vybudovani
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infrastruktury), které je pro les mnohem Skodlivéjsi pro lesni ekosystémy.
Naptiklad les, jehoz porost je smiSen¢ho véku a ktery je vice €1 naopak méné
otevieny (osvétleny), muze také byt dusledkem dobrého Ilesniho hospodaieni,
coz muze zpusobit pouze docasnou zménu v lesni fragmentaci. Snizeni poctu
a fragmentace lesnich porosti vlivem clovéka zpisobuje mimo jiné i ztratu
biologické rozmanitosti, zvySuje vyskyt invaznich rostlin, Sktidcii a patogent
a dalSich environmentélnich hazardd. Fragmentace zvySuje izolaci mezi lesnimi
spoleCenstvy a zvySuje takzvané okrajové efekty (Knight et al., 2014,
Newbold et al., 2015). Okrajovy efekt je klicovym faktorem pro pochopeni vlivu
krajiny na kvalitu stanovist’ (Varasteh Moradi a Zakaria, 2009).

V zavislosti na cilech lesniho hospodafstvi a souvisejicich intenzitach hospodatreni
se dynamika pfirodnich procesti posunula do riznych rozmérl, coz zpusobilo
zhorSovani pidy, niceni stanovist, zménu a fragmentaci a posun ve vékové
struktufe a slozeni druht, coz ma vliv na biologickou rozmanitost (Rosson
and Amundsen, 2004). Urbanizace pfinaSi fadu faktorti a kazdy z nich miize
odliSnym zptsobem ovlivnit riznorodost dievni skladby. Ackoli lesy predstavuji
vyznamnou niku pro mnoho druhl rostlin a Zzivocichli, dopad urbanizace

na rozmanitost riznych taxonti se miZze li§it od jeho vlivu na rozmanitost dfevin

(Polyakov et al. 2008).

Obrazek 1 - Systematicky seznam faktora ovliviiujicich biodiverzitu v mrtvém di‘evu a manipulovany v
experimentalnich studiich mrtvého dfeva (S. Seibold et al. / Biological Conservation 191 (2015) 139-
149)
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Fragmentované ostrovy lesa

Principy odvozené z ostrovni biogeografie (MacArthur and Wilson, 1976) byly
pouzity pro fizeni velikosti, tvaru, disperze atd. zbyvajicich lesnich plosek,
kde nebyla provedena tézba, a o nichz se ma predpokladat, ze funguji jako rezervy
biologické rozmanitosti pro bioty charakterizujici predtézebni podminky v lesnim
ekosystému. Kapacita rozptyleni, Sife niky a reprodukéni  potencial,
jsou klicovymi determinanty druhového pretrvavani ve fragmentované krajiné

(Ewers & Didham, 2006).

Studie z Ceské republiky, Salek et al. (2013) ukazuje, Ze okraje hospodatskych
lesti maji Zadouci atributy staré¢ho lesa a zaroven vykazuji uspokojivou schopnost
prirozené obnovy lesa do budoucna. Neobhospodatované okraje lesit mohou
byt také dulezité pro dalsi funkce lesa, jako jsou ukryty pro lesni organismy,

které jsou vylepSeny zelenou oponou oddélujici lesy od jiného vyuziti pudy.

Albuquerque & Rueda (2010) zkoumali, ze variace lesnich druhi
je podminéna predevsim prostorovou konfiguraci biotopu. Zejména se jedna
o zéasadni vysledek pro fizeni biologické rozmanitosti, protoZe opatfeni by méla

byt zamétena hlavné na zachovani prostorové struktury lesnich patcht.

Saproxylické organismy jako ilustrace problému

Fragmentace lesi je klicovym aspektem rozsahu a distribuce ekologickych
systémll. Mnoho lesnich druhil je pfizpiisobeno bud’ okrajovym, nebo vnitinim
stanoviStim. Zmény stupn€ nebo struktury fragmentace mohou ovlivnit kvalitu
stanovist’ pro vétSinu druhli savcl, plazl, ptakl a obojzivelnikli nachazejicich se
v lesnich stanovistich (Fahrig, 2003). Pro saproxylické organismy (napiiklad
brouky nebo houby), je velice dilezité mit klicové slozky pro preziti (tj. mrtvé
dfevo) jakozto stanovistni ostrovy na jednom misté (Schiegg 2000a). Konkrétné
by mély byt pfi péci o lesni ekosystémy v ochranafsky vyznamnych uzemich
nekteré porosty vyclenény tak, aby jednotlivé stromy mohly dokoncit sviij
pfirozeny cyklus — tj. vcetné¢ odumfieni a nésledného rozkladu. Mensi ostrovy

starSich porostii 0 velikosti jednotek hektarti je vhodné ponechat samovolnému
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vyvoji tak, aby vytvofily naslapné kameny mezi vétSimi lesnimi celky.
Také se doporucuje, aby jednotlivé stromy mohly i zde dokoncit pfirozeny cyklus
(Kraus & Krumm 2013). Konkrétn¢ je dle Speighta (1989) saproxylicky hmyz
ohrozen komer¢nim lesnim hospodafenim, a to pfedev§im proto, Ze tento zptisob
hospodareni ovliviiuje mnozstvi a kvalitu mrtvého dfeva v porostu. Napiiklad
rohaCoviti (Lucanidae) jsou povazovani jako jeden z vhodnych bioindikatort
ukazujici kvalitu stanovist¢ z pohledu mnozstvi mrtvého dieva (Lachat et al.
2012). Rohéci jsou navic zavisli na vhodnych klimatickych podminkach a indikuji
i Casoprostorovou kontinuitu stanovisté. Napiiklad populace rohace obecného
(Lucanus cervus) obvykle neopusti stanovisté (polomér cca. 1 km) po dobu vice
nez 30 let. Tento népadny druh je také velmi =zavisly na stanovistich,
které obsahuji prvky typické pro pfirozené lesy (Miiller et al 2005; Thomaes
2009). Podobna situace, jako se saproxylickymi organismy, je s lesnimi ptac¢imi
spoleCenstvy, které patii mezi nejvice studované skupiny organismu.
Prestoze fada druhii ptdkt byva specializovand na konkrétni lesni mikro-
stanoviS§té¢ (napf. dutiny), celkové druhové sloZzeni je spiSe zavislé na
podobnosti urcitych stanoviStnich charakteristik, a to zpravidla az do Urovné
porostu (Miiller et al. 2007). Prostorové usporadani vétSiny druht ptakd uvnitt
lesnich fragmentli bylo vhodn€ vybaveno modelem, ktery zahrnoval
jak vzdalenost k okraji lesa, tak 1 velikost fragmentu lesa jako vysvétlujici
proménné, na rozdil od modelii zalozenych pouze na vzdalenosti k okraji lesa
nebo velikosti fragmentu lesa. Proto bylo prostorové rozlozeni spole¢nych lesnich
druhti ptakl Casto postiZzeno pouze vzdalenosti od okraje lesa, méné Casto pouze
velikostmi lesnich fragmentd a nejcastéji obéma témito faktory (Hofmeister et al.,
2017). Vogel et al. (2017) ukazuji, ze zivé plodnice troudnatce pasovaného
(Fomitopsis pinicola) se objevily jiz po prvnim roce po invazi lykozroutem
smrkovym a byly stejn€ hojné o 11 a2l let pozdéji. F. pinicola je tedy jeden
z prvnich druhil hub, ktery vyuziva smrk po invazi lykoZrouta a pfetrvava po celd
desetileti. Toto zjiSténi naznacCuje, ze je troudnatec silnym konkurentem

v rozkladu smrkového mrtvého dieva.
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V severni Evropé vedla rozsahla lesni té¢zba ke snizeni mnozstvi a kvality hrubé
dfevni hmoty, coz vedlo k lokalnimu vyhubeni nékterych saproxylickych druht
broukt (Siitonen, 2001). Nejvyznamnéjsim hmyzim Skidcem v Evropé je
doposud lykozrout smrkovy (Ips typographus). Ve Stiedni Evropé poskozuje az
2,9x10° m® smrku evropského (Picea abies) ro¢né (Schelhaas et al., 2003).

Vztahy s typologii mrtvého difeva byly pozorovany také u tesafikovitych
(Cerambycidae) a kovaiikovitych (Elateridae), zvlast¢ u pafezli a stojicich
mrtvych stromi, a proto by mély byt upfednostiiovany pii vyvoji alternativnich
hospodaiskych plantt a ochrannych pfistupti ke zvySovani mnozstvi mrtvého

dieva a zlepSovani biodiverzity lest (Parisi et al., 2016).
Lesni hospodarstvi

Intenzivni lesni hospodafeni dramaticky snizuje mnozstvi a rozmanitost dievni
hmoty, kterd je rozhodujici pro kolobéh lesnich Zivin a slouzi jako zékladni

struktura biodiverzity (Harmon et al., 1986).

Retencni lesnictvi (anglicky retention forestry) lze definovat jako pfistup
ke spravé lesii zaloZzeny na dlouhodobé retenci struktur a organismi, jako jsou
zivé a mrtvé stromy a malé plochy nedotcené¢ho lesa, v dob& lesni tézby
(Lindenmayer et al., 2012). Ve své studii Lee et al. (2015) ukazuje, Ze po
desetileté¢ i1zolaci dokonce i1 centra malych lesnich plosek uspé$né udrzovaly
spoleCenstvi saproxylické brouki, které piivodné kolonizovaly mrtvé dievo smrku
sivého (Picea glauca). Takova spolecenstva broukd byla ve vytéZenych plochach
zetelné nepfitomna. Vliv okraji vSak byl zjistén u patchd mensich nez 3 ha,
coz naznacuje, ze vetsi plochy (3-6 ha) jsou dostateéné pro minimalizaci
negativnich okrajovych ucinki (Mladenovi¢ et al., 2018). Informace o tom,
jak jsou saproxylické organismy spojené s mrtvym dievem v retencnich ploskéch,
jsou stale pomérn¢ omezené. Rozsahld a trvald selektivni t€zba miiZze negativné
ovlivnit rastové rysy, ale dopad je potlaCovan rozsdhlym proudem gent
u ne¢kolika druhi, které byly vystaveny této praxi, jako je smrk ztepily a borovice

lesni (Geburek & Myking, 2018).
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Expanze lesni plochy byla jednou =z nejvyraznéjSich neddvnych zmén
ve vyuzivani pady a krajiny v mnoha evropskych zemich. Vymeéna dieva
za fosilni paliva jako hlavni zdroje energie a spontdnni obnova lesa po ukonceni
zemédelské Cinnosti byly spojeny s rozvojem komeréniho lesniho hospodaistvi,
vyvojem legislativy na ochranu lesi a zdmérnym zalesnénim (Mather, 2001).
Je politickym zdmérem prevodu vyuzivani pudy ze zemédélstvi do lesniho
hospodaftstvi s cilem zvysit produkci surového diivi a snizit nadprodukci
zemé&délskych komodit, a n€které zemé pouzivaji zalesiovani, aby se zabranilo

erozi pudy a snizeni odtoku vody (Weber, 2005).

Stanoveni zavislosti starych lesti na saproxylickych druzich vyzaduje dalsi studie
v celé fad¢ lesnich stanovist, veetné narusSenych, tézenych a zalesnénych travnich

porostu (Horék et al., 2012).

Pomérné znacnych ziskli pro biologickou rozmanitost Ize v krajiné dosédhnout
zvySenim a udrzovanim objemu mrtvého dieva (viz Obrazek 2.) ve vSech typech
lesti, véetné jehli¢natych monokultur (hospodaiskych lesich). Vyhody jsou nejvice
zfejmé u béZznych a rozsifenych druhl zavislych na mrtvém dievé (dilezité pro
fungovani ekosystému), ale také u nékterych vzacnéjSich a specializovanéjsich
druhti. Navzdory tomu, Ze se zvysila plocha lesnich porostli, u nékolika druhii
saprofytického hmyzu, které¢ byly dfive povazovany za druhy s nizkymi
disperznimi schopnosti, bylo zaznamenano jejich rychlé rozsiteni v krajiné

(Humphrey a Bailey, 2012).

Management mrtvého dieva ma zaroven dulezity vyznam pro udrzitelné lesni
hospodateni a podporu biodiverzity, protoze mrtvé dievo je klicovym prvkem
funkce lesnich ekosystéml a poskytuje jedine¢né strukturdlni a ekologické
vlastnosti, které jsou rozhodujici pro pretrvani rtiznych saproxylickych druht

(Langor et al., 2008, Grove, 2002b; Della Rocca et al., 2014).
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Obrazek 2 - Rizné typy mrtvého di‘eva nalezeného v lesich (www.forestry.gov.uk)
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3. METODIKA

Studované oblasti

Krkonose

Studovana oblast o velikosti téméf 454 km? se nachazi v lesich Krkonosského
narodniho parku. Jednd se o nejstar$i a nejznamé&j$i narodni park v Ceské
republice (zal. 1963). Pfinejmensim az do stiedovéku byla oblast Krkono$ pokryta
listnatymi a smiSenymi lesy s pievahou buku lesniho (Fagus sylvatica)
(Neuhauselova et al. 2001).

Orlické hory

Oblast Bukacka v Orlickych horach je velmi stary horsky smrko-bukovy les.
Tento les mé& vice nez 50 ha a nachazi se pfiblizn¢ v nadmoiské vysce
cca 1000 m. Oblast Bukacka je ponechana v bezzasahovém reZimu, s vyjimkou

nahodilé t&zby v poslednich desetiletich kvili invazi kiirovc.
Chocensko-hradecké lesy

Studované lesy zahrnovaly téméf 6500 ha v prostorové souvislé plose
vychodoceskych lesti. V minulosti byla tato oblast pokryta listnatymi lesy, v nichz
dominuje dub zimni (Quercus petraea). Velka cast studované plochy byla
vysédzena pied vice neZ dvéma stoletimi s rychle rostoucim nepiivodnim smrkem
ztepilym (Picea abies), ktery je puvodni pouze ve vysSich polohach stiedni
Evropy.

Studované taxony

Hmyz (Insecta)

Kovatikoviti (Elateridae)

Druhy této celedi jsou vysoce diverzifikovany s ohledem na jejich chovani
a pozadavky na stanovisté. VéEtSina druhil je spojena s lesnimi porosty (Laibner,
2000). Kovatikoviti jsou z hlediska druhové bohatosti stfedné bohatou celedi

(Bouchard et al., 2009).
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Tesatikoviti (Cerembycidae)

Druhy této celedi maji stfedni az vysoké druhové bohatstvi (Bouchard et al.,
2009), a vétsina druhli mirného pasma je spojovana s lykem a dfevem dfevnatych

rostlin (Slama, 1998).
Drabc¢ikoviti (Staphylinidae)

Drab¢ikoviti jsou ¢eledi druhové velmi bohatou (Bouchard et al., 2009). VétSina
druhi této celedi je povazovana za predatory-generalisty nebo se Zzivi

rozkladajicim materialem (Boha¢ & Matéjicek, 2003).
Blanoktidli (Hymenoptera)

Blanokiidli byly studovani jako taxony bezobratlych s relativné dobrymi
schopnostmi disperze a jsou také znami tim, ze vykazuji dobrou reakci na zmény
biotopt. Tato Celed’ je jednim z nejvice druhové bohatych taxonii na svéte.

Aculeata Hymenoptera byla vzorkovana béhem vegeta¢niho obdobi v roce 2011.
Chvostoskoci (Collembola)
Larvénka obrovska (Tetrodontophora bielanensi)

Larvénka obrovska obyva prevazné v hrabance spole¢né s vyssimi vrstvami pudy.
Uvedeny druh je pomérné znamy svou chemickou obranou (Dettner et al., 1996).
Tento slepy ¢lenovec obvykle stoupé na stromovych kmenech pti hledani potravy,
ale pouze tehdy, kdyz je dostatetna vlhkost. Rovnéz preferuje nizsi teplotu,
idedlné mezi 8-11°C. To je hlavni divod, pro¢ je jeho pfirozenym stanovistém
hlavné pohoti. Zije také v niZzinach, ale pouze v t&sné blizkosti vodnich toki,
kde je voda ptfivadéna z hornich oblasti a kde lze v udolich nalézt vhodné Zivotni

podminky (Materna, 2006).
Ptaci (Aves)

Ptaci jsou ve védecké literatufe Siroce vyuzivani jako ukazatele biologické
rozmanitosti kvili své obecné citlivosti na zmény Zivotniho prostiedi,
ale vSeobecné je malo znamo o rozdilech v biologické rozmanitosti ptakl

v hospodaiskych lesich ve srovnani s pfirodnimi lesy (Stephens and Wagner,
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2007). Ptaci spojeni s jehli¢natymi lesy jsou i generalisté a specialisté; a tudiz
mohou tézit z jinych typt lesa, jako jsou naptiklad ptirodni listnaté lesy (Aronson
et al., 2014). Druhy lesnich dfevin a jejich slozeni jsou vyznamné faktory, které
ovlivituji vybér stanovisté ptaky. Ptaci byli vzorkovani jako taxony, které maji
obecné relativné dobré schopnosti rozptyleni. Udaje o ptacich byly shromazdény

na jafe v roce 2014.
Houby (Fungi)

Saproxylické houby jsou tzce spojeny s mrtvym dievem a mohou byt citlivé
na tézbu dreva. kloboukaté mykorrhizni houby jsou pomérné dobie znamé a jsou
vétSinou symbiotické s lesnimi dfevinami, coz je predurcuje k zavislosti na lese.
Vzéacné druhy hub byly nachazeny v blizkosti stromt s vét§im primérem, zatimco
Casto se vyskytujici druhy mély obecné malo nebo zadnou spojitost s urcitymi
priméry (Kruys et al., 1999, Lindhe et al., 2004). VSechny skupiny hub byly

vzorkovany béhem podzimu v roce 2014.
LiSejniky (Lichen)

Predmétem studie byly také lisejniky, jejichz vzorkovani probihalo v pribéhu
podzimu 2014. VétSina druht liSejnikd je zévisld na veteranskych stromech
(Uliczka & Angelstam, 1999), které jsou dilezitym prvkem biologicky
v pripad¢ veétsi heterogenity lesni krajiny (Hordk et al., 2014). MozZnosti disperze
liSejnikl jsou velmi omezené. Jedinou Sanci na jejich pieZiti se zdaji byt posuny v
ekologickych poZzadavcich jednotlivych druhti, které nejsou az tak bézné, ale byly

pozorovany u druhti blizicich se vyhynuti (Hordk, 2016).
Ostatni organismy

Vzorkovany byly dvé skupiny cévnatych rostlin. Prvni z nich se skladala z bylin
a ketfdi. Hlavnim divodem vzorkovéani téchto organismll bylo, Ze lesy mély
poméerné malo keii vétsiho vzriistu a ze mnoho z téchto ketl jsou spise polokete,
jako je brusnice borivka (Vaccinium myrtillus), ktera ma podobné pozadavky
jako celoro¢ni rostliny. Byliny a kefe patfi mezi taxony se stfedni rozptylenosti.

Druha skupina rostlin sestavala ze stromovych sazenic produkovanych
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prostfednictvim pfirozené regenerace. Semena vétSiny lesnich strom maji
pomérné vysoké rozptyleni. Hlavnim davodem pro studium sazenic byl ten,
ze distribuce sazenic ve starSich porostech jen nepatrné ovlivnéna lidskym
disturbancemi a protoze sazenice piesné odrazeji vliv dubu a smrku na budouci
druhovou skladbu porostii. Rostliny byly shromazdovany na 1ét€¢ a podzimu

v roce 2014.
Jednotlivé proménné

Byly testovany proménné na charakteristické bazi porostu, které reflektuji
antropogenni disturbanci a fragmentaci — vliv dominantnich druhti dievin, celkova
plocha porostu v hektarech a proménnd na bazi plosky (patch) a reflektovala

disturbanci zdpoje a mikroklimatu.

Dale byly testovany hierarchické prostorové urovné prostiedi: topografie byla
popsana vyskovym gradientem; struktura plosek byla popsana otevienosti zapoje,
mnozstvim mrtvého dieva a pokrytym smrku ztepilého (Picea abies); a uroven

stromu byla popséna podle druhil vzorkovaného stromu a jeho priméru.

MnozZstvi mrtvého dfeva bylo méfeno jako odraz pfirozenych disturbanci
a udrzitelného rozvoje lest. Otevirani zapoje bylo méfeno jako odraz gradientu

disturbanci, které ovliviiuji mikroklima nezavisle na nadmotské vysce.

Proménné, jako je celkovy pocet druhli a exkluzivnich druht, byly analyzovany
s ohledem na dominantni druhy dfevin (smrk vs. dub). Druhova kompozice
a individualni odezvy druhi byly analyzovany jako matrice pfitomnosti /
nepfitomnosti, ktera dala lepsi kone¢né srovnani mezi rdznymi taxony.
Peclivé byly vybrany Ctyfi prediktory, které podle nejlepSich znalosti popsaly
environmentalni podminky lesnich porosti: vliv smrku na druhové slozeni
porostu, pafezy mladsi nez 5 let v poloméru 40 m, otevienost zapoje, okrajovy

efekt a efekt odlesnéné pudy.
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4. VYSLEDKY

Zakladem vysledki predkladané diserta¢ni prace jsou 4 ¢lanky (3 publikované a 1
manuskript). Clanky jsou pfilozeny jednotlivé v této kapitole a zabyvaji se
antropogennim vlivem na fragmentaci krajiny a hlavné lesnich ekosystému a

hospodatskych lesich.
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The effects of within stand disturbance in
plantation forests indicate complex and
contrasting responses among and within
beetle families

S. Mladenovié', T. Loskotova'?, J. Boha®, J. Pavliéek',
J. Brestovansky' and J. Horak'*
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Abstract

Plantation forests with imber production as the major function are highly frag-
mented and disturbed regarding the tree species composiion and stand area. Their
closed canopies also have different microclimatic conditions compared with better
studied conservation areas. We studied three beetle families (click, longhom, and
rove beetles) with different ecological demands in lowland plantation forests domi-
nated by Sessile cak and Morway spruce in the Czech Republic. Our main interest
was how their species richness, abundance, diversity, body length, rarity, red-list sta-
tus, species composition and individual species were driven by the main tree species,
stand area and canopy openness. We analyzed 3466 individuals from 198 beetle spe-
cies and the results revealed complex and contrasting responses of the studied beetle
families = click beetles mostly preferred sun-exposure and spruce as the dominant
tree species, longhorn beetles mainly preferred large stands, whereas rove beetles
were mostly influenced by cak as the dominant tree species and increasing area,
We also observed that some species had different preferences in plantation forests
than is known from the literature. The main conclusions of our results are that the
dominance of non-natural spruce plantations and a large stand area (both originating
from artificlally replanted large clear-cuts) did not affect the majority of the studied
taxa as we expected. On the other hand, our results might have been influenced by
other factor, such as the current small total area of the former vegetation, which in the
past might have led to extinction debt; or a large area of other conifers in the sur-
roundings that might have promoted conifer-associated fauna.

Keywords: biodiversity, canopy openness, forest ecology, Norway spruce, Sessile
oak, stand area
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Introduction

European forest plantations, which are intended for timber
production, are often comy of tree species that are non-
rative to a particular site (Bauhus ef al, 2010). In Eumope, the
tee composition generally consists of natural beech and oak
stands and large areas are given over to commerdal comiferous
monocultures, whereas mome than uarters of the central
Eumpean forests are managed (Hannah et al, 1995). The usual
method of recent forest mana gement is still clear-cutting, when
the biomass of a mature forest is completely removed from the
stand, followed by replanting of the same stand (Magura efal,,
2003). Nevertheless, forest management is mostly restricted by
law — eg. in the Czech Republic, the maximum permitted area
that can be clear<cut is 1 ha and the minimum age is 8 years.

Some of the most sensitive taxa to modifications by the
management of plantation forests (eg, changes in canopy
openness, tree spedes alterations, or clear-cutting) are arthro-
pods, of which insects are among the most studied taxonom-
ical groups (Horak, 2013). Beetles belong to one of the four
maost abundant and spedes-rich taxa of insects and are an im-
partant part of the forest ecosystem food chain. The intensive
management of plantation forests can affect the composition
of spedes for some beetle families.

Some authars have disqussed the response of particular bee-
tle families in forest ecology and management (Niemeli ef al,,
1993; Sebek ef al, 2012; Hordk & Rébl, 2013) and others have
akodealt with the foraging and functional ecology of particular
families (e g, ground, rove, or bark beetles) and have demaon-
strated that particular spedes of beetle families exist in several
dif ferent habitats (Love & Sunderland , 1996, Bussler efal., 2011;
Prikryl ef al, 2012). Some studies have investigated diﬁerem as-
pects of ecology (e.g., habitats) of particular families or species
and have concluded that variations in habitat loss and hetero-
gendty play a huge role in their sensitivity in terms of distribu-
tion and life cycles (Niemeli ef al,, 1993; Driscoll & Weir, 2005).
Furthermare, changes in habitat complexity can shift species
richness at certain local sites (Tews ef al, 2004). Nevertheless,
several management activities that influence beetle diversity
are well known - eg., habitat diversification and an inmease
i the habitat area, together with improvements in habitat
connectivity via the ceation of s ing stones and corridors
(Kuuluvairen et al, 2002; Harak, 2014).

Functional or conservation traits are still not often used for
evaluation of the effect of forest mana gement. Experiments on
ecological traits have been performed regarding the inverte-
brates (e.g., Nota ef al., 2013 for springtails, Kunieda ef al,
2006 for Hymenopterans and Dipterans). Dupont & Nielsen
(2006) suggest that body length is a proxy for body size,
which is an impaortant functional trait. Sapmowxylic beetles are
an example of complexity in the food chain and are commonly
affected by habitat fragmentation{ Horak, 2014),and therefore,
are at a high risk of extinction. Conservation traits could be
evaluated using more a . Red lists serve as a useful
mechanism to establish a system for the potential extinction
probability of ies in different aphical locations
[Eindngugq et al., 2006). Seibold ef al. (2015) tested the red-list
status for a ph}rlogeneh.c signal and for some beetle families
(eg. Ehteridae, Tenebrionidae, Melandryidae, and Buprestidae)
and almaost half of all spedes wereconsidered tobe threatened,
whereas, eg., Nitidulidae, Pselaphidae, and Staphylinidae
contained a very low number of threatened species.

The stand and patch structure of plantation forests might be
changed from year to year and furthermore, in more extensive

and different ways than changes that are caused by natural dis-
turbances (Horak, 2015). We were interested tounderstand how
selected beetle families are driven by stand-level disturbance
using two characterstics that refledt forest fragmentation —
dominant tree species (ie, oak vs. spruce) and stand area,
and ako by one patch-level charadteristic that reflects microcli-
mate — canopy light conditions. In this study, we focused on the
response of three beetle families: dick beetles (Elateridae), as re-
presentatives of a highly divemified group in terms of habitat
requirements; longhorn beetles (Cerambyddae), as representa-
tives of a group associated with dead wood; and rove beetles
(Staphylinidae), as a highly spedesrich and alundant group
with a low rumber of spedalists.

Methods
Study area

The study area consis ted of more than 6000 ha of forest and
was situated in the southern half of a spatially continuous area
of the eastern Bohemian woodlands (Pardubice Region, Czech
Republic). The area was in the past mainly covered by deddu-
ous forests dominated by Sessile cak (Quercus pefrasa)
(Neuhauselova & Maravec, 2001). For more than two centur-
ies, most of the area has been planted by conifers (Soots pine,
Pinus sylvesiris) and Morway spruce { Picea altes), of which the
latter is non-native in the studied area.

Study families and frapping method

We used non-attmctive crossed-panel window traps. The
height of the center of the tap was 1.3 m. Traps were fixed
using two iron sticks and were located in the center of the
stand (Loskotovd & Hordk, 2016). All of the traps weme acti-
vated at the beginning of March and were deactivated at the
end of September 2011. Traps were regularly emptied and
deaned in 2-3 week intervals.

We studied the response of three selected families; firstly,
we selected a family of dick beetles (Elaterid ae), whichis inter-
mediate in terms of spedes richness (Bouchard efal., Z009) and
its species are highly diversified with respect to their foraging
behavior (predators, herbivores, saprophages, etc.), habitat re-
quirements (soibdwelling, hollow trees, phytophages, etc],
and a majorty of spedes are assodated with woodlands
(Laibner, 2000). The second family consisted of longhorn bee-
tles {Cerambycidae), which is a family with a medium to high
species richness (Bouchard efal, 2009) and the majority of spe-
des in temperate zones are associated with bast and wood of
woody plants (Slima, 1998), The third family consisted of rove
beetles (Staphylinidae), which is a highly species-rich family
(Bouchard ef al, 2004) and the majority of its spedes ame gen-
emlist predators or feeders of decaying material (Bohié &
Ma tEjizek, 2003).

Study emuviromment

Westudied the influence of three important forest charac-
teristics on mature stands (i.e., older than 0 years) in planta-
tion forests.

The first variable was a stand-based characteristic that re-
flects anthropogenic disturbance and fragmentation — namely,
the effect of dominant (i.e., main) tree spedes. This focused on
the origin of the tree spedes, which is a potentially important
factor for beetles (e.g., Bertheau ef al., 200%). Norway spruce (P,
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Fig. 1. Results for the comparison of ies richness, abund

Sh

ity, body length, rarity, and red-list status of click beetles

(Elateridae) between stands dominated by Sessile oak (Quercus petraca) and Norway spruce (Piceaabies) in lowland plantation forests — the
and P values arederived from a linear mixed-effects model (table 1); open circles show the actual values, filled squares represent the means,

and thick lines show the median values.

abies), as the non-native tree to our study area (espedally itsin-
tensive plantations), covered approximately the same area as
native sessile oak (Q. pefraca), which was one reason to choose
spruce (instead of the widespread Scots pine) to com pare the
effect of dominant tree species. An additional reason was that
Scots pine was potentially distributed in the study area in the

past — even if only as a relit spedes (Neuhauselbva &
Moravec, 2001) and thus, it is native to the area. The final rea-
son was thatrelatively few pine stands were mature in age and
maost were spatially clumped.

The second variable was again stand-based. Namely, the
total area of the stand in hectares (mean=2.06+SE=0.15;
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Table 1. Results of linear mixed-efect models on the species rich-
ness, abundance, Sharmaon diversity, body lkength, rarity, and red-
list status of click beetles (Elateridae) inlowland plantation forests;
significant vadables appear in baold.

Table 2. Results of linear mixed-effect modes on the spevies
richness, abundance, Shannon diversity, body length, rarity, and
red-list status of longhom beetles ([Cerambycidael in lowland
plntation fored s; significant variables appear in bold.

Name Vanable AIC 1 P MName Variable AIC ] P
Species richness  Tree (spruce) 13377 <0l ns Speciesrichness  Tree (spruce) 145.51 [IF: ] s,
Canopy openness 231 00395 Canopy openness 137 na
Aren 0% na Area 069 n=
Abundance Tree ispruce) 2TLa% 284 00149 Abundance Tree (spruce) Bed 069 ns
Canopy openness 236 00359 Canopy openness 171 ns
Aren —158 ns Area 22 hMe2
Divesity Teee Ispruce) Bls 389 00021 Diversity Tree (spruce) 09 D76 s,
Canopy operness 108 nas Canopy openness 067 ns
Aren 148 nas Area 031 LA
Body Tree lspruce) JH95 297 0iM1s Body Tree (spruce) 155 214 La.
Canopy openness 203 na= Canopy openness 046  n=
Area —-150 n=s Area 23 00E7T3
Rarity Tree ispruce) 58022 267 00203 Rarity Tree (spruce) XX 05 ns
Canopy openness 245 (008 Canopy openness 189 ns
Area —-1467 ns Area 227 M
Red list Tree ispruce) 27624 358 00038 Red list Tree (spruce) B 071 ns
Canopy operness 192 ns Canopy openness 170 ns
Aren —175 na Area 235 DD3a9

min = 1.00; max = 3.51 ha). This variable was measured based
an actual forest management plans and was confirmed by our
observations in the field and by actual aerial photographs. The
relationship of area to disparate biological variables is often
studied (Hordk, 2016), but its use in forest insect ecology is,
to the best of our knowledge, relatively limited (Webb et al,
2008).

The final variable was patchbased and reflected the dis-
turbance of canopy and microclimate. Mamely, the canopy
light conditions of the environment, which i very important
for insects (Vodka et al, 2008). Canopy openness was mea-
sured as a percentage (%44 +0.36; 6.74-14 46 %) during the
same weather conditions in the peak of vegetation season
(ie., under the full canopy). We used a Nikon COOLPIX %95
with a Nikon FC-E8 Fish Eye converter. Each photograph of
180" was taken at the top of the trap, 1.55 m above the ground.
All photographs were then evaluated using Gap Light
Analyzer 2.0,

In these conditions, we found and studied 15 pairs of
spruce and oak tree-dominated stands.

Statistical amalyses

We used three dependent variables that are traditionally
analyzed regarding biodiversity: s pedes richness (the number
of species trapped), abundance (the number of individuals
trapped), and diversity (the Shannon diversity index). We
also used ane dependent variable that & used in fnctional
ecology: body length (the mean of maximum and minimum
value published in the entomological literature), and two de-
pendent variables that reflected conservation traits, i.e., rarity
(the total number of unoocupied grids in the Crech Republic
based on Slima, 1998; Dufinek & Mertlik, 2015 and the per-
sonal database of |. Bohd® and the red-list status (the species
mnk values based on the red-list index using IUCM criteria
LC=1, NT=2, V=3 EN=4 from Farka® ef al, 2005).
Some dependent variables were transformed to reach normal-
ity (abundance of longhorn and rove beetles, click beetles” red-
fistvalue and rove beetles’ rarity were log-transformed; rarity

and body length of longhorn beetles, spedes richness of rove
beetles, and their body length were square-root transformed).

To compute the relationship between the dependent vari-
ables and the variables that reflected the study environment,
we used linear mixed-effect models in B (package nlme).
Three independent variables we treated as fixed factors.
Mumbers of pairs of stands (spruce vs. oak from 1 to 15)
were used as a mndom factor. The spedes composition and
the respomses of individual spedes were analbyzed in
CANOCO. Weused redundancy analyses (RDA) for click beetles
(Detrended correspondence analysis length of gradient=2.697)
and canonical ndence analyses for longhorn (8.460)
and rowe beetles (4475). We used 9999 randomizations with

pairs of stands as a split-plot design.

Results

In total, 2388 individuals from 31 species of click beetles,
1% individuals of longhomn beetles from 36 species, and 554
individuals from 131 species of rove beetles were trapped dur-
ing the research in the lowland plantation forests.

The results showed that there was no significant difference
inapedes richness between oak- and spruce-dominated stands
(figs 1, 2 and 3), although the number of click beetle species
significantly benefited from increasing canopy openness
(table 1). The number of individuals of click and rove bestles
(figs 1 and 3) was significantly positively influenced by spruce
and cak, respectively. The abundance of click beetles, further-
maore, was positively influenced by canopy opermess (table 1),
where longhorn beetles were positively influenced only by the
increasing area of the stand (table 2). The diversity of dick bee-
tles was significantly higher in oak than in spruce stands (fig.
1) and the diversity of move beetles was significantly positively
influenced by the increasing stand area (table 3). Spruce stands
hosted click beetles with a higher bod y length than cak stands
(fig. 1). The body length of longhorn and rove beetles was
positively significantly influenced by an increasing stand
area (tables 2 and 3). Rare dick beetles were significantly
maore alundant in spruce than in oak stands (fg. 1) and
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Table 3. Results of linear mixed-efect models on the species rich-
ness, abundance, Shannon diversity, body length, and radty of
mve beatles (Staphylinidas) in lowland plantation forests; signifi-
cant variables appear in bald

Mame Variable AIC I P
Species richness  Tree (spruce) 14551 Mm% ns.
Canopy openness 137 ns
Area 6% ns.
Abundance Tree (spruced 188 -321 (0075
Canopy openness 137 na.
Apea —-013 ns
Dhversity Tree (spruce) 460 —-0% ns
Canopy openness m15 ns
Area 233 (038D
Body Tree (spruce) 115.5 214 ns
Canopy openness 046 nas.
Area 23 00373
Rari Tree is 1] 2308 252 Q02T
HY Canapypzupimm 136 na
Apea 077 na

were also positively influenced by increasing canopy open-
ness (table 1). Rare rove beetles were maore frequent in oak
than in spruce stands (fig. 3) and the rarity of longhorn beetles
significantly inreased with an incease in area (table 2L
Sprucestands hosted significant ly more red-listed click beetles
than oak stands (fig. 1), whereas the red-list index of longhom
beetles was positively influenced by increasing area (table 2).
We did not trap red-listed rove beetles.

The analyses of the spedes composition of dick beetles
showed that therewas significant d sarimination between spe-
des preferences for nak-and spruce-dominated stands (fig. 4),
similar to for longhorn beetles (fig. 5). Analysesof the species
composition of rove beetles showed that there was no signifi-
cant discrimination between species for oak- and
spruce-dominated stands (R*=3.17%; F=09Z P=ns)
Spedes composition analyses of click beetles also showed
that the species that were assodated with spruce stands
were more influenced by canopy and area than
these associated with oak-dominated stands, which is demon-
strated by a higherclustering of spruceassodates to the second
axis in RDA visualization (fig. 4). Spedes of longhorn beetles
showied a higher preference for spruce or oak stands, which is
ilustrated by more color-pure pies (fig. 5).

Two species (Agrinfes acuminafus and Athous haenorrhoida-
liz) and four spedes (Athous subfuscus, A zehei, Ectinus aterri-
nms, and Sericus brunnens) of clhick beetles were significantly
assodated with oak- and spruce-dominated stands, respect-
vely (table 4). Two longhorn beetles (Prionus coriarius and
Pyrrhidium sangunewm) preferred cak stands, whereas one
(Stenocorus  mreridianus) spruce stands (table 5)
Three rove beetles (Gabrius breviventer, Lingluta granigera, and
O ytelus rug osus) preferred oak stands (table 6). Twoclick bee-
tles (A acuruinafus and Athows vittafus) were negatively af
fected by, and four spedes (Ampedus balteatus, Awpedus
nigrinus, A subfuscus, and 5. runneus) thrived on canopy
openness (table 4). Five longhorn beetles significantly re-
sporded to canopy openness (table 5). Four longhorn species
preferred open stands (Molorchus minar, Paracorymbi maculi-
cornis, Rhagium morday, and Stenwrellas melanura), whereas
Oplosia cinerea was more abundant in shaded stands. Three
mwwve heetles (Atheta fungi, L granigera, and O, rugosus) pre-
ferred conditions of low canopy openness (table 6). Three

species of dick beetles responded to the area of the stand
(table 4) - A. viftafus and Melaofus cestanipes preferred an in-
easing area of mature stands, whereas Dalopius marginafus
showed the opposite relationship. Only one longhorm beetle
responded to the area of the stand (table 5) — 5. melanura was
maore abundant in large stands. Four rove beetles (Amarochara
umibrosa, Atheta celata, Atheta elongatul, and Omalnm rivalare)
were negatively affected by an inmreasing stand area (table 61,

Discussion

Our results revealed sevem| different and contrasting re-
sponses amang three studied beetle families: click beetles re-
sponded mainly to the dominant tree species and insolation
of stands, whereas longharn beetles were influenced by the
stand extent and rove beetles were most influenced by the
dominant tree spedes and stand area.

Wealso ohserved that the responses of individual species
within the studied beetle families in plantation forest stands
dominated by oak and spruce were in many cases complex
and highly diverse and that some species ind icated contrasting
patterns compared to the literature (eg., the preference of 5
meridianus for conifer-dominated stands).

The response of click beefles as a highly diverse family

Click breetles revealed relatively interesting and partly con-
trasting responses regarding the dominant tree spedes. Even
when their species richness did not show a significant re-
sponse, the mmmber of individuals, ther length, rarity value,
and red-list status was higher in spruce plantations than in
oak stands. This appears to be a surprising result that might
be explained by the positive influence of increasing openness
in canopies (Vodka ef al_, 200%; Hordk & Rébl, 2013) in the case
of abundance, but not for the other studied variables. From
this point of view, it appears that dick beetles represent a
gmoup that is more adaptable than is mentioned in the kitera-
ture {Laibner, 2000). On the other hand, one of the factors
that potentially nfluenced our results might be the long-term
presence of Scots pine in our study area — even if this fact is
questionable (Nenhauselova & Moravec, 2001). The higher
adaptability of click beetles to conifer vs broadleaved tree
stands rather than to particular tree spedes might also be rele-
wvant. Further exp lanations might reside in the spedes com pos-
ition, ie., spedes that were associated with oak stands were
maore significantly bound to it than species that preferentially
occurred in spruce plantations. Another potential explanation
might be that the current presence and extent of mature oak
stands is below the threshold area and fragmentation caused
by isolation that is acceptable for the successful development
of populations of pak-associated dick beetles (Alexander,
212}, This appears to be well reflected in the fact that only
twiorelatively commaon species (Loskotovd & Hordk, 2016) sig-
nificantly preferred cak stands, whereas four species were as-
sodated with spruce plantations. The opposite relationship
was observed for diversity and, thus, we concluded that tree
species that is not native in the studied area can negatively in-
fluence the diversity of the family; however, why the other
traits responded differently ramains undear (Loehle, 2003).

The response of Limomius ponell that preferred dosed oak
stands is dif ferent to the hiterature - this species prefers steppes
and forest steppes where adults oocur on vegetation (Mertlik,
2008). This contrasts with species such as M. castanipes, which
prefer spruce-dominated stands (Laibner, 2000). This

33



8 S. Mladenovi ef al.

e
© Achous subfuscus
Sercus brutneus
Amgedus bateais ¢

o | Athous haemommantals pe oo
% A . .’me
5 A{manmm'nm
3 oal - Ampedbs agrnus_Molinats castaneus  SPTUCH)
ar . Athows viatus, L~ “Medpnotus wWiosws

ATROIS - Ectnss
g DMlmt’ R
o Amasas poams g mmaond
o
-

-1.0 RDA1: 284%; F = 14.70; P <0001 1.0

RDAZ2: 26 6%

-0.8

s

-1.0 RDAT1: 28.4%; F = 14,70, P <0.001 1.0

Fig. 4. Visualzation of individual click beetle (Elateridae) species p

for stands dominated by Sessile cak (Quercus pef mea) and

Norway spruce (Pica abies) in lowland plantation forests using redundancy analysis. The explained vanance, F and P values are denved
from redundancy analysis; species with fewer than ten individuals were suppressed in the left s pecies-environmental biplot; ight-brown
represents individuals on cak trees and green represents individuals captured in spruce-dominated stands in the right pie plot.

SPruce  swnuela mienure
acyhs Dupresiowles

mandinus 9 o Molorchus mior
w%\m MOATG, e e [

Levapus neduiosus

Oulosia aneres )
o Op

-0.5 CCAZ: 10.74% 0.5

oak
|

Pyrrivdam ssogureuny

Prionus cosanus

10 CCA1-42%; F=124;P <0001

10

-0.5 CCA2: 10.74% 0.5

G

|

-10  CCA1:4.2%, F =1.24, P <0.001 10

Fig.5. Visualzation of individuallonghornbeetle (Cerambycidae) species preferences instands dominated by Sessile oak (Quercus petraca)
and Norway spruce (Pica abies) in lowland plantation forests by canonical correspondence analyss. The explained vadance, Fand P values

are derived from canonkal comespondence analysis;

es with fewer than five individuals were supp

ressed in the left

spedesenvironmental biplot; light-brown represents individuals on cak trees and green represents individuals captured in

spruce-dominated stands in the right pie plot.

preference was also observed for S. brunneus, which mostly
prefers pine stands (Laibner, 2000). Thus, this relationship
might indicate that species that are assodated with dispamte
conifer stands might use stands containing different conifer
tree spedies as a supplementary habitat. The species E. afemi-
nms might represent an example of contrasting preferences to
those known in the literature. This click beetle prefers broad-
leaved forests (Laibner, 2000), but in this study, was signifi-
antly assodated with spruce stands. As mentioned above,
mast of the studied click beetle traits were favored by the inso-
ltion of stands. However, we observed some spedes that
were associated with a dosed canopy (e.g, A. acumimtus).
An open canopy was preferred by two Ampedus species (A. bal-
teatus and A. nigrinus) that are known to be associated with
conifer stands, whereas A. nigrinus is also associated with
mountainous areas (Laibner, 2000). The stand area was not
ane of the most impartant variables in determining the distri-
bution of click beetles, although some spedes showed a sig-
nificant relationship with stand area - e.g, D. margmatus
showed a negative relationship and M. ipes a positive re-

lationship to increasing area of stand. A pns{live response is

unsurprising, but the negative response of D. margimafus ap-
pears to be difficult to interpret, because this spedies is a typ-
ical forest-dwelling spedes.

Longhorn beetles as representatives of a saproxylic family

Except for the spedes composition and the individual spe-
des, the group of longhorn beetles did not change accarding to
the dominant tree species. This is on one hand surprising, be-
cause many species are specialized either on the wood of coni-
fer or deciduous trees and Japanese research has shown that
longhorn beetles were negatively affected by the conversion
of deciduous forest stands to conifer plantations (Makino
et al,, 2007). On the other hand, our results might have been
influenced by the fact that the stands were not absolutely
pure in terms of tree spedies and this might also be influenced
by the surrounding stands. The species composition and par-
ticularly, the abundance of three spedes were influenced by
the dominant tree in the tree spedes composition. The ex-
plained variance in the tree species composition was reltively
low, but the majority of spedies were present anly in one type
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The effects of within stand disturbance n plantation forests on beetles 9

Table 4. Individual click beetle (Elateridael species preferences for stands dominated by Sessile oak ((heercies pelraea) and Morway spruce
(Picen abis), canopy openness and area in lowland plantation forests; [ and P values (*P < 005, **P < 001 ; =P <0.000} are derived from
species response curves; species with fewer than ten individuak were not analyzed.

Species Individuals Oak

Spruce Canopy opernness Area

Adrastus radhifer
Agrioles acurrnatins
Agriotes obscurns
Agriotes pibsellus
Agryprus muerinus
Ampedis ball mlus
Ampedies erydlrogonis
Ampedis nigrinus
Ampediis pororism
Ampedis sanguinas
Ampedis sanguinolanbis
Anostirus caslanas
AROSHPUS Plrplrens
Athous haenorrhoidalis
Athous subfiscis
Athous vittates

Athous zahei
Cardiophones nigerrinues
Cardiophones ruficollis
Delopius marginatis
Denticollis [inearis
Dicronychus cinenews
Erlinus alerrinms
Limon s poreli
Mdanots caslanipes
Mdanotis villbas
Nothodes paroulus
FPeraphotistius nigricorsis
Pheldes aeneoriger
Selnlosnirs aeneis
Sericus brimneus
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of stand. With respect to the individual spedes, the preference
of P.coriarius and P. ssmgumenm for oak trees is not surprising,
whereas the preference of 5. meriliznus for spruce plantations
is difficult to explain This species is known to be assodated
with broadleaved trees in lowland forests (Slima, 1998)
Furthermore, this spedes was present in nine stands and
thus, this result cannot be influenced by a dumped distribu-
tion in one or a few spruce stands, due to the draymstantial
presence of a piece of cak dead wood.

Longhorn beetles appear to be more cormected tothe forest
environment, because of their eon dead wood bio-
mass for larval development (Slima, 1998). However, recent
research has shown that adults are more abundant in forest
edges and open forests or larvae can even develop on solitary
trees (Wermelinger et al., 2007; Vodka ef al, 2009). Thus, their
dependency on dead wood does not necessarily mean that this
taxon is assodated with forests and it is relatively surprising
that longhorn beetles did not respond to canopy openness.
Mevertheless, four out of five species that significantly re-
sponded to canopy openness were more assodated with an in-
@easing canopy openness. Only O cinerea was associa ted with
very shaded stands (for thresholds, see, eg., Miiller ef al,
2010}, which contrasts with the known preference for avenues
and solitary trees from the literature (5lima, 1998). This sug-
gests that plantation forests are still an understudied habitat
typeand might lead todifferent results than traditionally s tud-
ied forest habitats such as old -growth forests or andent wood-
lands (Vodka ef al, 2008 Hordk & Rébl, 2013

Stenurelly melanura also showed a high preference for large
open stands. This species & widespread throughout most of
central Europe, which might be consistent with the oocurrence
of this species on blossoms (Slama, 1998). Nevertheless, its dis-
tribution might be different in southern Europe, where 5. nel-
anura was found to be more abundant in oak forests, which
generally have dosed canopy (Peris-Felipo ef al, 2011). This
difference is probably because insects can find a suitable am-
bient temperature in warmer climates, even under the doser
canopy.

The effectof isolation caused by fragmentation in forests is
understudied in comparison to nor-forest habitats (Krauss
efal, 2004; Webb efal., 2008; Hordk, 2015) - and when studied,
isolated forest fragments are usually only compared with dif-
ferent land uses (Pavuk & Wadsworth, 201 3). In this study, the
abundance, body size, rarity, and red-list status of longhorn
beetles all increased with an increase in the area of the stand.
Our results indicate that larger mature stands are highly sig-
nificant not only for the total number of individuals, but also
for indices that are important from the point of view of conser-
wvation biology (i.e., rare and threatened beetles) and functional
eonlogy — larger and thus, more conspicuous longhorn beetles
are associated with large stands (note that the mean value of
ourstand area was approxdmately 2 ha). The habitat area ofsa-
proxylic organisms is often characterized by the amount of
dead wood or the diameter of the studied tree (Harak o al,
2014; Buse ef al, 2016). However, the amount of dead wood
in plantation forests is generally low (Kirby ef al., 1998); thus,

35



10 S. Mladenovié et al.

Table 5. Individual longhorn beetle [(Cemmbycidas) species preferences for stands dominated by Sessile cak (Chiercies pelraa ) and Narway

spruce (Picea abies), canopy operness and area in lowland

plantation forests; ! and Pwalues (*F < 0.05; P < 001; ***P < 0001} are dedved

from species response curves; spedes with fewer than five individuals were not aralyzed

Species Individuals Oak

Spruce Canopy openness Area

Acanthacinus grieuws
Alosterma lahacioolor
Anaglypties mgticis
Collidiien aenei i
Iyt us arietis
Iyt aes lama
Cortodem fermorata
Cortodem e lis
Gauroles virgined
Leibpus neludosus
Leptura quadrifsciale
Menesia hipunclale
Molorchis minor
Olbwiiem by re
Oplbsia ciierea
Creyriirus cursar
FParacomgmbia maculicornis
Pedostrangalia revestila
Phymatodes lestacars
Pogonocheris fascicnlalis
Pogonocheris hispidis
Prionus coriariis
Pyrrhidinem sanguinaim
Rhagion bifascat on
Rhagitem inguBitor
Rhagium mordax

15 picaus
Spondylis buprestoides
Slenocors wmeridian s
Sterostola didvia
Stenurella bifascinta
Stenurela mdawra
Telropim caslanam
Tetrapim fusciem
Tetropium gabrieli
Mylotrechies antibpe
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we conclude that the stand area could easily contribute to the
amount of dead wood available for saproxylic organisms in
studies on plantation forests.

Wihat was the response of a rove beetle famihy?

Rove beetles are one of the families with the highest species
richness and also one of the most complicated groups for iden-
tification to the spedes level (Brunke ef al, 2012). Previous
studies have identified them as potential indicators {BohaZ,
19949); although recent findings have indicated that they are
probably generalists at the habitat level, at least in semi-
natural forests (Parmain ef al., 2015).

The genemlist habitat state of rove beetles appeared to be
confirmed by the absence of threatened speries in this study.
However, we observed significantly more rare spedes in oak
stands. We predicted that cak stands promote most of the
studied dependent variables, but this was only true for the di-
versity of dick beetles. Therefore, the greater number of rare
spedes and total abundance of rove beetles was relatively un-
expected, especially because the hypothesis concerning higher
biodiversity vahies in stand s with prevailing native vegetation
was confirmed by the taxon that i currently considered to be
that with the greater number of generalists or opportunists.
Setting aside the problems outlined above concerning

generalist taxa, rove beetles oocasionally responded positively
to nak stands mainly because they avoid conifer plantations
(Buse & Good, 1931, Another reason might be because even
if they do not appear to show habitat preferences in general
(Parmain etal., 2015), itis known that individual spedes ocaupy
a relatively large number of micwhabitats (Caballero ef al,
2007) — and disparate micmhahitats are mostly more commaon
in stands with native vegetation (Winter & Maller, 2008).
Rove beetles did not respond to the canopy openness gra-
dient; however, their diversity and body length mcreased with
increasing stand area, which was a similar response to that of
longhorn beetles. Mevertheless, considering individual species
responses, we found that three spedes were promoted by the
native vegetation, three spedes were negatively influenced by
anopy openness and four spedes were affected by an inceas-
ing stand area. On the other hand, the spedes that showed a
response le.g, A fungl, G. lreniventer or O, rugnsus) are mostly
associated with non-specific habitats, in leaf litter or decaying
plant, fungal or animal residues { Bohi ¢ & Mat#jidek, 2003,

Potential fmplications for management

Oalks that were dominant in the study territory in the past
(MNeuhauselova & Moravec, 2001) are mostly no longer present
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1

Table 6. Individual rove beetle (Staphylinidae) species preferences for stands dominated by Sessile cak (Chuencus petraa ) and Norway spruce

(Picea abies), canopy openness and area in lowland

curves; species with fewer than ten individuals were not analyzed.

tion forests; Fand P values (*F < 005; ®F < (.01} are derived from s pecies response

Species

Individuals

Chak

Spruce Canopy openness

Area

Acidola crenata
Acidola crientata
Aleochara bipustulala
Aleachara sparsa
Aloconota suleifrores
Amarochara iembrosa
Amischa analis
Anotylus nil iwlus
Anotylus rigoas
Anatylus taracarinatus
Atlela amacollis
Atlhela amicila
Atlela celala
Allela crassicoriis
Atlela elongatul
Atleta fung
Athela limida
Atteta mallries
Atlela mdanocem
Allela nigripes
Atheta pittionii
Atlela ravilla
Atleta subvtilis
Atlela trianguhem
Alrecus affinis
Aulalia rividars
Billaparus wmin e
Bisnius fimelaris
Bythirus bureeli
z{‘mmes maaropalpis

peliues bilineatis
Carpelimus ebngatuls
Carpelirues obesus
Carpelires riviek ris
Howiiesn striatilism
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Gaalbwins hrevinentar
Gabrius nitritulis
Gabrius oselions
Gabrivs splendidulus
Gyraphacra boledi
Haploglsa puncticoli
Hetemthops dissimilis
Kenothus leevicollis
Lathrobiwm loevipenne
Lathrobiin Ferwmination
Leptusa pukchella
Lesteva brgoelymla
Lioghita granigera
Lordithon hermeatis
Lordithon tdmacidaties
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Mycelopones erichsong mes
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Species

Individuals

Spruce

Canopy openness

Oreypoda brevicornis
Orypods cpace

a picing

a villafa
%ﬁgﬂ i riafies

Oreyleles insecalus
Oreyleles migrator
Oreylels rugosis
Phillygra dongatida
Philonthis atrats
Philonthis carbonaring
Philonthis cogratus
Phlonthis dacons
FPhilonthus fioma s
Philonthis hepicollis
Philonthis kminaties
Philonthis quisquiliarivs
Philonthis wclangilis
Philonthis mhedicollis
Phlonthis lemdcorms
Phulonthis wnbralilis
Philonthis parims
Phileopors Ieslacen
Phloeononus phus
Phloeanonus pusilis
Phloeopora lestacea
HMatamea interirbana
Flatydracus fulvipes
Flatystethus nitens
Flectaphloaus fichen
Flectaphloaus nilidis
Chiediies boopoides
Cheediies boops

Quedins fuliginoaes
Quedines nilipennis
Ouediies xan thopus
Rugilies rixtus

Rugilus rufipes

Rugiles sewtellatus
SeaphBora agaricirm
SeaphBorma assimde
Seaphioma boleli
Scopaews cogralis
Scopacus hevigatus
Scopacus minel s
Sepedophilus pedicidarins
Staplylins erythropleris
Stenus clivornis
Slenus coirm

Steris pasulatis
Stenus humis
Synlomiim aeneis
Tachinnus sublermuars
Tachines corficis
Tachinus signatus
Tachyporis chrysomelins
Tachyporis hyprorise
Tachyporis witiduls
Tachyporis ol iusies
Tachyporis solihes
Triruien brevicorne
Trimdiem carpathiciumn
Tyrius mucronalis
Xantholins Enearis
Xontholinws brgiventris
Zyms cogratis

Zyms [inbat s
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asa dominant spedes (Loskotovd & Hordk, 2016). One poten-
tial reasonwhy oak stands did not lead to the expected promeo-
tion of the majority of the studied taxa was that total area of
broadleaved stands was relatively low and isolation was
high compared with in conifer plantations (Loskotovd, 2013).
Therefore, ane recommendation for forest management is toat
least preserve indigenous broadleaved tree species, which
would help to regenerate, reate, and connect new islands of
dedduous trees (Webb ef al, 2008). Although the natural re-
generation of oak trees is occasionally considered complicated
(Annightifer et al,, 2015), it is preferred for the maintenance of
heetle divermsity.

Another important point for management is that legal for-
estry restrictions appear to be strict inmost countries in central
Europe. For example, clear<uts in the Czech Republic can be
performed in most cases only up to 1 ha, whereas some beetle
families and their studied traits responded to an increasing
ama of the forest stand in our reseanch area and the largest
stand exceeded 3 ha. In Scandinavia, dear-outs of a larger area
are allowed, although with paticular conservation-onented
amendments (e.g, the retention of green trees and dead
wood ), which might protect biodiversity (Vanha-Majamaa &
Jalonen, 2001). This also appears to be important in the context
of the firstmentioned management implication - i.e., an in-
rease in the total area of broadleaved islands. To conserve
the initial insect fauna, it is necessary to inmease size of the
broadleaved stands (Webb ef al,, 2008), incduding the fragmen-
ted patches of native caks, which are generally found in the
lowland forests of the central Europe (Neuhauselova &
Moraver, 2001). On the other hand, conifer plantations also
supported several beetle spedes of conservation interest and
therefore, specific forest management applications (such as
support of diversified tree s pecies composition) should be ap-
plied to aveid the loss of biod iversity and also to conserve rare
and threatened species (Roder ef al., 20100, This i also highly
connected to the fact that the majority of large forest planta-
tions were subjected to the forest management of closed can-
opy stands, which & predicted to be maore resistant to wind
breaks (Vicena ef al,, 19749). Therefore, larger scales of present
and future harvesting with veteran tree retention ( Alexander
a al., 1996) might ako introduce a level of mosaic structure
to the stands. Maoreover, if natural regeneration is applied to
the new clear<ut area, beetle diversity indices and traits can
benefit from the newly created ecosystam heterogensity, as
has been observed for other insects (Véle ef al., 2001 4).

Ome of the wel-known patterns in biogeography is that a
large surface area of suitable habitats (i.e, stands, in this
case) also means a higher spedes richness. Even if i this
case it is rather a patch-matrix model than application of the-
ary of island biogeography, the implication for management
remains thesame. The above-mentioned legal acts are oriented
toward sustainable management (e.g, Gossner ef al, 2013);
however, they might limit the further biodiversity-oriented
management implications in the plantation forest stands.
‘When we consider the maximal nature regeneration, one of
the important issues regarding the future of clear-ut stands
is the fact that the heterogeneity of tree spedes composition
would be potentially higher in larger areas compared with
n small cuts (Yasuhiro ef al., 2004).

The positive effect of spruce monocultures on certain fam-
ilies and spedes of click beetles was relatively surprising. This
was probably because abundance of two native conifers of
Soots pine and Silver fir together with Morway spruce in our
msearch area could promote abundance of dick beetles. The

study area in total had a very low level of anopy openness
(a mean light penetration of only 9% ), which possibly nega-
tively affected the final number of captured beetle spedes.
Another explanation for the positive response to Morway
spruce is that conifer plantations were more disturbed by abi-
otic factors in the past (spruce mainly by wind), which in-
reased the insolation of stands compared with undisturbed
oak-dominated stands. Regarding the improvement of condi-
tions in native vegetation, any type of forest management of
oak stands (e.g., the thinning of young trees or the ntermedi-
ate felling of older and shelterwood cuttings in mature stands)
can lead toa mare open site canopy, to which many beetle s pe-
des react positively (Wodlka ef al., 2009), since the temperature
of the stand is increased by the amount of sunlit space (eg,
bverson ef al., 2008).
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ABSTRACT
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Forest plantations represent a globally important land use, and their growth is expected to triple by the end of
the century. Therefore, they could represent an important habitat remnant to support the survival of species. We
measired the impact of forest plantations on biodiversity with a focus on eight groups of biota including sa-
proxylic and ground mycorthizal fung, lichens, herbs together with shrubs, tree seedlings, aculeate hyme-
nopterans, beetles and binds, in patches with formerly continuous vegetation dominated by native oak and in
patches in spruce plantations (reflecting spatiotemporal discontinuity) in the East-Bohemian woodlands of the
Czech Republic.

We found that species rchness and numbers of obligate species were higher in native than in nonnative
forests, but there was no significant di fference in red-listed species. Nevertheless, the species of three of the eight
forests, but there was no significant difference in red-listed species. Nevertheless, the species of three of the eight
studied groups profited from increasing proportion of spruce in the tree com position; only beetles and birds were
negatively affected.

The results revealed more highly contrasting and often complex responses among the groups than what might
be expected theoretically. The first key issue in the management of plantation forests in terms of biodiversity is
the partial retention and restoration of islands of native vegetation. The second issue is that the impact of a

nonnative tree species is not always negative.

1. Introduction

The conservation and maintenance of biodiverse forest ecosystems
is a crucial isue worldwide. Importantly, the current global tree
plantation area (excluding palm oil plantations) is approximately 7% of
the forested area of the world, and this value is expected to grow to
more than 20% over the next century (Brockerhoff et al., 2013; Hansen
et al., 2013). At least one-quarter of the global commercial plantations
consist of nonnative and fast-growing tree species (FAO, 2010). More-
over, natural forests will likely become fragmented and smaller with an
accompanying decrease in their native biodiversity (McGill et al.,
2015). The maintenance of biodiversity is not only an issue for con-
servation hot spots; it also applies to the harvested forests of Europe,
North America and East Asia (Hansen et al., 2013; Hannah et al., 1995).
Many of the old-growth beech and oak forests in central Europe have
been transformed into plantations of coniferous trees, but the forest
cover area in Europe is constantly increasing. The problem is that the

* Corresponding author,
E-mail address: jakub.sruby@ gmailcom (J. Hordk).

https://dolorg/10.1016/) foreco. 201 8.11.019

increase in forest cover is mainly attributable to the establishment of
commercial plantation forests on former agricultural land (Forest
Europe UN & FAO, 2011).

Plantation forests are often characterized by the public, joumalists
and, frequently, conservation biologists, as “biological deserts” or
“green deserts” (Acosta, 2011; Qiu, 2014). Recently, it was estimated
that biological deserts constitute 40% worldwide, and this value con-
tinues to increase (e.g., Polovina et al., 2008). The alteration of tree
species in commercial plantation forests, especially through the in-
troduction of nonnative trees, is predicted to hinder the survival of
native organisms. Thus, the biodiversity of these forests is often con-
sidered to be very low, and it is claimed that they leave no place for rare
or endangered species (Acosta, 2011; Graves, 2015). However, recent
studies suggest that plantation forests are not necessarily green deserts
(Carnus et al., 2006; Brockerhoff et al., 2008; Graves, 2015).

Indeed, biodiversity in forest plantations is not necessarily low re-
lative to other systems. Changes to spatiotemporal heterogeneity (e.g.,
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opening canopies or establishing an even-aged structure matrix) to-
gether with natural disturbances in forest plantations (e.g., leaving
dead wood materials within the stands) at the landscape scale may help
restore forest biodiversity (Lindenmayer et al., 201(; Horak et al.,
2014). Leaving natural or seminatural patches within plantations to
function as bindiversity islands may also be a useful strategy (As, 1993),
and scattered veteran trees can be enormously important for retaining
biodiversity (Hordk, 2017).

Forest management may affect populations of species directly
through logging and indirectly through changes in habitat hetero-
geneity and prey availability (Brunet et al., 2010). From the perspective
of biodiversity, studying taxa with different life characteristics and
strategies (Jackson and Fahrig, 2015) appears to be crucial, especially
for plantation forests. Even when focusing on a particular taxa, different
species require variety of habitat types (Horak et al., 2014), and plan-
tation forests may represent an important habitat remnant to support
the survival of such species. Plantation forests, therefore, should also be
included in discussions of biodiversity-promoting natural disturbances
(Lindenmayer et al, 2010).

‘We measured the impact of commercial forest plantations on bio-
diversity with a focus on multiple groups of biota. We used eight groups
of organisms with disparate dispersal abilities, taxonomic affiliations
and ecological requirements that we organized according to the dis-
parate environmental characteristics that, to the best of our knowledge,
reflect the conditions of plantation forests globally.

1.1. Objectives

‘We were interested in the effects of native vs. nonnative tree species
on the biota in plantation forests. Our particular questions were:

(i) Are there differences between native oak stands and nonnative
spruce plantations in terms of species richness and the number of
obligate and threatened species?

(ii) What is the response of the species composition to the studied
environmental variables?

(iii) What is the response of individual species to the studied environ-
mental variables?

2. Materials and methods

2.1. Study area

The studied forests comprised neardy 6500ha in a spatially con-
tinuous area of the East-Bohemian woodlands in the Czech Republic
(GPS of centroid: 50.0260N, 16.1260E). In the past, this area was
covered by temperate broadleaved forests dominated by sessile oak
(Quercus petraea), but a large area has been planted for more than two
centuries with the fast-growing, nonnative Norway spruce (Picea abies)
that is only native to the highest mountains in central Europe. The oak
stands served as isolated islands and represented the former dominant
vegetation in the landscape, whereas the spruce plantations are non-
native trees and represented spatial and temporal discontinuity of
former vegetation. In total, thirty mature stands distributed throughout
the entire East-Bohemian woodlands were studied using a paired design
with the minimal distance between sampling points and the distance
from sampling points to the woodland edge set as 50 m.

2.2, Sampling

We used equal-stratified sampling (Hirzel and Guisan, 2002). Eight
groups of organisms were selected for this study incduding two groups
of fungi. Saproxylic fungi (i) are strictly associated with dead wood and
may be sensitive to logging. Ground mycorrhizal fungi (ii) are relatively
well known and mostly symbiotic with particular forest tree species,
which mostly restricts them to forest habitat. We also sampled lichens
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(iii) as specialized and sedentrary symbiotic organisms. All the groups of
fungi and lichens were collected during early autumn in 2014. We also
sampled two groups of vascular plants, the first of which consisted of
herbs and shrubs (iv) which were pooled together because forests had
relatively few larger shrubs and many of these shrubs were low shrubs,
such as Bilbemry (Vaccinium myrallus), with requirements similar to
those of perennial plants. Herbs and shrubs belong to taxa with medium
dispersal abilities. The second group of plants consisted of tree seed-
lings (v) produced via natural regeneration; the seeds of most forest
trees have relatively high dispersal. We primarily studied this group
because we predicted that the distribution of tree seedlings in mature
stands would only be slightly affected by human disturbances and be-
cause seedlings accurately reflect the influence of cak and spruce on the
future species composition of the stands. The plants were collected
during late summer and early autumn in 2014. Hymenoptera (vi) were
studied as invertebrate taxa with relatively good dispersal abilities, and
they are also known to exhibit good responses to habitat alterations.
Beetles (vii), along with hymenopterans, constitute one of the most
species-rich taxa in the world, but their dispersal abilities are predicted
to be lower than those of the hymenopterans. Aculeata Hymenoptera
(excl. Formicidae) and Coleoptera (excl. Nitidulidae, Anobiidae, Chry-
somelidae, Hydrophilidae, Leiodidae, Scirtidae and Throscidae) were
collected during the vegetation growing season in 2011 and then
identified to the species level. Birds (viil) were sampled as taxa that
generally have relatively good dispersal abilities during spring 2014,

All of the studied insects were sampled using standard crossed panel
window traps fixed to two iron sticks, which enabled the traps to move
in the wind (Loskotovd and Hordk, 2016). All of the fungi, lichens,
plants and birds were sampled within a 40-m radius surrounding the
center of the stand (marked by the window trap) via a time-limited
survey with 15 min as the limit for sampling (e.g., Hordk et al., 2018a).
In the case of fungi, lichens and plants, we used direct species ob-
servations; birds were also swveyed aurally (Hordk et al, 2018a,
2018h).

2.3. Variables

We studied the total number of species. Obligate species were those
that were only found in oak or spruce stands. We used obligate species
instead of rare or infrequent species, which are more commonly ana-
lyzed, because rare species have a high potential to only be tourists. We
also analyzed species listed on actual Czech red lists. All of these de-
pendent variables were first analyzed with respect to the dominant tree
species (spruce vs. oak). The species composition and individual species
responses were then analyzed as a presence/absence matrix, which
enabled a better final comparison among the different taxa.

We carefully selected four predictors that described the environ-
mental conditions of the plantation forests. Not all stands were of
regular shape, the same area, or pure spruce plantations or oak stands,
so we measured (i) the percentage of spruce and cak within a 40-m
radius (i.e., a cdrcular patch) of the overstory. Spruce coverage ex-
hibited collinearity with that of the oak (VIF = 2.26), meaning that an
increasing amount of spruce reflected a decreasing amount of oak.
Thus, the oak coverage was not analyzed further. We then analyzed the
influence of spruce in the tree species composition. Additionally, (ii) we
counted in detail all stumps less than five years old (reflected by the
presence of bark) within a 40-m radius. Because we studied mature
plantations of nearly the same age, the stumps had the same relative
dimensions, and this predictor reflected the actual management in-
tensity, which simply cannot be found in the management plans (e.g.,
due to sanitary cuttings). (iii) The third predictor was canopy openness,
which reflected the microclimatic and light conditions of the individual
patch being studied. Canopy openness was measured under the full
foliage using fish-eye photographs from the center of a particular patch.
(iv) The last predictor was chosen with respect to the potential edge
effect and the effect of deforested land and measured as a percentage of
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nonforest area within a 40-m radius.
2.4, Sratistical analyses

All of the statistical analyses were performed in R 3.0.2 and
CANOCD 4.5. The distribution of the dependent variables was tested
with Shapiro-Wilk and chi-square tests, and the influence of the spatial
autocorrelation was tested using Geary's C test under randomization
(package spdep). The potential bias caused by the multicollinearity of
the predictors was detected using the variance inflation factor (package
HH). The Wilcoxon paired test was used to analyze the difference in the
number of obligate and red-listed species between oak and spruce
stands, and a canonical correspondence analysis (CCA) was used to
investigate the species composition. The coordinates and their crossed
and quadratic products were treated as continuous covariables for taxa
that were significantly influenced by spatial autocorrelation (lichens
and hymenopterans). A global permutation test was set at 9999 per-
mutations under the full model; the permutation type was restricted for
a split-plot design, and the whole plot was freely exchangeable. Because
of the presence of empty samples for some taxa, we added one species
present in all samples (Horak et al., 2014), and to estimate the response
of the species richness gradient, we used the t-value of the correlated
axis. We used generalized linear mixed-effect models (GLMM) with
binomial distibutions to analyze the response of individual species
with site incidences exceeding 10. The pairs of plots were used as a
random factor (package MASS). Each fish-eye photograph was eval-

uated on canopy openness using Gap Light Analyzer 2.0,

3. Results

‘We identified 789 species among the eight studied groups including
523 species of beetles, 71 bees and wasps, 50 saproxylic fungi, 49
herbaceous plants and shrubs, 37 birds, 21 lichens, 20 mycorrhizal
fungi and 18 trees.

3.1. Species richness

‘We found that the number of species was significantly higher in
native oak stands (76.81% of the total species) than in nonnative spruce
stands (68.57%), and the number of obligate species in a particular
group was also higher for oak (31.43%) than spruce (23.19%) stands
(Fig. 1). In total, 30 species were listed on country red-lists, but we
found no significant difference in the incidences of red-listed species
between oak and spruce stands (z = 0.94; P = 0.35).

3.2, Species composition

The species composition of five of the eight studied groups re-
sponded significantly to the set of the studied independent predictors
(Table SI 1). Beetles, hymenopterans, and birds exhibited the highest P-
vale significance followed by mycorrhizal fungi and tree seedlings.
Wood-inhabiting fungi, lichens and plants were the only groups that did
not respond to the studied environment.

Beetles, as medium-dispersing taxa, and birds, which are good dis-
persers, were negatively affected by increasing proportions of spruce in
the tree composition (Table 1). Beetles also exhibited a complex pattern
in response to the environment. In addition to the tree species com-
position, they also responded negatively to increasing canopy openness
and were positively influenced by the surrounding deforested areas.
Surprisingly, three groups benefited from an increasing percentage of
spruce cover (Table 1) in contrast to previous results (Fig. 1). Namely,
the number of species of mycorrhizal fingi that preferred spruce-
dominated stands was higher than the number of species that were
promoted by native oak. Tree seedlings constituted the second group
that was positively influenced by spruce dominance, and bees and
wasps responded positively to increases in the proportion of spruce and
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canopy openness (Table 1).
3.3. Species responses

Three species (the lichen Lepraria incana, the beetle Athous sub-
fuscus, and the bird Fringilla coelebs) should be regarded as generalists
because they were represented in all study sites. Additionally, 1 species
of fungi, 4 lichens, 2 trees, 5 bees and wasps, 17 beetles and 5 birds
responded significantly to some of the studied environmental variables
{Table SI 2). The fact that these 34 species responded to the environ-
ment suggests that research at the level of individual species could
reveal some details about biodiversity that cannot be observed by
analyzing groups.

Surprisingly, more species (17 in total) were positively influenced
than were negatively affected (10 in total) when the proportion of
spruce increased (Table SI 2). Moreover, many species were not affected
by the nonnative trees in forests.

Regarding the other plantation forest parameters, most species
(especially insects and their predators) responded positively to in-
creasing sunlight in the stands. Indeed, increasing the area without
forest cover negatively affected fewer species than the opposite, but the
difference was not as large as that observed for canopy openness. More
species preferred intermediate felling in the recent past in mature for-
ests (Table 51 2).

4. Discussion

We found that there were differences between native oak stands and
nonnative spruce plantations in terms of species richness and the
number of obligate species, but this difference was not significant for
threatened species. Six studied groups responded significantly to the
studied independent variables regarding their species composition. We
also found that 34 species responded to the studied environment.

4.1. Biodiversity and the impact of dominants

Based on the ability of cak stands to host higher numbers of wnique
and total species, the retention and future restoration of fragmented
islands of native tree species appear to be highly important within
plantation forest matrices (As, 1993; Rodriguez-San Pedro and
Simonetti, 2015; Phillips et al., 2018).

4.2, Importance of tree species composition

The results for saproxylic fungi, lichens and plants were quite sur-
prising because these groups are often studied with a number of
bisindicators (Hermy et al., 1999; Padoa-Schippoa et al., 2006). Thus, it
is difficult to describe plantation forests as green deserts for saproxylic
fungi, lichens or plants, but the abilities of these groups to serve as
indicators in this type of environment might be limited in comparison
with forest reserves (e.g., Hordk et al., 2018h).

From the perspective of a multitaxa approach, the impacts of
plantation forests on biodiversity were more complex than what might
have been expected at first glance. The finding that the representation
of nonnative trees negatively impacted only two taxa was relatively
surprising (Newbold et al., 2015), and in the case of the complex re-
sponse of beetles, this effect may be explained by the interconnection of
these species with plants and fungi and their dispersal abilities (Jackson
and Fahrg, 2015; Miiller et al., 2015). The effects on birds were
especially surprising because this taxon consists, in general, of mobile
animals (especially relative to the other studied taxa), but the dispersal
abilities of some bird species might be very low or limited because of
habitat specificity. For example, a conspicuous passerine, the Golden
orfole (Orolus oriolus), was only observed in oak stands. Trees and
hymenopterans preferred large amounts of spruce, and a similar re-
sponse was interesting in the case of fungi with mycorrhiza because
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Table 1

Responses of five of the studied groups to the environmental variables. The
response regarding the number of species was anal yzed in temperate plantation
forests using the t-value in CCAL

Group Predictar Ri(W) F P Response

Mycorthizal fungi  Canopy openness 405 118 023
No forest 253 073 066
Spruce 694 208 = 0.001 +
Stmumps 414 121 028

Trees Canopy openness 446 128 018
Mo forest 381 0.96 0.54
Spruce AT 104 == 0L001 +
Stumps 380 080 053

Bees and wasps Canopy openness 519 153 0004 +
No forest 439 L3l 013
Spruce 455 L12 = 0.001 +
Stmumps 330 0.4z 062

Beatles Canopy openness 442 L19 0016 -
Mo forest 429 125 0.001 +
Spruce 473 139 = 0.001 -
Stumps 332 097 064

Birds Canopy openness 358 093 060
No forest 425 120 018
Sprice TAT 227 <Ol -
Stumps 394 100 044

such fungi should be predicted to have poor dispersal relative to other
taxa (Rasmussen and Rasmussen, 2009),

One important issue in nature conservation is natural habitat re-
storation, including in plantations and degraded forests (Lamb et al.,
2005; McFadden and Dirzo, 2018). The higher number of seedlings in
spruce stands in our research indicated that plantations of nonnative
trees have a high potential for restoration through natural succession;
that is, setting aside a few hectares of stands within the plantation
matrix by forest managers would lead to the creation of seminatural
patches and thus increase the landscape connectivity without incurring
additional costs. These plantations have also been described as ecolo-
gically unstable (McCann, 2000; Brang et al., 2014; Veldman et al.,

2015), but bees and wasps, which were observed to prefer nonnative
trees in our study, incude a significant number of keystone species
induding pollinators of commercial plants and predators and parasites
that function in pest management (Thies and Tscharntke, 1999). Given
that these species were positively influenced by spruce and have rela-
tively high mobility, we can condude that the future improvement of
plantation stability is promising (Cruz-Neto et al, 2018), especially if
plantations could be incorporated into a more scattered forest land-
scape (McCann, 2000).

4.3. Disentangiing the contrast

The known beneficial effect of habitat matrices on biodiversity
(Hordk et al, 2014; Redon et al., 2014; Mortelliti et al., 2015) likely
explains why our results appeared to be contrasting and why this factor
Tepresents an opportunity to ensure the future of plantation forests
(Rodriguez-San Pedro and Simonetti, 2015; Cruz-Neto et al., 2018). We
found that stands dominated by native tree species hosted a higher
number of species, including those exclusive to native habitats, so we
can conclude that the remnants of the former forest vegetation types,
even when managed for timber products, promoted biodiversity in
plantation forests. Therefore, the maintenance of the former vegetation,
at least as habitat islands, is a key opportunity for plantation forests
(Hanzelka and Reif, 2016).

Nevertheless, increasing the representation of nonnative conifer
species appeared to benefit several groups and species. Thus, we can
conclude that mixtures of different species in plantation forests could
benefit biodiversity, and whether the mixed species stands are native
matters little. Thus, each tree species contributes some spatial and
speces-specific diversity to the organismal distribution (Miiller et al.,
2015). Additionally, more heterogeneous plantation forests can be
predicted to be more resistant to natural disturbances (Verheyen et al.,
2016) and thus more sustainable (e.g., because of diverse forms of
carbon sequestration; JoZefowska et al, 2017). For example, spruces
are used by many generalists but can also attract specialists from
mountainous forests (Réder et al., 2010).

There are two possible approaches for maintaining and improving
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biodiversity in plantations:

(1) Increasing the heterogeneity of tree species within the stands (ie.,
at a spatial scale of a few hectares), which is important for appro-
priate individual forest management, and

(2) Maintaining native vegetation inside the matrix of plantation for-
ests (i.e., the landscape spatial scale), which is important for global
forest management.

4.4. Implications for promoting biodiverse plantations

We highlighted the important role of native vegetation as habitat
islands within plantations; these fragments could host higher numbers
of unique and total species. We also focused on the effect of the re-
presentation of nonnative trees in plantations, and despite their poor
reputation among nature conservationists, these species appeared to
have few negative impacts. Furthermaore, some groups even benefited
from them. Thus, plantations of nonnative trees are not always green
deserts and we can expect similar pattems of biodiversity elsewhere.
These conclusions are strengthened by the fact that we studied eight
groups with disparate dispersal abilities, taxonomic affiliations and
ecological requirements and combined them with diverse environ-
mental characteristics reflecting the conditions of forest plantations
worldwide.

The first key issue in promoting the biodiversity of plantation forests
during their expected future expansion is the retention and restoration
of native vegetation. The second issue is the representation of nonnative
trees in various mixtures.

We believe that this study contributes to the knowledge of biodi-
versity because plantation forests will be a dominant land use type in
the future (FAO, 2010). Thus, plantations that are designed to better
deliver socipeconomic benefits (e.g., recreation and relaxation activ-
ities) and nonproductive forest functions (e.g., dust reduction, and
mushroom and fruit production) while providing ecological services
(e.g.. biodiversity maintenance) will be very important in the future,
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. The structure of forests is an important stabilizing factor regarding ongoing global climate and land

. usechange. Biodiverse mountain forests with natural structure are one of the ecosystems most

endangered by these problems. We focused on the mountain forestislands of European beech (Fagus

. sylvatica) and theirrole inthe natural distribution of organisms. The study area was situated in the

oldest Czech national park, Krkonose (385 km?), which is the highest mountain ridge inthe country.

. We studied multi-taxa (lichens, beetles and hymenopterans) responses to three hierarchical spatial

levels of the environment: the topography was described by the elevation gradient; the patch structure

. was described by canopy openness, dead wood amounts, and Morway spruce (Picea abies) cover;

. and the tree level|was described by spedes of the sampled tree and its diameter. Lichens preferred

: higher elevations, while insect groups responded comversely. Furthemore, insect groups were mainly
influenced by the inner patch structure of beech islands. Lichens may be jeopardized due to the
predicted future increase intemperatures, since they would need to shift toward higher altitudes.
Insects may be mainly threatened inthe future by land use changes (i.e., forest management) — as
indicated by aninterconnection of canopy openness and the amountof dead wood.

Forest structure is an important factor regarding future global changes'. Specifically, due to the ability of forests
to influence the kocal climate and their importance as a global carbon stock and in providing biodiversity®. Even
though some forests benefit from sustzinable development policies, many povernments are trying to improve
their environment using subsidies™.

The situation of forests in Europe appears to be relatively promising with respect to their biodiversity in the
future. However, their historical abuse makes their preservation difficult® - at least one tenth of the forests of
Central Europe consist of plantations dominated by Morway spruce (Picea abies). The main reason for the domi-
nance of spruce plantations in Europe and their preference by foresters is becawse of their economic value. Forests
dominated by this conifer are usually considered to have lower biodiversity than the deciduous forests that once
dominated the mainland of Central Europe®®. Thus, one of the most important global actions is the future change
of conifer monocultures into stands that support native trees or at least into mixed stands'™!. Mevertheless,
Furopean beech {Fagus sylvatica) forests are still relatively common in the higher elevations of Central Europe!®.

Approximately 10% of the forest area in Burope is in conservation areas'™ ", Nevertheless, an increase in area
of conservation appears not to be the only remedy to protect forest bicdiversity. While some authors conduded
that conserved forests have higher biological diversity than managed plantations'>', others have found that some
taxa or species profit from human-managed forests® 715,

Imsects and lichens are some of the most-used taxa for the evaluation of forest ecosystem conditions. It is
known that most lichens are dependent on veteran trees'?, which are an important element of bicdiverse forests™,
The species richness of lichens is also known to be higher when the forest landscape is more heterogeneous, and
a similar sitwation occurs with insects®. In European forest conditions, a long period of time is necessary for
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Figure 1. Visualization of the studied area. (A) Distribution of mountain beech forests (green) and overlap with
highest mountains (brown) in Europe. The study area of Krkonose (gray) is highlighted by the black frame. (B)
Distribution of forest cover in Krkonose is green, studied beech islands are orange.

lichen species to inhabit a suitable area — up to 200 years is suggested to be enough for the creation of a sustainable
population of lichens™®. The amount and diversity of dead wood are other important parameters for lichens, as
they are known to prefer dead wood in early stages of decay?*®. To support threatened lichen species in mountain
areas, it is also recommended to enrich spruce stands with broadleaf tree species™.

Beetles and hymenopterans are among the most species-rich forest taxa. It is often mentioned that man-
aged forests sustain fewer insect species compared to virgin forests”*. One of the most common factors that
negatively affects arthropods in forest ecosystems is the total habitat transformation from native tree species to
commerdal species that are cost effective™. It is crucial to obtain more data regarding taxa that are sensitive to dif-
ferent management systems or to abandonment at all*. Some of the most important management-sensitive taxa
in forest ecosystems are lichens, as they are sedentary organisms with a possible preference for close-to-natural
forests, and insects, as they are more mobile taxa with a preference for disturbance.

Our interest was to investigate the role of natural mountain beech (Fagus sylvatica) forest islands in the dis-
tribution of organisms. We selected three hierarchical levels of the environment that potentially influenced three
selected taxa. Specifically, we studied the response of lichens, beetles, and hymenopterans to the topography,
forest island patchiness, and individual tree characteristics in the highest mountain ridge in the Czech Republic,
Krkonose. This mountain ridge is part of the oldest Czech national park and is the most isolated within Europe.
We also searched for environmental thresholds that may be important for isolated forest islands.

Methods

Study area.  Krkonoée is a 631 km® area in the Czech Republic and Poland. 1t is the oldest national park (est.
1963) and the highest mountain area (Snézka with 1,603 m a.s.} in the Crech Republic, with an area of 385 km2.
(Juaternary glaciers influenced its morphology and created extensive plateaus without forest cover specific to
the highest mountains in Europe. These plateaus in Krkonode are partly composed of Dwarf pine (Pirus mugo)
vegetation at the upper limit of woody vegetation. At the upper tree limit, the vegetation of Dwarf pine is replaced
by Morway spruce. The upper limit for forests in Krkonoge is 1,200-1,350m a.s.]. Forests here are dominated by
Morway spruce but also inclede Furopean beech or mixed forests™.

This mountain ridge started to be affected by humans at least by the 7* century. From the 14* century, this
ridge was mainly affected by extensive deforestation (mainly beech forests) to supply timber for industry in
lowlands. The |8 century browght deforestation due to new permanent settlements at high elevations. Forests
were then affected by industrial air pollution starting in the middle of the 20% century. This gave rise to the
present state of the dominance of Norway spruce stands (79%) partly mized with the studied natural islands of
beech-dominated vegetation%*.

Sampling of taxa and environment. We sampled 128 forest patches (10 m radius surrounding a target
tree) inside 16 beech islands (mean= 56.4 4 5.7 SE ha) distributed in Krkonoge (Fig. 1) using equal-stratified
sampling?? by studying 8 patches per beech island. All beech islands were isolated from each other by forests
dominated by Morway spruce. We used a multi-taxa approach; we studied three taxa with different environ-
mental demands. Lichens were visually sampled at 128 target trees at the end of July 2014. Insect taxa of beetles
{Coleoptera) and aculeate hymenopterans {Hymenoptera: Aculeata) were sampled wsing cross-panel trunk tree
traps fixed on the south side of each target tree™. They were sampled from May to September in 2013 for the 64
patches in the east-central part of Krkonose and in 2014 for the 64 patches in the west-central part.

‘We were interested in the influence of the environment at three spatial levels: (i) topographic, (i) patch, and
(id} tree. Altitude (8008 + 12.32 5E; 571.7-1079.4m a.5].) was studied as an important topographical variable
reflecting the elevation gradient, which is important for understanding possible shifts in the distributions of
species due to climate change™. Altitude was not affected by different aspects and the possible effect of gradient
inversions, because forests in the Crech part of Krkonose consist mainly of south-facing slopes.
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Figure 2. Multi-taxa species richness responses to the environment in Krkonose National Park in the Czech
Republic. The results of hierarchical partitioning (¥-axes) and generalized linear models are visualized for {a)
Lichenes, (b) Coleoptera, and (¢} Aculeata Hymenoptera; t- or z-values above bars together with significant
P-values of GLM are indicated by *For P < 0.05; **For P= (0001, and ***For P < 0.001. Mote that a predictor
with a negative shared contribution indicates that other predictors act as its suppressors.

Altttnde + Spruce 4524 [0 —
Alttude + Spruce + Canopy S£5B0 | 055 BE
Ahtude 594 | LT BE
Lichenes
Alttude + Canopy 556,87 | 153 LE
Ahttude + DBH + Sprooe S&716 | 152 nE
Altitude + Spruce + Deadwood 5707 | 153 BE
Alttude + Spruce + Deadwood + Casogpy a4z o —
Ahttude + Tree + Spruce + Deadwood + Canopy Tl (0w B
Coleoptera | Alttude + DBH + Spruce + Deadwood + Camogry WsA3 | 1oz BE
Alttude + Tree + DEH + Spruce + Deadwood + Camopy WE89 | L5 18
Spruce + Deadwood WG9 | 158 BE
Anuleata Alttude + Deadwoad + Canopy 45372 |0 —

Table 1. Characteristics of the GLM selection based on data from Krkonode National Park in the Czech
Republic. Best subset GLMs and others with A ATCc <2 are listed and ordered by their AICc. P-values are for
possible significant drops of A AICc.
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Figure 3. Lichenes species richness response to the environment in Krkonose National Park in the Czech
Republic. The results of partial regression of the best subset of the GLM are visualized by Pearson residuals
and gray regression lines for significant responses; z-values together with significant P-values of the GLM are
indicated by ** *For P'< 0.001.

Three patch level variables were also studied at a 10-m radius surrounding a target tree®. The amount of
dead wood (2.2 + 0.3 5E; 0.1-20.0 m”} was measured as a reflection of natural disturbances and the sustainable
development of forests. Openness in the canopy (12.6 4+ 0.5; 4.1-33.8 SE %) was measured as the reflection of
gradient of overstory disturbance that influences the microclimate independent of altitude™. The canopy was
photographed with a Cannon EOQS 6000 with Sigma ciroular fish eve DC HSM 4.5mm 1:2.8 (180° angle) lens at
four places in the patch at 1.5m above the ground. The first two pictures were taken at the top of the trap. The mext
three pairs of pictures were taken at Sm from a target tree: the frst pair at the north side and the other two pairs
at the corners of an equilateral triangle. Pictures were evaluated in GLA 2.0. The cover of spruce (4034 2.4 SE;
0-100%) in the tree species composition of the overstory was measured as the percentage of this tree species in
the crown area of the patch. This was the reflection of artificial plantings and natural regeneration by this conifer
tree within beech islands.

We also studied two tree-level characteristics™ - ie., the effect of the subject. Specifically, we measured the
diameter at breast height (DBH; 49.3+ 1.1 5E; 28 5-84.6.cm) as a reflection of the potential habitat area for spe-
cies attracted by the target tree®®*¥. We studied beech (N = &4) and spruce (W= &4) in pairs (i.e., 4 pairs of spruce
and beech per forest island). Only mature trees were used as tarpet trees, and we used trees without microhabitats
(e.g.. tree hollows, conks of fungi or dead limbs).

Statistical analyses.  All analyses were done in R 3.0

Dependent variables (species richness of the studied taxa) were first tested for potential spatial bias {using the
spdep package) using Moran’s [, which was not found for all studied taxa: lichens (1= —0.01; P= 0.71), beetles
(I= —0.01; P=0.08) and aculeate hymenopterans (I=—0.01; P=03s).

Independent predictors were tested for potential multicollinearity {package HH) using a criterion of
VIF < 2, and multicollinearity was not found. The studied beech trees were used for statistical analyses on a
semi-quantitative scale and coded as 1, while spruce was coded as 0.

Hierarchical partiticning (package hier.part}, a method that informs the explained variance of particular
independent variable, was used to compute the independent (by a particular independent variable) and shared
explaimed variance (variance shared with other independent varizbles).

Initial generalized linear models (GLMs) that included all independent variables were computed with the
appropriate distribution {a Poisson distribution for lichen species richness, a Gaussian distribution for square
root-transformed beetle species richness, and a quasi-Podsson distribution for aculeate hymenopterans).

Mext, GLMs were selected (packages MASS, pgirmess, and nlme) from those that met the criterion of
AAICC< 2, A y? test was used for the comparison of these models with the best subset model (i.e., the model
with the lowest AICc). The differences in AICc did not drop significantly, and thus, the best subset model for each
taxon was used for partial regressions.

Partial regressions (package car) of the best subset GLMs were then compated and wisualized using Pearson
residuals. Visualization illustrates the relationship between dependent and independent variables, with interac-
tion with all other independent variables used in the best subset GLMs.

The conditional inference tree method {package party), from the family of recursive partitioning based on
maximally selected rank statistics, was used for the selection of threshold values of independent variables.

Bootstrapping (M = 1000; package boot), a method that allows measures of accuracy to be assigned (defined
in terms. of confidence intervals) to sample estimates, was used for the computation of 95% confidence intervals
of thresholds.
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Figure 4. Coleoptera species richness response to the environment in Krkonose National Park in the Czech
Republic. The results of partial regression of the best subset of the GLM are visualized by Pearson residuals
and gray regression lines for significant responses; t-values topether with significant P-values of the GLM are
indicated by *For P < 0,05 and **For P < 0.01.

Results
We observed 37 species of lichens, and trapped 286 species of beetles and 37 species of aculeate hymenopterans.

Wariance explained by independent variables.  Altitude explained the highest proportion of variance
in the case of lichens. This variable was followed by the representation of spruce, but its variance shared with
other independent variables was relatively high (Fig. 2a). Spruce and dead wood, followed by altitude and canopy
openness, were the independent variables that explained the highest variance in the case of beetles (Fig. 2b). Dead
wood and canopy openness were the most infleential independent variables regarding the explained variance
in the case of aculeate hymenopterans. These two variables were followed by altitude (Fig. 2c). The total and
independent effects of other independent variables on species richness were rather low. Canopy openness and
altitude were the most negatively influenced by interaction with other independent varizbles in the case of insect
taxa (Fig. 2).

Intial GLMs. Lichens were significantly influenced by topography and increased in species richness toward
higher elevations (Fig. 2a). Beetles had the most complex response pattern and were significantly infleenced by
topography and all studied paich variables. Specifically, their species richness was promoted by increasing the
amount of dead wood and openness in the canopy, whereas the effect of an increasing amount of spruce and
increasing altitude negatively affected this taxon (Fig. 2b). Aculeate hymenopterans also had a complex response
to the environment. They were significantly influenced by topography and some of the patch characteristics,
namely, the number of species was negatively affected by rising elevation, while the amount of dead wood and
canopy openness had positive effects (Fig. 2c). We did not observe any effect of the subject —, i.e., the target iree
on the studied taxa (Fig. 2).

The results of GLM selection.  The results of model selection revealed that altitede was the most influ-
ential characteristic, included 11 times in the final 12 models selected for all studied taxa. Regarding the patch
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Figure 5. Aculeats Hymenoptera species richness response to the environment in Krkonode National Park in
the Crech Republic. The results of partial regression of the best subset of the GLM are visualized by Pearson
residuals and gray regression lines for sipnificant responses; z-values together with significant P-values of the
GLM are indicated by *For PP < 0.05 and **For PP < 0.01.

parameters, spruce cover was present eight times, and canopy openness and dead wood were present seven times.
Tree-level characteristics were included only three times for DEH and twice for the tarpet tree species (Table 1).

The best subset model indicated a significant influence of increasing altitude on the number of species of
lichens. The cover of spruce also stayed in the best subset model, but it had no significant effect (Fig. 3). Beetles
were negatively affected by increasing elevation and spruce cover, while rising dead wood amounts and openness
in the canopy had positive effects (Fig. 4). Aculeate hymenopterans had the same response as beetles, except there
was influence from spruce only on beetles (Fig_ 5.

Thresholds. Altitude was the only factor that indicated a threshold value for lichen species richness. The
threshold was 821.1 m asl., above which the number of species was significantly higher than below. The mean
number of species sbove this altitude was 6.28 at 60 sites, while the mean below this altitede was 3.74 species at
68 sites. The majority of bootstrapped thresholds (95% confidence interval) were between 800 and 825m asl.
(Fig_&a). The dead wood gradient indicated thresholds for insect taxa. Beetles had a threshold value of 3.8 m®, and
the mean species value above this threshold was 17.74 in 17 sites, while the mean under this valwe was 13.74at 111
sites. Aculeate hymenopterans had a lower threshold, at 3.4 m® of deadwood, with a mean species value of 3.05 in
19 sites above and a mean of 155 below this threshold value at 109 sites. Density plots of bootstrapped thresholds
and 95% confidence intervals are visualized in Fig. &b for beetles and in Fig. 6 for aculeate hymenopterans.

Discussion

We studied the response of biodiversity to the environment in natural beech islands using a multi-taxa approach.
Imsect taxa were negatively affected by increasing elevation, while lichens showed the opposite response. Given
that lichens are highly sedentary and sensitive to changes in the environment, cur results suggest that they can
become threatened by the future climate change scenario. However, high elevation areas in mountains without

forest cover still represent some possible chance for survival of these lichen forest associates, It is questionable
whether the shift of their habitat {i.e., beech forest} toward higher elevations would respond to climate change
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Figure 6. Multi-taxa species richness response to the most important predictor in Krkonoée National Park

in the Czech Republic. The results of conditional inference tree methods and bootstrapping are visualized for
(a) Lichenes, (b} Coleoptera, and (c) Aculeata; black dashed vertical lines are significant threshold values; thin
gray vertical lines are 95% confidence intervals; thick gray lines are linear regressions; and inset frames are the
density plots of all thresholds found using bootstrapping.

as quickly as needed for the migration of the lichens. The problem is that some species (e.g., Graphis scripta and
Trapelia corticola) depend on the presence of old trees and sometimes also ancient woodland structures®. Thus,
their migration lags at least hundreds of years behind the establishment of forest vegetation®’, Because the dis-
persal rates of lichens are highly limited, the only chance for their survival in the future appears to be shifts in the
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ecological requirements of individual species, which is not common but has been observed even in species close
to extinction'”. Nevertheless, because the lichens were significantly influenced only by elevation, we can conclude
that this highly isolated mountain ridge might be a good natural lsboratory for the study of the possible effects
of climate change in the future. Moreover, the threshold value for altitude corresponds with the mean altitude
in this study and is also an approximate border between the sub-montane and montane forests in Krkonose and
elsewhere in Central Europe.

Insects were negatively affected by the increasing altitudinal gradient and may not be directly threatened by
the ongoing climatic change scenario. Insect taxa were mainly influeniced by the patchy structure of beech islands.
Thus, they are potentially mainly affected by the increase in changes in patch structure of isolated beech islands,
The main potential threat for insects probably comes from a decrease in dead wood connectivity. The ohserved
threshold values {converted per hectare) for dead wood amounts (108.3-121.0 m?/ha) were relatively optimistic
from the point of view of similar forest habitats in Europe®, yet they were still lower than in the oldest Czech for-
est reserves™, The need for higher dead wood amounts for saprosoylic insects in higher elevations is well known*,
In owr case, dead wood amounts reflected natural disturbances and the sustainable development of forests rather
than habitat availability, as we did not stedy only the saproxylic puild. However, it was surprising to observe a
positive response to higher canopy openness combined with higher dead wood amounts* for both studied insect
taxa_ The interconnection of the positive effect of increasing dead wood amounts together with the increase of
canopy openness (ie., disturbance causing an increase of local temperatures) is more surprising, since these two
environmentzl varizbles were not collinear.

The contamination of beech islands by sprice is very important information from the Furopean perspective.
This question was important for our research due to the possible influence of spruce on biota in medium and
lower altitudes, where this tree is not indigenous. This species is indigenous to the highest parts of mountain
forests in Krkonoge®' . However, its artificial planting in the past makes this species the most important and wide-
spread forest tree in the majority of the country, and the same situation is found in Central Europe. Moreover,
Morway spruce is one of the most endangered tree species regarding local increases in temperature®. Hence, one
of the possible problems is its ongoing planting in lower altitudes'. Thus, the management activities intended to
decrease the amount of spruce (ie., artificial interventions in the unmanaged beech forest islands) are important
due to the affectation of beetles to increasing spruce cover.

This appears to be an important issue not only from the perspective of mounizin ridges but also for other sim-
ilar tree species throwgh the world. First, Morway sprece is a possible biological contaminant elsewhere in Central
Europe; second, spruce might be negativelly affected by the possible increase of temperatures and decrease in pre-
cipitation; and third, this could be an example of how important the influence of non-indigenoues species on native
biota can be. From the first perspective, we can conclude that the spread of sprice might be a threat to beetles.
Based on the second perspective, spruce admixture and the creation of mixed mountain forests in the future is
probably the only option to preserve the native spruce-associated biota, since stands with a dominance of spruce
may disappear in the future climate scenario®™*. From the point of view of the third perspective, the removal of
the non-indigenous trees in areas of high conservation interest may help biodiversity and conservation.

‘We did not observe any effect of the subject (i.e., influence of the characteristics of target tree), which is a rel-
atively surprising issue regarding future methodological possibilities. We used only those trees that do not bear
any visible microhabitats as target trees™, which probably led to this result. This also showed us the suitability
of tree trunk traps instead of those used cutside the tree. Specifically, it can be seen that the recorded tree factors
did not bias the results. This is also important, as it is known that tree trunk traps are suitsble for communities of
insects that are less mobile and more specialized, namely, often-trapped flightless species™, which have a strong
ability to indicate forest fragmentation®®. Mo effect from the subject is also important for future studies that may
show us possible temporal change due to dlimate change, especially because beech trees in mountainouws areas will
probably grow faster (i.e.. increase their DBH) in the future, allowing the use of the same sites for comparison.
Mewvertheless, it seems that the DBH would play a role even when the tree dies, thereby increasing the amount of
dead wood {ie.. during the afterlife of a tree)*”.

Implications for management.  From the point of view of the two insect taxa studied, it seems that future
climate change, together with bow-intervention forest management, would have a positive impact on their species
richness. This result needs to be taken with caution, as the response of lichens is not so optimistic.

‘We can conclude that the most suitable management would be the selective cutting of spruce trees. In addition
to lowering the amount of spruce, this option would increase the canopy openness and dead wood amount. This
management option should be implemented with the leaving of beech dead wood inside the islands. The natural
dedline of spruce in the future is also one of the possible options, effectively a hands-off management of beech
islands. A majority of spruce trees would die, the canopy would be more open, and the amounts dead wood
would increase. Thus, the interaction of hands-off management and cimate change might have a positive effect
on insects. However, this is a selution only from the point of view of the insect taxa. The solution for lichens is not
so simple, and probably, the only management should be based on the resignation of cutting of carefully selected
trees, allowing them to reach the proper conditions of veteran trees.
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Abstract

1. The Giant springtail, Tetrodontophora bielanensis, dwells in litter and higher
soil layers, and is also known for its chemical defenses. These blind arthropod,
usually lives in humid litter or in soil itself, but also climbs on tree trunks due to
search for food. Giant springtail prefers cold climate with ideal temperatures
between 8-11 °C. This is the main reason why its natural habitats are mountain
forests and it is considered to be a facultative saproxylic organism.

2. We were interested what are the main factors influencing the Giant Springtail at
two spatial scales, namely: What are the most important environmental factors
influencing the Giant Springtail at landscape scale? And how is the distribution of
the species influenced by tree factors at the site level?

3. We used passive trunk-tree window traps. These traps are highly effective for
sampling of even flightless fauna. We used 128 traps in Giant Mts. and 17 traps in
Eagle Mts.. in the Czech Republic

4. The Giant springtail was significantly and positively influenced by the presence
of Norway spruce at the landscape level. Its distribution in the Giant Mts. was,
furthermore, more influence by spatial distribution of samplig sites than other
factors of the environment.

5. Even though, it is not obligate saproxylic, it had shown strong deadwood
connection and preference. The negative influence of bark coverage and presence
of fungi were completed by the positive influence of increasing circumference of
particular tree on abundance at the site level.
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Introduction

Springtails (Collembola) are considered to be organisms mainly inhabiting soil
and litter layers, however it was observed that also forests collembolans compose
around a 25% of all canopy faunal density (Ozanne, 1996). Springtails are also
found in deadwood which provides nutrients from which these detritivores can
benefit. This also includes predators such as ground beetles (Carabidae) and
spiders (Araneae) (Chen and Wise, 1999).

The Giant springtail, Tetrodontophora bielanensis (Waga, 1842), inhabits mainly
litter together with higher soil layers. This species is relativley known for its
chemical defenses (Dettner et al. 1996). This blind arthropod usually climbs on
tree trunks in search for food, but only when there is sufficient moisture. It prefers
cold temperature, ideal temperature between 8-11 °C. This is the main reason why
its natural habitat are mountain ranges. It lives also in the lowlands, but only in
close proximity to the watercourses where it has been brought by water from the
upper areas and where in valleys can find suitable living conditions (Materna,
2006). It is likely that soil humidity affects the distribution of collembolans at
smaller scales (Grear & Schmitz, 2005). In Europe, its common range extends
from southern Carpathians in Romania through Ukraine up to the northern
mountain ranges in Poland and Czechia (Rusek, 1998). Considered to be marginal
saproxylic organisms, living in dead wood, with its soft body, springtails are
usually eaten by other predators and this collembolan has an important role in
litter decomposition and nutrient cycling (Hopkin, 1997; Rusek, 1998; Addison et
al., 2003; Horak, 2016).

As mentioned above decomposed wood debris and dead wood in general
represent an important habitat for number of forest organisms (Dynesius et al.
2010). The whole process of decomposition in forest ecosystems is from huge
significance to understand what other processes influence forest arthropod
communities, including those spaces which are managed by humans (Plewa et al.,
2017). Collembola subclass, to which belongs the studied Giant springtail, due to
their lower dispersal ability can be used to examine if species level is good unit to
obtain valid spatial distribution analysis. (Widenfalk et al., 2018).

Studies dealing with marginal, or rather neglected, saproxylic organisms are still
not common, even if these organisms could play improtant role within this highly
studied guild. Springtails are one of those most ommited. The most important
informations as derived from this study are interconection of two topics. The first
is a conspicuous member of a weakly studied saporxylic taxa. The second is
combination of two approaches of influence of environment on this taxon, i.e.
landscape and site level parameters.

Aims

We were interested what are the main factors influencing the Giant Springtail at
two spatial scales, namely:
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1. What are the most important environmental factors influencing the Giant
springtail at landscape scale?

2. How is the distribution of the species influenced by tree factors at the site
level?

We were also interested, if the influence of some factors is different between these
two scales.

Methods
Trapping method

We used passive (i.e. non-attractive) window traps. They were placed on tree
trunks (i.e. trunk traps). Trunk traps are highly effective for sampling of even
flightless fauna (Horak et al. 2013). Each trap consisted of crossed transparent
plastic panes (400 x 500 mm), a protective top cover and a funnel leading down
into a container holding a solution of water and salt with a detergent. Each trap
was placed at a height of 1.3 m facing the south. We used 128 traps in Giant Mts.
(one half in 2013 and the rest in 2014) and 17 traps in Eagle Mts. in vegetation
season 20009.

Study areas
Giant Mountains (Krkonose)

Study area of nearly 454 sq. km is located mainly in the area of the National Park
Krkonose (KRNAP). KRNAP is the oldest national park in the Czech Republic,
founded in 1963. From historical perspective, Krkonose Mountains were
generally covered by European beech stands, however in last century most of its
original tree species were converted into commercially more attractive Norway
spruce, which is native to the area, but formerly present only in higher altitudes.
All 128 traps were sparsely and randomly placed through the area of the Giant
Mts. (50°40'N, 15°48'E). There were 8 locations, each location contained 8 traps,
whereas 4 were located in stand where Norway spruce was the most dominant and
other 4 in the stand where European beech was the most dominant species.

Eagle Mountains (Orlicke hory)

All traps were placed in the core area of Bukacka (50°20'N, 16°22'E), a very old
mountainous spruce-beech forest. This forest had of more than 50 ha and is
situated approximately in 1,000 m a. s. |. The area of Bukacka has recently been
unmanaged, except of several salvage cuttings over the past decades due to bark
beetle (mainly Ips typhographus) outbreaks. A smaller part this forest consists of
orchid grassland (Hajek & Kucera, 2002).

63



Legend
Abundance Altitude [m]

6 iGudp — High : 1603,49
® 43-147 —_— Low : 339,622
@ 148-282
@ 283-468

@ o2

T T T T T T J
6 25 5 10 15 20Kilometers

Fig. 1. The studied sites of the Giant Springtail. The frame illustrates the Giant
Mts. (red) and Eagle Mts. (black square) and the large area of the Giant Mts.
indicates the spatial distribution of studied sites and trapping success (black dots).

Study predictors
Giant Mountains (Krkonose)

We were interested in five environmental predators that were supplemented by
two other predictors. Due to standardization of our data, we sampled only living
trees without conspicuous presence of microhabitats.

We studied the difference in choice between two tree species. Namely, we used
paired design — i.e. trap on spruce (n = 64) and beech (n = 64) in each studied
forest patch. Circumference, as a traditional predictor that reflects DBH, of
particular tree was also of our interest (mean = 154.92 + SE 3.46 cm). Due to
highly diversified topography of mountainous area, we were interested in
influence of topography reflected by altitude (800.80 + 12.32 m a.s.l.). Each trap
was also photographed at the top for the effect of canopy openness by fish eye
Canon EF-8-15mm f/4L FishEye USM under the full foliage. Photographs were
evaluated using Gap Light Analyser 2.0 (16.11 + 0.53 %). One predictor was also
based on character the nearest surrounding of particular sampled tree (i.e. 5 m

64



radius). Namely, we estimated the amount of dead wood (2.17 + 0.31 m®). As we
studied the Giant Springtail in Krkonose during two consequent years, we used
the year of study as a control for potential temporal bias. Autocovariate was used
as a control for potential influence of spatial autocorrelation (see Statistical
analyses section).

Eagle Mountains (Orlicke hory)

We evaluated five tree level predictors that well reflect forest tree microhabitats.
Namely, we discriminated tree species between spruce (n = 8) and beech (n = 9).
Stage of decay of the trunk was the second tree level predictor. We have traps on
dying trees (n = 5), dead trees (n = 5) and snags (n = 7). We also checked if the
trunk was significantly inhabited by wood-inhabiting fungi (i.e. presence of
fruiting bodies; n = 13). Then we estimated the percentage of bark coverage
(74.71 £ 5.89 %) on each tree. Finally, we measured the circumference of the tree
(161.59 = 10.14 cm) at 1.3 m above ground.

Statistical analyses
All analyses were done in R 3.0.2.

Data about abundance of the Giant Springtail from the Giant Mts. were cubic-root
transformed to reach Gamma distribution and data from the Eagle Mts. were
square-root transformed to reach Gaussian distribution.

Both dependent variables were first tested for spatial autocorrelation using
Geary’s C test. Abundance of the Giant Springtail was spatially dependent in the
Giant Mts. (C = 0.48; P < 0.001), while not in Eagle Mts. (C = 0.68; P = 0.09).
For a control of a potential spatial bias, we implemented Autocovariate of
dependent variable in the data set from the Giant Mts. as mentioned above in
Study predictors.

Temporal bias was controlled using particular year of sampling in the case of
Giant Mts. dataset.

For analysis on influence of environmental predictors on the Giant Springtail in
the Giant Mts., we used Generalized Linear Mixed-Effect Model (GLMM) using
pair of traps (beech and spruce) as a random factor. We used package MASS.

The influence of tree indicators on the Giant Springtail in the Eagle Mts., we used
Generalized Linear Model (GLM). Furthermore, we used predictor selection using
packages nlme, pgirmes and MASS. The A AICc < 2 was used as the criterion for
the final GLM selection.

The explained variance of the finally selected tree predictors was analyzed by
hierarchical partitioning using package hier.part.
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Results

In total, we trapped 18,252 individuals of the Giant springtail (7,592 in Giant Mts.
and 10,660 in Eagle Mts.).

Table 1. Influence of environmental predictors on the Giant Springtail in the
Giant Mts. using Generalized Linear Mixed Effects Model (significant P-values
appear in bold).

Predictor t P
Altitude 1.18 0.24
Tree species (Spruce) 2.61 0.0114
Circumference -1.73 0.09
Dead wood -0.99 0.33
Canopy openness 0.23 0.82
Year 1.23 0.22
Autocovariate -4.24 0.0001

The giant springtail was significantly and positively influenced by the presence of
spruce. Its distribution in the Giant Mts. was, furthermore, influenced by spatial
distribution of the study sites (Fig. 1; Table 1). The influence of space is now
modern topic, and in fact it means that the distribution of this kind has more
influence than the factors of the environment itself, the only one who has been
able to hurt the barrier is the influence of the tree, which somewhat confirms the
suitability of our design

Table 2. Influence of tree indicators on the Giant Springtail in the Eagle Mts.
using Generalized Linear Model (significant P-values appear in bold).

Predictor t P

Tree species (Spruce) -0.92 0.38
Stage 0.28 0.78
Fungi -2.26 0.0448
Bark -2.54 0.0275
Circumference 1.82 0.10

The results indicated that the Giant Springtail was in the Eagle Mts. significantly
negatively affected by presence of fruiting bodies of wood-inhabiting fungi and
increasing bark coverage (Table 2).
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Fig. 2. The influence of tree predictors on the Giant Springtail in the Eagle Mts.
after predictor selection. Captions are t-values and * is for P < 0.05. Individuals of
the Giant Springtail on the bark of spruce are shown in the frame.

The negative influence of bark coverage and presence of fungi were completed by
the positive influence of increasing circumference of particular tree on abundance
of the Giant Springtail in the Eagle Mts. (Figure 2).

Discussion

We found that the effect of the space on the Giant springtail was the most
importnat at the landscape level, followed by the effect of the tree species. The
effect of the site level paramaters was a bit different, partly due to different
design, the effect of presence of fungi, bark coveragand also the circumference of
tis he tree were the most influnetal tree characteristics. Although we were at the
beginning to get a information for the macro- to micro-scale issues affecting
saproxylic sprintails, the information on preference to the tree level characteristics
at landscape and site level could bring us important informatio regarding ecology
of saproxylics. Another facti s that there still occurs a gap, whilst many studies
have been carried out that examine the impact of tree diameter and a few studies
dealt with microhabitats (Irmler et al., 1996) the impact of tree age is still highly
understudied.
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It was found out that giant springtail prefers spruce trees on macroscale. In
combination with the results from the site level, in the same time those forest
stands should have tree microhabitat characteristics of the forest stands after the
bark beetle calamity, since they have preferred tree trunks without bark and
bracket fungi. However, these results are in contradiction if we compare Giant
springtails to some saproxylic beetles, whereas beetles act as vectors for fungi
and fungi serve as food for the beetles, which i salso true for some invertabrate
predators (Gilbertson, 1984; Wermelinger, 2002). Neverthless, for example
Horak and Pavlicek (2013) found in the same sites that click beetle, Ampedus
auripes, prefered dead spruce stems without presence of wood-decaying fungi.
The example that is in concordance with the preference of majority of threatened
saproxylic beetles is another example that Hapalaraea pygmaea in Orlické Mts.
prefered high diameter trees. This could be expected for majority of saproxylics
since trees with high diameters are known to have positive impact on their
diversity (Alexander, 2008).

Besides the Giant springtail, majority of Collembola species can be also assigned
as primary decomposers (e.g. Morulina verrucosa, Seira domestica, Parisotoma
notabilis, Folsomia quadrioculata, Isotoma anglicana, Hymenaphorura sp.,
Isotomiella minor). Keystone processes as nutrient cycling and decomposing,
which means mechanically degrading and feeding on dead organic matter (mainly
litter and the adhering fungi and bacteria) (Fiera, 2014; Anderson et al. 1981).
regarding the avoidance of concks of fungi, Matic and Koledin (1985) found out
that Giant springtail, fed on a greater spectrum of fungi in accordance to its
availability in soil, however did not feed on bacteria and other groups of soil
microorganisms (Matic & Koledin 1985). According to the De Ruiter et al. (1993)
in the soil food web, collembolans are considered to be only fungivores.
Raschmanova et al. (2008) found out that springtails, including the Giant
springtals preffer forest habitat in comparison to the open habitat (pasture) and
other forest plots, mainly at the humid sites which are often fungi rich.

Regarding the respinse of springtails at macroscale levels, land use intensification
transects set up within eight pan-European countries, and six different bioclimatic
zones, in work of Sousa et al. (2006) was found that collembolan taxonomic
diversity (including species richness) had not decreased along the intensification
gradient, from the unmanaged forest sites to agricultural areas. In fact, the losses
in collembolan species within forest habitats, which were becoming fragmented
along the gradient, were compensated by the increase in species richness of
collembolan species adapted to open areas. This trend was significant along the
different European transects across bioclimatic regions (Sousa et al., 2006). This
is important information regarding the management possibilities of forests and
might reflected the spatial aggregation of abundance of the Giant springtail
observed at the landscape level.

One of the proble of comparison of our study with other studies on forest dwelling
springtails is the fact, taht we studied the characteristics that are important for
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saproxylics. Majority of studies on springtails were focused on differences
between forest sites, or comparison with open habitats. Another fact is that
collembolan richness was negatively correlated with pH, mostly due to the higher
richness values found in forest sites which comprised in general more acidic (Da
Silva et al., 2016) and such forest soils are also important for some other
collembolan species such as Lipothrix lubbocki and Willemia anophthalma as
mentioned in literature (Ponge, 1993; Salmon & Ponge, 1999) and also regarding
our result on preference for spruce at the landscape level.

The study with the Collembola species (Anslan et al.,, 2016) revealed their
capability to transport viable spores on body surface and in guts. This is in
coincidence with their affinity to fungi as mentioned above, but not to the
avoidance to the conks of fungi in our study. As predicted, collembolans’ fungal
diet consisted mainly of saprotrophic fungi. Neverthless, majority of observed
wood-inhabiting fungi species were could be also classified as saportropihic.
Although we did not perform spore germination and inoculation trials, our results
suggest that the high diversity of Collembola-fungal associations may provide a
powerful alternative to aerial dispersal of fungal propagules. Therefore, these soil
arthropods should be considered as important biological factors that may have a
significant impact on fungal communities, which further influence litter
decomposition and nutrient cycling and moderate plant and fauna health (Anslan
et al, 2018). One of possible reasons of different response of our study species is
the fact of its overabundance in comparison of other sprintails. This means that
this species was absolutely dominant and regarding its body mass and population
density, this species could act as supressor on other springtails which are more or
less dispersers of fungi.

The focus on landscape scale should be of higher importance regarding the future
management of forests in Europe. However, regarding the information of response
of the studied springtail to the microbabitats, we partly fill the gap of knowlegde
of response of saproxylics to this veteran tree characteristic — even if some studied
trees were dead.

Conclusion

The Giant springtail was significantly and positively influenced by the presence of
the Norway spruce atthe landscape level, which is important information as this
species is affected by future climate change (Pretzsch et al., 2014; Schlyter et al.,
2006) and also lowering of its representation in conservation oriented forests
(Mladenovi¢ et al., 2018). Its distribution in the Giant Mts. was, furthermore,
influenced by spatial distribution of the study sites, which was the most probaly
caused by the different managemtn regimes of studied sites in the past. The
negative influence of bark coverage and presence of fungi were completed by the
positive influence of increasing circumference of particular tree on abundance of
the Giant Springtail in the Eagle Mts., which indicated the preference for highly
diversified tree-habitat. These results might be improtant arguments for more
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diversified management in studied mountain forests, especially for management
of spruce stands in protected areas.
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5. DISKUZE, ZAVER A DOPORUCENI PRO PRAXI

Integrovany pfistup k zachovani krajinné mozaiky je mnohem ucinné¢j$i nez
zastaraly systém ochrany ptirody, ktery je zalozeny pouze na riiznych kategoriich

chranénych tizemi (Bennett, 2003).

Pfi péstovani lestt se stejnovékym porostem obvykle dochazi k tomu,
ze se cast mrtvého dieva obvykle ponechava pii holoseci. Nasledné dojde k velmi
malému zvySeni objemu mrtvého difeva, a to az do okamziku, kdy dochazi
k profezédvce (az 40-70 let po holoseci). Béhem tohoto obdobi je mrtvé dievo

témé&f nedostupné (Stenbacka et al., 2010).

Lesni hospodafeni napodobujici pfirozené disturbance by mélo posilit
heterogenitu porostu, ¢imz by mélo dojit ke zvySeni biologické rozmanitosti
(Kuuluvainen, 2009). VySe popsané lesni hospodafstvi by mohlo byt provadéno
v lesich s nizkou ochranou, coz by mohlo pfispét ke zlepSeni jejich funkce z

hlediska biologické rozmanitosti (Horak et al., 2016).

Horak et al. (2016) dale ve své praci uvadi, Ze saproxylicti brouci upfednostiiuji
vys§i trovné expozice slunecniho zéafeni, zatimco kvalita a mnozstvi mrtvého
dieva byly méné dualezitym parametrem. To naznacuje jejich vyssi adaptabilitu k
malym disturbancim ve starych lesnich porostech. KaZzdopadné, zranitelnost
saproxylickych broukl na fragmentaci lesti ukazuje, Ze nékteré druhy se vyskytuji
vyhradné v mistech s vysokou konektivitou mrtvého difeva a reaguji na jeho
prostorovou konektivitu v okruhu 150 metra (Schiegg, 2000b). Ulyshen (2011)
obecné doporucuje, Ze udrZovat rozmanitost rostlinnych spolecenstev je velice

dilezité, a to v€etné eliminace a kontroly invaznich rostlin.
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Smrk a biodiverzita

Jehlicnaté hospodaiské lesy jsou piirozenym prostiedim pro nckteré druhy
broukli, a proto by mély byt pouzity specifické nastroje lesniho hospodarstvi
(napt. podpora diverzifikované druhové skladby dfevin), aby se nejen zabranilo
ubytku biologické rozmanitosti, ale také piispélo k ochrané vzacnych a
ohrozenych druhti. Jednim z ptikladl jsou kovatikoviti, kteti preferuji smrkové
monokultury pfed dubovymi porosty (to se nevztahuje na tesatikovité, ktefi byly
negativné ovlivnény pieménou porostl listnatych lesi na jehlicnaté monokultury).
I kdyz larvénka obrovska nepatii do taxonli broukli, svym chovanim vyznamné
napodobuje néktery saproxylicky hmyz, zaroven byla pozitivné ovlivnéna
pritomnosti smrku ztepilého v Grovni krajiny, coz je dilezita informace pro tento

klimatickymi zménami ohrozeny druh.

Velikost porostu

Kdyz vezmeme v uvahu schopnost regenerace ptirody, jednou z dilezitych otazek
tykajicich se budoucnosti holosecnych porostii je skute¢nost, Ze heterogenita
skladby dfeva je potencidln€ vyssi ve vétSich oblastech, ve srovnani se téZbou
mensiho rozsahu. Parametry jako jsou abundance, velikost téla a mira ohrozenosti
tesafikovitych se zvySovala se zvétSenim plochy porostu. ZvétSujici se plocha
porostu také méla pozitivni vliv na rozmanitost a délku téla drabcikovitych.
S ohledem na mnozstvi mrtvého dieva, které¢ho je v hospodatskych lesich obecné
malo, (Kirby et al., 1998) dospél k zavéru, ze velikost porostu by mohla snadno
prispét ke zvétSeni mnozstvi a objemu mrtvého dieva, které by bylo stanovistém

saproxylickych organismi v hospodatskych lesich.

74



Dal8im dtlezitym bodem je skutecnost, Ze pravni omezeni lesniho hospodarstvi se
zdaji byt ve vétsin¢ zemi ve stiedni Evropé velice piisnd. Napiiklad holosece v
Ceské republice mohou byt provedeny ve vétsing piipadi pouze do 1 ha, zatimco
nékteré Celedi brouktl a jejich studované vlastnosti reagovaly na rostouci plochu
lesniho porostu, kde nejvétsi plocha piekrocila 3 ha. Naptiklad ve Skandindvii
jsou povoleny holosece vétsiho rozsahu. Jsou vSak regulovany konkrétnimi
nastroji ochrany (napf. udrzovani zelenych stromt a mrtvého dieva), které by

mohly ochranit biodiverzitu lesa.

Otevienost zapoje

Vétsina velkych hospodarskych lesit byla podrobena lesnimu hospodateni s
nizkou otevienosti zapoje za predpokladu, ze budou odolngjsi proti vétru. Jak uz
bylo zminéno, kovatikoviti preferovali smrkové monokultury pted dubovymi
porosty. Tento piekvapivy vysledek lze vysvétlit pozitivnim vlivem rostouct
otevienosti zapoje v porostu. Ctyii z péti druhd tesatikovitych, které vyznamné
reagovaly na otevienost zapoje, jsou vice spojovany s rostouci otevienosti zapoje,

na rozdil od drab¢ikovitych, kteti na otevienost zapoje nereagovali.
Pivodni a nepiivodni difeviny

Plvodni vegetace plni dualezitou roli stanoviStniho ostrova v hospodaiskych
lesich. Tyto fragmenty by mohly poskytovat zazemi vétSimu poctu jedine¢nych a
mnohdy i chranénych druhd. Hospodaiské lesy neptivodnich stromi nejsou vzdy
povazované za zelené pousté. Podobné modely biologické rozmanitosti mizeme
pozorovat 1 v jinych ekosystémech. Na zakladé¢ vyzkumu osmi skupin
s rozliSnymi  disperznimi  schopnostmi, taxonomickymi  pfisluSnostmi
a ekologickymi pozadavky a kombinovali je s rlznymi environmentalnimi
charakteristikami reflektujici podminky monokultur po celém svété. Prvni
klicovou otazkou pozménovacich navrhi tykajicich se biologické rozmanitosti pro
vysadbu lesa pii ofekavané budouci expanzi je udrzeni a obnoveni plvodni

vegetace.

Doporuceni pro lesni hospodarstvi je pfinejmenSim zachovat plivodni listnaté
druhy dievin, které by pomohly obnovit, vytvofit a propojit nové ostrovy

listnatych stroma (Webb et al., 2008). Navzdory tomu, Ze je pfirozena regenerace
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dubi mnohdy povazovana za slozity a  komplikovany proces
(Annighofer et al., 2015), jeji vyhodou je zachovani rozmanitosti broukli. Stav
prostiedi v pfirodnich bukovych ostrovech s vyuzitim piistupu zaloZzeného na
multi-taxe naznacuje, ze nejvhodnéj$im feSenim by bylo selektivni kaceni smrkd.
Tato moznost by zvySila otevienost zapoje a mnozstvi mrtvého dfeva.
Bezzasahové hospodareni v bukovych ostrovech spociva v tom, ze vétSina smrkt
by odumiela a nasledné¢ by se zapoj vice oteviel, coz by vedlo ke zvySeni

mnozstvi mrtvého dieva v téchto porostech.

Do budoucna bude velmi dilezité navrhnout slozeni a pé¢i o hospodarské lesy
tak, aby lépe poskytovaly socidlné-ekonomické benefity (napiiklad rekreacni,
sportovni a relaxacni aktivity), mimoprodukéni funkce lesa (naptiklad snizovani

emisi prachu a produkce hub a ovoce) i ekologické sluzby (biodiverzita).
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