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Abstrakt

Biologické invaze jsou povazovany za jeden zhlavnich faktori recentné¢ sledovaného
globalniho ubytku clenovcl. Z pohledu biologickych invazi maji zédsadni dopad na pokles
¢lenovcil rostlinné invaze a zejména invazni dfeviny, které maji na pivodni spoleCenstva
¢lenovcl obecné vétsi dopad nez invazni byliny. Dopady invaznich dfevin na ¢lenovce se 1isi
mezi jednotlivymi skupinami ¢lenovci v zavislosti na vybéru studovanych taxont. RovnéZz neni
skoro vibec prostudovan jejich vliv na strukturu potravnich fetézci a témef Uplné chybi
informace o jejich vyznamu pro biodiverzitu ¢lenovci v intenzivni zeméd¢lské krajiné.

Tato prace se prostiednictvim multi-taxonomického pfistupu snazi na danou problematiku
nahlizet komplexné, a sestava se z dil¢ich studii, ve kterych figuruje predev§im invazni trnovnik
akat (Robinia pseudoacacia L.) jako modelovy druh neptivodni dfeviny. Trnovnik akat je
jednou z nejrozsitengjich invaznich dfevin v Evropé i v CR, a i kdyZ je pomérné detailné znam
jeho vliv na puvodni rostlinna spolecenstva, jeho dopady na spoleCenstva ¢lenovci nebyly
dosud piili§ studovany. Clenovci byli odchytavani prostiednictvim nékolika metod sbéru —
pomoci svételnych lapacl, zemnich pasti a smykani vegetace. Rovnéz byla studovana vegetacni
struktura porostl trnovniku akatu a analyzovan jeji vliv na spolecenstva ¢lenovcil.

Prostiednictvim multi-taxonomického pfistupu jsme zaznamenali jednak negativni vliv
trnovniku akatu na celkovou abundanci 1 biomasu ¢lenovcl v souvislych lesnich celcich, tak
jsme rovnéZ prokdzali jeho negativni dopad na celkovou abundanci i celkovy pocet druht
¢lenovcl v izolovanych lesnich fragmentech situovanych v intenzivni zemé&délské krajiné,
V porovnani s porosty tvofenymi pivodnimi druhy listnatych dievin. Tyto vysledky souvisi
zejména se zjisténym ubytkem druhové diverzity, abundance a biomasy herbivorniho hmyzu
Vv porostech trnovniku akatu. Vétsina druhti herbivorniho hmyzu vazanych na korunové patro
se totiz pravdépodobné nebyla schopna troficky adaptovat na neptvodni trnovnik akat, jelikoz
snim béhem evoluce vlivem pfirozenych bariér nepfisly do styku. Rovnéz jsme nezjistili
prikazny rozdil v celkové abundanci i biomasy ¢lenovell mezi porosty neptivodni borovice
¢erné (Pinus nigra Arnold) a kongenerické pivodni borovice lesni (Pinus sylvestris L.).

Vegetacni struktura porostti trnovniku akatu se priikazné liSila v porovnani s porosty
pivodnich druh@ listnatych dfevin. Trnovnik akat vytvaii svétlé porosty s nezapojenym
korunovym patrem a velmi dobfe vyvinutym podrostem. Naopak porosty piivodnich dfevin
mély oproti akatovym porostim velmi dobfe vyvinuté a zapojené korunové patro. Proto lesni
specialisté napfi¢ taxony s riznou trofickou specializaci prevladali v porostech ptivodnich

dievin. Naopak druhy otevienych biotopu ptevladaly v akéatovych fragmentech s dobie



vyvinutym vys$S§im bylinnym patrem. Tyto druhy zde dokazaly caste¢né nahradit ztratu
diverzity zptisobenou ubytkem herbivori korunového patra a lesnich specialistti. Rovnéz byla
prokazana vyssi funkéni diverzita nocnich motyli v souvislych lesnich porostech trnovniku
akatu v porovnani s porosty ptuvodnich druhti dievin. V neposledni tadé byl prokdzan
kaskadovy efekt trnovniku akatu na diverzitu ptaki prostfednictvim ubytku diverzity no¢nich
motyll v souvislych lesnich porostech. Ten souvisel zejména s poklesem diverzity
habitatovych specialistii v disledku ubytku diverzity no¢nich motylti vazanych na korunové
patro.

Invazni trnovnik akat obecné negativné pusobil pfevazné na hmyzi herbivory a lesni
specialisty, coz vedlo zejména v souvislych lesnich porostech k poklesu celkové abundance,
diverzity 1 biomasy ¢lenovcl. Na druhou stranu prosttednictvim své vegetacni struktury vytvaii
vhodné porosty pro druhy c¢lenovei vazanych na oteviené a lesostepni biotopy, které
Vv porostech ptivodnich druht listnatych dfevin chybély nebo byly pouze minoritn€ zastoupeny.
V zeméd¢lské krajin¢ slouzily fragmenty akatovych porosti dokonce jako refugium diverzity
mnoha ohrozenych druhi ¢lenovci S vazbou na oteviené biotopy. Tato skute¢nost poukazuje
na paléivy problém v managementu nizinnych lesti v Ceské republice, a to zejména
Vv chranénych uzemich. Vétsina ptivodné rozvolnénych a diverzifikovanych nizinnych lest v
CR se postupné transformovala v zapojené stinné lesni porosty, ve kterych nemohou
spolecenstva Clenovell vdzand na oteviené lesni porosty prosperovat. Z tohoto divodu
doporucuji trnovnik akat tolerovat jako soucast izolovanych neprodukénich biotopl
situovanych V intenzivné obhospodafované zeméede€lské krajing. V béznych hospodatskych, a
zejména biologicky cennéjSich lesich, by bylo vhodné trnovnik akat postupné nahradit

piivodnimi druhy dfevin a obecné zlepsit strukturu nizinnych lesti v CR.
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Abstract

Biological invasions are considered as one of the main factors causing recent global decline of
arthropods. It is generally perceived that invasive woody plants have greater effect on local
native arthropod communities than invasive herbs. The observed impacts of woody invaders on
arthropods differ among studies and depend on the choice of the taxon studied. Also, their effect
on food webs has rarely been studied, and the knowledge about the impact of woody invaders
for arthropod biodiversity in intensive agricultural landscapes is almost missing.

This thesis, adopting the multi-taxonomic approach, tries to look at this problem
comprehensively. It consists of several studies, in which the invasive black locust (Robinia
pseudoacacia L.) has been a model species of the non-native tree species. Black locust is one
of the most widespread invasive tree species in Europe, including the Czech Republic, and
although its effects on native plant communities are well known, its effects on arthropod
communities have not been sufficiently studied. Arthropods were captured using multiple
sampling methods — light trapping, pitfall trapping and sweep-netting. The vegetation structure
of the black locust stands was also studied and its influence on arthropod communities was
analysed.

Using the multi-taxonomic approach, we recorded a negative effect of black locust on the
overall abundance and biomass of arthropods in continuous forests, and we also showed its
negative impact on the total abundance and the total number of arthropod species in isolated
woodlots situated in intensive agricultural landscape, in comparison with stands formed by
native deciduous tree species. These results are mainly related to the observed loss of species
diversity, abundance, and biomass of herbivorous insects in the black locust stands. Most
species of insect herbivores bound to forest canopy were probably not able to adapt to feeding
on black locust, because the natural barriers during the evolution of species prevented this
adaptation. We neither found a significant difference in the total abundance and biomass of
arthropods between the stands of non-native black pine (Pinus nigra Arnold) and congeneric
native forest pine stands (Pinus sylvestris L.).

The vegetation structure of the black locust stands was significantly different in comparison
with the stands of the native deciduous tree species. Black locust creates open stands with less
developed and unclosed canopy and a very well-developed understorey. On the contrary, the
stands of the native tree species form a very well developed and closed canopy in comparison
with the black locust stands. Therefore, forest specialists across the taxa with different trophic

specialization predominated in the stands of the native tree species, while open habitat



specialists predominated in the black locust stands with a well-developed higher herb layer.
These species were able to partly compensate for the loss of diversity caused by the decline of
herbivores specialized for canopy and forest specialists. Higher functional diversity of moths
in continuous forests formed of the black locust was also detected in comparison with the stands
of native tree species. Lastly, cascading effect of the black locust on bird diversity was
demonstrated through the loss of moth diversity in continuous forest stands, which was mainly
related to the decline in diversity of bird habitat specialists caused by the decrease in diversity
of moths associated with canopy.

Invasive black locust generally had a negative effect on insect herbivores and forest
specialists, which led to a decrease in the overall abundance, diversity, and biomass of
arthropods, especially in continuous forest stands. On the other hand, through the vegetation
structure, black locust creates suitable habitats for arthropod species associated with open and
forest-steppe habitats, which were otherwise missing or only weakly represented in the stands
of the native tree species. In the agricultural landscape, black locust woodlots were found to
serve as a refuge for the diversity of many endangered arthropod species otherwise associated
with open habitats. This fact points to the prickly problem in the management of lowland
woodlands in the Czech Republic, especially in protected areas. Most of the originally open and
diversified lowland forests in the Czech Republic have been gradually transformed into the
continuous shady forests, where arthropod communities associated with open forests could not
persist. Thus, | recommend tolerating black locust in isolated non-crop habitats situated in
intensively managed agricultural landscapes. Otherwise, in commercial and especially in
biologically valuable woodlands, black locust shall be gradually replaced by native tree species,
and the structure of the native lowland forests should be generally improved in the Czech

Republic.

Keywords

Invasive plants, biodiversity, community ecology, arthropod-plant interactions, Robinia
pseudoacacia, trophic interactions, Arthropoda.
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1. Uvod

Clenovci (Arthropoda) patii mezi nejpoéetnéjsi a druhové nejbohatsi skupinu organismd na
sveété (Stork, 2018; @Odegaard, 2000) poskytujici lidské spolecnosti fadu nenahraditelnych
ekosystémovych sluzeb, jako je napt. opylovani (Dainese et al., 2019; Farwig et al., 2009; Klein
et al., 2007), biologicka regulace skudca (Dainese et al., 2019; Landis et al., 2000) a plevela
(Bohan et al., 2011; Carbonne et al., 2020) ¢i dekompozice organické hmoty (Culliney, 2013).
V poslednich letech bylo publikovano mnoho studii dokumentujici masivni ubytek pocetnosti,
druhové bohatosti, biomasy i funk¢éni diverzity ¢lenovci napiic¢ ekosystémy (napi. Cardoso et
al., 2020; Hallmann et al., 2017; Sanchez-Bayo & Wyckhuys, 2019; Seibold et al., 2019). Praveé
¢lenovci tvori nepostradatelny prvek trofickych interakci v ekosystémech (Mooney et al., 2010;
Wagner, 2020) a jejich ubytek se negativné promita do pocéetnosti i diverzity vyssich trofickych
urovni, napiiklad hmyzozravych ptakt ¢i netopyra (Bowler et al., 2019; Wagner, 2020). Za
a homogenizace prirodnich habitatd, intenzifikace zemé&d€lstvi, zne€isténi prostedi polutanty,
klimatické zmény, urbanizace a biologické invaze (Cardoso et al., 2020; Sanchez-Bayo &
Wyckhuys, 2019; Wagner, 2020). Z pohledu biologickych invazi maji zasadni dopad na pokles
¢lenovct rostlinné invaze (Cardoso et al., 2020; Sanchez-Bayo & Wyckhuys, 2019; Tallamy et
al., 2020; Wagner, 2020).

Rostlinné invaze jsou vseobecné pokladany za jednu z hrozeb ohrozujicich diverzitu
organismil na Zemi (Mack et al., 2000; Pauchard & Shea, 2006; Pysek, Jarosik, et al., 2012;
Van Kleunen et al., 2015) s Sirokymi ekologickymi, ekonomickymi i socialnimi dopady
v piirodnich i ¢lovékem pozménénych ekosystémech (Mack et al., 2000; Simberloff et al.,
2013; Vilaetal., 2011). Dopady invaznich rostlin (Sensu Richardson et al., 2000) jsou recentné
hojné studovany jednak na lokalni, regionalni, ale i globalni urovni, a jejich konsekvence pro
pivodni biotu vzdy zavisi na konkrétnim kontextu invadovanych spolecenstev (Pysek et al.,
2020; Pysek, Jarosik, et al., 2012; van Hengstum et al., 2014; Vila et al., 2011). Invazni rostliny
svymi invaznimi vlastnostmi zasadn¢ méni stanovistni podminky (Ehrenfeld, 2003; Hierro &
Callaway, 2003; Vila et al., 2011), ¢imz ovliviuji diverzitu, strukturu a produktivitu pavodnich
rostlinnych spolecenstev (Chambers et al., 2007; Ehrenfeld, 2003; Hejda et al., 2009; Jager et
al., 2009; Vila et al., 2011), i maji dopad na fitness ptivodnich druhu rostlin (Vila et al., 2011).

Vlivem vyse uvedenych vlivl invazni rostliny podstatné preménuji Strukturu vegetace
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invadovanych habitatii (Crooks, 2002; Hanzelka & Reif, 2016; Harris et al., 2004; Sibikova et
al., 2019). Zminéné dopady invaznich rostlin na rostlinna spoleCenstva a vegetacni strukturu
habitatu se obecné negativné promitaji do snizeni diverzity, abundance a zmén ve struktuie
spolecenstvech ¢lenovct (Bezemer et al., 2014; Litt et al., 2014; Schirmel et al., 2016; Spafford
et al.,, 2013; van Hengstum et al., 2014). V kone¢ném duasledku mohou invazni rostliny
vyznamn¢ narusovat trofickou strukturu v ekosystémech (Bezemer et al., 2014; Levin et al.,
2006; Schirmel et al., 2016; Tallamy, Ballard, & Amico, 2010; Vila et al., 2011).

Vysledky globalnich studii (Litt et al., 2014; Schirmel et al., 2016; Spafford et al., 2013;
van Hengstum et al., 2014) sice hovoii 0 pfevazné negativnim impaktu invaznich rostlin na
spoleCenstva Clenovci, avSak zaroven referuji, ze jejich dopady se Casto zasadné 1isi mezi
jednotlivymi taxony a trofickymi gildami ¢lenovcd. Herbivorni hmyz a opylovaci koevolu¢né
uzce spjati s hostitelskymi rostlinami jsou nejvice negativné ovlivnénymi gildami ¢lenovct
(Bezemer et al., 2014; Litt et al., 2014; Moron et al., 2009). Herbivofi se jednak v naprosté
vétsiné nejsou schopni troficky adaptovat neptivodni invazni rostling, jelikoz s ni béhem
evoluce vlivem pfirozenych bariér nepiisli do styku (Bezemer et al., 2014; Keane & Crawley,
2002; Liu & Stiling, 2006), a rovnéz nepiimo ptichazeji o hostitelské rostliny v dusledku
poklesu rostlinné diverzity v invadovanych habitatech (Litt et al., 2014; Simao et al., 2010; van
Hengstum et al., 2014). Invazni rostliny maji také obvykle negativni vliv na parazitoidy kvuli
jejich snizenym moznostem najit svého hostitele v dusledku redukce pocetnosti herbivort
(Harvey & Fortuna, 2012; Simao et al., 2010). Naopak efekt invaznich rostlin na ostatni
karnivorni ¢lenovce neni vzdy jednozna¢ny. Predatoii obvykle negativné reaguji na snizenou
dostupnost kofisti zejména kvili tbytku herbivort (Litt et al., 2014; Simao et al., 2010), na
druhou stranu mnohdy dokazi profitovat ze zmény vegetacéni struktury habitatu zptisobenou
invazni rostlinou (Litt et al., 2014; Pearson, 2009, van Hengstum et al., 2014). Detritovorni
¢lenovci jsou obecné nejméné ovlivnénou gildou ¢lenovei, naopak invazni rostliny maji na
jejich abundanci i diverzitu veskrze pozitivni efekt (Van der Colff et al., 2015; Harris et al.,
2004; Litt et al., 2014; Schirmel et al., 2016; van Hengstum et al., 2014).

Mezi invaznimi rostlinami jsou obzvlast¢ dilezit¢ dopady invaznich dfevin na pivodni
biotu. Jelikoz jsou dfeviny silnymi ekosystémovymi inzenyry, maji invazni dieviny klicovy
vliv. na zménu environmentalnich podminek invadovanych habitatd, a vlivem silné
interspecifické kompetice maji negativni dopad na ptvodni rostlinna spole¢enstva (Ehrenfeld,
2003; Hierro & Callaway, 2003; Richardson & Rejmanek, 2011). Rada invaznich dievin dokéaze
fixovat vzdusny dusik (Ehrenfeld, 2003; Vila et al., 2011), n€které také mohou vyuZzivat princip
alelopatie (Hierro & Callaway, 2003), a v dusledku téchto konkuren¢nich vyhod dochazi
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k homogenizaci rostlinnych spoledenstev (Benesperi et al., 2012; Sibikova et al., 2019). Invazni
dfeviny maji i v dasledku vySe uvedenych divodi podstatné vétsi dopady na spoleCenstva
¢lenovci nez invazni byliny (Tallamy et al., 2020; van Hengstum et al., 2014), které jsou vSak
rovnéz mnohdy spojeny s pozménénou vegetaéni strukturou invadovaného habitatu (Harris et
al., 2004; Pawson et al., 2010; van Hengstum et al., 2014).

Trnovnik akat (Robinia pseudoacia L.) je invazni dievina ptivodem ze severovychodni ¢asti
USA (Cierjacks et al., 2013; Huntley, 1990; Vitkova et al., 2017), ktera patii mezi 40
celosvétoveé nejinvazivnéjSich druht dievin (Richardson & Rejmének, 2011). V Evropé je
trnovnik akat jedna z nejpéstovangjsi invaznich dievin v Evropé s jednim z nejvétsich dopada
na puvodni spolecenstva (Campagnaro, Brundu et al., 2018; Cierjacks et al., 2013; Vitkova et
al., 2017). V Ceské republice patii mezi hlavni invazni rostliny a zarovei je nejrozifendjsi
invazni dfevinou se zdsadnim dopadem na biotu v Ceské republice s irokym arealem vyskytu
v nizinnych a stfednich polohach Ceské republiky (Pysek, Chytry, et al., 2012; Pysek,
Danihelka, 2012; Vitkova et al., 2017). Pfestoze je dobie prozkouman vliv trnovniku akatu na
stanoviStnim podminky (napf. Cierjacks et al., 2013; Vitkova et al., 2015) a rostlinna
spolecenstva (napt. Benesperi et al., 2012; Slabejova et al., 2019; Vitkova & Kolbek, 2010), 0
jeho dopadech na spolecenstva ¢lenovct se toho doposud mnoho nevi (Vitkova et al., 2017).
Recentné bylo publikovano jen nékolik malo studii (Buchholz et al., 2015; Degomez & Wagner,
2001; Della Rocca et al., 2016; Zhu et al., 2019), které ale dostate¢né komplexni informace o
vlivu invazniho trnovniku akatu na spolecenstva ¢lenovcil neposkytuji. Proto se nabizi volit
trnovnik akat jako modelovou studijni dfevinu pro vyzkum ekologie a diverzity spoleenstvech
&lenovcel v porostech invaznich dievin v prostiedi Ceské republiky.

Obecnym zamérem této prace je prispét k rozsiteni poznatki 0 tom, jak se mohou invazni
dieviny podilet na celosvétovém tubytku ¢lenovcu (Cardoso et al., 2020; Sanchez-Bayo &
Wyckhuys, 2019; Tallamy et al., 2020; Wagner, 2020) prostfednictvich jejich dopadi na
spolecenstva ¢lenovct na lokalni urovni. Konkrétnim cilem této disertacni prace je predevsim
ptinést komplexni poznatky zejména 0 dopadech invazniho trnovniku akatu, jakozto modelové
nepuvodni dieviny, na spolecenstva ¢lenovct a jejich konsekvencich pro dalsi trofické urovné,
zejména ptaky. Dopady dfevinnych invazi napfic¢ riznymi taxonomickymi skupinami ¢lenovci
byly recentné hojné studovany (napi. Buchholz et al., 2015; Van der Colff et al., 2015; Harris
et al., 2004; Hartley et al., 2010; Pawson et al., 2010), avsak stale relativné maly pocet studii
(Buchholz et al., 2015; Harris et al., 2004; Pawson et al., 2010) se zabyval nepfimymi dopady
dfevinnych invazi na ¢lenovce prostiednictvim zmény vegetacni struktury habitatu, a to i

pfestoze je vSeobecné znamo, Ze struktura habitatu je pro ¢lenovce klicovou determinantou pro
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jejich vyskyt v lesnich porostech (Highland et al., 2013; Ober & Hayes, 2008; Sebek et al.,
2015; Tews et al., 2004). Ztohoto divodu byla vegeta¢ni struktura habitatu V naSich
jednotlivych studiich, které tvofi tuto praci, zahrnuta jako jeden ze zakladnich faktort urcujicich
dopady invazni dfeviny na spolecenstva ¢lenovcu. JelikoZ se dopady invaznich dfevin na rizné
taxonomické skupiny a trofické gildy ¢lenovet mohou velmi lisit (Litt et al., 2014; Schirmel et
al., 2016; van Hengstum et al., 2014), bylo nasi snahou V jednotlivych vyzkumech co nejvice
vyuzivat multi-taxonomicky ptistup (Seibold et al., 2018; studie I, 111, V1) a posuzovat odezvu
¢lenovcei prostfednictvim jejich funkénich vlastnosti (tzv. ,,species traits*; (Ockinger et al.,
2010; Simons et al., 2020; Tilman et al., 1997; studie 11, V), aby vysledky naSich vyzkumt co
nejlépe odrazely vliv invazni dfeviny na spoleCenstvo ¢lenovel jako celek. I kdyz bylo
publikovano né&kolik lokalnich studii S robustnim multi-taxonomickym pfistupem (napf.
Buchholz et al., 2015; Harris et al., 2014; Van der Colff et al., 2015), tak jejich autoii zkoumali
pouze vliv jedné konkrétni invazni dfeviny na Ubytek ¢lenovci v invadovanych lesnich
ekosystémech prostiednictvim srovnani s porosty jednoho z druhi pivodnich dievin. Parsons
et al. (2020) zkoumali dopady vice druhd neptivodnich dfevin, kongenerickych K ptivodnim
druhiim dfevin, na biomasu pavoukl a diverzitu pfirozenych neptatel skiideti v okrasnych
zahradach. Rozdily vlivu kongenerickych i nekongenerickych neptivodnich dfevin na ¢lenovce
ve srovnani s piavodnimi druhy dfevin najednou byly studovany pouze u herbivornich skupin
hmyzu (Burghardt et al., 2010; Zuefle et al., 2008). Komplexné&jsi posouzeni dopadu vice druhti
nepuvodnich dfevin s rtiznou fylogenetickou vzdalenosti k pivodnim druhiim dfevin na
abundanci a zejména biomasu ¢lenovct nebylo tedy dosud dostate¢né studovano. Proto jsme
prostiednictvim multi-taxonomického ptistupu testovali (studie 1), jaké maji invazni trnovnik
akat a naturalizovana borovice ¢erna (Pinus nigra Arnold) dopady na abundanci a biomasu
¢lenovctl v souvislych lesnich porostech v porovnani s pivodnimi druhy dfevin — borovici lesni
(Pinus sylvestris L.) a duby (Quercus robur L. a Quercus petraea (Matt.) Liebl.).

I pfes nezpochybnitelny vyznam studia funkéni diverzity v ekologickych vyzkumech nejen
pro praktickou ochranu piirody (Ockinger et al., 2010; Simons et al., 2020; Tilman et al., 1997)
bylo publikovdno pouze minimum studii zabyvajici se dopady invaznich dfevin na Siroce
uchopenou funk¢ni diverzitu ¢lenovet (Buchholz et al., 2015; Modiba et al., 2017). Modiba et
al. (2017) studovali dopady invaznich dfevin na funk¢ni diverzitu vazek v luznich lesich v Jizni
Africe a Buchholz et al. (2015) se zaméfili pouze na dopady invazniho trnovniku akatu na tizkou
skupinu funkénich vlastnosti pavoukl a stfevlikovitych broukl. Posouzeni vlivu invaznich
dfevin na Siroké spektrum funk¢nich vlastnosti clenovei v temperatnich lesich tedy chybi. Proto

bylo nasim cilem srovnat funkéni diverzitu noc¢nich motyla (Lepidoptera), jakozto dobie

13



prozkoumanou skupinu ¢lenovcil s detailnimi znalostmi o jejich ekologii (Summerville et al.,
2004), v souvislych lesnich porostech invazniho trnovniku akétu s porosty ptivodnich druhi
drevin (studie I1).

Recentné bylo publikovano mnoho praci (viz napi. meta-analyza van Hengstum et al., 2014)
referujicich o dopadech invaznich dfevin, véetné trnovniku akatu (Buchholz et al., 2015;
Degomez & Wagner, 2001; Della Rocca et al., 2016), na spolecenstva ¢lenovct v souvislych
lesnich porostech. Avsak dosud chybi povédomi 0 vyznamu porosti trnovniku akatu, a i
invaznich dievin obecné (S vyjimkou napf. Van der Colff et al., 2015), pro biodiverzitu
¢lenovcil V intenzivni zemédelské krajing. Invazni dieviny rostouci v neprodukénich biotopech
situovanych v intenzivn¢ zemédélské krajiné mohou hrat pro biodiverzitu i pozitivni roli
(Vitkova et al., 2017). Proto jsme se rozhodli prostiednictvim multi-taxonomického pfistupu
porovnat spolecenstva €lenovcl s riznou habitatovou specializaci v lesnich fragmentech
tvofenych invaznim trnovnikem akatem a ptivodnimi dfevinami v intenzivné obhospodafované
zemédelské krajing (studie 111).

Invazni rostliny mohou vyznamné narusovat trofické vztahy v invadovanych ekosystémech
(Bezemer et al., 2014; Schirmel et al., 2016; Tallamy et al., 2010; Vila et al., 2011), ale dosud
nebyly ptimo detailnéji studovany funkéni vztahy s cilem odhaleni potencialnich kaskadovych
efekti mezi clenovei reprezentujici primarni  konzumenty, primarnimi producenty
reprezentovanymi cévnatymi rostlinami a sekundarnimi konzumenty reprezentovanymi ptaky
Vv porostech invaznich dfevin. Proto jsme v souvislych lesnich porostech studovali dopady
invazniho trnovniku akatu na funkéni vztahy mezi ¢lenovei zastoupenymi no¢nimi motyli a
dalSimi trofickymi urovnémi reprezentovanymi cévnatymi rostlinami, které vyuziva vétSina
no¢nich motylt jako hostitelské rostliny, a ptaky pro které jsou housenky no¢nich motylt
v lesnich porostech esencialnim zdrojem potravy (studie 1V, studie V). Ubytek diverzity ptaki
v zemé&d¢€lské krajiné je tizce spojovan s poklesem biomasy ¢lenovet (Bowler et al., 2019;
Donald et al., 2001) v dasledku zejména intenzifikace zeméd¢lstvi (Cardoso et al., 2020;
Sanchez-Bayo & Wyckhuys, 2019; Wagner, 2020). Proto jsme stanovili celkovou biomasu
¢lenovcil zachycenych v lesnich fragmentech a testovali jsme efekt biomasy ¢lenovel v lesnich

fragmentech invadovanych trnovnikem akatem na diverzitu ptacich spolecenstev (studie VI).
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2. Cile prace

Piedkladana diserta¢ni prace si klade za cil 1épe pochopit vliv nepivodnich dfevin na
spoleCenstva ¢lenovcl. Diserta¢ni prace sestava z dil¢ich studii, ve kterych figuruje predevs§im
invazni trnovnik akat (Robinia pseudoacacia L.) jako modelovy druh neplvodni dieviny.
Zamérem jednotlivych studii bylo pfedev§sim pfinést komplexni poznatky o dopadech
invazniho trnovniku akatu na spolecenstva Clenovcil a jejich konsekvencich pro sekundarni

konzumenty, konkrétné ptaky. V dil¢ich studiich byly vyty¢eny nasledujici hlavni cile:

1) Porovnat abundanci, biomasu a sloZeni spoleCenstev ¢lenovct s nocni aktivitou
Vv souvislych lesnich porostech invazniho trnovniku akatu, naturalizované borovice

¢erné a puvodnich druhi dievin (studie I).

2) Srovnat spoleCenstva no¢nich motylti (Lepidoptera) v souvislych lesnich porostech

invazniho trnovniku akatu a ptivodnich druhi dievin (studie I1).

3) Prostiednictvim multi-taxonomického pfistupu srovnat spolecenstva ¢lenovci S riznou
habitatovou specializaci v lesnich fragmentech tvofenych invaznim trnovnikem akatem

a pivodnimi dfevinami v intenzivné obhospodafované zemédélské krajiné (studie 111).
4) Analyzovat dopady invazniho trnovniku akatu na funk¢ni vztahy mezi Elenovei a
dal$imi trofickymi trovnémi reprezentovanymi zejména ptaky (studie 1V, studie V,

studie VI).

Dil¢éi cile a konkrétni hypotézy jednotlivych studiich zahrnutych do této disertacni prace jsou

uvedeny v piilozenych manuskriptech (kap. 4.).
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3. Literarni reserse

3.1 Vliv invaznich rostlin na ¢lenovce

Dle vysledkt globalnich studii (Bezemer et al., 2014; Litt et al., 2014; Schirmel et al., 2016;
Spafford et al., 2013; van Hengstum et al., 2014) maji invazni rostliny obecné pievazné
negativni dopad na pivodni spolecenstva clenovcl v invadovanych habitatech. Invazni rostliny
mohou na ¢lenovce pusobit jednak piimymi dopady — vlastni potravni nedostupnosti pro
herbivorni ¢lenovce (Bezemer et al., 2014; Litt et al., 2014; Liu & Stiling, 2006; Schirmel et
al., 2016; van Hengstum et al., 2014), tak dopady nepfimymi — zménou vegetaéni struktury
habitatu (Crooks, 2002; Hanzelka & Reif, 2016; Harris et al., 2004; Pearson, 2009; Sibikova et
al., 2019), zménou spektra chemickych latek na stanovisti vyuzivanych ¢lenovci pro jejich
interakce s rostlinami (Bezemer et al., 2014; Harvey & Fortuna, 2012; Schirmel et al., 2016)
nebo obecnym poklesem rostlinné diverzity (Litt et al., 2014; Simao et al., 2010; van Hengstum
et al., 2014). Invazni rostliny maji tedy obecné negativni dopady na celkovou abundanci,
diverzitu (Litt et al., 2014; Schirmel et al., 2016; Spafford et al., 2013; van Hengstum et al.,
2014) a biomasu ¢lenovct i na jejich trofické interakce v invadovanych habitatech (Ballard et
al., 2013; Heleno et al., 2008; Tallamy, 2004; Zuefle et al., 2008). Tyto dopady se ¢asto zasadné
1isi mezi jednotlivymi taxony a trofickymi gildami ¢lenovca (Litt et al., 2014; Schirmel et al.,
2016; Spafford et al., 2013; van Hengstum et al., 2014). Obecné negativni trend dopadu
invaznich rostlin na ¢lenovce je spojen zejména S ubytkem hmyzich herbivori, tvoficich
podstatnou ¢ast hmyzu (asi 50 % druhové bohatosti hmyzu; Grimaldi & Engel, 2005; Speight
et al.,, 2008). Ti jsou koevolu¢né nejuzeji spjati s hostitelskymi rostlinami, a jsou tedy
potencialné nejohrozengjsi trofickou gildou ¢lenoven v disledku rostlinnych invazi (Bezemer
et al., 2014, Litt et al., 2014; Schirmel et al., 2016; Spafford et al., 2013; van Hengstum et al.,
2014).

Herbivorni hmyz a zejména herbivorni specialisté Se Vv naprosté vétsiné nejsou schopni
troficky adaptovat neptiivodnim invaznim rostlinam, které maji Casto velice odlisné slozeni
fytochemikalii ve svych pletivech (Bezemer et al., 2014; Cappuccino & Arnason, 2006) i
rozdilné strukturalni vlastnosti listti oproti pivodnim druhtim rostlin (Harvey & Fortuna, 2012;
Schirmel et al., 2016), protoZe s nimi béhem evoluce nepfisli vlivem pfirozenych bariér do
styku (Bezemer et al., 2014; Keane & Crawley, 2002; Litt et al., 2014; Schirmel et al., 2016;

Spafford et al., 2013). Tento princip je vSeobecné piijiman jako soucast tzv. hypotézy tniku

16



pred neprateli (,,enemy release hypothesis®; Colautti et al., 2004; Keane & Crawley, 2002;
Maron & Vila, 2001), kterd hovoti o vysoké ispéSnosti invaznich rostlin v disledku absence
herbivornich skiadci ¢i patogent v jejich sekundarnim arealu. Herbivorni hmyz rovnéz ptichazi
o sv¢ hostitelské rostliny v disledku poklesu rostlinné diverzity v invadovanych habitatech
(Littetal., 2014; Simao et al., 2010; van Hengstum et al., 2014). I kdyz na vySe uvedené zmény
Vv dostupnosti potravy nejvice doplaceji herbivorni specialisté uzce spjati s pivodni rostlinou
(Bezemer et al., 2014; Burghardt et al., 2010; Liu & Stiling, 2006; Litt et al., 2014; Spafford et
al., 2013), tak ani vétSina herbivornich generalisti se nedokaze rychle pfizpusobit neptivodni
rostliné a nedokaze tak kompenzovat ztraty herbivornich specialista (Tallamy et al., 2010).
Invazni rostliny také mohou fungovat jako evolucni past, pokud herbivory lakaji K pfijimani
jejich rostlinnych pletiv jako potravniho zdroje a zaroven svoji nizkou nutri¢ni kvalitou snizuji
jejich fitness (Bezemer et al., 2014; Harvey & Fortuna, 2012; Keeler & Chew, 2008). Invazni
rostliny nicméné nemuseji mit ve v§ech ptipadech na herbivorni hmyz pouze negativni dopady
(Bezemer et al., 2014; Liu & Stiling, 2006; Schirmel et al., 2016). Vliv invaznich rostlin na
herbivorni hmyz totiz muze zaviset na mife fylogenetické vzdalenosti invaznich rostlin vici
puvodnim druhtim rostlin (Agrawal & Kotanen, 2003; Agrawal et al., 2005; Bezemer et al.,
2014; Spafford et al., 2013). V ptipad¢ srovnani kongenerickych pivodnich a nepiivodnich
druhti rostlin nemusi dochazet k ubytku herbivorniho hmyzu v dasledku rostlinné invaze,
dokonce kongenerické invazni druhy rostlin n€kdy hosti i vice herbivorniho hmyzu nez ptivodni
druhy rostlin (Agrawal & Kotanen, 2003; Agrawal et al., 2005; Burghardt et al., 2010; Dostal
etal., 2013; Zuefle et al., 2008). Tento trend naopak nékteré dalsi studie (e. g. Liu and Stilling,
2006; van Hengstum et al., 2014) nepotvrdily, a napiiklad Bezemer et al. (2014) udavaji, ze
rovnéz zalezi na mife invazivity nepiivodni rostliny. Sance ptivodnich druhii herbivord troficky
se prizpisobit neplivodnim invaznim rostlindm také stoupa s rostoucim casem od doby jejich
zavleCeni (Bezemer et al., 2014; Bréindle et al., 2008; Siemann et al., 2006) a v nékterych
piipadech 1 s rostouci velikosti jejich oblasti rozSifeni v sekundarnim arealu (Bréndle et al.,
2008). Je ale rovnéz prokazano, ze adaptace herbivornich generalistd na neptivodni rostliny
probiha rychleji neZ u herbivornich specialistii (Bréndle et al., 2008; Zuefle et al., 2008).
Invazni rostliny maji rizné dopady na spolecenstva hmyzich opylovact a interakce mezi
puvodnimi druhy rostlin a opylovaci (Bezemer et al.,, 2014; Litt et al., 2014). U
specializovanych opylovaci, ktefi jsou uzce koevoluéné spjati s pivodnimi druhy rostlin, jsou
zaznamenany pievazné negativni dopady rostlinnych invazi na jejich diverzitu a abundanci
(Bezemer et al., 2014; Litt et al., 2014; Moron et al., 2009). Obecné dochazi v disledku

ovlivnéni opylovacich siti invaznimi rostlinami zejména k negativnimu dopadtim na frekvenci
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navstév opylovaci a nasledny reprodukéni Gspéch piivodnich druht rostlin (Aizen et al., 2008;
Montero-Castafio & Vila, 2012; Morales & Traveset, 2009). Negativni vliv invaznich rostlin
na frekvenci navstév opylovaci a nasledny reprodukéni uspéch piivodnich druhti rostlin byva
vyraznéjsi, pokud maji kvéty invaznich rostlin podobny tvar a barvu jako ptivodni druhy rostlin
nebo jsou vzajemné uzce fylogeneticky blizké (Morales & Traveset, 2009). Rovnéz byly
zaznamenany 1 pozitivni efekty invaznich rostlin na abundanci i druhovou bohatost
blanokiidlych opylovacu (Bezmer et al., 2014; Emery & Doran, 2013), které byly spojené s
narastem generalistickych opylovacii (Bezemer et al., 2014). Invazni rostliny lakaji opylovace
Casto vyssi produkei nektaru nez ptivodni dfeviny (Chittka a Schurken 2001), také vétSinou
kvetou delsi dobu (Memmott a Waser 2002), a to mize byt divodem zvySeni diverzity
blanok#idlych v porostech kvetoucich invaznich rostlin (Bezemer et al., 2014; Litt et al., 2014).
Stejné jako u herbivorni hmyzu, schopnost hmyzich opylovaci se piizpusobit neptivodni
invazni rostling stoupa s ¢asem od doby jejiho zavleceni do sekundarniho arealu (Pysek et al.,
2011). Invazni rostliny mohou diky svoji atraktivité¢ naldkat do invadovaného porostu velké
mnozstvi hmyzich opylovaci, kteti mohou nasledné vice navstévovat i ptivodni druhy rostlin,
a v dusledku toho mohou i pozitivné pisobit na jejich opyleni a reprodukéni uspéch (Johnson
Vv jejich sekundarnich arealech (Lopezaraiza-Mikel et al., 2007).

Invazni rostliny maji také obvykle negativni vliv na parazitoidy kvili jejich sniZenym
moznostem najit svého hostitele v disledku redukce pocetnosti a diverzity herbivora (Harvey
& Fortuna, 2012; Simao et al., 2010). Naopak efekt invaznich rostlin na ostatni karnivorni
¢lenovce neni vzdy jednoznaény. Predatofi obvykle negativné reaguji na snizenou dostupnost
kofisti zejména kvili ubytku herbivora (Litt et al., 2014; Simao et al., 2010). Na druhou stranu
vysledky jinych studii ukazuji, Ze invazni rostliny nemaji na predatory Zadny prikazny efekt
(Buchholz et al., 2015; Van Der Colff et al., 2015), naopak jsou dokumentovany i pozitivni
dopady invaznich rostlin na karnivorni ¢lenovce (Hartley et al., 2010; Pearson, 2009, Zhu et
al., 2019). Predatofi mnohdy totiz dokazi profitovat ze zmény vegetacni struktury habitatu
zpusobenou invazni rostlinou (Litt et al., 2014; Pearson, 2009; van Hengstum et al., 2014). Jak
predatofi, tak parazitoidi mohou byt negativné ovlivnéni horsi nutri¢ni kvalitou své kofisti i
hostiteld (herbivorl). Zejména Vv disledku poziti sekundarnich metaboliti obsazenych
v neptvodnich rostlinach ptivodnimi druhy herbivori mize byt pfimo ovlivnéna preference a
hledani kofisti u predator ¢i ovipozice u parazitoidii (Ode, 2006). Invazni rostliny ovliviiuji
strukturu chemickych latek na stanovisti, které predatofi i parazitoidi vyuZzivaji pro interakci

s rostlinami, pii disperzi, a zejména pii trofickych interakcich mezi predatory/parazitoidy a
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jejich kofisti/hostiteli (Bezemer et al., 2014; Harvey & Fortuna, 2012; Schirmel et al., 2016).
Konkrétn¢ invazni rostliny obvykle produkuji rozdilné volatilni latky oproti pivodnim druhtim
rostlin, které predatofi a parazitoidi vyuzivaji pro jejich chemickou a vizualni orientaci, a méni
se tak jejich schopnost vyhledat herbivory jako svou Kofist / své vhodné hostitele (Harvey &
Fortuna, 2012).

Detritovorni ¢lenovci jsou obecné nejméné negativne ovlivnénou gildou ¢lenovct, naopak
invazni rostliny maji na jejich abundanci i druhovou diverzitu veskrze pozitivni efekt (Van der
Colff et al., 2015; Harris et al., 2004; Litt et al., 2014; Schirmel et al., 2016; van Hengstum et
al., 2014). Detritovoii totiz mohou profitovat z velké produkce biomasy v porostech invaznich
rostlin (Ehrenfeld, 2010; Vila et al., 2011), nasledné vét§iho mnozstvi rostlinného opadu s ¢asto
vétsi rychlosti rozkladu (Standish et al., 2004), a na to navdzanymi vhodnéjSimi
mikroklimatickymi podminkami (Spafford et al., 2013; Litt et al., 2014).

Invazni rostliny ovliviiuji strukturu druhového slozeni spolecenstev (Bezemer et al., 2014;
Burghardt et al., 2010; Litt et al., 2014; van Hengstum et al., 2014) i funkéni diverzitu ¢lenovet
(Buchholz et al., 2015; Modiba et al., 2017). Vliv invaznich rostlin na funkéni diverzitu byl
studovan zejména prostiednictvim trofické a habitatové specializace ¢lenovci (Bezemer et al.,
2014; Buchholz et al., 2015; Burghardt et al., 2010; Litt et al., 2014; van Hengstum et al., 2014).
Mimo hojn¢ studované efekty invaznich rostlin na rizné gildy ¢lenovci, komplexni posouzeni
vlivu invaznich rostlin na funk¢ni diverzitu bylo recentné provedeno pouze v jedné piipadové
studii u vazek (Modiba et al., 2017), a rovnéz pouze n€kolik malo studii se zabyvalo zménami
struktury sloZeni spoleCenstev vdzanych na zménu vegetacni struktury v porostech invaznich
rostlin (Buchholz et al., 2015; Harris et al., 2004; Pawson et al., 2010; Pearson, 2009; Platen &
Kowarik, 1995). Dle Modiby et al. (2017), funk¢ni diverzita vazek byla v porostech ptivodnich
dievin vyssi oproti porostim invaznich dievin. V porostech invaznich dievin se vyskytovali
prukazné mensi druhy vazek s mensim rozpétim kiidel (Modiba et al., 2017).

Invazni dfeviny maji podstatné vétsi vliv na spolecenstva €lenovci neZ invazni byliny
(Tallamy et al., 2020; van Hengstum et al., 2014). To muze byt zpisobeno znasobenim piimého
efektu nedostupnosti potravni nabidky pro herbivorni hmyz (Bezemer et al., 2014, Keane &
Crawley, 2002; Litt et al., 2014; van Hengstum et al., 2014) a celkové mensi alokaci
pozivatelné biomasy do listii dostupné pro herbivory oproti bylinam (Haukioja & Koricheva,
2000). Dalsim divodem je, Ze invazni deviny jsou silni ekosystémovymi inzenyii (Ehrenfeld,
2003; Hierro & Callaway, 2003; Richardson & Rejmanek, 2011), ktefi obvykle zasadné méni
vegetadni strukturu porostu (Crooks, 2002; Hanzelka & Reif, 2016; Sibikova et al., 2019) a

vlivem silné interspecifické kompetice v jejich podrostu ovliviiuji puvodni rostlinna
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spoleCenstva, coz vede ke zmén¢ mikroklimatickych podminek v porostu a nasledné k zasadnim
zménam ve struktufe stanovistnich i potravnich nikach ¢lenovcu (Harris et al., 2004; Pawson et

al., 2010; van Hengstum et al., 2014).

3.2 Trnovnik akat (Robinia pseudoacacia L.)

Primarni areal trnovniku akatu

Trnovnik akat je listnata opadava drevina z ¢eledi bobovitych (Fabaceae) doristajici do vysky
az 20 m (ojediné€le az 30 m) s primarnim arealem vyskytu v Apalaéskych horach v jihovychodni
uzemi stati Pensylvanie, Zapadni Virginie, Ohia, Kentucky, Alabamy, Arkansasu a Oklahomy
(Huntley, 1990), kde se trnovnik akat uplatiiuje jako kratkoveéka svétlomilna dievina ranné
sukcesnich stadii v dubovo-ofechovcovych lesich (Boring & Swank, 1984; Cierjacks et al.,
2013). V téchto lesnich porostech ma zastoupeni v fadu nizkych jednotek procent (Boring &
Swank, 1984) a ptiblizné po 15 az 30 letech byva nahrazovan dfevinami pozdnéjsich sukcesnich
stadii (Boring & Swank, 1984, Cierjacks et al., 2013). Huntley (1990) uvadi, ze maximalni doba

doziti akatu se v primarnim aredlu pohybuje vétsinou do 100 let.
Sekundarni areal trnovniku akatu, historie jeho Sifeni a jeho vyuziti

Sekundarni areal vyskytu trnovniku akéatu leZi kromé Antarktidy na vSech svétovych
kontinentech (Cierjacks et al., 2013; Weber, 2003). Trnovnik akat patii mezi 40 celosvétove
nejrozsifengjsich invazivnich druhti dfevin (Richardson & Rejmanek, 2011) a mimo Evropu je
rozsiten v mirnych podnebnych pasmech Australie a Nového Zélandu, Jizni Ameriky, Afriky
a Asie (Cierjacks et al., 2013; Weber, 2003). V Asii se nachazeji vétsi plochy akatu v Cing,
v Rusku a zejména Vv Jizni Koreji, kam byl zavleCen v roce 1890 kvuli vyrobé Zelezni¢nich
prazcu (Cierjacks et al., 2013; Lee et al., 2011). V Severni Americe byl rovnéz introdukovan
na zapadni pobiezi USA (Degomez & Wagner, 2001; Weber, 2003).

Prvni zminky o introdukci trnovniku akatu do Evropy sahaji do prvni poloviny 17. stoleti.
Diive se spekulovalo, Ze ho jako prvni do Evropy zavlekl do Patize zahradnik Vespasian Robin,
podle kterého byl akat nasledné¢ pojmenovén, ale pravdépodobné na tzemi Evropy doslo
k n€kolika na sob& nezavislym introdukcim (Cierjacks et al., 2013, Vitkova et al., 2017). |
piestoZe je v Evrop€ povaZovan za jednu z nejrozsifencjSich a nejinvazivnéjSich neptivodnich

druhti dievin se zdokumentovanymi vyraznymi dopady na ptuvodni biotu (Campagnaro, Brundu
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et al., 2018; Nentwig et al., 2018; Vitkova et al., 2017), nebyl trnovnik akat doposud zarazen
na seznam invaznich druhu s vyznamnym dopadem na EU (provadéci natizeni Komise (EU)
2016/1141 ze dne 13. Cervna 2016, kterym se pfijima seznam invaznich neptivodnich druhi s
vyznamnym dopadem na Unii podle nafizeni Evropského parlamentu a Rady EU ¢. 1143/2014).
Stalo se tak nejspiSe z diivodu silného hospodaiského vyuziti trnovniku akatu v nékterych
¢lenskych statech EU, napt. Mad’arska, Polska ¢i Slovenska (Sitzia et al., 2016). Trnovnik akat
je Siroce rozsifen prakticky ve vSech evropskych zemich, s vyjimkou nejsevernéjsich oblasti
(Cierjacks et al., 2013; Weber, 2003), s hlavnim tézistém vyskytu V jizni (Vitkova et al., 2020)
a stfedni Evropé (Vitkova et al., 2017). Vyskytuje se zejména v nizinnych oblastech az
pahorkatinach, kde vystupuje do nadmotské vysky 700 m n. m. Vyjimku tvoii jizni tuboci Alp,
kde akat roste az do vysky 1600 m n. m. (Cierjacks et al., 2013; Vitkova et al., 2017). Dle
Vitkové et al. (2017) se ve stfedni Evropé daji akatové porosty obecné rozliSit na akatiny
pestované v intenzivni zemédélské krajin€ nebo v urbannim prostiedi, souvislé lesni porosty
s dominantou akatu, smiSené akatové porosty a zakrslé akatiny na skaldch. Ze vSech zemi
Evropy je trnovnik akat nejvice rozsifen v Mad’arsku, kde v roce 2010 pokryval plochu cca 410
000 ha, coz tvoii piiblizn¢ ¢tvrtinu plochy mad’arskych lesnich porostt (Rédei et al., 2010).
Na tzemi Ceské republiky byl zavleen vroce 1710 (Nozicka, 1957), prvni pokusy
lesnického vyuzivani trnovniku akatu na nasem tizemi zapocaly na pocatku 60. let 18. stoleti,
avSak az na ptrelomu 19. a 20. stoleti dochazelo k jeho plosnému vysazovani (Kolbek et al.,
2004). Prvni zaznam o jeho spontannim §ifeni ve volné piirodé€ byl zdokumentovan v roce 1874
(Pysek, Chytry, et al., 2012). V soucasnosti je akat nejrozsifengjsi invazni dfevinou v Ceské
republice (Pysek, Chytry, et al., 2012; Pysek, Danihelka, et al., 2012) a je zatazeny do kategorie
BL2 (hojné rozsifené invazni neofyty, stromy a kefe) ¢erného seznamu neptivodnich druhti CR
(Pergl et al., 2016). Vyskytuje se téméf ve viech nizinnych a stiedni polohach Ceské republiky,
zejména na Jizni Moravé, v Ceském Stiedohoii a v udolich a niZinach okolo fek Vltavy,
Berounky, Labe, Sdzavy a Dyje (Kolbek et al., 2004; PySek, Chytry, et al., 2012). T¢zisté
vyskytu akatu se v CR naléza v nadmotskych vyskach 210-350 m n. m. a nejvice se mu dafti
jizn€ exponovanych svazich se sklonem 30 az 40° (Vitkova et al., 2015). Kolbek et al. (2004)
udévaji plochu cca 14 000 ha akatovych porostil na naSem tizemi, vV souc¢asnosti by to mélo byt
cca 0,5 % plochy lesnich porostd v CR (Vitkova et al., 2017). V CR jsou akatové porosty
momentalné klasifikovany jako lesy ochranné s protierozni funkci a nové vysadby trnovniku
akatu na lesni ptid€ uz nejsou ziizovany (Kolbek et al., 2004; Vitkova et al., 2017). Soucasné
akatové porosty v CR tedy starnou a postupné se dostavaji do stadia rozpadu. Pouze minimalni

¢ast z nich se obnovuje pafezenim (Vitkova et al., 2017).
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Trnovnik akat ma velmi tvrdé a odolné dfevo o piiblizné hustoté 690 kg/m3 (Rédei et al.,
2010), které se vyuziva pro venkovni stavby, vinohradnické kuly, sudy na vino, a pfedevsim
jako rychle obnovitelny zdroj vysoce vyhievného palivového dieva (Cierjacks et al., 2013;
Kolbek et al., 2004; Vitkova et al., 2017). Nedostatek palivového dieva byl jednim z hlavnich
divodii jeho masivnéjsiho péstovani na izemi dnesni CR (Kolbek et al., 2004). Jelikoz ma akat
velmi rychly rist a vysokou produkci biomasy, a zaroven regeneruje velmi dobfe z pafezovych
vymladku (Rédei et al., 2010; Vitkova et al., 2017), tak se v minulosti (Kolbek et al., 2004)
akatové porosty péstované pro produkci palivového dieva obhospodatovaly, a i v sou¢asnosti
obhospodatuji, pafezinovym zptisobem (Redei et al., 2010). Na uzemi CR byly akatové porosty
obhospodarovany pafezinovym zptisobem zejména V prvni poloving 20. stoleti, kdy se doba
jejich obmyti pohybovala mezi 6-30 roky (Kolbek et al., 2004). V soucasnosti maji akatové
porosty v CR zejména ochrannou funkci a pafezinovym zptsobem se zde obhospodatuje
naprost¢ minimum akatin (Vitkova et al., 2017). Naopak v Mad’arsku se pafezinovym
zpisobem obhospodatuji dvé tretiny zdejSich akatovych porosti (Rédei et al., 2010). Trnovnik
akat se rovnéZz hojné vysazoval pro stabilizaci eroznich piid, zejména eroznich svahii a v post-
téZebnich oblastech (Cierjacks et al., 2013; Kolbek et al., 2004; Vitkova et al., 2017). Dle
Kolbeka et al. (2004) se na nasem tizemi akat vysazoval z diivodu stabilizace strmych sutovych
svahtl zejména v udoli feky Vltavy a Berounky a v okoli Zelezni¢nich trati.

V minulosti byl akat také hojné pouzivan pro vyrobu zZelezni¢nich prazct (Kolbek et al.,
2004; Yong et al., 2011). Trnovnik akat je velmi oceniovan vcelaii pro jeho vysokou produkci
nektaru, z néhoz jejich véely produkuji velmi cenény jednodruhovy akatovy med (Cierjacks et
al., 2013; Farkas & Zajacz, 2007; Vitkova et al., 2017). Hlavni doba kveteni trnovniku akatu v
mirném pasmu jeho sekundarnim arealu probiha v kvétnu a v ¢ervnu (Cierjacks et al., 2013;
Lee et al., 2011), kdy vcelafi s jejich véelstvy do akatovych porostl kocuji (Farkas & Zajacz,
2007). Prave veelati provedli podstatnou ¢ast vysadeb akatovych porosti ve 20. stoleti na izemi
CR (Kolbek et al., 2004). Akat a jeho kultivary jsou pro sviij dekorativni vzhled vysazovany
v méstskych a parkovych vysadbach (Cierjacks et al., 2013; Kolbek et al., 2004). Dobfte totiz
snasi tzv. urbanizacni stres spojeny se znecisténim ovzdusi a zasolenim pidy (Sjoman &

Nielsen, 2010).
Ekologie akatu, jeho invazni strategie a vliv na rostlinna spolecenstva

Trnovnik akat je teplomilnd a siln€ svétlomilnd dfevina mnozici se jak generativnim, tak

klonalnim zplGsobem, a je povazovan za jednu z nejrychleji rostoucich dfevin na svété
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(Cierjacks et al., 2013; Niculescu et al., 2020; Vitkova et al., 2017). V lesnich porostech
primarniho aredlu akat prosperuje po dobu 15-30 let a v nasledujicich letech celi velkému tlaku
hmyzich herbivorta (Boring & Swank, 1984; Hargrove, 1986) i hub (Cierjacks et al., 2013), a
je postupné nahrazen stinomilnymi druhy dfevin, a to zejména liliovnikem tulipanokvétym
(Liriodendron tulipifera L.), ofechovci (Carya spp.) a duby (Quercus spp.; Boring & Swank,
1984). Naopak v sekundarnim aredlu vyskytu nejsou stinomilné druhy vic¢i akatu zejména
Vv prvnich desitkach let jeho rastu dostatecné konkurenceschopné a vyskytuji se piedevsim v
kefovém a bylinném patte (Sadlo et al., 2017). I kdyz se v sekundarnim arealu postupné Siii
skidci a patogeny akatu (Bakay & Kollar, 2014; Nicolescu et al., 2020), zatim nejsou schopni
zasadnéji snizovat vek doziti akatovych porostl (Cierjacks et al., 2013). V sekundarnim arealu
vyskytu se trnovnik akat doziva b&zné vice nez 60 let (Cierjacks et al., 2013) a v Ceské
republice se dle Vitkové (2014) doziva bézn¢ az 100120 let. AZ v piestarlych rozpadajicich se
akatinach se postupné prosazuji domaci druhy konkurenéné silnych dievin, jako je jasan ztepily
(Fraxinus excelsior L.), javor babyka (Acer campestre L.), javor mlé¢ (Acer platanoides L.)
nebo jilm horsky (Ulmus glabra Huds.; Sadlo et al., 2017; Vitkova, 2014). V ptipadé vyskytu
téchto dfevin v okolnich porostech, 1ze predpoklddat, Ze jimi bude akét postupné vytlacovan a
nahrazovan jiz ve stafi ptiblizné 70 let (Vitkova, 2014).

Trnovnik akat je v sekundarnim arealu schopen rust na rozmanitych padach s extrémné
riznorodymi fyzikalné-chemickymi vlastnostmi a riznou skeletovitosti pady (Cierjacks et al.,
2013; Vitkova et al., 2015). Je schopen rust na stanovistich s Sirokou §kalou mate¢nych hornin,
na extrémné kyselych az silné zasaditych padach. V Ceské republice nejéastéji roste na
meélkych vyvojové mladych pudach, jako jsou kambisoly, leptosoly, fluvisoly a piscité
arenosoly (Vitkova et al., 2015). Trnovnik akat dokdze dobfe riist na extrémné suchych,
naruSovanych a zivinové chudych ptidach, kterym je dokonale ptizplisoben svymi vlastnostmi
(Cierjack et al., 2013; Vitkova et al., 2015).

Jako zastupce ¢eledi bobovitych rostlin, dokaze vazat atmosféricky dusik (Boring & Swank,
1984; Cierjacks et al., 2013; Vitkova et al., 2015) pomoci symbiozy s 37 kmeny hlizkovych
bakterii rodu Rhizobium na jeho kotenech (Vitkova et al., 2015). V primarnim arealu vyskytu
dokéze akat fixovat az 75 kg N ha/rok (Boring & Swank, 1984). V sekundérni arealu dokaze
akat fixovat dle Vitkové et al. (2015) cca 110 kg N ha/rok a Cierjacks et al. (2013) udavaji, ze
takto akat dokaze fixovat az 300 kg N ha/rok. Fixace dusiku je inhibovana vysokou hladinou
spodni vody nebo v pravidelné¢ zaplavovanych porostech (Vitkova et al., 2015). Listovy opad
akatu obsahuje velké mnozstvi dusiku (az cca 43 kg N/ha/rok), ktery se jeho rozkladem dostava

zpét do pudy (Tateno et al., 2007). V porostech akatu tedy dochazi k intenzivni nitrifikaci i
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mineralizaci a nasledné vyssi akumulaci mineralnich forem dostupného dusiku v pad¢ (Lazzaro
et al., 2018; Vitkova et al., 2015), a v disledku toho k homogenizaci rostlinnych spolecenstev
ve prospéch nitrofilnich druhu rostlin (napt. Benesperi et al., 2012; Lazzaro et al., 2018; Sitzia
et al., 2018; Slabejova et al., 2019; Vitkova & Kolbek, 2010). Naopak vyssi dostupnost dusiku
zvySuje diverzitu padnich bakterii v akatovych porostech (Lazzaro et al., 2018). Vlivem
intenzivni nitrifikace rovnéz dochazi k vyrazné acidifikaci pudy (Lazzaro et al., 2018; Vitkova
et al., 2015). Hrabanka tvofena z opadu trnovniku akatu se rozklada rychleji nezli hrabanka z
opadu dubu (Quercus spp.), které velmi ¢asto zastupuji puvodni druhy dievin v komparativnich
studiich s trnovnikem akatem (Tateno et al., 2007; Lee et al., 2011). Rychly rozklad akatové
hrabanky z ptedchoziho roku a odkvetlych kvéth zplisobuje zna¢né navyseni fosfore¢nanti v
pude. Fosfor je na zacatku vegetacniho obdobi dilezitym limitujicim prvkem, proto miize byt
rychly kolobéh rozpadu akatového opadu jednim z prvki jeho strategie pieziti na Zivinové
chudych pudach (Lazzaro et al., 2018; Lee et al., 2011).

Trnovnik akat produkuje rizné alelopatické latky (napf. robinetin, myricetin a quercetin),
které jsou obsazené v jeho listech a mohou inhibovat kli¢eni a rist ostatnich rostlin v akatovém
podrostu (Nasir et al., 2005). Dle Vitkové & Kolbeka (2010) je ale vysoce pravdépodobné, Ze
zmény ve slozeni rostlinnych spolecenstvech zapti¢inénych akatem jsou zpiisobené zménou
Vv dostupnosti zivin v pudé nez potenciondlni alelopatii akatu. Alelopatie akatu byla totiz
doposud prokazana pouze V laboratofi a nebyla nikdy potvrzena v pfirodnich podminkach
(Nicolescu et al., 2020; Vitkova et al., 2015; Vitkova et al., 2017).

Trnovnik akat ma mohutny a rozvétveny kotfenovy systém, kterym zvySené Cerpa pudni
vlhkost (Rice et al., 2004; Cierjacks et al., 2013). Rovnéz ma velmi fidkou korunu, ptes kterou
propousti velké mnozstvi slune¢niho zafeni (Xu et al., 2009), a olist'uje se pozdé&ji nez pivodni
druhy dfevin (napf. duby) aZ na pielomu dubna a kvétna (Sibikova et al., 2019). Kombinaci
téchto faktorti dochédzi v podrostu akatin k zna¢nému vysychani plidy a zejména v letnich
meésicich k usychani vegetace Vv jejich podrostu (Vitkova et al., 2017; Vitkova & Kolbek, 2010).
V akatovych porostech je tedy obecné teplejsi mikroklima nez napiiklad v piivodnich dubovych
porostech (Sibikova et al., 2019; Slabejova et al., 2019; Vitkova et al., 2017). V piipadné
velkého stresu vlivem nedostatky vody, mohou opadavat listy akath jiz v pribéhu srpna
(Vitkova et al., 2017). Trnovnik akat tedy v Evropé vytvaii svétlé porosty s malo zapojenym
korunovym patrem a dobife vyvinutym bylinnym a kefovym patrem (Campagnaro et al., 2018;
Hanzelka & Reif, 2016; Vitkova et al., 2017).

Trnovnik akat v disledku svych vlastnosti vyrazné¢ méni slozeni invadovanych rostlinnych

spoleCenstev a ma obecné negativni dopad na diverzitu cévnatych rostlin (napf. Benesperi et
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al., 2012; Lazzaro et al., 2018; Sitzia et al., 2018; Slabejova et al., 2019; Vitkova & Kolbek,
2010) i lisejnik’ (Nascimbene et al., 2012). Benesperi et al. (2012) udavaji, ze u vékove starsich
akatovych porostti nedochazi k priikkaznému zvyseni diverzity cévnatych rostlin oproti mladSim
akatinam. V nékterych piipadech miize mit trnovnik akat na plivodni vegetaci i pozitivni dopad,
jeho porosty jsou totiz ¢asto refugiem nékterych vzacnych geofyti, napiiklad kiivatct (Gagea
spp.) nebo koniklece lu¢niho (Pulsatila pratensis L.; Sibikova et al., 2019; Vitkova et al., 2017;
Vitkova & Kolbek, 2010). Druhové sloZeni a pokryvnost bylinného a kefového patra se
v akatovych porostech odvijeji od jednotlivych fytocenologickych typu akatin, které souviseji
S lokéalnimi environmentalnimi a mikroklimatickymi podminkami (Campagnaro et al., 2018;
Sibikova et al., 2019; Vitkova et al., 2017; Vitkovd & Kolbek, 2010), pii¢emz jejich
fytocenologicka klasifikace neni napti¢ Evropou Uplné ustalend. Spole¢nych prvkem invaze
trnovniku akatu v riznych evropskych zemich je vysoké zastoupeni nitrofilnich a ruderalnich
druhd cévnatych rostlin (Benesperi et al., 2012; Lazzaro et al., 2018; Sitzia et al., 2018;
Slabejova et al., 2019; Vitkova & Kolbek, 2010). Na uzemi stfedni Evropy a CR se akatové
porosty rozd€luji do ¢tyfech asociaci (Vitkova et al.,, 2017; Vitkova & Kolbek, 2010).
Nejrozsitengjsi jsou mezofilni akatiny asociace Chelidonio majoris-Robinietum pseudoacaciae
Jurko 1963, ve kterych dominuji nitrofilni byliny, jako napt. vlastovi¢nik vétsi (Chelidonium
majus L), svizel povazka (Galium aparine L.), kuklik méstsky (Geum urbanum L.) nebo kerblik
lesni (Anthriscus sylvestris L.; Vitkova & Kolbek, 2010). Do druhé asociace Arrhenathero
elatioris-Robinietum pseudoacaciae Simonovi¢ et al. ex Vitkové et Kolbek 2010 patii druhové
chudé akatiny rostouci na siln¢ kyselych sedimentech, zejména na vatych a fluvialnich piscich
a Stérkovych naplavach v rovinatém terénu. V jejich podrostu dominuji vysoce konkurenéné
schopné druhy trav, jako napf. ovsik vyvySeny (Arrhenatherum elatius (L.) J. Presl et C. Presl),
lipnice uzkolista (Poa angustifolia L.) pnebo titina kiovistni (Calamagrostis epigejos (L.)
Roth). V téchto akatinach je rovnéz minimalné vyvinuté ketové patro (Vitkova & Kolbek,
2010). Do treti asociace Poo nemoralis-Robinietum pseudoacaciae Némec ex Vitkova et
Kolbek in Kolbek et al. 2003 spadaji svahové akatiny s obvykle dominujici lipnici hajni (Poa
nemoralis L.), kterou doplnuji napt. metlicka ktivolaka (Avenella flexuosa (L.) Drejer) ¢i
konopice pyftita (Galeopsis pubescens Besser; Vitkova & Kolbek, 2010). Zakrslé akatiny (o
vySce 3-5 m) na skalnatych svazich tvoii asociaci Melico transsilvanicae-Robinietum
pseudoacaciae Kolbek et Vitkova in Kolbek et al. 2003, ve které rostou zejména stepni druhy
a suchomilné kefe, jako napf. fize Sipkova (Rosa canina L.), strdivka sedmihradska (Melica

transsilvanica Schur), prysec chvojka (Euphorbia cyparissias L.) nebo tolita lékatska
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(Vincetoxicum hirundinaria Medic). Jedna se o druhové nejbohatsi akéatiny na uzemi CR
(Vitkova & Kolbek, 2010).

Spolecenstva ¢lenovci v porostech trnovniku akatu

Callaway et al. (2011) uvadgji jako jeden z divodu, ktery prispiva k velmi brzkému nahrazeni
trnovnik akatu dfevinami pozdnéjSich sukcesnich stadii v lesich primarniho arealu, vysokou
druhovou diverzita hmyzich herbivort Zivicich se pravé akatem (Hargrove, 1986). Jedna se
predevsim o motyly a brouky, jejichZ herbivorni larvy se zivi listy akatu, dale druhy sajici mizu
z jeho listovych pletiv, a brouky zivici se jeho lykem a ktirou (Hargrove, 1986). Ze zminénych
skupin herbivorniho hmyzu se v porostech primarniho arealu naptiklad vyskytuje vyznamny
dvouktidly skadce akatu bejlomorka akatova (Obolodiplosis robiniae (Haldeman, 1847)),
z motylt napf. vzptimenka akatova (Parectopa robinella (Clemens, 1863)) nebo klinénka
akatova (Phyllonorycter robiniella (Clemens, 1859); Hargrove, 1986). Jako nejvyznamnéjsi
herbivorni skuidce trnovniku akatu v jeho priméarnim arealu je povazovan tesatik Megacyllene
robiniae (Forster, 1771), jehoz larvy si vyziraji chodby v kmenu a vétvich akatd, které jsou dale
vstupni branou pro houbové infekce, a nasledné jsou napadené ¢asti nachylné na poskozeni
vétrem (Boring & Swank, 1984; Huntley, 1990). Dopady ptisobeni tohoto druhu tesatika
zpisobuji, ze jsou akatové porosty V primarnim aredlu pro produkci difeva prakticky
nepouzitelné (Huntley, 1990).

Trnovnik akat jako neptivodni hostitelskou rostlinu vyuzivaji v sekundarnim areélu kromé
jeho zavleCenych Skudcti zejména polyfagni ¢i oligofagni druhy motyla (Kulfan, 2012) nebo
saproxyli¢ti brouci (Della Rocca et al., 2016; Stejskal, 2018). Kulfan (2012) uvadi, Ze na
Slovensku zije 35 druhtl vesmés no¢nich motylt vyuzivajicich trnovnik akat jako hostitelskou
rostlinu véetné jeho vyznamnych neptivodnich skadcti Parectopa robiniella a Phyllonorycter
robiniella, ktefi minuji v listech akatu a zptisobuji zkrouceni jeho listi, snizeni jejich asimilaéni
ploch az jejich predcasny opad (Bakay & Kollar, 2014). Ph. robiniella byla v Evropé objevena
v roce 1984 ve Svycarsku a Pa. robiniella byla prvné popsana v roce 1970 v Italii a oba tyto
druhy se postupné rozsitily ve zbytku Evropy (Csoka et al., 2009; Sefrova, 2002). V CR byla
Pa. robiniella prvné zaregistrovana v roce 1989 (Marek et al., 1991) a Ph. robiniella poprvé
roce 1992 (Sefrova, 2002). Oba tyto minujici druhy jsou parazitovany Sirokym spektrem
ptvodnich druhli parazitoidl, ktefi primarné parazitovali na jinych plvodnich druzich
minujicich motyla s vazbou na duby a dalsi ptivodni druhy dfevin (Csoka et al., 2009). Proces

schopnosti ptvodnich druhti parazitoida se pieorientovat z puvodnich druhtt minujicich motyla
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na nové hostitele probéhl velmi rychle, fadoveé v horizontu 10-20 let (Csoka et al., 2009).
Jednim z druhii no¢nich motyla piijimajici akat jako hostitelskou rostlinu je bekyné¢ velkohlava
(Lymantria dispar (Linnaeus, 1758); Kulfan, 2012; Lazarevi¢ et al., 2002). Lazarevi¢ et al.
(2002) zjistili, ze motyli z populace Lymantria dispar zivici se primarné na trnovniku akatu
vice jak 40 let se od motyla z populace zivici se primarn¢ na pivodnim dubu zimnim prikazné
li$1 v délce trvani stadia kukly, relativni rychlosti spotieby potravy, relativni rychlosti rlistu a
ucinnosti asimilace. Z dennich motylu zijicich ve stfedni Evropé se na trnovniku akatu dokaze
vyvijet napt. bélopasek hrachorovy (Neptis sapho (Pallas, 1771); Kulfan, 2012) nebo modrasek
krusinovy (Celastrina argiolus (Linnaeus, 1758); Benes et al., 2002).

V poslednich letech se do sekundarniho aredlu akatu sifi jeho vyznamny sktidce bejlomorka
akatova (Obolodiplosis robiniae (Haldeman, 1847)) s potvrzenym prvnim vyskytem v Evropé
v roce 2003 (Duso & Skuhrava, 2003) a v roce 2004 v Ceské republice v Praze (Skuhrava &
Skuhravy, 2004). Tento druh dvoukiidlého hmyzu vytvaii halky na listech akatu a dle Bakaye
a Kollara (2014) méa pomérné vysoky potencial v biologickém boji s trnovnikem akatem. AvsSak
Cierjacks et al. (2013) upozornuji, ze tento potencial je zna¢né limitovan faktem, Zze populace
Obolodiplosis robiniae jsou i v Evropé¢ velmi vyznamné redukovany parazitoidy vcetné
zavle¢eného druhu Platygaster robiniae Buhl & Duso 2008 (Buhl & Duso, 2008). Tesaiik
Megacyllene robiniae, ktery je nejzdsadnéj$im skiidcem akatu v primarnim arealu, nebyl
doposud do Evropy zavlecen (Nicolescu et al., 2020).

Povédomi o dopadech invazniho trnovniku akatu na plvodni spolecCenstva Clenovcil je
velmi malé, protoZe bylo doposud publikovano pouze nékolik malo pfevazné tzce zaméfenych
komparativnich studii feSicich tuto problematiku. Nejvice jsou probadany dopady trnovniku
akatu na spolecenstva epigeickych c¢lenovci, pficemz byly dosud publikovany dvé studie
z Némecka (Buchholz et al., 2015; Platen & Kowarik, 1995) a jedna z Ciny (Zhu et al., 2019).
Buchholz et al. (2015) neprokazali signifikantni rozdil v diverzité stievlikovitych broukl a
pavoukii mezi porosty trnovniku akatu a porosty biizy bélokoré (Betula pendula Roth)
V urbannim prostiedi. Zhu et al. (2019) srovnavali spoleCenstva epigeickych ¢lenovcet v rizné
starych porostech trnovniku akatu (16, 19, 31 let) vysdzenych na siln¢ degradovanych eroznich
svazich s kontrolnimi plochami tvofenymi nezalesnénymi eroznimi svahy v Ciné. Celkova
abundance epigeickych ¢lenovci se neliSila mezi jednotlivymi porosty a kontrolnimi plochami,
avsak jejich celkovy pocet druhti byl prokazatelné vyssi v akatovych porostech a zvySoval se s
jejich stafim (Zhu et al., 2019). Tyto trendy se ale vyrazné liSili mezi karnivornimi a
herbivornimi ¢lenovci. Abundance i diverzita predatori se neliSila mezi rizné starymi

akatovymi porosty a kontrolami, naopak abundance a diverzity fytofagnich epigeickych
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¢lenovcu byla signifikantné nejvyssi ve starSich porostech trnovniku akatu (Zhu et al., 2019).
Stejn¢ jako v ptipad¢ studie Buchholze et al. (2015), zde nebyl prokazan negativni dopad
trnovniku na abundanci stievlikii a pavoukt, naopak jejich Cetnosti byli signifikantné vyssi
V jeho porostech oproti nezalesnénym kontrolnim plocham (Zhu et al., 2019). V piipadé
druhového slozeni spolecenstev pavoukl a stievliki, byla zaznamenana prikazna afinita
stinomilnych druht pavoukl vazanych na lesni prostredi k akatovym porostim ve srovnani s
porosty biize b&lokoré (Buchholz et al., 2015). K podobnému trendu dosli jiz Platen & Kowarik
(1995), ktefi v akatovych porostech po 35 letech od zalesnéni zaznamenali dominanci lesnich
druhti pavoukd i stievlikd oproti stejné starym porostiim biizy bélokoré a topolu osiky (Populus
Tremula L.), kde se jejich spolecenstva skladala zejména z druhi vazanych na oteviené
habitaty. Ze vSech epigeickych taxonu ¢lenovci ve studii Buchholze et al. (2015) mél trnovnik
akat prikazny negativni vliv pouze na abundanci stonozek a mravenci, a rovnéz Zhu et al.
(2019) referuji o negativnim vlivu trnovniku akatu na abundanci mravenct. Naopak v kontrastu
s dopady trnovniku akatu na abundanci a diverzitu epigeickych skupin ¢lenovct, byl zjistén
jeho silné negativni vliv na abundanci i druhovou diverzitu pudni mesofauny Elenovcei i
druhovou diverzitu hlistic (Lazzaro et al., 2018).

Z dalSich skupin Clenovcll byl prokdzan negativni dopad trnovniku akdtu zejména na
druhovou diverzitu i abundanci herbivorniho hmyzu a jejich pfirozenych nepiatel (Degomez &
Wagner, 2001). Degomez & Wagner (2001) zjistili celkové vys$§i pocet druht ¢lenovcl
stromového patra v porostech puvodniho trnovniku novomexického (Robinia neomexicana A.
Gray) oproti porostim neptvodniho trnovniku akatu v Arizoné. I kdyzZ se jedna o kongenerické
druhy dfevin, tak jejich sdilena druhova diverzita clenovct stromového patra se rovnala pouze
dvanacti druhtim po 100 letech od zavleceni trnovniku akatu do Arizony (Degomez & Wagner,
plostic v porostech trnovniku akatu v porovnani s porosty biizy bé&lokoré (Buchholz et al.,
2015). Della Rocca et al. (2016) prokazali, Zze trnovnik akat nema prokazatelné negativni vliv
na diverzitu saproxylickych broukd v mrtvém dievé padlych stromi a jejich druhova diverzita
v padlych akatech se signifikatné neliSila v porovnani s padlymi stromy ptvodnich druht
dfevin — dubem letnim a topolem bilym (Populus alba L.). I druhové slozeni spolecenstev
saproxylickych broukt bylo velice podobné mezi akatovymi stromy a stromy vyse uvedenych
druhti ptivodnich dievin. Tyto vysledky naznacuji, ze saproxylicti brouci osidluji mrtvé dievo
bez rozliseni toho, zda se jedna o dievo ptivodnich ¢i neptivodnich druhi dievin (Della Rocca

etal., 2016).
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Nepiimy vliv invaze trnovniku akatu na piivodni spolecenstva ¢lenovcl spocivajici ve zménach
ve struktuie vegetace lesniho porostu byl studovan doposud marginalné (Buchholz et al., 2015;
Lazzaro et al., 2018; Zhu et al., 2019). Proto byla vegeta¢ni struktura habitatu zahrnuta
Vv jednotlivych vyzkumech (studie I, studie I, studie I11) této diserta¢ni prace jako jeden ze
zakladnich faktorti urcujici dopady invazni dfeviny na spolecenstva c¢lenovel. Zatim
nejkomplexnéji studovali vliv akatu na spolecenstva ¢lenovct Buchholz et al. (2015), v zadné
studii ale nebyly studovany dopady trnovniku akatu na biomasu ¢lenovci, pficemz k doplnéni
téchto poznatkl zasadné prispivaji vysledky této disertani prace (studie I, studie 11, studie
VI). Komplexngjsi znalosti 0 vlivu invazniho trnovniku akatu na Siroké spektrum funkénich
vlastnosti ¢lenovcil v temperatnich lesich chybi. Z tohoto diivodu bylo nasim cilem srovnat
funkéni diverzitu no¢nich motyli prostfednictvim detailni analyzy jejich bionomickych a
ekologickych funkénich vlastnosti v souvislych lesnich porostech invazniho trnovniku akatu s
porosty pivodnich druht dfevin (studie I1). Z recentnich poznatki je ziejmé, ze trnovnik akat
nemusi mit pouze negativni dopad na ptivodni spolecenstva ¢lenovct, a to zejména v ¢lovékem
siln¢ pozménénych (Buchholz et al., 2015) a degradovanych ekosystémech (Zhu et al., 2019).
Vitkova et al. (2017) poukazuji i na potencionalné pozitivni roli trnovniku akatu jako refugia
biodiverzity v intenzivné obhospodatované zeméd¢lské krajiné. V tomto kontextu nebyla nikdy
spolecenstva ¢lenoveu studovana a vysledky této prace (studie I11) tedy piinaseji detailni
poznatky o roli fragmentovanych porosti trnovniku akatu pro spoleCenstva ¢lenovct
V intenzivné obhospodafované zeme&délské krajing.

Vliv trnovniku akatu na funkéni vztahy jednotlivych trofickych tirovni organismti ve smyslu
rostlin (primarnich producentil), ¢lenoveu (primarnich konzumentt) a ptaka (sekundarnich
konzumenttl) nebyl doposud zasadngji studovan. Clenovci mohou byt invazni dfevinou
ovlivnény nepiimo ztratou svych hostitelské rostlin v disledku poklesu rostlinné diverzity v
invadovanych habitatech (Litt et al., 2014; Simao et al., 2010; van Hengstum et al., 2014).
V piipad¢ trnovniku akatu bylo doposud pouze prokazano, ze mezi druhovou diverzitou
cévnatych rostlin v jeho porostech, druhovym sloZenim epigeickych ¢lenovei (Zhu et al., 2019)
I diverzitou ptidnich ¢lenovcu (Lazzaro et al., 2018) neni zadny vztah. Vysledky této prace tyto
no¢nimi motyly (studie 1V). Hanzelka & Reif (2015) dedukuji, ze zmény v zastoupeni ptaéich
druhti — specialistii v akdtovych porostech mohou souviset se zménami ve spoleCenstvech
Clenovcl zpisobenych invazi akatu. Z tohoto divodu jsme studovali konsekvence vlivu
trnovniku akatu na ¢lenovce pro sekundarni konzumenty — ptaky s cilem odhaleni potencialnich

kaskadovych efekti mezi ptaky a ¢lenovcei v souvislych lesnich porostech (studie 1V, V) i
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V lesnich fragmentech situovanych Vv intenzivné obhospodafované zemédéelské krajingé (studie

V).

30



4. Vysledky diserta¢ni prace

Tato prace je sepsana jako komentovany soubor Sesti védeckych praci — péti publikovanych
¢lankd ve védeckych casopisech simpakt faktorem (dale jen ,,IF*) a jednoho rukopisu
Vv rozpracované fazi s planem odeslani do védeckého casopisu s IF. MUj podil na vyzkumech
prezentovanych v této praci je specifikovan v ramci nize uvedeného seznamu vystupt a je

rovnéz vyjadien mym potadim v ramci autorského kolektivu piedlozenych praci.

Studie I:

Strobl M., Hanzelka J., Reif J., Hejda M., Kadlec T. Impacts of non-native trees Robinia
pseudoacacia and Pinus nigra on arthropod communities. in prep.

Podil autora: Pod vedenim TK jsem navrhl koncept studie, vyznamné se podilel na terénnim
sbéru clenovcii a zasadné se podilel na jejich determinaci a laboratornim zpracovani vzorkii.
Proved| jsem veskeré analyzy, interpretoval vysledky a rozpracoval manuskript pod vedenim

TK a s prispenim spoluautor studie.

Studie 11:

Kadlec, T., Strobl, M., Hanzelka, J., Hejda, M., & Reif, J. (2018). Differences in the
community composition of nocturnal Lepidoptera between native and invaded forests are linked
to the habitat structure. Biodiversity and Conservation, 27(10), 2661-2680.
https://doi.org/10.1007/s10531-018-1560-8

Podil autora: Podilel jsem se na terénnim sbéru nocnich motylii na jejich determinaci a
laboratornim zpracovani vzorkii. Spolecné s TK jsme shromazdili data k funkcnim viastnostem
druhii a provedl jsem veskeré analyzy dat a vytvoril grafické vystupy clanku. Ddle jsem se

zasadné podilel na interpretaci vysledkii, konceptu a psani manuskriptu.

Studie I11:

gtrobl, M., Saska, P., Seidl, M., Kocian, M., Tajovsky, K., Rezag, M., Skuhrovec, J., Marhoul,
P., Zbuzek, B., Jakubec, P., Knapp, M., & Kadlec, T. (2019). Impact of an invasive tree on
arthropod assemblages in woodlots isolated within an intensive agricultural landscape.
Diversity and Distributions, 25(11), 1800-1813. https://doi.org/10.1111/ddi.12981

Podil autora: Pod vedenim TK a PS jsem navrhl koncept a design studie, studii koordinoval a

Zvetsi casti zajistil jeji financovani. Za prispéni TK, MS a dalsich kolegii mimo autorsky
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kolektiv jsem z vetsi casti provedl terénni sber c¢lenovcii a laboratorni zpracovani vzorkii. Za
prispent vSech spoluautorii jsem shromazdil data a spolecné s TK jsme determinovali nocni
motyly. Rovnéz jsem provedl sbér vsech environmentdalnich dat, veskerd data analyzoval a
vytvoril grafické vystupy clanku. Pod vedenim a ve spoluprdaci s TK, PS a MKA jsem

interpretoval data a napsal manuskript ¢lanku.

Studie 1V:

Reif, J., Hanzelka, J., Kadlec, T., Strobl, M., & Hejda, M. (2016). Conservation implications
of cascading effects among groups of organisms: The alien tree Robinia pseudacacia in the
Czech Republic as a case study. Biological Conservation, 198, 50-509.
https://doi.org/10.1016/j.biocon.2016.04.003

Podil autora: Podilel jsem se na terénnim sbéru nocnich motylii a na jejich determinaci.

Provedl jsem analyzy v GIS a mensi merou jsem participoval na psani manuskriptu.

Studie V:

Hejda, M., Hanzelka, J., Kadlec, T., Strobl, M., Py3ek, P., & Reif, J. (2017). Impacts of an
invasive tree across trophic levels: Species richness, community composition and resident
species’ traits. Diversity and Distributions, 23(9), 997-1007. https://doi.org/10.1111/ddi.12596
Podil autora: Podilel jsem se na terénnim sbéru nocnich motylii a na jejich determinaci.
Spolecné s TK jsme shromazdili data k funkcnim viastnostem nocnich motylu, provedl jsem
analyzy mmnohorozmérnych dat a analyzy v GIS vcietné grafickych vystupii. Dale jsem

participoval na psani manuskriptu.

Studie VI

Rivas-Salvador, J., Strobl, M., Kadlec, T., Saska, P., & Reif, J. (2021). A non-native woody
plant compromises conservation benefits of mid-field woodlots for birds in farmland. Global
Ecology and Conservation, 26, e01458. https://doi.org/10.1016/j.gecco.2021.e01458

Podil autora: Spolecné s TK, JR a PS jsem navrhl design studie, podilel se na jejim konceptu a
z casti zajistil jeji financovani. Za prispeni TK a dalsich kolegii mimo autorsky kolektiv jsem
Zvetsi casti provedl terénni sber clenovcii a laboratorni zpracovani vzorkii. Rovnéz jsem
provedl sber veskerych environmentdlnich dat, analyzy v GIS, vytvoril mapu v clanku a
spolecné s TK a PS jsme s pomoci kolegii mimo autorsky kolektiv shromdzdili data 0 biomase

¢lenovcii. Dale jsem se podilel na konceptu a tvorbé manuskriptu.
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4.1 Studie |

Impacts of non-native trees Robinia pseudoacacia and Pinus nigra

on arthropod communities.

Martin gtrobl, Jan Hanzelka, Jiii Reif, Martin Hejda, Tomas Kadlec

Abstrakt ¢lanku:

The invasion of non-native tree species is among the main threats for arthropod communities
in temperate forests. Invasive trees can rapidly change habitat structure of invaded habitats and
have varying impacts on arthropod taxa and trophic guilds. One important aspect that modulates
their impacts on arthropods is the degree of phylogenetical relatedness with native tree species.
Therefore, using light traps together with the assessment of habitat structure, we studied the
communities of nocturnal forest arthropods associated with exotic and native tree stands in
lowland forests from the Czech Republic, Central Europe. Specifically, we compared the
abundance, biomass, and community composition of nocturnal arthropods between forest
stands of two non-congeneric tree species — the non-native tree species, black locust (Robinia
pseudoacacia L.) and native oaks (Quercus robur (Matt.) Liebl and Quercus petraea L.) and
two congeneric tree species — the exotic black pine (Pinus nigra Arnold) and native Scots pine
(Pinus sylvestris L.).

Invasive black locust created open stands with well-developed understory vegetation in
contrast to oak stands, where the canopy was more developed. Non-native black pine stands
had slightly more open habitat structure with more development of the shrub layer than stands
of native Scots pine. Total arthropod abundance and biomass were significantly lower in black
locust forests than in oak forest stands. This was mainly caused by the loss of mostly
herbivorous taxa due to the replacement of their native host tree by unpalatable novel black
locust. Arthropods linked to open habitat structure and well-developed understory vegetation
in black locust stands did not replace the decline of arthropod abundance and biomass
associated with oaks. Total arthropod abundance and biomass did not differ between forest
stands of congeneric black pine and Scots pine. However, arthropod community composition
was affected, probably due to changes in the shrub layer.

Our results highlight that the negative effects of non-native tree species on native arthropods
communities are stronger when phylogenetic and phylogeographic distance from native tree

species increase. Therefore, the establishment of phylogenetically and phylogeographically
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distant non-native trees in forest plantations should be avoided to prevent the loss of arthropod

abundance and biomass.

Nepublikovano:

Nepublikovany rukopis ¢lanku in prep. (planovano odeslat do ¢asopisu Forest Ecology and
Management). Vysledky plynouci z této studie budou diskutovany v kapitole 5., tedy v ¢asti

obecné diskuse vysledkt této disertacni prace.
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Abstract

The invasion of non-native tree species is among the main threats for arthropod communities
in temperate forests. Invasive trees can rapidly change habitat structure of invaded habitats and
have varying impacts on arthropod taxa and trophic guilds. One important aspect that modulates
their impacts on arthropods is the degree of phylogenetical relatedness with native tree species.
Therefore, using light traps together with the assessment of habitat structure, we studied the
communities of nocturnal forest arthropods associated with exotic and native tree stands in
lowland forests from the Czech Republic, Central Europe. Specifically, we compared the
abundance, biomass, and community composition of nocturnal arthropods between forest
stands of two non-congeneric tree species — the non-native tree species, black locust (Robinia
pseudoacacia L.) and native oaks (Quercus robur (Matt.) Liebl and Quercus petraea L.) and
two congeneric tree species — the exotic black pine (Pinus nigra Arnold) and native Scots pine
(Pinus sylvestris L.).

Invasive black locust created open stands with well-developed understory vegetation in
contrast to oak stands, where the canopy was more developed. Non-native black pine stands
had more open habitat structure with more development of the shrub layer than stands of native
Scots pine. Total arthropod abundance and biomass were significantly lower in black locust
forests than in oak forest stands. This was mainly caused by the loss of mostly herbivorous taxa

due to the replacement of their native host tree by unpalatable novel black locust. Arthropods
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linked to open habitat structure and well-developed understory vegetation in black locust stands
did not replace the decline of arthropod abundance and biomass associated with oaks. Total
arthropod abundance and biomass did not differ between forest stands of congeneric black pine
and Scots pine. However, arthropod community composition was affected, probably due to
changes in the shrub layer.

Our results highlight that the negative effects of non-native tree species on native arthropods
communities are stronger when phylogenetic and phylogeographic distance from native tree
species increase. Therefore, the establishment of phylogenetically and phylogeographically
distant non-native trees in forest plantations should be avoided to prevent the loss of arthropod

abundance and biomass.

Keywords

Invasive plants, arthropods decline, black locust, black pine, arthropod-plant interactions, insect

communities

Introduction

Arthropods are among the most diverse groups of animals (@degaard, 2000), provide important
ecosystem services (Culliney, 2013; Dainese et al., 2019; Landis et al., 2000) and, due to their
substantial biomass (@degaard, 2000), constitute an indispensable element of trophic
interactions (Mooney et al., 2010; Wagner, 2020). The intensification of agriculture and
forestry has caused dramatic alterations and homogenizations of the traditional cultural
landscapes (Seibold et al., 2019; Sklenicka et al., 2014). These changes of land-use intensity
resulted in global biodiversity decline in recent years (Dirzo et al., 2014), including arthropods
(Cardoso et al., 2020; Hallmann et al., 2017; Seibold et al., 2019). Forest ecosystems, as
environments with specific and stable microclimate/water regime, are highly sensitive to land-
use change (Bengtsson et al., 2000).

Lowland temperate forests are one of the most threatened and economically exploited forest
ecosystems across Europe (Bengtsson et al., 2000; Miklin & Cizek, 2014). These forests face
pronounced changes in arthropod communities and ecosystem instability caused by
intensification and changes of management practices (Bengtsson et al., 2000; Miklin & Cizek,
2014; Sebek et al., 2015). In general, arthropod diversity in lowland forests is strongly linked

to the heterogeneity of vegetation structure and canopy-openness (Kadlec et al., 2018; Kosuli¢
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et al., 2016; Miklin & Cizek, 2014; Sebek et al., 2015), which is largely conditioned by the
dominant tree species (Hanzelka & Reif, 2016; Highland et al., 2013; Kadlec et al., 2018; Tews
et al., 2004), and management practices (Bengtsson et al., 2000; Miklin & Cizek, 2014; Sebek
etal., 2015).

One of the consequences of the forestry intensification is the plantation of non-native tree
species that often become invasive and alter the habitat structure of forests stands (Crooks,
2002; Hanzelka & Reif, 2016; Sibikova et al., 2019). In turn, this disrupts the trophic webs
within forest ecosystems (Ballard et al., 2013; Hejda et al., 2017; Reif et al., 2016; Richardson
& Rejmanek, 2011) and can lead to arthropod declines (van Hengstum et al., 2014; Litt et al.,
2014; Tallamy et al., 2020). However, the impacts of invasive trees on arthropods can vary
considerably between different arthropod taxa and trophic guilds (Litt et al., 2014; van
Hengstum et al., 2014; Litt et al., 2014; Schirmel et al., 2016; Spafford et al., 2013). Herbivores,
in particular those inhabiting tree canopy, are generally the most affected arthropod guild due
to the replacement of their host tree species by unpalatable novel species (Bezemer et al., 2014;
Keane & Crawley, 2002; Litt et al., 2014; van Hengstum et al., 2014). Invasive trees also
negatively affect parasitoids mainly by decreasing their chances to find a suitable host (Harvey
& Fortuna, 2012; Simao et al., 2010). Predators and especially detritivores have been found to
be less influenced by tree invasion per se (Harris et al., 2004; Litt et al., 2014; Schirmel et al.,
2016; Strobl et al., 2019), but respond to changes in habitat structure caused by tree invaders
(Litt et al., 2014; Strobl et al., 2019; Van der Colff et al., 2015).

The effects of non-native tree species on arthropods can also depend on their phylogenetic
relatedness with native tree species (Agrawal & Kotanen, 2003; Agrawal et al., 2005; Zuefle et
al., 2008), invasiveness rate and the time of their introduction into novel areas (Bezemer et al.,
2014; Bréndle et al., 2008). Non-native tree species that are closely phylogenetically related
with native tree species, especially their congeners, can host the same or even more individuals
and species of arthropod herbivores as native trees (Agrawal & Kotanen, 2003; Burghardt et
al., 2010; Zuefle et al., 2008). While the influence of specific non-native trees on habitat
structure and local arthropod communities has been well investigated in temperate forests (van
Hengstum et al., 2014; Kadlec et al., 2018; Strobl et al., 2019), a detailed assessment of the
differential impacts of non-native congeners and non-congeners trees, by comparing them with
related native tree species on different arthropod taxa and guilds is missing.

In this study, we evaluated the impacts of two common non-native tree species — black locust
(Robinia pseudoacacia L.; Fabaceae) and black pine (Pinus nigra Arnold; Pinaceae) — on the

communities of nocturnal forest arthropods in lowland forests by comparing them with native
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tree species with different degrees of phylogenetic relatedness. Specifically, we selected broad-
leaved oaks (common oak (Quercus robur (Matt.) Liebl.) and sesille oak (Quercus petraea L);
Fagaceae; henceforth ‘oak stands’), and coniferous Scots pine (Pinus sylvestris L.; Pinacea) as
non-congeneric and congeneric native trees, respectively. Nocturnal arthropods are represented
by various groups and make up a substantial part of arthropod biomass in forest stands, which
Is an essential component of the diet of higher trophic levels (Bowler et al., 2019; Reif et al.,
2016; Wagner, 2020). For this purpose, we adopted a multi-taxa approach (Seibold et al., 2018)
and investigated the effects of focused non-native tree species across several arthropod groups
from different trophic levels, including herbivores, parasitoids, predators and omnivores.
Specifically, we asked the following questions:

1. Do forest stands of the non-native black locust and black pine differ in habitat structure
compared to stands of native trees? We predicted bigger differences in habitat structure between
black locust and oak stands than between black pine and Scots pines stands due to similar
ecological strategy in these coniferous trees.

2. Are non-native tree species linked to differences on total arthropod abundance and biomass
compared to native tree species? We predicted that black locust would host lower total
arthropod abundance and biomass in comparison with oak stands due to its far phylogenetically
relatedness to this native tree species. Moreover, we assumed that we would not find significant
differences in total arthropod abundance and biomass between congeneric black pine and Scots
pine stands because of their close relatedness. Finally, we expected that total arthropod
abundance and biomass would be lower in stands of coniferous trees (black pine and Scots pine)
than in oak stands due to the higher food quality for herbivores offered by broad-leaved species
(Feeny, 1976; Mattson & Scriber, 1987).

3. Do these non-native tree species differently influence arthropod community composition in
comparison to native tree species? We predicted changes in community composition caused by
higher abundance and biomass of herbivorous and parasitoid arthropods associated with native
tree species. At the same time, we assumed that these differences would be larger between black
locust and oak stands in comparison with black pine and Scots pine stands. On the other hand,
we did not expect strong differences in the abundance and biomass of predatory and omnivorous

taxa between non-native and native tree stands.

Material and methods

Study area and sampling design
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The study was carried out in central Bohemia, Czech Republic (Fig. 1) in 2014 and 2015. The
study area (49.84°-50.16°N, 13.86°-14.46°E ~ 1200 km?, 216-498 m a. s. I.) is located in a
region with an average annual precipitation of 500-650 mm and an average annual temperature
of 7-9 °C (Kvétonn & Vozenilek, 2011). The landscape is characterized by cultivated forest
stands surrounded by arable fields, grasslands, and human settlements. Forests are composed
of native trees dominated by oaks (Quercus spp.), Scots pine (Pinus sylvestris), spruce (Picea
abies (L.) Karsten), limes (Tilia spp.), maples (Acer spp.) and beech (Fagus sylvatica L.), which
have been locally replaced by non-native species, mainly black locust (Robinia pseudoacacia)
and black pine (Pinus nigra).

Within the study area, we established 79 square plots (100 x 100 m): 19 plots in black locust
forest stands, 25 in oak, 18 in black pine and 17 in Scots pine (Fig. 1). To minimize edge effect,
all plots were placed within large forest areas and at a minimum distance of 200 m to most close
edge. However, some plots in black pine were located closer to forest edges (distances of ca
50m) due to the fact that black pine was often planted on originally non-forested areas not
directly adjacent to forest stands. Furthermore, plots were separated by at least 500 m (see
Hanzelka & Reif, 2016 for details).

Focal non-native tree species

The invasive black locust occurs naturally in the Southeastern United States, where it grows as
an early-successional tree in Quercus-Carya forests (Boring & Swank, 1984; Cierjacks et al.,
2013). Black locust was introduced to Europe at the beginning of the 17th century (Cierjacks
et al., 2013; Vitkova et al., 2017) and is considered as one of the most widespread and long-
lasting invasive tree species throughout Europe, including the Czech Republic (Campagnaro,
Brundu et al., 2018; Nentwig et al., 2018; Vitkova et al., 2017). Due to its nitrogen-fixing
ability, this species enhances nitrogen and supports the spread of nitrophilous plant species
(Benesperi et al., 2012; Sibikova et al., 2019; Vitkova et al., 2017). Due to its ecology and
physiognomy, black locust forests have an open structure and well developed understorey in
novel areas (Campagnaro, Nascimbene et al., 2018; Hanzelka & Reif, 2016; Vitkova et al.,
2017). These changes in vegetation structure also influence local animal communities
(Hanzelka & Reif, 2016; Reif et al., 2016; Vitkova et al., 2017), including arthropods (Buchholz
et al., 2015; Degomez & Wagner, 2001; Kadlec et al., 2018; Strobl et al., 2019).

The alien black pine is native from southwestern Asia, North Africa to South Europe and
the southern part of Central Europe (Gulezian & Nyberg, 2011). Black pine was introduced to
Czech Republic at the beginning of the 19th century, and it was planted in warm regions in
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extreme habitats (Ktivanek, 2006). In the Czech Republic, black pine is considered as a
naturalized alien species with low invasive potential (Pysek et al., 2012). Black pine forms open
stands with a well-developed shrub layer in novel areas of Central Europe (Hanzelka & Reif,
2016; Mikulova et al., 2019) and can change native plant communities (Mikulova et al., 2019).
In its novel European habitats, black pine is able to spread naturally into xeric forests and
scrublands (Kfivanek, 2006), but its invasive potential is low in comparison with North
America or New Zealand (Weber, 2003). The effects of non-native black pine on native
arthropod communities remain poorly study, although Pawson et al. (2010) found that
increasing canopy cover of black pine had a negative influence on grassland arthropod

communities.
Environmental parameters sampling

To contemplate the responses of forest arthropods assemblages to habitat structure, age of the
forest stand, landscape composition and altitude (Highland et al., 2013; Kadlec et al., 2018;
Novotny et al., 2015; Strobl et al., 2019), we recorded the following variables in all study plots.
Percentage cover of vegetation layers (herbs < 0.5 m in height (HERB1); herbs > 0.5 m
(HERBZ2); shrubs 1-5 m (SHRUBS); and canopy (CANOPY)) and clearings (gaps in the stands
without full-grown trees integrated in the canopy cover; CLEARINGS) were estimated by
visually according to Hanzelka & Reif (2016). We counted number of fallen (FALLEN TREES)
and dead trees (DEAD TREES) in the plot and determined age of the forest stand (AGE) as
well.

Furthermore, we determined the altitude of study plots (ALT) and the proportion of the forest
stands in the surroundings of study plots within a 500 m radius circular buffer around each plot
centre (FOREST) using ArcGis 10.2 (ESRI, 2011). This variable also mirrors the total size of
the forest stands and at the same time the proportion of non-forest habitats in the vicinity of
study plots.

Arthropod sampling and studied taxa

Arthropods were sampled using portable light traps (Brehm & Axmacher, 2006) equipped with
two 8W UV LED strip lights (total luminous flux 400 Im, wavelength range 400-420 nm) and
powered by 7.2 Ah/12 V lead batteries. The attraction of nocturnal arthropods to light sources
is a common and effective method for obtaining quantitative data on their abundance and
biomass (Fayle et al., 2007; Ober & Hayes, 2008). We sampled arthropods during two complete
seasons: 2014 (all black locust study plots, 20 oak study plots) and 2015 (all Scots pine and
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black pine study plots, five oak study plots). At each plot, a single portable light trap was placed
approximately in the middle of plot, which attracts arthropods within a radius of a few tens of
metres (Truxa & Fiedler, 2012). Light traps were exposed on the same night under suitable
weather conditions (no strong wind, no rainfall), from dusk until dawn, at the beginning of each
month from April to November in both years. This sampling effort allowed us to cover all major
phenological phases of arthropod activity and standardized the effects of short-term climatic
conditions (Yela & Holyoak, 1997). All collected individuals were euthanized using chloroform
and subsequently frozen at —22°C.

All captured arthropods from the following taxonomic groups were counted and identified
to the suborder or order level: spiders (Araneae), harvestmen (Opillionida), orthopteroids
(Orthopthera), cockroaches (Blattodea), earwigs (Dermaptera), bark lice (Psocoptera),
“Homoptera” (Auchenorrhyncha and Sternorrhyncha, separately), true bugs (Heteroptera),
neuropterans (Neuroptera), beetles (Coleoptera: Adephaga, Polyphaga), mecopterans
(Mecoptera), true flies (Diptera: Brachycera and Nematocera), moths (nocturnal Lepidoptera),
and hymenopterans (suborder Apocrita excluding ants). These focal taxa widely represent
arthropods from different trophic levels — herbivores, parasitoids, predators and omnivores. The
arthropod taxa without affinity to forest ecosystems (i.e. water-depending groups as Trichoptera
or Ephemeroptera) were considered random migrants in forest habitats and excluded. To obtain
the dry biomass of each of the above-mentioned groups, all individuals from each plot and date
were dried in an oven for twelve hours at 80 °C and then weighed on the analytical scale with

an accuracy of 0.0001 g (van Langevelde et al., 2011).
Data analysis

Habitat structure

To reduce the complexity of habitat structure data without losing substantial information and
to describe the main gradients of habitat structure of the studied forest stands, three principal
component analyses (PCAs) were performed in Canoco 5.0 (ter Braak & Smilauer, 2012): one
considering the four stand types combined and two for the comparing broad-leaved (black
locust vs. oak) and coniferous stand types (black pine vs. Scots pine) separately. We used the
scree plot method and Kaiser’s rule (Jackson, 1993) to distinguish the principal components
explaining most of the variability in the data. Based on these criteria, the scores from the first
two principal components of habitat structure (‘(HAB1’ and ‘HAB2’) were used as predictors
describing habitat structure of study plots in subsequent analyses. To compare the habitat

structure among stand types (STAND: black locust, oak, black pine, Scots pine), six linear
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models (according to first two PC axes from all PCAs) were performed in R 3.6.3 (R Core
Team, 2020) with the principal components of habitat characteristics (HAB1 or HAB2) as

respective response variables and STAND as the predictor variable.
Arthropod abundance and biomass

We analysed the differences in the total abundance and the total biomass of arthropods (both
pooled across all taxa and samples) among the stand types using a linear models in R 3.6.3 (R
Core Team, 2020) with total abundance or total biomass as a response variable, both
transformed using natural logarithm. Due to potential spatial autocorrelation between study
plots, we employed generalized least squares (GLS) models (R package ‘nlme’; Pinhiero, 2021)
in all the following univariate analyses. First, we fitted full models with all predictors: stand
type, HAB1 and HAB2, AGE, ALT and FOREST. Geographic coordinates of plot centres were
included in the full models to contemplate spatial effects and different autocorrelation structures
were fitted to the residuals (exponential, linear, rational quadratics, spherical and Gaussian) and
compared using the Akaike Information Criterion (AIC, Akaike, 1974). For both response
variables, the most parsimonious models (i.e., those with the lowest AIC value) were models
with a Gaussian autocorrelation structure. Second, an information-theoretic approach (R
package ‘MuMin’ Barton; 2018; Burnham & Anderson, 2002) was used for model selection
and multi-model inference. Candidate models containing all possible predictor combinations
were compared by their AICc values (Akaike, 1974; Burnham & Anderson, 2002) and models
within a AAICc <2 were used for inference employing model averaging based on AIC weights
(r package ‘MuMin’; Burnham & Anderson, 2002). To identify significant differences among
the stand types, Tukey’s post hoc tests (package ‘emmeans’; Length et al., 2020) were

performed.
Arthropod community composition

To compare arthropod community composition, analysed separately for the abundance and dry
biomass of each taxonomic group, we used multivariate ordination methods in Canoco 5.0 (ter
Braak and Smilauer, 2012). Based on the gradient lengths (for all models a gradient was at
most 1.3 SD units long), redundancy analyses (RDAs) were used (Smilauer & Leps, 2014) for
comparing arthropod community composition among stand types (STAND: black locust, oak,
black pine, Scots pine). Before that, we tested possible correlations between the direct effects
of trees species (TREE: black locust, oak, black pine, Scots pine) and habitat structure of study
plots (HAB1 and HAB2) on the arthropod community composition (Kadlec et al., 2018; Strobl
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et al., 2019). For this purpose, we used the variation partitioning approach (Peres-Neto et al.,
2006) to distinguish between marginal (effects of a predictor without taking other predictors
into account) and conditional (effects of a predictor after controlling for the effects of the
remaining predictors) effects of TREE, HAB1 and HAB2 on arthropod community composition
(Smilauer & Leps, 2014).

Due to potential spatial autocorrelation among the study plots, the principal coordinates of
neighbour matrices framework (PCNM; Dray et al., 2006; Peres-Neto et al., 2006) were
implemented into the RDAs (Smilauer & Lep§, 2014). Within PCNM, the principal coordinate
analysis (PCoA) was performed to obtain the spatial variables represented by the respective
PCo axes. Monte-Carlo permutation tests (999 permutations) were used to test the significance
of each PCo axis, and the scores of the most significant PCo axes were further used in the RDAS
as covariables, capturing the spatial autocorrelation in the models (Smilauer & Leps, 2014).
Furthermore, two sets (separately for arthropod abundance and biomass, both response
variables were log-transformed) of RDAs with Monte-Carlo significance testing (999
permutations) were performed: i) for all stand types together (black locust, oaks, black pine,
and Scots pine); ii) for broad-leaved tree species separately (black locust vs. oak); and iii) for
coniferous tree species separately (black pine vs. Scots pine). In these analyses, STAND, and
significant marginal and conditional effects of HAB1 and HAB2 on arthropod composition in
the variation partitioning method were the predictors, and the AGE, ALT, FOREST and the

PCo axes scores were included as covariables.

Results

Habitat structure

The PC1 axis of habitat characteristics considering all stand types (HAB1) explained 42.40 %
of the variation in habitat structure and described a gradient from open stands with well-
developed shrub and taller herb layers to stands with a continuous canopy and less developed
understory (Fig. 2a). Most stand types significantly differed in habitat structure along HAB1,
except for black pine — Scots pine and oak — Scots pine stands comparisons (Table S1). PC2
axis (HAB2) explained 28.28 % of the variation in habitat structure and reflected a gradient
from stands with a well-developed lower herb layer and continuous canopy to stands with a
higher number of fallen and dead trees (Fig. 2a). Most stand types did not differ along the HAB2

43



291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311

312

313
314
315
316
317
318
319
320
321
322
323

gradient, with the exception of the comparison between black pine and Scots pine stands (Table
S1).

The PCA examining the differences in habitat structure between broad-leaved trees (black
locust and oak) showed a gradient along a PC1 axis (HAB1, 58.74 % of the variation explained)
from stands with well-developed shrub and taller herb layers and to stands with well-developed
lower herb layer and continuous canopy (Fig. 2b). The black locust stands had significantly
lower scores along the gradient of HAB1 than oak stands (t = —6.4, p < 0.001; Fig. 2b). PC2
axis (HAB2, 16.84 % of the variation in the habitat structure explained) described a gradient
from stands with higher numbers of fallen and dead trees to stands without fallen and dead trees
(Fig. 2b). Black locust and oak stands did not differ along the gradient of HAB2 (t = —0.6, p =
0.572).

The PCA comparing stands of coniferous tree species (black pine and Scots pine) showed a
gradient along the PC1 axis (HAB1, 45.41 % of the variation in the habitat structure explained)
from stands with well-developed shrub and herb layers to stands with higher numbers of fallen
and dead trees (Fig. 2c). Black pine and Scots pine stands did not differ along the gradient of
HAB1 (t = —0.2, p = 0.706; Fig. 2c). The PC2 axis of habitat characteristics (HAB2, 27.27 %
of the variation in the habitat structure explained) slightly reflected a gradient from stands with
awell-developed shrub layer and higher numbers of clearings and fallen and dead tress to stands
with undeveloped understory and without clearings and fallen and dead trees (Fig. 2c). Black
pine stands had significantly lower scores along the HAB2 axis than black pine stands (t = —3.4,
p < 0.001; Fig. 2c).

Arthropod abundance and biomass

In total, 187 947 arthropod individuals were captured (see Table S2 for details). On average,
we recorded lower abundances in non-native tree stands in comparison with native stands (Fig
2a). Concretely, 1203 (+ 369 SD) individuals were captured in black locust stands and 1974 (+
985) in black pine stands, whereas 3164 (+ 1921) were collected in oak stands and 2969 (+
1700) in Scots pine stands (Table S2). Altitude and stand type were only two predictors with
significant impacts on arthropod total abundance (Table S3; Table 1). The total number of
individuals was significantly higher in oak stands than in the remaining stand types (Table 2)
and did not differ between forest stands dominated by black locust, black pine, and Scots pine
(Table 2).

Altogether, 1,939.51 g of arthropod dry biomass were collected (see Table S4 for details).
Following the same pattern that for total abundance, dry biomass was on average higher in
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stands of native tree species — 32.94 g (+ 12.44) of arthropods in oak forests and 25.89 g (+
10.37) in stands of Scots pine, than in non-native stands — 15.17 g (+ 5.07) in stands dominated
by black locust and 21.53 g (+9.64) in stands of black pine (Table S4). Stand type was included
in the two top models and had the strongest influence on total arthropod biomass (Table S3).
Final model of averaged coefficients included ALT and STAND and both of these predictors
had significant impacts on total arthropod biomass (Table 1). Total arthropod biomass was
significantly higher in oak stand in comparison with the remaining stand types (Table 2),
whereas no differences were detected between black pine, Scots pine and black locust stands
(Table 2).

Arthropod community composition

In all models, conditional effects of habitat structure on arthropod community composition were
not significant (see Table S5). Contrarily, the direct effect of dominant tree species (TREE) had
significant conditional effects on arthropod community composition, with the exception of
model comparing biomass of focal arthropod taxa between black pine and Scots pine stands
(Table S5).

Arthropod community composition significantly differed among stand types in all models
after the controlling for spatial (PCo scores from the PCNMSs) and environmental effects (ALT,
FOREST, AGE; Table 3; Fig. 4; Fig. S1). The RDAs comparing the community composition
among all stand types (both for abundance and total dry biomass), showed a significant gradient
along the first axis from stands of native to non-native tree species (Fig. S1). Also, for the
analyses using arthropod abundance, a gradient along the second axis from stands of coniferous
to broad-leaved tree species was detected (Fig. S1a).

Arthropod community composition, both for abundance and dry biomass, significantly
differed between black locust and oak stands (Table 3; Fig. 3a—b). Abundance of most studied
taxa (Polyphaga, Apocrita, Nematocera, Brachycera, Auchenorrhyncha, Adephaga and
Opilionida) were associated with oak stands and other taxa did not differ between these stand
types (Fig. 3a). Higher biomass of Lepidoptera and Polyphaga (mostly herbivorous) was
recorded in oak than in black locust stands (Fig. 3b). Moreover, Diptera, Apocrita, Opilionida
and Adephaga also had higher biomass in oak stands in comparison with black locust stands
(Fig. 3b). In contrast, only biomass of mostly omnivorous Dermaptera was higher in black
locust stands (Fig. 4b).

Arthropod community composition, analysed with both abundance and dry biomass, was
significantly different between black pine and Scots pine stands (Table 3; Fig. 3c-d).
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Abundance and biomass of mostly omnivorous Orthoptera was higher in black pine than in
Scots pine stands. Also, carnivorous Aranea and Adephaga, and biomass of Neuroptera, were
slightly associated with black pine stands (Fig. 3c—d). On the contrary, higher abundance and
biomass of mostly herbivorous Heteroptera and Sternorhyncha occurred in stands of Scots pine
(Fig. 3c—d). Abundance and biomass of other taxa was not linked to either of these stand types
(Fig. 3c—d).

Discussion
Conclusions and conservation implications
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Table 1. Effects of altitude and stand types on total abundance and total dry biomass of arthropods. For each estimate, the standard error (SE), t-

and p-values are shown.

Best fitting model (total arthropod abundance)

Model with averaged coefficients (total arthropod biomass)

Model parameters Estimate SE t-value p-value  Model parameters Estimate SE  z-value p-value
Intercept 5.633 0.377 1496 <0.001 Intercept 2.199 0.624 3.514 <0.001
ALT? 0.005  0.001 4.40 <0.001 ALT® 0.004  0.001 3.98 <0.001
STANDP (black pine) -0.071 0.185 -0.38 0.703 STAND?® (black pine) —-0.006 0.201 0.03  0.976
STANDP (0oak) 0.658 0.135 4.89 <0.001  STAND® (0oak) 0.6296 0.136 4.58 <0.001
STANDP (Scots pine) 0.256 0.180 142  0.160  STAND?® (Scots pine) 0.157 0.197 0.79  0.430

3 ALT — altitude of the study plots; ¥ STAND — stand type of the study plots (black locust, oak, black pine and Scots pine stands).

Table 2. Results of Tukey’s HSD tests comparing total abundance and total dry biomass of arthropods among forest stand types. For each pair of

stand types, the estimate and its standard error, t-ratio and p-value are shown.

Total abundance

Total dry biomass

Compared stands Estimate SE t-ratio  p-value  Compared stands Estimate SE  z-ratio p-value
black locust — black pine  0.071 0.185 0.38 0.981 black locust — black pine 0.006 0.201 0.03  1.000
black locust — oak -0.658 0.134 —-4.89 <0.001 black locust — oak —0.630 0.136 —4.64 <0.001
black locust — Scots pine  —0.255 0.180 -142 0.492 black locust — Scots pine  —0.157 0.197 —0.80 0.856
black pine — oak —0.728 0.148 -4.92 <0.001 black pine —oak —0.636 0.138 —4.61 <0.001
black pine — Scots pine —-0.326 0.164 -1.99 0.205 black pine — Scots pine —0.163 0.140 —-1.16 0.649
oak — Scots pine 0402 0.146 276 0.036 oak — Scots pine 0472 0.136 3.49 0.003
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Table 3. Results of the redundancy analyses (RDAS) evaluating the differences in community composition of arthropod taxa among stand types

using a) abundance and b) total dry biomass. All RDAs controlled for the effects of environmental (ALT, FOREST, AGE) and spatial variables

(PCo scores from PCNMs).

Model Eigenvalues Test of all canonical axes

a) Arthropod abundance Axis 1 Axis2 Axis3 Axis4 Trace pseudo-F p Adj. VAR %
all stand types® 0.069 0.038 0.017 0.206 0.124 438 0.001 133

black locust — oak 0.056 0.114 0.074 0.054 0.056 4.4 0.001 83

black pine — Scots pine 0.081 0.237  0.110 0.081 0.081 3.5 0.008 7.6

b) Arthropod dry biomass ~ Axis 1 Axis2 Axis3 Axis4 Trace pseudo-F p Adj. VAR? %
all stand types® 0.149 0.021 0.004 0249 0.174 6.6 0.001 18.64

black locust — oak 0.079 0.158  0.094 0.076 0.079 64 0.001 124

black pine — Scots pine 0.080 0.258  0.155 0.086 0.080 3.5 0.008 7.8

3 Adj. VAR (%): adjusted percent variance explained by the predictors; ® all stand types — analysis investigating the effects of all forest stand types

(black locust, oak, black pine, and Scots pine) together.
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647 Figure captions

648  Fig. 1. Map showing the location of the study plots (19 plots dominated by black locust, 25 by
649  oak, 18 by black pine and 17 by Scots pine) in the Czech Republic.
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652  Fig. 2. Principal components analyses (PCAs) of habitat structure among a) all stand types; b) black locust and oak stands; c) black pine and Scots
653  pine stands. Polygons indicate convex hulls bounding the black locust (yellow circles), oak (blue squares), black pine (brown stars) and Scots pine

654  (green triangles) plots.
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Fig. 3. Ordination diagrams of redundancy analyses (RDASs) evaluating the differences in the
community composition of arthropod taxa among forest stand types, using abundance and total

dry biomass. (a, b) Differences between black locust and oak stands, (c, d) differences between
black pine and Scots pine forest stands.
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Appendices

Table S1. Results of Tukey’s HSD post hoc tests analysing the differences in habitat structure

between stand types. Significant differences (p < 0.05) are highlighted in bold, and marginally

significant effects (p < 0.1) are shown in italic.

Tukey’s HSD post hoc test (HAB1?)

Tukey’s HSD post hoc test (HAB2P)

Compared stands p-value Compared stands p-value
black locust — black pine 0.013 black locust — black pine 0.083
black locust — oak <0.001 black locust — oak 0.922
black locust — Scots pine 0.003 black locust — Scots pine 0.260
black pine — oak 0.020 black pine — oak 0.217
black pine — Scots pine 0.964 black pine — Scots pine <0.001
oak — Scots pine 0.082  oak — Scots pine 0.058

3 HAB1 — scores from PCA describing habitat structure of woodlots along the first PC axes;

HAB2 — scores from PCA describing habitat structure of woodlots along the second PC axes.
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Table S2. Average (+ standard deviation) and total numbers of arthropod individuals recorded in stands of black locust, oak, black pine, and Scots pine.

Number of individuals

Taxa Total number of individuals
mean £ SD

black locust oak black pine Scots pine black locust oak  black pine Scots pine

mean £ SD mean £ SD mean = SD mean = SD sum sum sum sum Total
Aranea 31 (+£46) 41 (£ 19) 58 (£ 56) 42 (£ 47) 597 1015 1045 714 3371
Opilionida 2 (£3) 9 (£ 18) 2 (£3) 4(x7) 32 219 32 76 359
Orthoptera 5(£6) 7(7) 10 (£ 8) 2(+3) 92 165 186 39 482
Blattodea 1(x1) 11 (£10) 6(+7) 10 (£9) 24 270 115 173 582
Dermaptera 5(=9) 3(£8) 1(£2) 2(x3) 101 87 26 31 245
Psocoptera 2(£2) 11 (£21) 10 (£8) 13 (£ 17) 29 269 173 218 689
Auchenorrhyncha 7 (£8) 133 (+ 295) 47 (£ 44) 80 (£ 70) 142 3332 843 1357 5674
Sternorrhyncha 1(x1) 18 (+49) 8 (x£7) 25 (£23) 15 462 152 424 1053
Heteroptera 57) 16 (+21) 20 (+20) 58 (£99) 91 401 362 990 1844
Neuroptera 7(£5) 13 (£19) 25 (+28) 18 (£ 13) 138 330 449 312 1229
Adephaga 1(*1) 4 (+5) 7 (£ 6) 2(x3) 23 94 117 41 275
Polyphaga 92 (£43) 236 (£ 121) 144 (£ 79) 244 (£ 150) 1745 5912 2584 4148 14389
Mecoptera 1(£1) 1(£1) 1(£1) 2(x3) 15 19 10 27 71
Brachycera 44 (£29) 165 (+ 168) 64 (+53) 279 (+337) 837 4135 1153 4741 10866
Nematocera 297 (£ 190) 1245 (+ 885) 377 (£ 331) 843 (£ 936) 5637 31135 6778 14323 57873
Lepidoptera 666 (£225) 1140 (= 813) 1155 (£ 612) 1277 (+ 529) 12653 28501 20797 21712 83663
Apocrita 36 (£ 16) 110 (£97) 39 (+22) 67 (£ 45) 690 2749 702 1141 5282
All arthropods 123%2)(i 3164 (£ 1921) 2969 (= 1700) 1974 (£ 985) 22861 79095 35524 50467 187947
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671  Table S3. Characteristics of the best models (AAICc < 2) analysing the responses of a) total

672  abundance and b) total dry biomass of arthropods to stand type and environmental variables.

Model / Predictors Intercept ALT® STAND® K¢ AICc? AAICc AlCc weight

a) Total abundance

m7 + + + 8 —14.100 0.270 0.466
b) Total dry biomass

m7 + + + 8 39.300 0.000 0.315
m5 + - + 7 40.600 1.210 0.172

673 ¥ ALT —altitude of the study plots; ® STAND — stand type of the study plots (black locust, oak,
674  black pine and Scots pine stands); © K — number of estimated model parameters; 9 AICc —
675  Akaike information criterion corrected for small sample sizes. The +/— symbols indicate if the

676  predictor was included (+) or not (—) in the model.
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Table S4. Average (+ standard deviation) and total arthropod dry biomass (in grams) recorded in stands of black locust, oak, black pine, and Scots pine.

Number of individuals

Taxa Total number of individuals
mean + SD
black locust oak black pine Scots pine black locust oak black pine Scots pine
mean £+ SD mean £+ SD mean £+ SD mean £+ SD sum sum sum sum Total
Aranea 0.4320 (+ 0.8691) 0.4040 (+ 0.2856) 0.4472 (£ 0.6924) 0.2755 (+ 0.3924) 8.2074 10.1003 8.0501 4.6833 31.0411
Opilionida 0.0093 (+ 0.0150) 0.0714 (£ 0.1345) 0.0170 (£ 0.0277) 0.0327 (+ 0.0489) 0.1765 1.7856 0.3065 0.5562 2.8248
Orthoptera 0.4962 (+ 0.8374) 0.7198 (+ 0.8537) 1.0655 ( 0.9490) 0.2962 (+0.3888) 9.4271 17.9938 19.1787 5.0361 51.6357
Blattodea 0.0073 (= 0.0088) 0.0750 (£ 0.0631) 0.0509 (£ 0.0545) 0.0814 (= 0.0771) 0.1390 1.8760 0.9161 1.3845 4.3156
Dermaptera 0.0874 (+ 0.1379) 0.0256 (+ 0.0534) 0.0210 (+ 0.0272) 0.0290 (+ 0.0435) 1.6601 0.6390 0.3779 0.4934 3.1704
Psocoptera 0.0008 (+ 0.019) 0.0036 (+ 0.0067) 0.0032 (+ 0.0036) 0.0047 (+ 0.0084) 0.0151 0.0896 0.0583 0.0800 0.2430
Auchenorrhyncha  0.0042 (+ 0.0041) 0.1629 (+ 0.5533) 0.0310 (+ 0.0275) 0.0440 (+ 0.0269) 0.0800 4.0731 0.5584 0.7473 5.4588
Sternorrhyncha 0.0001 (£ 0.0001) 0.0017 (£ 0.0039) 0.0019 (£ 0.0018) 0.0054 (= 0.0072) 0.0016 0.0414 0.0349 0.0911 0.1689
Heteroptera 0.0134 (+ 0.0165) 0.0687 (+ 0.1000) 0.0455 (+ 0.0328) 0.1108 (+ 0.1250) 0.2548 1.7184 0.8198 1.8844 46773
Neuroptera 0.0249 (+ 0.0193) 0.0273 (+ 0.0275) 0.0519 (+ 0.0445) 0.0341 (+ 0.0206) 0.4726 0.6822 0.9333 0.5803 2.6684
Adephaga 0.0117 (£ 0.0175) 0.0480 (+ 0.0611) 0.0678 (+ 0.0769) 0.0321 (+ 0.0435) 0.2222 1.2004 1.2210 0.5457 3.1893
Polyphaga 1.1921 (+ 0.4159) 2.8852 (+ 1.3571) 1.4995 (+ 0.5123) 1.8023 (+ 0.8960) 22.6491 72.1302 26.9909 30.6398 152.4100
Mecoptera 0.0062 (+ 0.0088) 0.0057 (+ 0.0103) 0.0045 (+ 0.0099) 0.0168 (+ 0.0339) 0.1178 0.1435 0.0810 0.2854 0.6277
Brachycera 0.0673 (+ 0.0480) 0.3064 (+ 0.2842) 0.1138 (+ 0.0892) 0.4593 (+ 0.5325) 1.2782 7.6600 2.0477 7.8089 18.7948
Nematocera 0.4750 (+ 0.3480) 1.7667 (+ 1.2582) 0.5680 (+ 0.7597) 1.0073 (+ 1.1085) 9.0245 44.1672 10.2247 17.1243 80.5407
Lepidoptera 12.2180 (+ 4.3576)  26.0440 (+ 10.1231)  17.4189 (+ 8.9709)  21.5025 (+ 8.9249) 232.1414 651.0999  313.5406 365.5433  1562.3251
Apocrita 0.1236 (+ 0.0767) 0.3251 (+ 0.2305) 0.1262 (+ 0.1037) 0.1574 (+ 0.0887) 2.3492 8.1269 2.2711 2.6753 15.4225
All arthropods 15.1693 (£ 5.0693) 32.9411 (£ 12.4387) 21.5339 (£ 9.6399) 25.8917 (£ 10.3714) 288.2166 823.5274 387.6109 440.1593 1939.5142
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Table S5. Results of variation partitioning analysing marginal and conditional effects of dominant tree species and habitat structure on arthropod
community composition. Significant effects (p < 0.05) are highlighted in bold.

Arthropod abundance Factor groups Marginal effects Conditional effects

pseudo-F p  adj. VAR?® pseudo-F p adj. VAR?

all stand types® TREE® 9.1 0.001 23.65 6.2 0.001 17.15
HABITAT® 4.8 0.001 8.84 14 0.135 1.07
black locust — oak TREE® 11.7 0.001 19.94 4.3 0.008 7.35
HABITAT® 4.5 0.002 14.01 11 0.315 0.48
black pine — Scots pine  TREE® 5 0.001 10.48 2 0.048 3.05
HABITATA 2.8 0.004 9.35 1.3 0.194 1.83
Arthropod dry biomass  Factor groups Marginal effects Conditional effects
pseudo-F p adj. VAR?* pseudo-F p adj. VAR?
all stand types® TREE® 8.7 0.001 22.82 4.1 0.001 10.86
HABITATA 7.1 0.001 13.58 1.1 0.353 0.19
black locust — oak TREE® 19.2 0.001 29.76 6.9 0.003 12.49
HABITAT® 6.7 0.001 21.07 14 0.206 1.67
black pine — Scots pine  TREE® 4.5 0.004 9.43 1.6 0.133 1.92
HABITATA 2.4 0.028 7.6 1.0 0.432 0

3 Adj. VAR (%) — adjusted percent variance explained by the predictors; ® all stand types — analysis investigating the effects of all forest stand
types (black locust, oak, black pine, and Scots pine) together; ® TREE — dominant tree species (black locust, oak, black pine, Scots pine) in the
forest stands; 9 HABITAT — HAB1 and HAB2 scores from PCA describing habitat structure of study plots.
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Fig. S1. Ordination diagrams of redundancy analyses (RDAs) evaluating the differences in the

community composition of arthropod taxa among stand types using a) abundance and b) total
dry biomass.
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4.2 Studie 11

Differences in the community composition of nocturnal
Lepidoptera between native and invaded forests are linked to the

habitat structure.

Tomas Kadlec, Martin Strobl, Jan Hanzelka, Martin Hejda, Jiii Reif

Abstrakt ¢lanku:

Non-native invasive plants are among the main threats to global biodiversity, including insects,
and it is thus important to understand the mechanisms of how invasive plants impact native
species. The community composition of nocturnal Lepidoptera was studied in the Czech
Republic (Central Europe) in stands of native deciduous trees and in stands dominated by the
invasive tree Robinia pseudoacacia, using automatic portable light traps together with an
assessment of habitat characteristics. Native stands had more closed canopies and poorly
developed understories. Conversely, R. pseudoacacia stands were more open and
heterogeneous, with sparse canopies, well-developed shrub layers and a higher cover of taller
herbs. Moth species richness, abundance and biomass were lower in R. pseudoacacia, likely
due to the low richness of canopy herbivores not adapted to feed on the exotic host. However,
feeding guilds associated with the understorey were more represented in stands of R.
pseudoacacia, likely due to the more heterogeneous habitat structure. The Lepidopteran
communities observed in stands of R. pseudoacacia resembled communities of open-forests or
forest-steppe habitats. In contrast, native stands were dominated by Lepidoptera associated with
trees, including forest specialists but also habitat generalists. From a conservation perspective,
it appears that the invasive R. pseudoacacia created structurally more heterogeneous
environment and more Lepidopteran open-forest guilds were associated with this habitat.
However, further spread of R. pseudoacacia should be prevented because it reduces the species
richness of Lepidoptera. Simultaneously, we recommend increasing the habitat heterogeneity

of native forests to support functionally more diverse Lepidopteran communities.

66



Publikovano jako:

Kadlec, T., Strobl, M., Hanzelka, J., Hejda, M., & Reif, J. (2018). Differences in the
community composition of nocturnal Lepidoptera between native and invaded forests are linked
to the habitat structure. Biodiversity and Conservation, 27(10), 2661-2680.
https://doi.org/10.1007/s10531-018-1560-8

67



Biodivers Conserv (2018) 27:2661-2680 ® CrossMark
https://doi.org/10.1007/s10531-018-1560-8

ORIGINAL PAPER

Differences in the community composition of nocturnal
Lepidoptera between native and invaded forests are
linked to the habitat structure

Tomas Kadlec' - Martin Strobl' - Jan Hanzelka? - Martin Hejda® - Ji¥i Reif?

Received: 28 May 2017 / Revised: 12 April 2018 / Accepted: 23 May 2018 / Published online: 28 May 2018
© Springer Science+Business Media B.V., part of Springer Nature 2018

Abstract Non-native invasive plants are among the main threats to global biodiversity,
including insects, and it is thus important to understand the mechanisms of how invasive
plants impact native species. The community composition of nocturnal Lepidoptera was
studied in the Czech Republic (Central Europe) in stands of native deciduous trees and
in stands dominated by the invasive tree Robinia pseudoacacia, using automatic portable
light traps together with an assessment of habitat characteristics. Native stands had more
closed canopies and poorly developed understories. Conversely, R. pseudoacacia stands
were more open and heterogeneous, with sparse canopies, well-developed shrub layers and
a higher cover of taller herbs. Moth species richness, abundance and biomass were lower in
R. pseudoacacia, likely due to the low richness of canopy herbivores not adapted to feed on
the exotic host. However, feeding guilds associated with the understorey were more repre-
sented in stands of R. pseudoacacia, likely due to the more heterogeneous habitat structure.
The Lepidopteran communities observed in stands of R. pseudoacacia resembled commu-
nities of open-forests or forest-steppe habitats. In contrast, native stands were dominated
by Lepidoptera associated with trees, including forest specialists but also habitat general-
ists. From a conservation perspective, it appears that the invasive R. pseudoacacia created
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structurally more heterogeneous environment and more Lepidopteran open-forest guilds
were associated with this habitat. However, further spread of R. pseudoacacia should be
prevented because it reduces the species richness of Lepidoptera. Simultaneously, we rec-
ommend increasing the habitat heterogeneity of native forests to support functionally more
diverse Lepidopteran communities.

Keywords Moths - Exotic species - Species traits - Light trapping - Robinia
pseudoacacia - Forest management

Introduction

Invasive plant species have broad ecological and economic impacts in both natural and
human-altered environments (Higgins et al. 1997; Leung et al. 2002; Vila et al. 2011), and
are among the main global threats to biodiversity (Vitousek et al. 1996; Pauchard and Shea
2006; van Kleunen et al. 2015). In particular, they alter the structure and diversity of native
plant communities (Vitousek et al. 1996; Vila et al. 2011; Benesperi et al. 2012), affect the
productivity of native plant species (Chambers et al. 2007) and significantly disrupt the
trophic structure of ecosystems (Levin et al. 2006; Heleno et al. 2008; Tallamy et al. 2010;
Schirmel et al. 2016), with prolonged impacts on diversity at higher trophic levels (Spaf-
ford et al. 2013; Bezemer et al. 2014; Litt et al. 2014; van Hengstum et al. 2014).

The impacts of plant invasions on arthropod assemblages strongly vary among differ-
ent taxa (Spafford et al. 2013; Bezemer et al. 2014; Litt et al. 2014; van Hengstum et al.
2014; Buchholz et al. 2015). Specialized herbivores or pollinators, evolutionarily bound to
a small number of plant species (Traveset and Richardson 2006; Aizen et al. 2008; Moron
et al. 2009; Burghardt et al. 2010) or parasitoids (Simao et al. 2010), usually respond to
plant invasions negatively, by decreasing in diversity or abundance (Degomez and Wagner
2001; Spafford et al. 2013; Litt et al. 2014). On the other hand, non-specialized pollina-
tors (Bezemer et al. 2014), predators (Pearson 2009; Hartley et al. 2010) and detritivores
(Standish 2004; Litt et al. 2014) are often unaffected by invasions, or their diversity and
abundance may even increase in novel habitats.

Among invasive plants, the ecological consequences of woody invaders are particularly
profound, due to their strong effects on native habitats (Richardson 1998; Hierro and Calla-
way 2003). Alien woody plants, by eliminating native species as a consequence of interspe-
cific competition (Vila et al. 2011; Benesperi et al. 2012), can decrease the food supply in
the forest canopy (Litt et al. 2014; Reif et al. 2016; Hejda et al. 2017), or change the habitat
structure and therefore affect the composition of the whole community (Harris et al. 2004;
Pawson et al. 2010; Litt et al. 2014; van Hengstum et al. 2014; Buchholz et al. 2015).

Arthropods are among the most diverse groups of animals (@degaard 2000) and signifi-
cantly contribute to trophic interactions (Mooney et al. 2010). Therefore, a deeper under-
standing of the impact of woody invaders on arthropods is important, as the impacts of
invasive plants on organisms at lower trophic levels may have consequences for the func-
tioning of the whole ecosystem (Heleno et al. 2008; Tallamy et al. 2010; Bezemer et al.
2014; Litt et al. 2014; Reif et al. 2016; Schirmel et al. 2016; Hejda et al. 2017). Even
though there are some studies that focus on the effects of woody invaders on arthropods
(e.g. Bezemer et al. 2014; Litt et al. 2014; van Hengstum et al. 2014; Buchholz et al.
2015, Schirmel et al. 2016), our knowledge is still incomplete, given the enormous diver-
sity of arthropods, and their ecological traits and life history strategies. For example, we
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can predict that herbivores bound to different layers of vegetation may vary in response to
changes in light conditions or stand structure (Harris et al. 2004; Pawson et al. 2010), but
the studies available have mostly used coarse groups of arthropod communities, and more
detailed relationships remain unclear. In fact, woodland arthropod diversity may be more
affected by habitat structure than by variability in plant diversity (Gardner et al. 1995;
Highland et al. 2013).

The main objective of this study was to compare the assemblages of nocturnal Lepi-
doptera between stands invaded by a widespread invasive tree, the black locust (Robinia
pseudoacacia) and forest stands formed by native tree species. Impacts of invasive Rob-
inia pseudoacacia have been documented for various kinds of organisms (Degomez and
Wagner 2001; Cierjacks et al. 2013; Buchholz et al. 2015; Rocca et al. 2016; Vitkova et al.
2017). Nocturnal Lepidoptera (further called “moths”) are a well-studied group of arthro-
pods in Central Europe, with detailed knowledge of their ecology (Summerville et al. 2004;
Pavlikova and Konvicka 2012), known direct links to vegetation structure (Highland et al.
2013) as well as with a high diversity of larval feeding strategies, life-histories and other
ecological traits (Strong et al. 1984; Pierce 1995). These moths therefore represent excel-
lent study organisms for testing the effects of plant invasions on groups of species defined
by their (ecological) traits. In particular, we asked: (i) Do stands of the invasive R. pseu-
doacacia differ in habitat structure compared to stands of native trees? (ii) Do these stand
types differ in the species richness, abundance and biomass of moths? (iii) Do the moth
assemblages associated with these stand types differ in their ecological traits and could the
alteration of habitat structure explain these potential differences?

Materials and methods
Focal invasive tree

Invasive black locust (Robinia pseudoacacia) occurs naturally in the southeast of the
USA, where it represents an important part of early-successional forests, being eventually
replaced by climax species (Boring and Swank 1984; Cierjacks et al. 2013). It was intro-
duced to Europe at the beginning of the Seventeeth Century and has further spread world-
wide (Cierjacks et al. 2013). At present, it is considered as one of the most widespread
invasive species in Europe (Vitkova et al. 2017). It was introduced to the Czech Republic at
the beginning of Eighteenth Century (Slavik 1995), and was widely planted in warm areas,
particularly on barren rocky slopes, for the stabilization of soil, and for wood and honey
production (Vitkova et al. 2017). Due to its nitrogen-fixing ability, it enriches habitats with
nitrogen and supports the spread of nitrophilous herbs and shrubs (Benesperi et al. 2012;
Vitkova and Kolbek 2010; Vitkova et al. 2017).

Study area and design

The fieldwork for this study was carried out in a forested lowland area of ca. 600 km?
(approximately between 49°56'N and 50°08'N, and 14°09'E and 14°26'E; 200—400 m
a.s.L.) in central Bohemia, the Czech Republic, Europe (Fig. 1). This area is predominantly
covered by stands of deciduous forests, human settlement, farmland and grassland. The for-
ests are formed by native species of oak (Quercus spp.), hornbeam (Carpinus betulus), ash
(Fraxinus excelsior), maples (Acer spp.) and limes (7ilia spp.). In the first half of the 20th
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Fig. 1 Map showing locations of the study plots (19 plots in the stands of Robinia pseudoacacia and 20
plots in native stands)

century, large parts of this area were planted with R. pseudoacacia, which further spread
spontaneously to the surroundings (Nozicka 1957).

We established 20 study plots (100 m x 100 m) in stands of native deciduous trees (dom-
inated by Quercus spp.; henceforth “native stands”) and 19 study plots in stands dominated
by the invasive R. pseudoacacia (comprising more than 95% of tree cover; henceforth “R.
pseudoacacia stands”) (Fig. 1, Online Resource 1). These study plots were established at
least 100 m from the forest edges and the minimum distance between adjacent plots was
500 m (Beck and Linsenmair 2000; Hanzelka and Reif 2015). Mixed stands with both alien
and native trees were avoided.

This study focused on moths of the superfamilies Hepialoidea, Cossoidea, Zygaenoidea,
Drepanoidea, Lasiocampoidea, Bombycoidea, Geometroidea and Noctuoidea. To sample
moths in both stand types, we used 39 modified, automatic, portable light traps (Heaths
1965) with similar specifications as used by Brehm and Axmacher (2006). Moths were
attracted to traps with two 8 W UV LED strip lights (total luminous flux of 400 Im in
the wavelength range of 400-420 nm, powered by 7.2 Ah/12 V lead batteries) and then
euthanized by evaporated chloroform. At each plot, a single portable trap was placed on the
ground, approximately in the middle of the plot. All traps were exposed on the same night
at the beginning of each month from April to November 2014, from dusk until dawn, when
the weather was suitable (i.e. no strong wind and no strong rainfall) and the moon was
quarter-sized at maximum. Such traps attract flying insects within a radius of a few tens of
metres (Truxa and Fiedler 2012). Therefore, they should have attracted moths occurring
almost exclusively within the area of the study plots, without sampling individuals from
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the surrounding habitats. Such a sampling design allowed us to cover all major phenologi-
cal phases of moth species richness, throughout the part of the year when the moths were
actively flying (e.g. Jonason et al. 2014; Tropek et al. 2014), and also to avoid short-term
effects that may possibly affect the light trapping (Yela and Holyoak 1997).

Moth data and traits

The samples from the light traps were stored in paper bags and frozen at —22 °C. In the
laboratory, all moths from the target groups were identified to the species level. To measure
their biomass (in terms of dry weight), the moths were dried in an oven at 80 °C for 12 h
and then weighed on an analytical scale (van Langevelde et al. 2011). For each species,
the evidence of its utilization of R. pseudoacacia as a host plant was determined from the
literature (Kulfan 2012).

To analyse the possible effects of R. pseudoacacia resulting from differences in habi-
tat characteristics, a species-traits approach was adopted (Pavlikova and Konvicka 2012).
For each species, the following ecological characteristics were recorded (Table 1): (i) gen-
eral traits, not specific to any particular stage of life cycle (voltinism, overwintering stage,
preferred structure of habitat and vegetation layer), (ii) traits specific for the larval stage
(Iength of larval development, diet specialisation and feeding guild) and (iii) traits specific
for adults (wing span as a measure of body size and mobility, life span).

Habitat characteristics and environmental variables

To describe differences in the habitat structure of both R. pseudoacacia and native stands,
14 habitat characteristics expected to affect the diversity of arthropods (Strong et al. 1984;
Gardner et al. 1995; Hartley 2002; Highland et al. 2013) were recorded in June 2014. At
each plot, the age of the forest was recorded. Fallen (FALLEN TREES) and dead (DEAD
TREES) trees were counted and other vegetation characteristics were estimated in three
equal-sized subplots of 10033 m, and mean values for each parameter were calculated
(see Hanzelka and Reif 2016 for details). Specifically, by walking through the whole
subplots, we visually estimated the percentage cover of herbs < 0.5 m height (HERB1),
herbs > 0.5 m (HERB2), shrubs from 1 to 5 m in height (SHRUB), trees from 5 to 10 m
(TREE1), trees > 10 m (TREE2), canopy cover (CANOPY) and clearings (CLEARINGS).
Further we estimated the proportion of the number of trees with diameter at breast height
(dbh) < 0.2 m (TREES); trees with dbh 0.2-0.5 m (TREEM) and trees with dbh > 0.5 m
(TREET). We expressed the light conditions as the presence of a continuous canopy
(CANYES/CANNO).

Finally, we considered six environmental variables known to affect arthropod commu-
nities (Novotny et al. 2015) expressed as proportions of the following land cover types in
the surroundings of study plots: ARABLE—arable land; WATER—water bodies; ROCK;
GRASS—grassland; URBAN—urban area; BROAD—broad-leaved forest; CONIF—
coniferous forest. The proportions of these land cover types were estimated within a circu-
lar buffer of 500-m radius around each plot using ArcGIS version 10.2 (ESRI 2011).

Data analysis

To reduce the complexity of habitat and environmental data without substantial loss of
information, the major dimensions of habitat structure and land cover characteristics of
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Table 1 Presumed relationships of ecological traits of the general, larval and adult stages of selected spe-
cies of nocturnal Lepidoptera, according to the type of studied forest stands, dominated by either native

trees (mainly oaks) or by the invasive Robinia pseudoacacia (RP)

Traits and trait categories

Predicted relationship

(i) General traits (not specific to any particular stage of life cycle)

Voltinism
VOLTIN_G1—one generation per year
VOLTIN_G2—mostly two generations

Overwintering stage
EGG, LARVA, CHRYSALIS, ADULT

Preferred habitat structure

OPEN HABITATS—grassland dwellers
FOREST-STEPPE—forest steppes and scrubland
FOREST—forest stands
GENERALISTS—without habitat preference

Preferred vegetation layer
HERB, SHRUB, CANOPY

(ii) Larval traits

Length of larval development
DEVELOP_SHORT: <2 months
DEVELOP_MED: 2-6 months
DEVELOP_LONG: > 6 months

Diet specialisation

MONOPHAGY—feeding on a single plant species

OLIGOPHAGY—feeding on plants belonging to
one family

POLYPHAGY—feeding on many species across
plant families or on plant residues

Feeding guild
LEAF—Ieaf-chewing larvae
VEG_PARTS—Ilarvae feeding on other vegetative
parts of plants (roots and stems)
GEN_PARTS—on flowers and seeds
THALLUS—on mosses and lichens
CARNIVOROUS—<carnivorous larvae
DET_HS—detritivores mainly on herbal or shrub
residues and litter
DET_T—detritivores on dead tree leaves or leaf
litter
(iii) Adult traits

Body size and Mobility (according to wing span;
Berwaerts et al. (2002), Ockinger et al. (2010))

SMALL: mean wing span <25 mm

MEDIUM: 26-40 mm

LARGE: 41-100 mm

Life span

LIFE_SHORT: adults live < 2 months
LIFE_MED: 2—4 months
LIFE_LONG: >4 months

more generations per year in RP stands (faster larval
development in RP stands due to warmer condi-
tions)

moths overwintering as eggs more common in the
native stands (mostly tree leaf-chewers)

forest species more dominant in the native stands,
habitat generalist more dominant in RP

species of the canopy layer more dominant in the
native stands

shorter larval development in RP stands (warmer
conditions in RP stands caused by the more open
habitat structure)

more specialized species in the native stands

higher proportion of herbivorous species in the
native stands, no differences in the proportion of
detritivorous moths

larger and more mobile moths with higher propor-

tions in the native stands (mostly tree leaf-chewers
and also more permeable environment in the native
stands due to the absence of a shrub layer)

shorter in RP stands (faster development caused by

warmer conditions)

All traits were taken from Macek et al. (2007, 2008, 2012)
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the R. pseudoacacia and native stands were determined by principal component analysis
(PCA) in Canoco 5.0 (ter Braak and Smilauer 2012). We ran two separate PCAs: one for
vegetation structure and second for land cover characteristics. To determine the number
of principal components, we used the screeplot method (Jackson 1993). Based on this cri-
terion, we used the plot scores from the first two principal components of habitat struc-
ture (further called “VEG1” and “VEG2”) and land cover characteristics (further called
“LANDI1” and “LAND2”).

Since our data may have suffered from problems of spatial autocorrelation, we applied
a method of generalized least squares (GLS) from the package “nlme” (Pinheiro et al.
2017) in all following univariate models. Geographic coordinates of plot centres were used
to express the possible spatial effects, and different autocorrelation structures within the
residuals (Gaussian, exponential, linear, rational quadratics and spherical) were compared.
The parsimony of these models, as well as a model without residual autocorrelation, were
assessed using the Akaike Information Criterion, AIC (Zuur et al. 2009). By comparing
the AIC values, we selected the most appropriate autocorrelation structure. In all cases,
the most parsimonious models (i.e. those with the lowest AIC value) turned out to be the
models without spatial effects. Thus, we used linear models without accounting for spatial
autocorrelation in further analyses.

To compare the habitat characteristics of native versus R. pseudoacacia stands, lin-
ear models were fitted with the principal components of habitat characteristics (VEG1 or
VEG?2) as respective response variables and the stand type (STAND: native trees or R.
pseudoacacia) as the predictor.

To compare the species richness, abundance and biomass between the native and R.
pseudoacacia stands, we used the number of moth species in each plot (SPECIES), number
of all moth individuals per plot INDIVIDUALS) and the total dry mass of moths per plot
(BIOMASS; in grams) as the respective response variables, all transformed using the natu-
ral logarithm.

At first, a full linear model with all main predictors—stand type (STAND: native or R.
pseudoacacia), LANDI and LAND?2 (principal components of land cover characteristics),
VEGI1 and VEG2 (principal components of habitat structure)—was constructed for each
of the response variables (i.e. SPECIES, INDIVIDUALS, BIOMASS). Plots of the stand-
ardized residuals were checked against each continuous variable for possible polynomial
trends. We thus added a quadratic term for VEG2 into the models. Interactions were not
included, because there were no meaningful interpretations related to our hypotheses. In
the next step, a multi-model inference framework was used (package “MuMIn”, Bartori
2016) to obtain a minimum adequate set of predictors for each response variable. Due to
the small sample size relative to the number of estimated parameters, the candidate mod-
els containing all possible predictor combinations were compared by AIC corrected for
small sample sizes (AICc—Akaike 1974; Burnham and Anderson 2002). Models with
AAICc (i.e. the difference between the AICc value of the focal model with the lowest AICc
value) < 2 were selected as the best performing models. The predictors that appeared in
these best performing models were considered as the minimum adequate set and were used
for interpretations. All models were further validated for the assumption of normal distri-
bution of errors, based on a visual inspection of the distribution of standardized residuals
(Crawley 2013). All univariate models were fitted in the program R version 3.3.1 (R Core
Team 2016).

To test if the stand types differed in the traits of the moths assemblages, redundancy
analyses (RDA) were performed in Canoco 5.0 (ter Braak and Smilauer 2012). However,
this method does not take the geographic positions of study plots into account and thus
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its results may suffer from spatial autocorrelation in the data (Smilauer and Leps 2014).
Therefore, we combined RDA with principal coordinates of neighbour matrices (PCNM)
to account for spatial autocorrelation (Dray et al. 2006; Peres-Neto et al. 2006), following
recommendations from the developers of this technique (Smilauer and Lep§ 2014).

In PCNM, the Euclidean distance matrix based on geographical distances of neighbour-
ing sample plots was first calculated. This matrix was then processed by a principal coor-
dinate analysis (PCoA) to obtain the spatial variables represented by respective PCoA axes
(§milauer and Leps 2014). Monte Carlo permutation tests (999 runs) were used to test the
significance of each axis in the PCoA. From the PCoA output, we extracted the positions
of each study plot along the significant PCoA axes (called “PCo scores”) and these scores
were further used in all subsequent RDAs as covariate variables capturing the spatial infor-
mation in the data.

In the next step, we fitted three RDA models, where each contained the functional traits
as the response variables. The value of a particular functional trait for each plot was quanti-
fied as the number of all trapped individuals on a particular plot sharing an identical level
of a given trait (e.g. SMALL body size; Table 1). These response variables were centred
and standardized in all models. The first model (STAND model) included a single pre-
dictor, the stand type, and PCo scores as covariables. The second model (COVARIATE
model) included land cover characteristics, LAND1 and LAND?2, as predictors and PCo
scores as covariables. The third model (STAND | COVARIATE model) included the stand
type as a predictor and land cover characteristics and PCo scores as covariables.

In addition to RDA models we used variation partitioning (Peres-Neto et al. 2006) to
distinguish the marginal, conditional and shared effects of the three groups of predictors—
stand type (native/R. pseudoacacia), habitat structure (VEG1 and VEG2) and environmen-
tal variables (significant PCo scores from PCNM and land cover characteristics, LANDI1
and LAND2)—on the distribution of the ecological traits of moths. Marginal effects are
the effects of a given predictor variable (or a group of variables) without taking the other
predictors into account; conditional effects quantify the effects of a given predictor vari-
able after controlling for the effects of other predictors; shared effects are the effects shared
between a given predictor variable and the other predictors (Smilauer and Leps 2014).

Results
Habitat characteristics of native and invaded forest stands

Native and invaded forest stands differed in habitat characteristics (Fig. 2a). The first PC
axis, VEG1 (explaining 55.42% of the variation in habitat characteristics), reflected a gra-
dient from older stands with taller trees and a more developed and continuous canopy to
younger, open stands with smaller trees, a more developed shrub layer and a higher number
of fallen trees (Fig. 2a). Native stands had lower VEG1 scores than R. pseudoacacia stands
(t=-9.075, p < 0.001). The second axis, VEG2 (18.96%), reflected a gradient from plots
with a more developed lower herb layer and small area of clearings to plots with a more
developed taller herb layer and larger area of clearings (Fig. 2a), and was not significantly
different between the native and the R. pseudoacacia stands (t = —1.933, p = 0.061).

In case of the land cover characteristics, the first axis, LANDI1 (63.45%), reflected
mainly the gradient from a landscape with a large portion of broad-leaved forest to a land-
scape with a larger cover of urban area (Fig. 2b). The second axis, LAND2 (20.73%),
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Fig. 2 Principal components analysis (PCA) of a habitat and b land cover characteristics between the 20
plots dominated by native trees and 19 plots dominated by R. pseudoacacia. Polygons indicate convex hulls
separately bounding the native and R. pseudoacacia plots

reflected mainly the gradient from a landscape with a large share of coniferous forests to a
landscape without coniferous forests.

Moth species richness, abundance and biomass

In total, 18,556 individuals of 384 moth species were captured (Online Resource 2), of
which 346 species (mean +s.e. [range] = 122 +27 [81-165]) were trapped in native stands
and 304 species (90 + 16 [61-120]) in R. pseudoacacia stands, with 266 species occurring
in both stand types. Seventy eight species were more common in R. pseudoacacia and 164
species were more common in native stands. A total of 18 species that had been previously
documented to feed on R. pseudoacacia were recorded, 15 of them in both stand types, two
species only in native stands and one species only in R. pseudoacacia stands.

Relationships of moth species richness, abundance and biomass to the characteristics
of the forest stands were estimated by linear models with performance assessed by AlICc.
Stand type was included in all except one of the best performing models (AAICc < 2) for
all of the response variables (Table 2). Specifically, the species richness, the number of
individuals, and the total biomass of captured moths were higher in native stands than in
invaded stands (Table 3, Fig. 3). In addition, the best performing models for moth species
richness, abundance and biomass also included VEG2 and the quadratic term of VEG2
(Table 2). The highest number of species and highest biomass were recorded in stands
with intermediate values of VEG2 (Table 3a, c), i.e. with moderate proportions of clear-
ings and both taller and shorter herbs in the understorey. Moreover, one model for moth
abundance contained the effect of VEG1 (Table 3b), with increasing numbers of individu-
als towards stands with a closed canopy and less-developed shrub layer. Finally, the best
performing models for moth species richness and abundance also included the effects of
LAND?2 (Table 2), with the number of species and individuals increasing towards stands
surrounded by a higher coverage of coniferous trees (Table 3a, b). Some of the best per-
forming models (m54 for moth abundance and m54 for moth biomass, see Table 2)
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Fig. 3 Comparisons of moth a species richness, b numbers of captured individuals and c¢ total biomass
between the 20 study plots with native trees and 19 plots dominated by R. pseudoacacia. Columns show
means and bars show 95% confidence intervals

contained “masquerading” variables and were thus not used for inference. Such variables
are included among the terms of the best performing models, but do not improve the fit suf-
ficiently to offset the penalty for their addition, compared to the more parsimonious models
without this variable (Anderson 2008; Arnold 2010).

Composition of moth communities

The stand type explained 16.8% of the variation of moth traits (Table 4), and its
effect remained significant even after controlling for environmental variables
(STAND | COVARIATE models; Table 4). Moth communities in the native stands were
characterised by a higher presence of univoltine moths, which are specialists of forest
habitats and are associated with the canopy layer, and by habitat generalists (Fig. 4a).
On the contrary, forest-steppe moths, which are associated with more open habitats or
herb and shrub layers, with more generations per season and with chrysalis as an over-
wintering stage, were more numerous in the R. pseudoacacia stands. Adult moths in the
native stands were larger, more mobile and longer-living, while the stands of R. pseudo-
acacia predominantly supported moths with a faster life cycle and a higher proportion

Table 4 Results of redundancy analysis comparing the functional trait composition of nocturnal Lepidop-
tera between the 20 plots in native forests and 19 plots dominated by the invasive Robinia pseudoacacia

Model Eigenvalues Test of all canonical axes

Axis 1 Axis2 Axis3 Axis4 Trace F p adj. VAR (%)*
~STAND" 0.161 0.167 0.092 0.085 0.161 8268 0.001 16.8
~COVARIATE® 0.097 0.019 0.165 0.130 0.116 2732 0.002 8.8

~STAND|COVARIATEd 0.087 0.129 0.088 0.076  0.087 4.776 0.001 10.3

All models were controlled for spatial autocorrelation, using the method of principal coordinates of neigh-
bour matrices

*adj.VAR (%)—adjusted percent variance explained by the predictors
®STAND—stand type (native/R. pseudoacacia)
‘COVARIATE—LANDI and LAND?2 as predictors

4STAND | COVARIATE—the conditional effects of the stand type, after including LANDI1 and LAND2
into the model. In all models, significant PCo scores from PCNM analyses were included as covariables
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Fig. 4 Redundancy analysis (RDA) relating the a general, b adult and c larval-stage ecological and biologi-
cal traits of nocturnal Lepidoptera to the two types of stands studied: 20 plots of native stands and 19 plots
dominated by the invasive Robinia pseudoacacia. Spatial autocorrelation and significant environmental var-
iables were included as covariables in all these models. See the “Methods” section for plot characteristics
and details on traits

of short-living adults of smaller body sizes (Fig. 4b). With respect to larval feeding
guilds, larvae feeding on herb and shrub litter or on thallus were more common in R.
pseudoacacia stands (Fig. 4c). Other feeding guilds showed weaker responses to stand
type.

Shared and marginal effects of all three groups of predictors (stand type, habitat
structure, environmental variables) explained a substantial proportion of the variability
in moths functional trait composition (Table 5). While the conditional effects of stand
type and habitat characteristics were rather weak relative to the marginal effects (8.7 vs.
21.6% and 4.6 vs. 19.8%, respectively; Table 5), the effects of land cover characteristics,
controlled for the spatial positions of plots, explained nearly half of the variability com-
pared to the marginal effects (10.6 versus 22.7%; Table 5).

Table 5 The results of variation partitioning showing the shared, marginal and conditional effects of the
groups of environmental variables on the functional trait composition of nocturnal Lepidoptera

Factor groups Marginal effects Conditional effects Shared effects
F p adj.VAR* F p adj.VAR* F p adj.VAR?
STAND® 11.5 0.001 21.6 42 0.001 8.7
HABITAT® 57 0.001 19.8 1.8 0.028 4.6 33 0001 326
LAND 32 0001 227 24 0001 106
COVER‘+ SPA-
TIAL®

*adj.VAR (%)—adjusted percent variance explained by the predictors
®STAND—stand type (native/R. pseudoacacia)

‘HABITAT—VEG]I and VEG?2 scores

4LAND COVER—LANDI and LAND?2 scores
°SPATIAL—significant PCo scores from PCNM
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Discussion

Stands formed by native trees differed significantly in their habitat structure from stands
of the invasive R. pseudoacacia. The native stands were mostly formed by taller trees with
a closed canopy and with a higher cover of shorter herbs. On the other hand, R. pseudoa-
cacia stands were characterized by a more open canopy, with a higher coverage of shrubs
and taller herbs in the understorey. Similar to our study, Buchholz et al. (2015) reported a
more developed understorey vegetation in R. pseudoacacia stands compared to stands of
the native birch Betula pendula (with a significant effect on the cover of herbs and a mar-
ginally significant effect on the cover of shrubs). These effects are probably caused by the
nitrogen-fixing ability of R. pseudoacacia enriching the soil in nitrogen (Boring and Swank
1984; Cierjacks et al. 2013; Vitkova et al. 2017) and by the more open canopy of its stands,
which allows for a better transmission of solar radiation into the understorey and conse-
quently supports the growth of herbs and shrubs in the understorey layer.

Based on the light-trapping data, we found significantly lower total species richness,
abundance and biomass of nocturnal Lepidoptera in stands dominated by the invasive R.
pseudoacacia. This is in accordance with the general pattern of decreasing diversity, abun-
dances or biomass of herbivores caused by invasive plants (Liu and Stiling 2006; Gerber
et al. 2008; Spafford et al. 2013; Litt et al. 2014; van Hengstum et al. 2014; Schirmel et al.
2016). Similarly, Degomez and Wagner (2001) found in northern Arizona a nearly 30%
loss of species diversity in stands of non-native R. pseudoacacia in contrast to stands of
native Robinia species. However, some of the studied groups, e.g., the hyperdiverse Hyme-
noptera and Diptera, did not exhibit losses in diversity (Degomez and Wagner 2001). Also,
other studies comparing the diversity of native and R. pseudoacacia stands did not find
differences in species diversity of predators (Buchholz et al. 2015) or saproxylic beetles
(Rocca et al. 2016). Based on these findings and on the results of our study, it seems that
the response of arthropods to the invasion of R. pseudoacacia depends on their feeding
strategy, with prevailing negative effects on herbivores.

The lower species richness and lower number of individuals observed in R. pseudoaca-
cia stands could be explained by the paucity of canopy moths, which are also mostly leaf-
chewing herbivores (Degomez and Wagner 2001). Despite three centuries of occurrence
in Central Europe (Slavik 1995), the spectrum of species able to feed on R. pseudoacacia
remains limited (Kulfan 2012). Higher abundances of canopy dwellers in the native stands
could also explain the higher proportion of moths overwintering in the egg stage found in
the native stands, including polyphagous forest pests with generally higher population den-
sities (Alford 2000). In contrast to understorey species, canopy species are often strongly
associated with spring leaf germination (Van Asch and Visser 2007; Hikisz and Soszynska-
Maj 2015), when leaves are more palatable. Since they are probably not able to feed on the
alien R. pseudoacacia, they lack a suitable feeding niche in canopies dominated by this
tree. Differences in the number of leaf-chewing moths between R. pseudoacacia stands
and native stands could also affect the frequency distribution of adult body sizes, because
species restricted to the canopy of native trees tend to be larger in body size (Heleno et al.
2008). Thus the lack of canopy species in R. pseudoacacia stands can also explain lower
total biomass of moths in these stands.

The species diversity and the number of individuals were also weakly positively affected
by the proportion of coniferous stands in the surroundings of the study plots (represented
by LAND?2). This is in accordance with the known effects of woody plant diversity in the
surroundings of traps on the diversity and abundance of moths (Novotny et al. 2015). Even
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among forest species specialized on coniferous trees, larger and mobile moths can be found
(e.g. larger geometrids, hawkmoths, lappets), dispersing occasionally to deciduous stands and
thus increasing the total species diversity and abundance.

Our results also showed that aspects of habitat structure, not accounted for by the distinc-
tion between native and invaded stands, had important effects on species diversity, abundance
and total biomass. Specifically, sites with an intermediate proportion of clearings and an inter-
mediate proportion of lower and taller herbs in the herb layer (the quadratic term of VEG2)
had the highest number of species and individuals and the highest biomass of moths. We also
detected the direct effects of vegetation structure on the functional composition of moths.
Therefore, vegetation structure plays an important role in moth community assembly.

The moth assemblages of native forests were only partly formed by forest canopy special-
ists. Another guild occurring more frequently in the native stands were generalists, without
distinctive habitat specialization. This is not consistent with some studies on ubiquitous spe-
cies (Yoshioka et al. 2010, 2014), showing a higher abundance of generalists in invaded habi-
tats. However this discrepancy may be due to the fact that those studies were conducted in
non-forest habitats while our research was performed in forest stands. A majority of general-
ists in our study were migrants or pests with good dispersal ability (Slade et al. 2013). Such
species probably disperse more easily through the more permeable native stands, formed by
tall trees and without a well-developed shrub layer, than through stands of R. pseudoacacia,
with a dense understorey. The more complex structure of invaded forests may therefore repre-
sent a dispersal barrier for insect habitat generalists (Barbaro et al. 2005). Similarly, in contrast
to predictions and results showing a higher occurrence of diet specialists in native stands (Liu
and Stilling 2006; Burghardt et al. 2010; Litt et al. 2014), we found no difference in prefer-
ences for stand type in the herbivore monophages and oligophages. This is probably because
the loss of canopy diet specialists in R. pseudoacacia stands is compensated by dietary spe-
cialists gained in the better developed understorey.

Many studies on detritivores in invaded habitats have shown that the diversity or abun-
dances of detritivores is higher in invaded stands than in native stands due to the higher
amount of ground litter and decaying vegetation in non-native vegetation (Standish 2004;
Levin et al. 2006; Litt et al. 2014). Interestingly, we found that moths with larvae feeding
on litter leaves of herbs or shrubs were more common in stands of R. pseudoacacia. This
may be related to the higher cover of shrubs and taller herbs, dominated by native plant
species (Hejda et al. 2017), in the R. pseudoacacia stands.

It is interesting that moths with faster life-cycles (i.e. those having shorter larval devel-
opment, shorter adult lifespans and more generations per season) occurred more frequently
in R. pseudoacacia stands. This may be caused by a warmer and drier microclimate in
these stands because leaves of R. pseudoacacia, unlike the leaves of native trees, rotate
during strong summer heat to be less exposed to solar radiation (Xu et al. 2009), making
them less effective in buffering heat stress in the understorey than native trees.

Overall, moth assemblages in R. pseudoacacia stands were similar to those of open-for-
ests or forest-steppe habitats with better light conditions, but lacked canopy species, while
forest and canopy dwellers dominated in native stands.

Conservation implications
The lower moth species richness in stands dominated by the invasive R. pseudoacacia

indicates that this habitat does not favour Lepidopteran species richness in central Euro-
pean forests. Moreover, we did not record any moth species of conservation concern (sensu
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Farkac et al. 2005) in the invaded stands, while several such species were recorded in the
native stands. Therefore, we suggest that the further spread of this invasive tree should be
prevented and its eradication from sites of conservation concern should be prioritized.

At the same time, we found remarkable differences in the proportions of various eco-
logical groups of moths between the native and invasive stands, which were likely caused
by differences in habitat structure. Specifically, the native forests had more closed canopies
and a less developed understorey than the studied invasive stands. Due to the higher light
availability and well-developed understorey vegetation (Buchholz et al. 2015), stands of R.
pseudoacacia resembled open forests, which are among the most threatened and vanish-
ing habitats in Europe (Miklin and CiZek 2014). Therefore, from the perspective of moths
restricted to the forest understorey, forest-steppe and open habitats, the conservation poten-
tial of the studied native stands with the currently prevailing vegetation structure is limited.
The second message from our study for the conservation of moths in central European low-
land forests is therefore the need to increase the heterogeneity of the habitat structure and
canopy openness of native forests (see also Sebek et al. 2015). Even though the composi-
tion of native stands supports the diversity of some functional groups of moth fauna due to
long-term adaptations (e.g. canopy feeders), the diversity of moth fauna and its functional
guilds may be limited by the large-scale homogeneity of native stands, with closed cano-
pies and relatively homogenous age structure. In this respect, the management of native
lowland forests may consider active measures (planned clearings, coppicing, disturbances,
grazing, creating small-scale gaps or selective cutting) to promote the patch dynamics of
new versus old stands, as well as closed canopies versus more open areas (Merckx et al.
2012; Pavlikova and Konvicka 2012; Sebek et al. 2015).

Acknowledgements We thank J. Skala for his help during light trapping in the field, J. Rom, Prague City
Hall, and P. Hefman, Bohemian Karst PLA, for their help with getting permits for the fieldwork and P.
Chajma for fruitful comments.

Funding This study was funded by the Czech Science Foundation (Grant No. 18-26542S), the Internal
Grant Agency of the Faculty of Environmental Sciences, Czech University of Life Sciences Prague (Grant
No. 20164222), and the Charles University Research Centre (Grant No. 204069).

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of interest.

References

Aizen MA, Morales CL, Morales JM (2008) Invasive mutualists erode native pollination webs. PLoS Biol
6:396-403

Alford DV (2000) Pest and disease management handbook. Blackwell Science, Oxford

Akaike H (1974) A new look at the statistical model identification. IEEE Trans Autom Control 19:716-723

Anderson DR (2008) Model based inference in the life sciences: a primer on evidence. Springer, New York

Arnold T (2010) Uninformative parameters and model selection using akaike’s information criterion. J
Wildl Manage 74:1175-1178

Barbaro L, Pontcharraud L, Vetillard F, Guyon D, Jactel H (2005) Comparative responses of bird, carabid,
and spider assemblages to stand and landscape diversity in maritime pine plantation forests. Ecosci-
ence 12:110-121

Bartori K (2016) Package ‘MuMlIn’. Model selection and model averaging based on information criteria
(AICc and alike). R package version 1.15.6. https://CRAN.R-project.org/package=MuMIn. Accessed
10 April 2017

@ Springer


https://CRAN.R-project.org/package%3dMuMIn

Biodivers Conserv (2018) 27:2661-2680 2677

Beck J, Linsenmair E (2000) Feasibility of light-trapping in community research on moths: attraction radius
of light, completeness of samples, nightly flight times and seasonality of Southeast-Asian hawkmoths
(Lepidoptera: Sphingidae). J Res Lepidoptera 39:18-37

Benesperi R, Giuliani C, Zanetti S, Gennai M, Lippi MM et al (2012) Forest plant diversity is threatened by
Robinia pseudoacacia (black-locust) invasion. Biodivers Conserv 21:3555-3568

Berwaerts K, Van Dyck H, Aerts P (2002) Does flight morphology relate to flight performance? An experi-
mental test with the butterfly Pararge aegeria. Funct Ecol 16:484-491

Bezemer TM, Harvey JA, Cronin JT (2014) Response of native insect communities to invasive plants. Annu
Rev Entomol 59:119-141

Boring LR, Swank WT (1984) The role of black-locust (Robinia pseudoacacia) in forest succession. J Ecol
72:749-766

Brehm G, Axmacher JC (2006) A comparison of manual and automatic moth sampling methods (Lepidop-
tera: Arctidae, Geometridae) in a rain forest in Costa Rica. Environ Entomol 35:757-764

Buchholz S, Tietze H, Kowarik I, Schirmel J (2015) Effects of a major tree invader on urban woodland
arthropods. PLoS ONE 10:¢0137723

Burghardt KT, Tallamy DW, Philips CH, Shropshire KJ (2010) Non-native plants reduce abundance, rich-
ness, and host specialization in lepidopteran communities. Ecosphere 1:1-22

Burnham KP, Anderson DR (2002) Model selection and multimodel inference. A practical information—
theoretic approach. Springer-Verlag, New York

Chambers JC, Roundy BA, Blank RR, Meyer SE, Whittaker A (2007) What makes Great Basin sagebrush
ecosystems invasible by Bromus tectorum? Ecol Monogr 77:117-145

Cierjacks A, Kowarik I, Joshi J, Hempel S, Ristow M et al (2013) Biological flora of the British Isles: Rob-
inia pseudoacacia. J Ecol 101:1623-1640

Crawley MJ (2013) The R book, 2nd edn. Wiley Publishing, Chichester

Degomez T, Wagner RM (2001) Arthropod diversity of exotic vs. native Robinia species in northern Ari-
zona. Agric For Entomol 3:19-27

Dray S, Legendre P, Peres-Neto PR (2006) Spatial modelling: a comprehensive framework for principal
coordinate analysis of neighbour matrices (PCNM). Ecol Model 196:193-483

ESRI (2011) ArcGIS desktop: release 10. Environmental Systems Research Institute, Redlands

Farkac J, Kral D, Skorpﬂ( M (eds) (2005) List of threatened species in the Czech Republic. Invertebrates.
Agentura ochrany piirody a krajiny CR, Prague

Gardner SM, Cabido MR, Valladares GR, Diaz S (1995) The influence of habitat structure on arthropod
diversity in Argenthine semi-arid Chaco forest. J Veg Sci 6:349-356

Gerber E, Krebs C, Murrell C, Moretti M, Rocklin R, Schaffner U (2008) Exotic invasive knotweeds (Fal-
lopia spp.) negatively affect native plant and invertebrate assemblages in European riparian habitats.
Biol Conserv 141:646-654

Hanzelka J, Reif J (2015) Responses to the black locust (Robinia pseudoacacia) invasion differ between
habitat specialists and generalists in central European forest birds. J Ornithol 156:1015-1024

Hanzelka J, Reif J (2016) Effects of vegetation structure on the diversity of breeding bird communities in
forest stands of non-native black pine (Pinus nigra A.) and black locust (Robinia pseudoacacia L.) in
the Czech Republic. Forest Ecol Manag 379:102-113

Harris RJ, Toft RJ, Dugdale JS, Williams PA, Rees JS (2004) Insect assemblages in a native (kanuka—
Kunzea ericoides) and an invasive (gorse—Ulex europaeus) shrubland. N Z J Ecol 28:35-47

Hartley MK (2002) Rationale and methods for conserving biodiversity in plantation forests. For Ecol Manag
155:81-95

Hartley MK, Rogers WE, Siemann E (2010) Comparisons of arthropod assemblages on an invasive and
native trees: abundance, diversity and damage. Arth-Plant Int 4:237-245

Heath J (1965) A genuienly portable UV light trap. Entomol Rec J Var 77:236-238

Hejda M, Hanzelka J, Kadlec T, Strobl M, Pysek P, Reif J (2017) Impacts of an invasive tree across
trophic level: species richness, community composition and resident species’ traits. Divers Distrib
23:997-1007

Heleno RH, Ceia RS, Ramos JA, Memmott J (2008) Effects of alien plants on insect abundance and bio-
mass: a food-web approach. Conserv Biol 23:410-419

Hierro JL, Callaway RM (2003) Allelopathy and exotic plant invasion. Plant Soil 256:29-39

Higgins SI, Azorin EJ, Cowling RM, Morris MJ (1997) A dynamic ecological-economic model as a tool for
conflict resolution in an invasive-alien-plant, biological control and native-plant scenario. Ecol Econ
22:141-154

Highland SA, Miller JC, Jones JA (2013) Determinants of moth diversity and community in a temperate
mountain landscape: vegetation, topography, and seasonality. Ecosphere 4:1-22

@ Springer



2678 Biodivers Conserv (2018) 27:2661-2680

Hikisz J, Soszyniska-Maj A (2015) What moths fly in winter? The assemblage of moth active in a tem-
perate deciduous forest during the cold season in central Poland. J Entomol Res Soc 17:59-71
Jackson DA (1993) Stopping rules in principal components analysis: a comparison of heuristical and
statistical approaches. Ecology 74:2204-2214

Jonason D, Franzén M, Ranius T (2014) Surveying moths using light traps: effects of weather and time
of year. PLoS ONE 9:¢92453

Kulfan M (2012) Lepidoptera on the introduced Robinia pseudoacacia in Slovakia, Central Europe.
Check List 8:709-711

Leung B, Lodge DM, Finnoff D, Shogren JF, Lewis MA, Lamberti G (2002) An ounce of prevention or
a pound of cure: bioeconomic risk analysis of invasive species. Proc R Soc Lond B 269:2407-2413

Levin LA, Neira C, Grosholz ED (2006) Invasive cordgrass modified wetland trophic function. Ecology
87:419-432

Litt AR, Cord EE, Fulbright TE, Schuster GL (2014) Effects of invasive plants to Arthropods. Conserv
Biol 28:1532-1549

Liu H, Stiling P (2006) Testing the enemy release hypothesis: a review and meta-analysis. Biol Invasions
8:1535-1545

Macek J, Dvorék J, Traxler L, Cervenka V (2007) Lepidoptera and caterpillars of the central Europe.
Nocturnal Lepidoptera I. Academia, Prague

Macek J, Dvorék J, Traxler L, Cervenka V (2008) Lepidoptera and caterpillars of the central Europe.
Nocturnal Lepidoptera II. Academia, Prague

Macek J, Prochdzka P, Traxler L (2012) Lepidoptera and caterpillars of the central Europe. Nocturnal
Lepidoptera III. Academia, Prague

Merckx T, Feber RE, Hoare DJ, Parsons MS, Kelly CJ et al (2012) Conserving threatened Lepidoptera:
towards an effective woodland management policy in landscapes under intense human land-use.
Biol Conserv 149:32-39

Miklin J, CiZek L (2014) Erasing a European biodiversity hot-spot: Open woodlands, veteran trees and
mature forests succumb to forestry intensification, succession, and logging in a UNESCO Bio-
sphere Reserve. J Insect Conserv 22:35-41

Mooney KA, Gruner DS, Barber NA, Van Bael SA, Philpott SM, Greenberg R (2010) Interactions
among predators and the cascading effects of vertebrate insectivores on arthropod communities and
plants. PNAS 107:7335-7340

Moron D, Lenda M, Skérka P, Szentgyorgyi H, Settele J, Woyciechowski M (2009) Wild pollinator com-
munities are negatively affected by invasion of alien goldenrods in grassland landscapes. Biol Con-
serv 142:1322-1332

Novotny D, Zapletal M, Kepka P, Benes J, Konvicka M (2015) Large moths captures by a pest monitor-
ing system depend on farmland heterogenity. J Appl Entomol 139:390-400

Nozic¢ka J (1957) Overview of the development of our forests. SZN, Prague

Ockinger E, Schweiger O, Crist TO, Debinski DM, Krauss J et al (2010) Life-history traits predict spe-
cies responses to habitat area and isolation: a cross-continental synthesis. Ecol Lett 13:969-979

@degaard F (2000) How many species of arthropods? Erwin’s estimate revised. Biol J Linn Soc
71:583-597

Pauchard A, Shea K (2006) Integrating the study of non-native plant invasions across spatial scales. Biol
Invasions 8:399-413

Pavlikova A, Konvicka M (2012) An ecological classification of Central European macromoths: habi-
tat associations and conservation status returned from life history attributes. J Insect Conserv
16:187-206

Pawson SM, McCarthy JK, Ledgard NJ, Didham RK (2010) Density-dependent impacts of exotic conifer
invasion on grassland invertebrate assemblages. J Appl Ecol 47:1053-1062

Pearson DE (2009) Invasive plant architecture alters trophic interactions by changing predator abun-
dance and behavior. Oecologia 159:549-558

Peres-Neto PR, Legendre P, Dray S, Borcard D (2006) Variation partitioning of species data matrices:
estimation and comparison of fractions. Ecology 87:2614-2625

Pierce NE (1995) Predatory and parasitic Lepidoptera: carnivores living on plants. J Lepid Soc
49:412-453

Pinheiro J, Bates D, DebRoy S, Sarkar D and R Core Team (2017) nlme: linear and nonlinear mixed
effects models. R package version 3.1-131. https://CRAN.R-project.org/package=nlme

R Core Team (2016) R: a language and environment for statistical computing. R Foundation for Statisti-
cal Computing, Vienna, Austria. https://www.R-project.org/

@ Springer


https://CRAN.R-project.org/package%3dnlme
https://www.R-project.org/

Biodivers Conserv (2018) 27:2661-2680 2679

Reif J, Hanzelka J, Kadlec T, Strobl M, Hejda M (2016) Conservation implications of cascading effects
among groups of organisms: the alien tree Robinia pseudacacia in the Czech Republic as a case
study. Biol Conserv 198:50-59

Richardson DM (1998) Forestry trees as invasive aliens. Conserv Biol 12:18-26

Rocca FD, Stefanelli S, Bogliani G (2016) Robinia pseudoacacia as a surrogate for native tree species
for saproxylic beetles inhabiting the riparian mixed forests of northern Italy. Agric For Entomol
18:250-259

Schirmel J, Bundschuh M, Entling MH, Kowarik I, Buchholz S (2016) Impacts of invasive plants on
resident animals across ecosystems, taxa, and feeding types: a global assessment. Glob Change Biol
22:594-603

Slade EM, Merckx T, Riutta T, Bebber DP, Redhead D et al (2013) Life-history traits and landscape
functional traits predict macro-moth responses to forest fragmentation. Ecology 94:1519-1530

Simao MCM, Flory SL, Rudgers JA (2010) Experimental plant invasion reduces arthropod abundance
and richness across multiple trophic levels. Oikos 119:1553-1562

Slavik B (1995) Flora of the Czech Republic 4. Academia, Prague

Spafford RD, Lortie CJ, Butterfield BJ (2013) A systematic review of arthropod community diversity in
association with invasive plants. Neobiota 16:81-102

Standish RJ (2004) Impact of an invasive clonal herb on epigaeic invertebrates in forest remnants in New
Zealand. Biol Conserv 116:49-58

Strong DR, Lawton JH, Southwood R (1984) Insects on plants: community patterns and mechanisms.
Blackwell Scientific, Oxford

Summerville KS, Ritter LM, Crist TO (2004) Forest moth taxa as indicators of lepidopteran richness and
habitat disturbance: a preliminary assessment. Biol Conserv 116:9-18

Sebek P, Bace R, Bartos M, Benes J, Chlumska Z et al (2015) Does a minimal intervention approach
threaten the biodiversity of protected areas? A multi-taxa short-term response to intervention in
temperate oak-dominated forests. For Ecol Manag 358:80-89

Smilauer P, Leps$ J (2014) Multivariate analysis of ecological data using Canoco 5, 2nd edn. Cambridge
University Press, Cambridge

Tallamy DW, Ballard M, Amico VD (2010) Can alien plants support generalist insect herbivores? Biol
Invasions 12:2285-2292

ter Braak CJF, Smilauer P (2012) CANOCO reference manual and user’s guide: software for ordination,
version 5.0. Microcomputer Power, Ithaca

Traveset A, Richardson DM (2006) Biological invasions as disruptors of plant reproductive mutualisms.
Trends Ecol Evol 21:208-216

Tropek R, Cerna I, Straka J, Kadlec T, Pech P et al (2014) Restoration management of fly ash deposits
crucially influence their conservation potential for terrestrial arthropods. Ecol Eng 73:45-52

Truxa C, Fiedler K (2012) Attraction to light—from how far do moths (Lepidoptera) return to weak arti-
ficial sources of light? Eur J Entomol 109:77-84

van Asch M, Visser ME (2007) Phenology of forest caterpillars and their host trees: the importance of
synchrony. Annu Rev Entomol 52:37-55

van Hengstum T, Hooftman DAP, Oostermeijer JGB, van Tienderen PH (2014) Impact of plant invasion
on local arthropod communities: a meta-analysis. J Ecol 102:4-11

van Kleunen M, Dawson W, Essl F, Pergl J, Winter M et al (2015) Global exchange and accumulation of
non-native plants. Nature 525:100-103

van Langevelde F, Ettema JA, Donners M, WallisDeVries MF, Groenendijk D (2011) Effect of spectral
composition of artificial light on the attraction of moths. Biol Conserv 144:2274-2281

Vila M, Espinar LJ, Hejda M, Hulme EP, Jarosik V et al (2011) Ecological impacts of invasive alien
plants: a meta-analysis of their effects on species, communities and ecosystems. Ecol Lett
14:702-708

Vitkova M, Kolbek J (2010) Vegetation classification and synecology of Bohemian Robinia pseudoaca-
cia stands in a Central European context. Phytocoenologia 40:205-241

Vitkova M, Miillerova J, Sadlo J, Pergl J, PySek P (2017) Black locust (Robinia pseudoacacia) beloved
and despised: a story of an invasive tree. For Ecol Manag 384:287-302

Vitousek PM, D’Antonio CM, Loope LL, Westbrooks R (1996) Biological invasions as global environ-
mental change. Am Sci 84:468-478

Xu F, Guo W, Wang R, Xu W, Du N et al (2009) Leaf movement and photosynthetic plasticity of black
locust (Robinia pseudoacacia) alleviate stress under different light and water conditions. Acta
Physiol Plant 31:553-563

Yela JL, Holyoak M (1997) Effects of moonlight and meteorological factors on light and bait trap
catches of Noctuid moths (Lepidoptera: Noctuidae). Environ Entomol 26:1283-1290

@ Springer



2680 Biodivers Conserv (2018) 27:2661-2680

Yoshioka A, Kadoya T, Suda S, Washitani I (2010) Impacts of weeping lovegrass (Eragrostis curvula)
invasion on native grasshopers: responses of habitat generalist and specialist species. Biol Inva-
sions 12:531-539

Yoshioka A, Takada MB, Washitani I (2014) Landscape effects of a non-native grass facilitate source popu-
lations of a native generalist bug, Stenotus rubrovittatus, in a heterogeneous agricultural landscape. J
Insect Sci 14:110

Zuur A, Teno EN, Walker N, Saveliev AA, Smith GM (2009) Mixed effects models and extensions in ecol-
ogy with R. Springer, New York

@ Springer



4.3 Studie 111

Impact of an invasive tree on arthropod assemblages in woodlots
isolated within an intensive agricultural landscape.
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Abstrakt ¢lanku:

Aim: Landscape simplification and the spread of invasive species are considered beyond the
main threats to global biodiversity. It is well recognized that non-crop habitats bring complexity
to farmland and provide refuge for a wide range of organisms, including arthropods. However,
knowledge about the effects of invasive trees on arthropods in non-crop habitats in intensive
agricultural landscapes is still weak. Therefore, we examined differences in the arthropod
assemblages between woodlots formed by the invasive black locust (Robinia pseudoacacia L.)
and by native deciduous tree species in the intensive agricultural landscape.

Location: Czech Republic, Central Europe.

Methods: We used a multi-taxonomic approach to record arthropod assemblages using various
sampling methods. The impacts of woodlot habitat structure were investigated across 13
arthropod taxa from different trophic levels.

Results: Total abundance and species richness of all arthropods and the majority of the
herbivore taxa were lower in R. pseudoacacia woodlots, likely due to losses of the forest canopy
specialists. The forest specialists were associated with the native woodlots with more developed
canopy and shrub layers. The impoverished diversity of the forest specialists and canopy
herbivores in the R. pseudoacacia woodlots was partly compensated by the higher presence of
species exploiting a well-developed herb layer and open-habitat specialists, including
threatened species.

Main conclusions: Native woodlots and those formed by R. pseudoacacia differ in vegetation
structure and host different assemblages of arthropods. Therefore, parallel presence of both
types of woodlots supports arthropod diversity in otherwise simplified agricultural landscapes

through creating more complex mosaic of habitats.
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Abstract

Aim: Landscape simplification and the spread of invasive species are considered
beyond the main threats to global biodiversity. It is well recognized that non-crop
habitats bring complexity to farmland and provide refuge for a wide range of or-
ganisms, including arthropods. However, knowledge about the effects of invasive
trees on arthropods in non-crop habitats in intensive agricultural landscapes is still
weak. Therefore, we examined differences in the arthropod assemblages between
woodlots formed by the invasive black locust (Robinia pseudoacacia L.) and by native
deciduous tree species in the intensive agricultural landscape.

Location: Czech Republic, Central Europe.

Methods: We used a multi-taxonomic approach to record arthropod assemblages
using various sampling methods. The impacts of woodlot habitat structure were in-
vestigated across 13 arthropod taxa from different trophic levels.

Results: Total abundance and species richness of all arthropods and the majority of
the herbivore taxa were lower in R. pseudoacacia woodlots, likely due to losses of
the forest canopy specialists. The forest specialists were associated with the native
woodlots with more developed canopy and shrub layers. The impoverished diversity
of the forest specialists and canopy herbivores in the R. pseudoacacia woodlots was
partly compensated by the higher presence of species exploiting a well developed
herb layer and open-habitat specialists, including threatened species.

Main conclusions: Native woodlots and those formed by R. pseudoacacia differ in
vegetation structure and host different assemblages of arthropods. Therefore, par-
allel presence of both types of woodlots supports arthropod diversity in otherwise

simplified agricultural landscapes through creating more complex mosaic of habitats.
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taxonomic approach, non-crop habitats, Robinia pseudoacacia
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1 | INTRODUCTION

Intensively farmed agricultural land dominates the current land-
scape in many regions of the world (Green, Cornell, Scharlemann,
& Balmford, 2005; Stoate et al., 2009). In many countries, including
the Czech Republic, finely structured traditional landscapes were
altered into large blocks of intensive production fields (Benton,
Vickery, & Wilson, 2003; Sklenicka, Janovska, Salek, Vlasak, &
Molnarova, 2014), which led to the fragmentation of natural habitats
and biodiversity loss (Konvicka, Benes, & Polakova, 2016; Kruess
& Tscharntke, 1994; Tscharntke, Klein, Kruess, Steffan-Dewenter,
& Thies, 2005). Land use intensification in agricultural landscapes
has caused rapid arthropod declines in recent years (Attwood,
Maron, House, & Zammit, 2008; Hallmann et al., 2017). Many ar-
thropod groups provide irreplaceable ecosystem services in agro-
ecosystems as natural weed and pest control (Birkhofer et al., 2018;
Bohan, Boursault, Brooks, & Petit, 2011; Holland, Smith, Birkett, &
Southway, 2012) or pollination (Carvalheiro, Seymour, Nicolson, &
Veldtman, 2012; Farwig et al., 2009). Along with their substantial
diversity and biomass (@degaard, 2000), arthropods form the key
elements of food webs (Mooney et al., 2010).

The overall biodiversity reflects the quality and composition of
the landscape mosaic (Gonzalez, Salvo, & Valladares, 2017; Ockinger
et al., 2012; Steffan-Dewenter, 2002). Contemporary agroecosys-
tems often contain only small remnants of semi-natural non-crop hab-
itats (Attwood et al., 2008; Tscharntke, Steffan-Dewenter, Kruess, &
Thies, 2002). More complex landscapes with a higher proportion of
non-crop habitats mitigate the negative impacts of intensive farming
activities on local biodiversity (Billeter et al., 2007; Duelli & Obrist,
2003; Schiepp, Herrmann, Herzog, & Schmidt-Entling, 2011). While
interconnected linear non-crop habitats (hedgerows, field margin
strips, grassy banks; Collins, Boatman, Wilcox, & Holland, 2003;
Davies & Pullin, 2007; Dennis & Fry, 1992) are well-researched land-
scape elements, knowledge about the diversity and ecological func-
tion of permanent habitat islands, that is non-crop habitat patches
completely isolated by cultivated arable fields, is limited (Cook, Lane,
Foster, & Holt, 2002; Knapp & Rezag, 2015; Moreno, Fernandez,
Molina, & Valladares, 2013). These islands largely vary in size (from a
few m? up to several hectares) but even the smallest ones contribute
to local biodiversity (Carvalheiro et al., 2012; Knapp & Rezag, 2015).
In many cases, they are left to spontaneous successional processes
or are afforested (as a shelter for wild game) by fast-growing and du-
rable tree species (Benayas, Bullock, & Newton, 2008; Lassoie, Buck,
& Current, 2009). In general, biodiversity in forest habitats seems to
strongly depend on vegetation structure, which is largely conditioned
by the dominant tree species (Hanzelka & Reif, 2016; Highland, Miller,
& Jones, 2013; Kadlec, Strobl, Hanzelka, Hejda, & Reif, 2018; Tews
et al., 2004). The dominant tree species has a strong effect on het-
erogeneity of habitat structure and canopy-openness, both of which
are positively linked to arthropod diversity in large European lowland
forests (Kadlec et al., 2018; Sebek et al., 2015). Similar effects can
also be expected for the isolated woodlots in agricultural landscapes.

The non-crop habitats in agroecosystems are often afforested
by invasive tree species (Richardson & Rejmanek, 2011; Van der
Colff, Dreyer, Valentine, & Roets, 2015; Vitkova, Miillerova, Sadlo,
Pergl, & Pysek, 2017). Plant invasions are among main biodiver-
sity threats worldwide (Richardson & Rejmanek, 2011; Vitousek,
D'Antonio, Loope, & Westbrooks, 1996). Woody invasive species
significantly disrupt the trophic links within ecosystems (Heleno,
Ceia, Ramos, & Memmott, 2008; Reif, Hanzelka, Kadlec, Strobl, &
Hejda, 2016; Tallamy, Ballard, & Amico, 2010) or alter the vege-
tation structure of habitats, both of which can lead to changes in
arthropod communities (Harris, Toft, Dugdale, Williams, & Rees,
2004; van Hengstum, Hooftman, Oostermeijer, & van Tienderen,
2014; Kadlec et al., 2018; Van der Colff et al., 2015). The impacts
of woody invasion on arthropods differ among taxa and trophic
guilds. In general, herbivores have been found to be more neg-
atively affected compared with predators or detritivores (Harris
et al., 2004; van Hengstum et al., 2014, Litt, Cord, Fulbright, &
Schuster, 2014). The vast majority of studies investigating impacts
of invasive trees on arthropods focused on large forest stands
(Buchholz, Tietze, Kowarik, & Schirmel, 2015; van Hengstum et al.,
2014; Litt et al., 2014), while the effects in smaller woodlots within
arable land have not been investigated as yet. It can be expected
that small sizes and isolation may even exacerbate the alterations
in trophic cascades.

Black locust (Robinia pseudoacacia L.; Fabaceae; henceforth
‘R. pseudoacacia’)—one of the most durable invasive tree species
throughout the world influencing native communities in various
habitat types (Campagnaro, Brundu, & Sitzia, 2018; Vitkova et al.,
2017)—has been frequently planted in woodlots in the intensive
lowland landscape of Central Europe (Heroldova, 1994; Vitkova et
al., 2017). Robinia pseudoacacia occurs naturally in the south-east-
ern part of the United States as an early successional tree species
(Boring & Swank, 1984), from where it was introduced to Europe at
the beginning of the 17th century (Cierjacks et al., 2013; Vitkova et
al., 2017). This invasive species forms secondary forests with a spon-
taneously open-habitat structure and well developed understorey
(Campagnaro, Nascimbene, Tasinazzo, Trentanovi, & Sitzia, 2018;
Kadlec et al., 2018; Vitkova et al., 2017). The influence of R. pseu-
doacacia on local biodiversity has been investigated in large forest
stands (Campagnaro, Nascimbene, et al., 2018; Degomez & Wagner,
2001; Hejda, Hanzelka, et al., 2017; Kadlec et al., 2018; Reif et al.,
2016), whereas its impact on biodiversity in isolated farmland wood-
lots remains unclear.

In this study, we compared the arthropod assemblages from
woodlot islands dominated by invasive R. pseudoacacia with those
formed by native tree species. The effects of R. pseudoacacia were
investigated across several arthropod taxa from different trophic
levels, including herbivores, carnivores and detritivores. We adopted
this multi-trophic and multi-taxonomic approach to better under-
stand the interactions within and between trophic levels (Seibold,
Cadotte, Maclvor, Thorn, & Miiller, 2018). The following predictions

were made:
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FIGURE 1 Map showing the location N
of the study plots (15 woodlots dominated
by Robinia pseudoacacia, and 15 woodlots
formed by native tree species)

A Native

+ Robinia pseudoacacia

1. Similar to large forest stands, R. pseudoacacia will create a
more open-habitat structure of isolated woodlots in agricultural
landscapes than native tree species.

2. Thetotal arthropod species richness and abundance will be higher
in woodlots dominated by native tree species and with a more
open-habitat structure, but these effects could vary between
taxa and trophic levels. We expect stronger effects in herbivorous
taxa than in predators or detritivores.

3. Tree invasion and habitat structure will affect the composition
of arthropod assemblages in woodlots. Forest specialists will be
more dominant in native woodlots, whereas species of (semi)

open habitats will be affiliated with R. pseudoacacia woodlots.

2 | METHODS

2.1 | Study area and sampling design

The study was conducted in a lowland agricultural landscape of the
Czech Republic, Central Europe (Figure 1) in 2016. The study area
(50.10°-50.46°N, 14.05°-14.83°E, ~1,300 km?, 160-330 m a. s. |.)
is located in a region with a moderately continental climate with an
average annual precipitation of 500-600 mm and an average annual
temperature of 8-9°C (Quitt, 1971). The landscape is dominated
(>70%) by large, intensively managed arable fields, with scattered
grasslands, cultivated lowland forests and human settlements mak-
ing up most of the remaining area. The heavily fragmented forests
are mainly formed by native broadleaved tree species or non-native
trees, mostly by the invasive R. pseudoacacia.

Within the study area, we chose 30 small woodlots (<1.3 ha)
that have been fully isolated for at least past 50 years (CENIA, 2018)
within larger, intensively managed blocks of arable land (see Figure
S1.1 in Appendix S1). Fifteen chosen woodlots were composed of

native deciduous trees (dominated by oaks (Quercus spp.) and ash
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(Fraxinus excelsior L.) mixed with maples (Acer spp.), limes (Tilia spp.),
hornbean (Carpinus betulus L.) and elms (Ulmus spp.); henceforth ‘na-
tive woodlots’) and 15 woodlots were dominated (>90% tree cover)
by R. pseudoacacia (henceforth ‘Robinia woodlots’).

2.2 | Studied taxa and arthropod sampling

To describe the general arthropod assemblage patterns (Seibold
et al., 2018), 13 arthropod groups from various trophic levels
throughout different vegetation layers were sampled at the study
sites: mostly herbivores—orthopteroids (Orthoptera), true bugs
(Heteroptera), click beetles (Elateridae), weevils (Curculionoidea)
and moths (nocturnal Lepidoptera); mostly carnivores—centipedes
(Chilopoda), arachnids (Arachnida)—spiders (Araneae) and harvest-
men (Opiliones), lace wings (Neuroptera), ground beetles (Carabidae)
and rove beetles (Staphylinidae); mostly detritivores—millipedes
(Diplopoda) and carrion beetles (Silphidae).

The arthropods were sampled using pitfall traps, sweep-netting
and light trapping. In each woodlot, a line of five pitfall traps (two
nested plastic cups, 94 mm perimeter x 144 mm height, containing 4%
formaldehyde; Spence & Niemeld, 1994) spaced every five metres was
established and operated continuously from the beginning of April to
the beginning of September (152 trap days, emptied at monthly in-
tervals). The lines of traps were located at least 10 metres from the
edge of the woodlot to minimize edge effects (Roume, Deconchat,
Raison, Balent, & Ouin, 2011). The captured samples were frozen at
-22°C. In parallel with trap emptying, all of the vegetation up to a
height of 3 m in the 25 x 5 m strip area centred around the line of
traps was swept when weather conditions were suitable (sunny, no
strong wind) using a 35 cm diameter sweeping net. The captured ar-
thropods were preserved in 95% ethanol. To sample nocturnal arthro-
pods, portable light traps (Brehm & Axmacher, 2006) equipped with
two 8 W UV LED strip lights (total luminous flux 400 Im, wavelength
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range 400-420 nm, powered by 7.2 Ah/12 V lead batteries) were
used, and collected specimen was euthanized by evaporating chloro-
form. A single portable trap was placed approximately in the middle of
each woodlot and attracted arthropods within a radius of a few tens
of metres (Truxa & Fiedler, 2012). To standardize for the weather and
moon-phase (Yela & Holyoak, 1997) the light traps were exposed on
the same night under suitable weather conditions (no strong wind, no
rainfall and increased cloud cover), from dusk until dawn, at the begin-
ning of each month from April to September. The samples from the
light traps were frozen at -22°C.

All samples were sorted according to the target taxa, counted
and identified to the species level (see Appendix S2). Data from all
of the sampling methods and periods were pooled for the particular
taxa and woodlots into a final data set. The conservation status of
each species was classified according to the national red lists (Hejda,
Farka¢, & Chobot, 2017; Reza¢, Kirka, Rtzi¢ka, & Heneberg, 2015).
All species were classified into four categories with respect to their
known habitat use in Central Europe (see Appendix S2 for refer-
ences): forest: forest specialists living mainly in closed continuous
forest stands; semi-open: species bounded to scattered greenery
(e.g. hedgerows, solitary trees and forest-steppes); open: open-
habitat species (e.g. grasslands, arable lands and early successional
stages); and habitat generalists: without a distinct habitat specializa-
tion (see Appendix S2).

2.3 | Environmental parameter sampling

According to the known effects of habitat structure (Highland et al.,
2013; Kadlec et al., 2018; Tews et al., 2004), the land cover com-
position in the surroundings (Novotny, Zapletal, Kepka, Benes, &
Konvi¢ka, 2015) and the area of woodlots (Baz & Garcia-Boyero,
1995; Bender, Contreras, & Fahrig, 1998) on arthropod assemblages,
we recorded variables describing these effects in all of the wood-
lots (according to Hanzelka & Reif, 2016). First, AGE of the forest
stand was determined, and the numbers of fallen (FALLEN TREES)
and dead (DEAD TREES) trees were counted. Percentage cover of
herbs < 0.5 m in height (HERB1), herbs > 0.5 m (HERB2), shrubs
1-5m (SHRUB), trees 5-10 m (TREE1), trees > 10 m (TREE?2), the can-
opy (CANOPY) and clearings—gaps in the stands without full-grown
trees integrated in the canopy cover (CLEARINGS)—was estimated
by visual inspection on site. Hereafter, we estimated the proportion
of trees with a diameter at breast height (dbh) < 0.2 m (TREES), with
a dbh of 0.2-0.5 m (TREEM) and with a dbh > 0.5 m (TREET).

The proportions of the total area covered by the following land
cover types were estimated within a circular buffer with a 500 m ra-
dius around each woodlot using ArcGis 10.2 (ESRI, 2011): ARABLE:
arable lands; WATER: water bodies; ROCK: rocks and quarries;
GRASS: grasslands; URBAN: urban areas; BROAD: broadleaved for-
ests; and CONIF: coniferous forests. Moreover, the forest propor-
tion in the surrounding area could also mirror the degree of woodlot
isolation (Baz & Garcia-Boyero, 1995; Torma, Gallé, & Bozsé, 2014).
The area of each woodlot (AREA; in ha) was computed from aerial
photographs using ArcGis 10.2 software (ESRI, 2011).

2.4 | Statistical analysis

To reduce the complexity of habitat structure and landscape struc-
ture data without substantial loss of information and to describe the
main gradients of habitat structure and land cover characteristics of
the studied woodlots, two principal component analyses were con-
ducted in Canoco 5.0 (PCA; ter Braak & Smilauer, 2012): one for the
habitat structure and one for the land cover characteristics. We used
the scree plot method (Jackson, 1993) to distinguish the principal
components explaining most of the variability in the data. Based on
this criterion, in both PCAs, the scores from the first two principal
components (PC1 and PC2) of habitat structure (henceforth called
‘HAB1' and ‘HAB2’) and land cover characteristics (‘LAND1’ and
‘LAND2’) were used as predictors in the following analyses.

To compare the habitat structure between the native and Robinia
woodlots, linear models were fitted with the principal components
of habitat structure (HAB1 or HAB2) as the respective response
variables and the woodlot type (WOODLOT TYPE: native or R. pseu-
doacacia) as the predictor.

The two native woodlots were excluded from most of the analy-
ses because the majority of the pitfall traps were destroyed by wild
animals. Therefore, the data from 13 native and 15 Robinia wood-
lots were used in analyses, except for the models of Lepidoptera and
Neuroptera, as these data were not based on pitfall traps.

As the first step, we examined the differences in the total abun-
dance and total species richness (both summed across all taxa)
between the two types of studied woodlots (WOODLOT TYPE:
R. pseudoacacia/native) as the only explanatory variable. This ap-
proach is often used in studies on the effects of plant invasions
(van Hengstum et al., 2014; Litt et al., 2014). Thus, we used gener-
alized linear models (GLMs) with Poisson or negative binomial dis-
tributions (to reduce overdispersion) of the errors. In contrast, the
simple effect of plot (WOODLOT TYPE in our study) may represent
the combined effects of the origin of the dominant tree species (as
a measure of food availability for herbivores) and woodlot habitat
structure (as a measure of ecological niche diversity). Therefore, in
the next GLMs, we examined the direct effects of dominant tree
origin (predictor TREE TYPE: R. pseudoacacia/native) and the effects
of habitat structure (predictors HAB1 and HAB2). The effects of the
surrounding landscape composition (LAND1 and LAND2) and wood-
lot area (AREA) were also included in these models. Full GLMs with
the total abundance or species richness per woodlot (for each taxon
and summed for all taxa) as response variables with all the men-
tioned predictors were performed. Distributions of errors employed
in models are mentioned in Table 1. Potential spatial autocorrela-
tion of the residuals was checked by a Mantel test (integrated into
R package ‘Ape4’; Dray & Siberchicot, 2018), and geographic coordi-
nates were added to these models to account for autocorrelation if
needed (according to Carrié, Ekroos, & Smith, 2018).

Furthermore, an information-theoretic approach (R package
‘MuMIN’, Barton, 2018; Burnham & Anderson, 2002) was used for
model selection and multimodel inference. The candidate mod-

els containing all possible predictor combinations were compared
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TABLE 1 Model-averaged estimates of the effects of particular predictors on the total number of individuals and the total number of
species of the studied arthropod taxa between the native and Robinia woodlots

Taxa (no.
individuals)

Total no.
individualsN®

ArachnidaN®

Carabidae®

Curculionoidea™®

Elateridae™®

DiplopodaN®

HeteropteraNB

Chilopoda™®

Lepidoptera™®

Model

parameters®

Intercept
Robinia
Land1

Intercept

Area

Intercept
Robinia
Land1

Intercept
Robinia
Hab1
Area
Intercept
Lat
Robinia
Area
Hab2
Land1
Intercept
Robinia
Hab1

Intercept
Hab1
Area
Land2
Hab2
Land1
Intercept
Lat
Land2
Hab2
Intercept
Robinia
Land2

Estimate

7.884
-0.397
-0.030

6.006
0.580

6.907
-0.788
-0.194

5.474
-1.236
0.439
-0.659
-150.130
3.040
1.201
0.677
-0.231
0.209
4.937
0.264
0.207

4.896
0.347
-0.627
0.264
0.258
-0.207
-187.339
3.797
0.146
-0.142
3.348
-0.840
0.114

Confidence intervals

2.5%

7.712
-0.631
-0.194

5,7/l
0.082

6.587
-1.225
-0.404

4.783
-2.092
0.020
-1.720

-250.681

1.076
0.891
0.181
-0.391
0.058
4.607
-0.312
-0.072

4.552
0.041
-1.596
-0.042
-0.040
-0.506

-346.188

0.639
-0.108
-0.398

5.728
-1.078
-0.001

97.5%

8.056
-0.162
0.0355

6.267
1.135

7.225
-0.352
0.0152

6.164
-0.381
0.858
0.403

-51.197
5.037
1.512
1.193

-0.697
0.364
5.267
0.841
0.487

5.241
0.652
0.342
0.571
0.555
0.091
-28.490
6.955
0.400
0.113
6.058
-0.602
0.229

Taxa (no.
species)

Total no.

species”

Arachnida®

Carabidae”

Curculionoidea®

Elateridae®

Diplopoda®

HeteropteraP

Chilopoda®

Lepidoptera®

Model
parameters®
Intercept
Robinia
Hab1
Land2
Intercept
Hab1
Robinia
Hab2
Land1
Intercept
Hab2
Hab1
Robinia
Land1
Intercept
Land2
Hab1

Intercept
Hab2
Land2
Hab1

Intercept
Land2
Area
Hab2
Land1
Intercept
Robinia
Hab1
Hab2

Area

Intercept
Area
Land2
Hab2
Intercept
Robinia
Hab1
Land2
Area
Hab2

Estimate

5.447
-0.113
0.072
0.047
3.803
0.117
0.122
0.054
-0.042
3.544
-0.144
0.038
0.009
-0.005
2.288
0.093
0.085

1.921
-0.058
0.026
-0.015

1.543
0.175
0.441
-0.176
0.091
3.071
0.231
0.118
0.116
-0.312

1.350
0.045
0.011
-0.011
4.256
-0.500
0.123
0.087
-0.137
0.034

Confidence intervals

2.5%

5.402
-0.186
0.037
0.021
3.697
0.037
-0.038
-0.038
-0.105
3.469
-0.112
-0.004
-0.051
-0.104
2.163
-0.019
-0.037

1.771
-0.272
-0.052
-0.218

1.259
0.027
-0.123
-0.367
-0.875
2.836
0.0597
0.032
0.032
-0.627

1.116
=0:373
-0.122
-0.026

4.136
-0.654

0.047

0.037
-0.335
-0.016

97.5%

5.492
-0.041
0.106
0.072
3.908
0.197
0.281
0.112
0.021
3.619
0.023
0.127
0.214
0.036
2.412
0.205
0.208

2.070
0.040
0.223
0.080

1.828
0.324
1.004
0.015
0.269
3.306
0.403
0.204
0.201
0.004

1.584
0.844
0.244
0.137
4.376
-0.346
0.199
0.137
0.061
0.084

(Continues)
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TABLE 1 (Continued)
Confidence intervals

Taxa (no. Model

individuals) parameters® Estimate 2.5% 97.5%

Neuroptera™® Intercept 3.165 2.828 3.502
Hab1 -0.307 -0.503 -0.111
Area -0.565 -1.233 0.104

Orthoptera-°cN Intercept 2.349 1.831 2.867
Robinia -0.456 -1.284 0.371
Land1 -0.217 -0.631 0.196

SilphidaeN® Intercept 2.103 1.476 2.730
Land1 -1.154 -1.766 -0.543
Hab1 1.033 0.585 1.481
Area -1.179 -2.891 0.534

StaphylinidaeN® Intercept 5.050 4.794 5.304
Robinia -0.311 -0.646 0.023
Land2 0.166 -0.007 0.338
Land1 -0.100 -0.262 0.063

Confidence intervals

Taxa (no. Model

species) parameters®  Estimate 2.5% 97.5%

Neuroptera® Intercept 1.355 1.103 1.606
Robinia -0.102 -0.664 0.121
Hab1 -0.085 -0.284 0.113

Orthoptera® Intercept 0.558 0.075 1.041
Area -0.666 -1.902 0.570
Robinia 0.284 -0.324 0.891
Hab2 0.194 -0.088 0.476
Land2 0.131 -0.125 0.386

Silphidae® Intercept 0.715 0.305 1.125
Robinia -0.430 -1.215 0.355
Hab1 0.405 0.091 0.718
Land1 -0.274 -0.606 0.059
Land2 0.157 -0.119 0.432

Staphylinidae”  Intercept 3.348 3.275 3.421
Hab2 -0.075 -0.150 0.001
Land2 0.042 -0.029 0.113

Note: The estimates were obtained by averaging the best-performing candidate models assessed by the Akaike Information Criterion corrected for
small sample sizes (AICc). Significant effects, indicated by confidence limits that do not overlap zero, are highlighted in bold. Model parameters are
ordered by their significance and within groups of significant/insignificant terms by their effect size (estimate values).

Model parameters: Robinia: the effects of the dominant tree, Robinia pseudoacacia, on the response variables; Hab1 and Hab2: PC1 and PC2 scores
of the habitat characteristics of the woodlots; Land1 and Land2: PC1 and PC2 scores of the land cover types in the surroundings of the woodlots
and Area: area of the woodlots. The superscripts in each response variable indicate the distribution of errors used in the generalized linear models: P,

Poisson; NB, negatively binomial; and LOGN, lognormal.

by AICc (Akaike, 1974; Burnham & Anderson, 2002). Models with
AAICc < 2 were considered superior. These models were used for
inference employing model averaging using AIC weights (Barton,
2018; Burnham & Anderson, 2002). Univariate analyses were per-
formed in R 3.5.1 (R Core Team, 2018).

Differences in species composition between the woodlot types
were analysed by multivariate ordination methods. Based on the
gradient lengths (for all models a gradient was at least 1.9 SD
units long), canonical correspondence analyses (CCAs) were used
(Smilauer & Leps, 2014). In the first step, CCA with the species data
pooled across all taxa was performed to investigate differences in
the total species composition between the woodlot types. The
species compositions of particular taxa were compared between
the native and Robinia woodlots using separate CCAs. Prior to
this, we checked for possible correlations between the effects of
TREE TYPE (R. pseudoacacia/native) and habitat structure (HAB1
and HAB2) in the woodlots on the arthropod species compositions
(Kadlec et al., 2018). We used the variation partitioning approach
(Peres-Neto, Legendre, Dray, & Borcard, 2006) to distinguish be-
tween the marginal (the effects of a predictor without taking the
other predictors into account) and the conditional (to quantify the
effects of a predictor after controlling for the effects of the other
predictors) effects of TREE TYPE, HAB1 and HAB2 on the species

composition (Smilauer & Leps, 2014). Due to potential spatial au-
tocorrelation among the study plots, the principal coordinates of
neighbour matrices framework (PCNM; Dray, Legendre, & Peres-
Neto,2006; Peres-Neto et al., 2006) were implemented into the
CCAs (Smilauer & Leps, 2014). Within PCNM, the principal coordi-
nate analysis (PCoA) was run to obtain the spatial variables repre-
sented by the respective PCo axes. Monte-Carlo permutation tests
(999 permutations) were used to test the significance of each PCo
axis, and the scores of the most significant PCo axes were further
used in the CCA as covariables, capturing the spatial information in
the data (Smilauer & Leps, 2014). In the following step, a separate
CCA with Monte-Carlo significance testing (999 permutations) for
each studied taxa was performed, and TREE TYPE and the signif-
icant marginal and conditional effects of HAB1 and HAB2 on the
species composition in the variation partitioning method were the
predictors. The land cover characteristics (LAND1 and LAND?2),
the area of the woodlots (AREA) and the PCo axes scores were
used in the CCAs as covariables. The response variables were log-
transformed, and the rare species were downweighted in all of the
CCAs. To show species affinity to the main type of habitat struc-
ture, four categories were visualized in the ordination diagrams (for
details, see section 2.2.). All of the multivariate analyses were per-
formed in Canoco 5.0 (ter Braak & Smilauer, 2012).
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3 | RESULTS
3.1 | Vegetation and land cover characteristics of
the native and Robinia woodlots

PC1 axis of the habitat characteristics (HAB1, 33.16% of the varia-
tion in the habitat structure explained) described the gradient from
woodlots with larger trees, a more developed shrub layer and a
continuous canopy to more open woodlots with smaller and thin-
ner trees, a more developed taller herb layer and a higher number
of dead trees (see Figure S1.2 in Appendix S1 and Figure 2a). The
Robinia woodlots had significantly higher scores along the gradient
of HAB1 than the native woodlots (t = 4.814, p < .001; Figure 2a).
PC2 axis of the habitat characteristics (HAB2, 14.39% of the varia-
tion in the habitat structure explained) reflected the gradient from
woodlots with larger clearing areas, younger trees and a more de-
veloped lower herb layer to woodlots with older and taller trees
(Figure 2a). The native and Robinia woodlots did not differ along the
gradient of HAB2 (t = 0.086, p = .932).

Regarding the surrounding land cover characteristics, PC1 axis
(LAND1, 45.86% of the variation in the land cover structure ex-
plained) reflected the gradient from landscapes with a larger pro-
portion of arable fields to landscapes with a higher proportion of
non-crop habitats, such as coniferous woodlands, urban areas and
grasslands (Figure 2b). PC2 axis of the surrounding land cover char-
acteristics (LAND2, 20.64% of the variation in the land cover struc-
ture explained) mainly described the gradient from landscapes with
a larger proportion of wetlands, exposed rocks and broadleaved
forests to landscapes without these habitats (Figure 2b). The native
and Robinia woodlots did not differ along their land cover gradients
(Figure 2b).

3.2 | Arthropod abundance and species richness

Altogether, 62,133 individuals (see Table S1.1 in Appendix S1) of 989
arthropod species (742 species in native/767 in Robinia/523 shared
by both woodlot types) were recorded (see Appendix S2 and Table
S1.2 in Appendix S1). As indicated by the GLMs with WOODLOT
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TYPE as the only predictor, the total abundance of arthropods in
the Robinia woodlots (mean + SD = 1,782 + 479) was lower than
that in the native woodlots (2,665 + 887; z = -3.497, p < .001),
while the total species richness did not differ between the Robinia
(mean + SD =217 + 22) and native woodlots (220 * 28; z = 0.542,
p =.588). Overall, 89 of the species recorded (ca. 10% of all species;
28 in native/38 in Robinia/28 in both) are included in the national
red lists.

The more detailed analyses considering habitat characteristics
showed a significant negative relationship between the presence
of R. pseudoacacia and both the total abundance and the total spe-
cies richness of arthropods (Table 1). The total species richness also
increased along the gradients of HAB1 (towards a more developed
taller herb layer, a more open canopy and a higher number of dead
trees) and LAND2 (towards a higher proportion of broadleaved for-
ests and water habitats in the vicinity of the woodlots) (Table 1).
Based on the GLMs for the particular taxa, R. pseudoacacia was neg-
atively related to the abundances of Carabidae, Curculionoidea and
Lepidoptera and the species richness of Lepidoptera. Inversely, the
abundance of Elateridae and the species richness of Heteroptera
were positively linked to the presence of R. pseudoacacia. For the
remaining arthropod taxa, no relationship between TREE TYPE and
the abundances or species richness was found (Table 1).

Habitat structure had significant effects on the arthropod
communities. Specifically, the abundances of Curculionoidea,
Heteroptera and Silphidae and the species richness of Arachnida,
Heteroptera and Lepidoptera significantly increased along the
gradient of HAB1 (higher with a more developed taller herb layer,
a more open canopy and a higher number of dead trees) (Table 1).
In the woodlots with more developed shrub and canopy layers and
larger trees, the abundance of Neuroptera increased (Table 1).
Furthermore, the abundance of Elateridae significantly decreased
along the gradient of HAB2 (younger woodlots with a high propor-
tion of clearings in the canopy and lower trees) (Table 1). By contrast,
the species richness of Heteroptera increased along the gradient of
HAB 2 (Table 1).

The land cover in the surrounding landscape also contributed to

the variation in the arthropod communities. Along the gradient of
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LAND1, the abundances of Elateridae were higher in the woodlots
surrounded by a higher proportion of non-crop habitats (Table 1),
while a higher proportion of arable land favoured the abundance of
Silphidae (Table 1). Along the gradient of LANDZ2, a higher propor-
tion of broadleaved forests and water habitats around the wood-
lots was positively related to the species richness of Diplopoda and
Lepidoptera. AREA was positively correlated with the abundance of
Arachnida and Elateridae (Table 1). No significant relationship be-
tween any of the predictors and the abundance and species rich-
ness of Staphylinidae and Orthoptera, the abundance of Diplopoda
and the species richness of Carabidae, Curculionoidea, Elateridae,
Chilopoda and Silphidae were detected (Table 1).

3.3 | Arthropod species composition

The Robinia woodlots were more heterogeneous in their overall ar-
thropod species composition and differed from the native woodlots
(pseudo-F = 2.8, p < .001; see Figure 51.3 in Appendix S1). For most
of the taxa, significant marginal effects of habitat structure on the
species compositions were found (see Table S1.3 in Appendix S1).
For the majority of these taxa, conditional effects of the dominant
tree species and habitat structure were still significant (except for
Diplopoda), but the percentage of explained variance was rather
low compared to that of the marginal effects (see Table S1.3 in
Appendix S1). Moreover, the species compositions of particular taxa
(except for Neuroptera, Orthoptera and Silphidae) were significantly
different between the native and Robinia woodlots (Table 2) after
controlling for spatial (PCo scores from the PCNMs) and environ-
mental variables (LAND1, LAND2 and AREA). Forest specialists oc-
curred primarily in the native woodlots and were more frequent in

the woodlots characterized by a more developed canopy and shrub

layer (decreasing HAB1; Figure 3). In contrast, open-habitat species
were more frequent in the Robinia woodlots, with the exception of
Carabidae (Figure 3), and preferred woodlots with more developed
taller herb layers, more open canopies and a higher number of dead
trees (increasing HAB1). These trends were also evident in the ma-
jority of the threatened species with an affinity for a given habitat
structure type. The majority of the predominantly herbivorous taxa
(Curculionoidea, Heteroptera and Lepidoptera), which are typical
of scattered greenery, were more abundant in the native woodlots
(Figure 3).

4 | DISCUSSION
This study shows conservation value of woodlots scattered through-
out agricultural fields. Woodlots formed by the native tree species
hosted different arthropod communities compared with the wood-
lots formed by the invasive R. pseudoacacia. It was found that both
woodlot types hosted red-listed species, and form an important
reservoir of arthropod biodiversity in intensively managed agricul-
tural landscapes. In contrast to existing studies, this study analysed
not only identity of dominant trees (woodlots dominated by inva-
sive vs. native trees; Litt et al., 2014; van Hengstum et al., 2014),
but included also woodlot habitat structure and other environmental
characteristics in the analyses. Interestingly, more complicated mod-
els were able to reveal negative relationship between the presence
of R. pseudoacacia and the overall arthropod species richness after
correcting for differences in habitat structure. Such difference was
undetectable when simple models were applied.

The negative relationship between the presence of R. pseu-

doacacia and the total arthropod abundance and species richness

TABLE 2 Results of the canonical correspondence analyses (CCAs) showing differences in the species composition of the studied taxa

between the native and Robinia woodlots

Taxa Adj. VAR® % Pseudo-F Axis 1
Arachnida® 11.6 2.0 0.206
Carabidae® 10.0 1.9 0.137
Curculionoidea® 10.5 1.9 0.317
Diplopoda® 3.9 1.9 0.103
Elateridae® 21.3 3.1 0.228
Heteroptera® 10.7 1.9 0.289
Chilopoda 5.0 2.3 0.078
Lepidoptera® 6.4 1.6 0.132
Neuroptera 0.0 0.5 0.025
Orthoptera 0.0 0.5 0.032
Silphidae 2.3 1.5 0.209
Staphylinidae” 5.3 1.4 0.147

Axis 2 Axis 3 Axis 4 Trace p
0.064 0.057 0.116 0.327 .001
0.064 0.050 0.107 0.251 .001
0.123 0.063 0.342 0.503 .001
0.264 0.207 0.157 0.103 .029
0.037 0.017 0.131 0.282 .001
0.116 0.091 0.196 0.496 .001
0.168 0.092 0.083 0.078 .040
0.059 0.038 0.101 0.229 .001
0.233 0.177 0.140 0.025 .896
0.493 0.296 0.204 0.032 .813
0.685 0.535 0.439 0.209 .149
0.103 0.060 0.160 0.310 .002

Note: The effects of habitat structure (HAB1 and HAB2) were included in case of their significance for particular taxa. All of the CCAs were con-
trolled for the environmental (LAND1, LAND2 and AREA) and spatial effects (PCo scores from PCNMs). The significant effects (p < .05) are high-

lighted in bold.
?Adj. VAR (%): adjusted percent variance explained by the predictors.
PHabitat structure (HAB1, HAB2) was included in the analyses.
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is in accordance with the recent findings of the general impacts
of invasive plants on arthropods (Degomez & Wagner, 2001; van
Hengstum et al., 2014; Litt et al., 2014). These relationships could
be mainly attributed to the lower frequency of herbivores (mainly
Curculionoidea and Lepidoptera) in the total samples. Indeed, herbi-
vores are generally the most negatively influenced arthropod guild

by plant invasions due to the replacement of their host plants by

unpalatable novel species (van Hengstum et al., 2014; Litt et al.,
2014; Liu & Stiling, 2006).

Robinia and native woodlots differed significantly in their hab-
itat structure, which may be another key driver for the observed
differences in the arthropod communities. A higher total arthro-
pod species richness was found in the woodlots with a more open
canopy, a higher coverage of taller herbs and a higher number of
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dead trees (represented by increasing HAB1). Such habitat struc-
ture (more common in the Robinia woodlots) offers a more irra-
diated and warmer understorey due to higher amounts of solar
radiation penetrating through the canopy layer (Cierjacks et al.,
2013; Vitkova et al., 2017; Xu et al., 2009). Contrary to the recent
findings from larger R. pseudoacacia forests (Buchholz et al., 2015;
Kadlec et al., 2018), the shrub layer was better developed in the
native woodlots. The majority of the Robinia woodlots in this study
could be included in phytocoenological units dominated by well-
competitive grasses (e.g. false oat-grass, Arrhenatherum elatius (L.)
J. Presl et C. Presl) in their understories, which could effectively
suppress shrub seedlings (Campagnaro, Nascimbene, et al., 2018;
Vitkova & Kolbek, 2010; Vitkova et al., 2017). This effect could
be enhanced by heat and water stress in the understorey caused
by R. pseudoacacia (Xu et al., 2009). Arthropods linked to such
insolated understorey vegetation in the Robinia woodlots could
partly compensate for loss of forest canopy herbivores due to
plant invasion (Kulfan, 2012; Litt et al., 2014; Liu & Stiling, 2006)
by filling new available niches (e.g. insolated herbs, rotten wood;
Highland et al., 2013; Tews et al., 2004). Nevertheless, the above-
mentioned direct negative relationship between the presence of
R. pseudoacacia and herbivorous Lepidoptera and Curculionoidea
was stronger than the effect of changes in vegetation structure.
This was probably caused by a higher contribution of herbivorous
canopy specialists within the moth assemblages (Kadlec et al.,
2018) and high abundances of Curculionoidea exploiting broad-
leaved trees in the native woodlots (Koch, 1992), but not able to
feed on exotic Robinia (Kulfan, 2012; Litt et al., 2014; Liu & Stiling,
2006). By contrast, higher abundance of Elateridae and abun-
dance and species richness of Heteroptera is probably linked to
the habitat structure as many open-habitat specialists were pres-
ent mainly in the Robinia woodlots. Similarly, Buchholz et al. (2015)
found an increased abundance of Heteroptera within stands with
a more open canopy. Simultaneously, Elateridae had higher abun-
dances in the woodlots with older and larger trees (represented by
negative HAB2 scores), probably due to the higher occurrence of
xylophagous species in such conditions (Irmler, Heller, & Warning,
1996).

No direct relationship between the presence of R. pseudoaca-
cia and the abundance and species richness of carnivorous taxa
was found, except for Carabidae. This is in accordance with the
weak impact of woody invaders on carnivorous arthropods that
have been found elsewhere (Buchholz et al., 2015; Litt et al., 2014;
Van der Colff et al., 2015). The lower abundance of carabids in the
Robinia woodlots is surprising, as it contradicts the earlier findings
from R. pseudoacacia forests (Buchholz et al., 2015). We suppose
that carabids benefit from the more favourable microclimate in the
native woodlots, in which relatively greater humidity may support
more ample food resources, such as springtails, earthworms and
gastropods. Similar to our results, Knapp and Reza¢ (2015) found a
higher species richness of Arachnida in more open woodlots with
increased herb cover. Conversely, Buchholz et al. (2015) did not
find a similar trend in R. pseudoacacia forests. The abundance of

Neuroptera increased with increasing canopy and shrub coverage
(represented by decreasing HAB1). This can be explained by the
availability of their main prey, aphids, which are more abundant
and species rich in woodlots with more diverse ranges of na-
tive tree species and more developed shrub layers. According to
Holman (2009), R. pseudoacacia hosts only 16 species of aphids,
a much lower number of species compared with native tree spe-
cies frequently grown in woodlots (e.g. 39 species on common oak
(Quercus robur L.) or 25 species on sessile oak (Quercus petraea
Matusch)).

The abundance and species richness of detritivorous Diplopoda
did not differ between the two woodlot types. A high amount of
nitrogen in the R. pseudoacacia litter (Tateno et al., 2007) and more
decaying vegetation in its understorey (Vitkova et al., 2017) could
compensate for the lack of leaf litter from the native tree species.
Detritivorous arthropods are often even positively influenced by
plant invasions (Harris et al., 2004; Litt et al., 2014), but it has not
been shown in the case of Robinia woodlots or in large R. pseudoaca-
cia forests (Buchholz et al., 2015).

The surrounding land cover composition was also significantly
linked to the woodlot arthropod assemblages. Increasing propor-
tions of broadleaved forest (decreasing rates of woodlot isolation;
Baz & Garcia-Boyero, 1995; Torma et al., 2014) and wetlands (rep-
resented by LAND2) in the vicinity of the woodlots were positively
related to the total arthropod species richness. In contrast to gener-
ally positive species-area relationship (Mac Arthur & Wilson, 1967)
as well as the previous examinations of species-area relationships
for woodlot arthropods (Baz & Garcia-Boyero, 1995; Knapp & Rezag,
2015), the woodlot area was not linked to the species richness and
abundance of almost any of the investigated arthropod taxa in our
study. This could be caused by a limited variation in sizes of our
woodlots (0.11-1.31 ha). Nevertheless, within a limited range of
areas, the effects of vegetation cover and habitat structure may out-
weigh the importance of area (see also Knapp & Reza¢, 2015; Torma
etal., 2014).

Similar to the species richness and the abundance of the target
groups, the differences in habitat structure between the native
and Robinia woodlots were also reflected in the species compo-
sition of the arthropods. Across all trophic levels and specialized
threatened species, the forest specialists were linked to the na-
tive woodlots, while the majority of the open-habitat species
were predominantly restricted to the Robinia woodlots. Similar
to large forests (Kadlec et al., 2018), forest specialists could find
more favourable nutritional or microclimatic conditions in the
stands formed by native tree species. On the other hand, a more
open-habitat structure with a well developed herb layer in the
Robinia woodlots provides higher niche diversity for the species
that require different types of grasslands, early succession stages
and arable land, including the red-listed species. A portion of
these species were steppe specialists, which could benefit from
a warmer and drier microclimate in the herb layer of the Robinia
woodlots in summer conditions (Kadlec et al., 2018; Vitkova et al.,
2017; Xu et al., 2009).
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5 | CONCLUSIONS

The results of this multi-taxonomic study covering various trophic
levels highlight the importance of habitat structure in assessments
of the impacts of tree invasion on native arthropod communities.
Despite their small size, the forest islands isolated within the in-
tensively managed agricultural landscapes of Central Europe host
diverse arthropod assemblages and are enriched by a considerable
number of threatened species. Although R. pseudoacacia is consid-
ered one of the most harmful invasive trees for native ecosystems
(Campagnaro, Brundu, et al., 2018; Vitkova et al., 2017), our study on
the arthropod assemblages in woodlots does not fully support this
view. Due to their more open-habitat structure, the Robinia woodlots
support open-habitat arthropod species, including endangered spe-
cialists. These specialists could also use woodlots as short-term ref-
uges or shelters during agricultural disturbances in the arable fields.
Nevertheless, the majority of forest specialists, including canopy
herbivores, were negatively influenced by R. pseudoacacia and were
more common in the native woodlots. Thus, presence of Robinia and
native woodlots scattered across intensively managed arable fields
deliver substantial support for arthropod biodiversity and provide
refuges for arthropods with different ecological and trophic require-
ments. Moreover, forest management of small woodlots support-
ing biodiversity is limited due to their isolation by arable land. The
habitat structure of the native woodlots could turn to shaded dense
stands in later successional stages, whereas similarly old Robinia
woodlots form spontaneously more open stands (Vitkova et al,
2017) inhabited by different arthropod assemblages. Moreover, due
to the limited spreading of R. pseudoacacia (Cierjacks et al., 2013;
Vitkova et al., 2017) from isolated woodlots, its negative impact on
more valuable native habitats in the surroundings is minimized. For
these reasons, we conclude there is no need for eradicating R. pseu-
doacacia from existing woodlots within agricultural landscapes, as
has been recommended for valuable native habitats (Campagnaro,
Brundu, et al., 2018; Cierjacks et al., 2013; Vitkova et al., 2017).
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Invasions of non-native plants often result in impoverished local communities; however, their cascading effects
along food chain remain unknown. Here we investigated how the alteration of food resources and habitat
structure due to the invasion of an alien tree affects the species richness of habitat specialist and generalist
birds. During 2014, we sampled forest stands of the invasive Robinia pseudacacia and control stands of native
trees in the Czech Republic (central Europe). Specifically, we performed intensive breeding bird counts and
assessed moth diversity as a key food resource for breeding birds and, described the habitat structure of sampled
stands. Compared to native tree stands, stands of R. pseudacacia had a lower species richness of habitat specialist
birds, a higher species richness of habitat generalist birds, a lower diversity of moths, a less continuous canopy
and a more developed shrub layer. Then we related bird species richness to moth diversity and descriptors of
habitat structure. Moth diversity was the only variable significantly related to the species richness of habitat
specialist birds, while the species richness of habitat generalist birds was related solely to the local habitat
structure. Specialists were thus limited by a less diverse food supply in the invaded stands, most likely due to
the absence of some arthropod species. In contrast, generalists were ecologically more flexible and exploited
new breeding opportunities created by a shrub layer in the invaded stands. Our study thus provides evidence
that impacts of an invasive tree scale up across trophic levels.
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1. Introduction

Invasions of non-native species are widely recognized as an important
aspect of the global impacts of human populations upon the biosphere
(Gaertner et al., 2014; PySek et al., 2012; Tilman, 1999; Vitousek et al.,
1996). In the case of non-native invasive plants (sensu Richardson et al,,
2000), their influence includes the deterioration of native communities,
expressed as reduction in the numbers of native species (Hejda et al.,
2009; Pysek et al.,, 2012; Vila et al.,, 2011). Invasions of woody species
are particularly important from a conservation perspective because
these species tend to be dominant and ecosystem engineers, which
modify the conditions for most species living in the associated woodlands.
Therefore, if a non-native woody plant becomes invasive (sensu
Blackburn et al., 2011), it is likely to have a particularly massive impact
on most species present in the community (Jdger et al., 2007; Moran
et al,, 2000; Rothstein et al., 2004; Weber, 2003).

Invasive plants can change the invaded community's composition in
terms of niche breadth. A narrow niche breadth means that a species is
adapted to a limited set of environmental conditions (Godet et al.,
2015). Therefore, we can expect that a narrow niche breadth limits
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species' potential to resist the habitat change created by an invasion.
At the same time, a wide niche breadth characterizes ecologically tolerant
species with the potential to exploit novel habitats (Ducatez et al., 2015)
and thus habitat generalists may even benefit from biological invasions. In
practice, this process can result in biotic homogenization (Olden et al.,
2004), when ecological communities become impoverished of specialized
species and generalists become dominant at the same time (Olden and
Rooney, 2006). Although the large-scale decline of ecological specialists
had been well documented (Jiguet et al., 2007; Le Viol et al., 2012; Reif,
2013), the local mechanisms underlying this process remain poorly
understood (Devictor et al., 2010a).

From a conservation perspective, the role of invasive plants as an
important threat for biodiversity has recently become questioned
due to the lack of evidence for an impoverishment of biodiversity
at aregional scale, for instance in the case of British flora (Thomas
and Palmer, 2015). However, modest large-scale effects may not
imply that these species do not affect biodiversity at a local scale
(Hulme et al., 2015). It is possible that small-scale impacts are indeed
high (e.g. PySek et al., 2012) and that a limited regional distribution of
invaders, which is most likely only temporary and will be more extensive
in the future, precluded their upscaling to the regional level. It is therefore
crucial to understand the cascading effects of invasive plants on different
groups of organisms to assess their real threat potential. Given the strong
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relationship between habitat specialization and threat level across species
(Kolecek et al., 2014; Owens and Bennett, 2000), here we use specialized
species as model organisms to elucidate the mechanisms of how invasive
plants have the potential to threaten the consumer species that are poten-
tially under higher extinction risk.

We studied the impacts of an invasive woody plant that is alien to
Europe, Robinia pseudacacia, one of the most impacting and widely
distributed invasive plant species in the world (Buchholz et al., 2015),
on bird species of different levels of habitat specialization. We focused
on birds as study organisms because they are on the top of food chain
and encompass a broad range of specialization levels, from narrowly
specialized species breeding in specific habitats to species with a wide
geographic distribution (Gaston, 1994). Moreover, recent studies have
provided information about bird traits related to habitat specialization
including foraging habits (Ducatez et al., 2015; Godet et al., 2015; Reif
et al., 2016) which is important for understanding the potential implica-
tions of the decline of specialists on ecosystem functioning (Devictor
et al,, 2010b). They may also serve as dispersers for some invasive plant
species (Lenda et al.,, 2012). At the same time, only a handful of studies
to date have focused on the impact of invasive alien plants on birds
(Aslan and Rejmanek, 2010).

Invasive woody plants may affect secondary consumers such as
birds either by altering habitat structure, or by changing their food
supply (Chapman et al., 2004; Fleishman et al., 2003). Changes in
habitat structure are due to the different architecture of the invasive
plant compared to the native species, allelopathic effects on other
plants, higher litter production and/or nitrogen fixation (Vila et al.,
2011), all of which are the case for R. pseudacacia (Slavik, 1995).
Consequently, birds adapted to the characteristics specific to the native
habitat will no longer recognize the altered habitat as suitable (Holland-
Clift et al., 2011). On the other hand, new habitats created by invasions
can attract species formerly absent from native tree stands (Hajzlerova
and Reif, 2014). With respect to the habitat niche breadth of bird species,
we may assume that the negative impacts will concentrate on specialists,
while positive effects will favour generalists that are more flexible in their
habitat use. Differences in habitat structure between native and invaded
stands may also be reflected in changes to the bird community composi-
tion relative to species' foraging techniques. For instance, fragmentation
of the canopy and development of the lower vegetation layers in invaded
stands should result in changes to bird communities according to species’
foraging strata.

Changes in bird food supply due to woody plant invasions are often
reflected in arthropod diversity, which is generally reduced in invaded
stands (Cunningham et al., 2005; Degomez and Wagner, 2001; Hartley
et al., 2010). Underlying drivers include an absence of host plants for
insect herbivores, alteration of microclimatic conditions, and disturbed
predator-prey relationships (Litt et al., 2014). Consequently, bird species
depending on parts of their diet that are lacking in an invaded habitat will
be absent in that habitat (Skérka et al,, 2010). Specifically, species feeding
exclusively on arthropods should be less represented in invaded stands,
whereas species with a mixed diet should be less affected by the invasion.
We may also assume that the limiting effect of food diversity will be
stronger in species of narrower niche breadth than in species of broader
niches.

Based on this framework, we tested the following predictions using
data on bird occurrence, the food supply for birds and the habitat struc-
ture in native forest stands and in stands invaded by R. pseudacacia in
the Czech Republic. (i) Habitat structure will differ between native stands
and the stands dominated by the invasive R. pseudacacia. (ii) Food supply
for birds will be more diverse in the native stands than in the stands of the
invasive R. pseudacacia. (iii) The number of specialist bird species will be
higher in the native stands, whereas the number of generalists will be
higher in the stands of the invasive R. pseudacacia. (iv) Birds feeding on
invertebrates and canopy foragers will have higher species richness in
the native stands, whereas the species richness of birds with a mixed
diet and shrub foragers will be higher in the R. pseudacacia stands.

In addition, we can expect a tight relationship of bird species richness to
habitat characteristics rather than to food supply if the altered habitat
structure drives changes in bird community composition due to woody
plant invasion. Taken together, these tests should help uncover the mech-
anisms of how invasive plant species, represented by R. pseudacacia in the
Czech Republic, impact native bird communities.

2. Materials and methods
2.1. The invasive alien R. pseudacacia

R. pseudacacia (Fabaceae) is a woody species introduced into Europe
from North America in the 16th century. Its native range covers the
south-eastern United States. R. pseudacacia grows in forest clearings
and disturbed forests, and declines in later successional stages (Slavik,
1995). In Europe, it was planted massively in the 19th century (Slavik,
1995). The introduced trees were able to grow on gravelly, unstable
slopes, even on nutritionally poor bedrock, due to their nitrogen-fixing
capacity (Slavik, 1995). While they tend to expand along dry forest
edges, and sometimes overgrow steep slopes within dry forests, they
are not particularly successful when reproducing in more mature,
closed stands, partly due to its relatively short life cycle (Vitkova et al.,
2015). Within central Europe, stands of R. pseudacacia are generally
floristically poor and dominated by a few nitrophilous plant species,
but can also be floristically diverse, especially on xerothermic sites
(Vitkova and Kolbek, 2010). It has been previously documented that
forest bird communities differ between native stands and stands of
R. pseudacacia (Hanzelka and Reif, 2015; Plexida et al,, 2012).

2.2. Study area and field surveys

The study was conducted in a forested area of ca 600 km? (50° 01’ N;
14° 21’ E) in central Bohemia, the Czech Republic, Europe, in the vicinity
of the city of Prague. The forest cover is generally formed by native tree
species: Quercus petraea and Q. robur as dominant trees, mixed with
Carpinus betulus and Tilia cordata. Stands of native species were com-
pared with dense stands of the invasive R. pseudacacia. For the purposes
of this study, we established 20 study plots in stands of native trees and
19 study plots in pure stands of the invasive R. pseudacacia, following
the protocol of Hanzelka and Reif (2015). Native forest stands were
always formed by the tree species mentioned above, i.e. Quercus spp.
dominated in all plots. Invaded stands were formed by a R. pseudacacia
canopy, but lower vegetation layers contained various native shrub
species such as Sambucus nigra, Crataegus sp. and Rosa canina together
with young stems of R. pseudacacia. Square plots of 100 m x 100 m
were located within large and continuous stands (i.e. native or invaded
by R. pseudacacia). We avoided sites covered by a mixture of native and
invasive trees. Study plots were at least 500 m apart to prevent the
same bird individuals from being recorded at different plots. The plots
were located at least 100 m away from the nearest forest edge.

The data on study plots were collected in 2014. Birds were
monitored during three visits in the peak of their breeding season
(April-June), to include both early and late breeders (Bibby et al.,
2000). Each visit lasted 20 min. at each plot and was performed during
the morning hours (05:00-10:00). During a visit, a researcher slowly
walked across the study plot several times and recorded all bird individ-
uals detected both visually and acoustically by indicating the position of
each individual on a map (Hanzelka and Reif, 2015). Bird surveys were
carried out under favourable weather conditions (no rain, no strong
wind), and the order of plots surveyed on the same day changed between
visits to factor out the possible effects of daytime. To express the bird
species richness on a given study plot, we summed up the records from
all three visits. As an estimate of the abundance of a given species on a
study plot, we used its maximum count across the three visits (Jiguet
et al., 2007).
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Nocturnal Lepidoptera (species from superfamilies Hepialoidea,
Cossoidea, Lasiocampoidea, Bombycoidea, Noctuoidea, Drepanoidea
and Geometroidea; hereafter called “moths”) were considered an indi-
cator of the food supply for birds. Moths and especially their larvae are
an essential part of the diet of almost all the bird species observed on
the study plots during the breeding season (Cramp, 1977-1994; Kristin
and Patocka, 1997). Even obligatory seed eaters supply their nestlings
with some insect food, typically moth larvae, to provide essential pro-
teins (KriStin and Patocka, 1997). Moths were surveyed using portable
light traps (8 W UV light, powered by a 7.2 Ah/12 V lead battery). We
focused on images with the assumption that their richness broadly
mirrors the richness of the larval stages, which are mainly consumed
by foraging birds (Ramaswamy et al., 1983; Jactel et al., 2006; Skérka
et al,, 2010). Moth surveys took place during a single night at the
beginning of every month from April to November, i.e. eight samples
in total. Such a sampling covered all major phenological aspects of
the moths' diversity (see also Tropek et al., 2014) and included all
relevant moth species that are part of potential food supply for
birds. Each study plot was sampled using one light trap positioned in
the middle of the plot, under suitable weather conditions (no strong
winds or rain, no extreme temperatures; see Yela and Holyoak, 1997).
All study plots were sampled on the same night in a given month to factor
out biases due to weather changes or plant phenology. Light traps were
activated at least one hour before dusk and were collected at dawn.
Since the light sources of traps attract flying moths from only a few tens
of metres around (Truxa and Fiedler, 2012; van Grunsven et al,, 2014),
our method avoided the unwanted sampling of moths from other forest
stands and habitats in the vicinity of the study plots.

All caught moths specimens were determined to the species level.
We identified the time period of availability of every moth species as a
prey for breeding birds from the literature (Macek et al., 2007, 2008,
2012) and excluded two species that were not available during the
bird breeding season (Eupithecia simplicata and E. absinthiata) from
our moth data. The dominant moth species differed markedly between
invaded and native stands. While native stands were dominated by
species associated with the canopy layer (Drymonia dodonaea, Erannis
defoliaria, Hypomecis roboraria) or with the tree leaf litter (Paracolax
tristalis), these ecological groups were missing or were underrepresented
in R. pseudacacia. Among the moth species most closely associated with
native stands were those most frequently reported as food resources for
central European forest birds such as E. defoliaria and Agriopis aurantiaria
(KriStin and Patocka, 1997). The majority of the moth diversity in
the invaded stands was represented by species of the shrub layer
(Ligdia adustata, Macaria alternata, M. wauaria) or by generalists
without any closer habitat association (Idaea aversata, Peribatodes
rhomboidaria).

In June, after collecting the bird data and at the peak of the growing
season, we mapped the habitat structure in each study plot. We divided
each plot into 4 subplots of 50 x 50 m and described the habitat structure
in every subplot using 13 variables relevant for birds (see Honkanen et al,,
2010; James and Wamer, 1982; Moning and Miiller, 2008): coverage of
the herb layer up to a height of 0.5 m (%), coverage of the herb layer
above 0.5 m (%), coverage of the shrub layer from 1 to 5 m high (%),
coverage of the tree layer from 5 to 10 m high (%), coverage of the tree
layer above 10 m (%), the proportion of trees up to 0.2 m diameter at
breast height (%), the proportion of trees of 0.2-0.5 m diameter at breast
height (%), the proportion of trees above 0.5 m diameter at breast height
(%), the presence of unbroken canopy (yes/no; canopy was defined as
unbroken in case of absence of any gaps larger than 2 m), coverage of
the canopy (%), coverage of clearings (%), the number of dead trees, and
the number of fallen trees. Relative coverages were estimated by walking
throughout the subplot and looking around without use of any specific
measurements; numbers of trees were counted. Then we upscaled the
data from subplots to the whole plot level. For variables with proportional
data we calculated the mean value across subplots, while for variables
with count data we summed the values across all subplots. The canopy

was considered unbroken at the whole plot level when all subplots
were classified as unbroken.

In addition, we assessed the composition of six main land cover
types (water, rock, grassland, human settlement, broad-leaved forest,
coniferous forest) within a circle of 500-m radius around each plot to
obtain information about the possible influence of surrounding habitats.
For this purpose, we analysed aerial photographs and calculated relative
areas of the main land cover types in ArcGIS 10.2 (ESRI, 2011).

2.3. Bird community metrics

To describe bird communities by metrics relevant for assessing the
impact of R. pseudacacia invasion, we focused on bird habitat specializa-
tion, diet and foraging techniques. With respect to these species' traits,
we sorted the species into several groups and calculated (i) species rich-
ness and (ii) the Shannon diversity index of each group in each study
plot. Species richness was expressed as the total number of species of
a given group recorded in each study plot. The Shannon diversity
index was calculated using the formula — 3p; = In(p;), where p is the
proportion of individuals of a given species i in the total abundance of
all species of the bird community on a given study plot.

2.3.1. Habitat specialization

For each bird species, we obtained its habitat specialization index
from Reif et al. (2010). This index quantifies the degree of species' hab-
itat specialization. It is a coefficient of variation of density of each species
across several habitats (Julliard et al., 2006). The inference of this index
is based on the assumption that the density of more specialized species
varies more among habitats, having thus higher index values, whereas
the density of generalist species is more uniform across habitats
(Julliard et al., 2006). Testing this assumption against expert opinion
showed a good agreement (Reif et al., 2010), so we can consider this
index a reliable measure of species' habitat specialization (Ducatez
et al., 2015). Using the data from a large-scale breeding bird monitoring
scheme based on species' occurrence in eight main habitats throughout
the country, Reif et al. (2010) calculated the habitat specialization index
for the majority of species of the Czech bird fauna.

Based on their habitat specialization index, we ranked bird species in
descending order, sorting them into a) two halves and b) four quartiles,
respectively (see e.g. Jetz and Rahbek, 2002, for another example of this
approach). We called the first half “specialist species” and the second
half “generalists species”. We then recognized “strong specialists”,
“moderate specialists”, “moderate generalists” and “strong generalists”,
respectively, according to the quartiles (Table A.1). Although this
sorting was based on the arbitrary definition of particular groups, all
groups differed from each other in their habitat specialization indices,
with strong specialists having the highest values and strong generalists
the lowest values (Fig. A.1).

2.3.2. Diet and foraging techniques

We assessed the diet consumed during the breeding season by each
bird species based on information in Cramp (1977-1994). We recog-
nized two groups of species, “obligate invertebrate consumers” and
“consumers of a mixed diet” (Table A.1), where a mixed diet means
feeding on both animal and plant tissues. Since all species feed heavily
on insect food during this part of the year (note, for example, that
none of the species from our sample could be assessed as an obligate
seed consumer) and descriptions of species' diets are not unified across
species, we could not use a more detailed classification (e.g. recognizing
different kinds of invertebrate food). Nevertheless, none of the species
could be classified into both groups.

Concerning the foraging techniques, we used information in Cramp
(1977-1994) to classify the species into groups recognizing (i) major
foraging strata: canopy, shrub and ground; and (ii) parts of vegetation
most often used for feeding: ground, foliage and bark (Table A.1).
Note that we finally obtained five groups of species according to their
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feeding techniques because ground foragers appeared in both types of
classification. Three species that mainly catch flying insects (Ficedula
albicollis, Muscicapa striata and Phoenicurus phoenicurus) were not
sorted according to the latter classification. They do not match any of
the above categories, and a separate category of flying insect catchers
would be too species poor for further analysis.

2.4. Characteristics of the study plots

For each study plot, we expressed the Shannon diversity index of
moths in the same way as for birds (Table A.2).

Variables describing the habitat structure of plots were closely
correlated among each other. For this reason, we performed a principal
component analysis on data standardized to zero mean and unit
variance in CANOCO for Windows 4.5 (Leps and Smilauer, 2003),
obtaining ordination axes as uncorrelated variables (Table A.2). We
used the first two most important ordination axes for further analyses.
The first axis (explaining 40.6% of the variability in the habitat structure
of study plots) was interpreted as a gradient from plots with tall trees
and a well-developed canopy to plots with a dense scrub layer and a
large amount of dead wood (Table 1a). The second axis (explaining
16.9% of the variability in the habitat structure of study plots) expressed
a gradient of decreasing forest continuity and an increasing proportion
of clearings (Table 1a).

The variables describing the land cover type composition around
study plots suffered from the same problem of non-independence as
the variables representing the habitat structure. We thus again per-
formed principal component analysis, and used the first two ordination
axes for further analyses (Table A.2). The first axis (explaining 65.3% of
the variability in land cover composition) represented a gradient from a
high proportion of broad-leaved forests to a high proportion of human
settlements (Table 1b). The second axis (explaining 23.7% of the
variability in land cover composition) was a gradient from all land
cover types to coniferous forests (Table 1b).

2.5. Statistical analysis

In all analyses described below, the study plots were taken as statisti-
cal units and thus the sample size is always n = 39.

Table 1

Factor loadings of original variables along the first two most important principal components
(PC1 and PC2), as revealed by principal component analysis performed separately for (a) the
habitat structure on study plots and (b) the land cover composition in the 500-m surround-
ings of study plots. DBH — diameter at breast height. Variables with loadings of higher values
than 0.70 are in bold.

Original variable PC1 PC2

a)

Herb layer coverage (<0.5 m) —0.58 —0.56
Herb layer coverage (>0.5 m) 0.51 0.6
Shrub layer coverage (1-5 m) 0.73 0.2
Tree layer coverage (5-10 m) 0.91 —0.25
Tree layer coverage (>10 m) —0.91 0.25
Trees proportion (<0.2 m DBH) 0.75 —045
Trees proportion (0.2-0.5 m DBH) —0.75 0.46
Trees proportion (>0.5 m DBH) 0.03 —0.19
Continuous canopy (yes/no) —0.58 —0.25
Canopy coverage —0.84 —0.34
Clearings coverage —0.04 0.56
Dead tree numbers —0.22 0.45
Fallen tree numbers 0.46 0.36
b)

Water —0.05 —0.08
Rock —0.44 —0.28
Grassland —0.11 0.19
Human settlement 0.98 —0.16
Broad-leaved forest —0.88 —0.42
Coniferous forest —0.18 0.96

2.5.1. Gradients in the species composition of bird communities

To reveal which bird species are associated with native forest stands
and which occur in R. pseudacacia, we performed multivariate redundan-
cy analysis (RDA). RDA is a direct gradient analysis technique relating the
abundance of particular species at study plots to explanatory variables,
and obtaining independent gradients in bird community composition
expressed as particular ordination axes ordered according to their declin-
ing explanatory power (Lep3 and Smilauer, 2003 ). The ordination axes are
either canonical, i.e. represented by pre-defined explanatory variables
(i.e. native stands vs. stands invaded by R. pseudacacia in the case of our
data), or non-canonical, i.e. represented by unknown environmental
gradients. We used RDA as implemented in CANOCO for Windows 4.5
(ter Braak and Smilauer, 2002) to test whether forest stand type
(i.e. native vs. invaded by R. pseudacacia) has a significant effect on
the bird community composition. For this purpose, we used a Monte
Carlo test within RDA with 999 permutations. We present results for
the first four most important ordination axes: one canonical (represented
by forest type) and three non-canonical. In RDA, we coded the native
forest stands as 0 and the stands of R. pseudacacia as 1 as recommended
by ter Braak and Smilauer (2002) for the purposes of the analysis
of categorical response variables.

2.5.2. Comparisons of invaded and native stands

We took forest stand type as a single explanatory two-level factor
and used spatial autoregressive (SAR) models to compare the following
response variables between native forest stands and the stands of
R. pseudacacia: species richness and the Shannon diversity index of all
bird species, species richness and the Shannon diversity index of particu-
lar groups of birds defined by habitat specialization, diet and foraging
technique, the Shannon diversity index of moths, PC1 and PC2 describing
the habitat structure of study plots, and PC1 and PC2 describing the land
cover composition surrounding the plots. The SAR models controlled for
the spatial non-independence of the data and were run in Spatial Analysis
for Macroecology software, version 4.0 (Rangel et al., 2010). Similar
to RDA, we coded the native forest stands as 0 and the stands of
R. pseudacacia as 1 in the SAR models to reveal contrasts between
the stand types for particular response variables.

2.5.3. Relating bird community metrics to plot characteristics

To reveal possible mechanisms driving differences in bird community
metrics between stand types, we took species richness and the Shannon
diversity index of particular bird groups defined by habitat specialization,
diet and foraging techniques as respective response variables and related
them to the Shannon diversity index of moths, habitat structure of the
study plots and to the land cover composition surrounding the study
plots taken as explanatory variables. We used SAR models for this
purpose and for each response variable we tested the main effects
of all explanatory variables within a single model. Every model had
thus six parameters.

In these models, we did not include forest stand type in the explana-
tory variables because the Shannon diversity index of moths, habitat
structure of the study plots and land cover composition surrounding the
study plots were significantly different between the native forests and
the stands of R. pseudacacia (see Section 3.1). Therefore, the inclusion of
forest type in the predictors would have resulted in a strong collinearity
of explanatory variables and thus increase the risk of obtaining spurious
results.

3. Results

We recorded 35 bird species in total, with native forests and stands
of R. pseudacacia each hosting 31 species. At the level of individual
study plots, bird species richness did not differ between stands of native
trees (mean = 11.1 species, SD = 3.1) and stands of R. pseudacacia
(mean = 11.8 species, SD = 2.7; SAR model: F = 0.62, P = 0.437).
The same pattern applied for the Shannon diversity index of birds
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(native stands: mean = 2.26, SD = 0.25; stands of R. pseudacacia:
mean = 2.33,SD = 0.25; SAR model: F = 0.71, P = 0.406).

3.1. Characteristics of the study plots

Native forests had higher moth diversity (SAR model: F = 14.77,
P <0.001; Fig. 1a) and tree canopy cover, but lower shrub layer cover
and amount of dead wood, as indicated by the PC1 of habitat structure
(SAR model: F = 81.49, P <0.001; Fig. 1b). In their 500-m surroundings,
native forests had a higher proportion of broad-leaved trees and a lower
proportion of human settlements than the stands of R. pseudacacia, as
indicated by PC1 of the land cover composition (SAR model: F =
16.78, P < 0.001; Fig. 1c). In contrast, both PC2 of the habitat structure
on study plots (SAR model: F = 2.02, P = 0.163; Fig. 1b) and PC2 of the
land cover composition within the 500-m wide surrounding of study
plots (SAR model: F = 1.43, P = 0.240; Fig. 1c) did not differ between
the native forest stands and R. pseudacacia stands.

3.2. Species composition of bird communities

The species composition of bird communities differed significantly
between native forests and R. pseudacacia stands (RDA Monte Carlo
test: F = 5.13, P = 0.001; Fig. 2). Species associated with R. pseudacacia
(Fig. 2) were common birds of European forests (e.g. Phylloscopus
collybita, Aegithalos caudatus and Turdus philomelos) typically preferring
the shrub layer (Sylvia atricapilla, Troglodytes troglodytes) or discontinu-
ous forest canopy (Phoenicurs phoenicurus). Native stands (Fig. 2) were
occupied by species preferring a well-developed canopy (Dendrocopos
medius, Oriolus oriolus) or forest interior (Dryocopus martius, Phylloscopus
sibilatrix). According to the RDA, some species like Parus major and
Ficedula albicollis did not discriminate among native forests and
R. pseudacacia stands (Fig. 2).

RDA revealed that the stand type (i.e. native forest vs. R. pseudacacia
stand) was among the most important predictors of bird community
composition on the study plots accounting for 11.9% of its variability,
whereas the other gradients in bird community composition (indepen-
dent of stand type) explained 13.1%, 12.0% and 10.1% of its variability,
respectively.

3.3. Habitat specialist and generalist birds

The species richness of bird groups defined by habitat specializa-
tion differed significantly between native forests and stands of
R. pseudacacia. Specialists had more species in the native forests
(SAR model: F = 6.48, P = 0.015; Fig. 3), whereas generalists had
more species in R. pseudacacia stands (SAR model: F = 22.64, P < 0.001;
Fig. 3). This pattern remained consistent even after considering strong
and moderate specialists and generalists separately (Fig. 3). However
the difference was significant only for the strong (SAR model: F = 4.25,
P = 0.046) and moderate specialists (SAR model: F = 4.70, P = 0.037)
and strong generalists (SAR model: F = 33.52, P < 0.001), but not for
the moderate generalists (SAR model: F = 2.33, P = 0.136). If considering
the Shannon diversity index of particular bird groups, the patterns were
very similar (Appendix A.1), only the difference between native forests
and stands of R. pseudacacia became insignificant for strong specialists
(Appendix A.1).

The Shannon diversity index of moths was the only significant
predictor of the number of specialist birds (Table 2a-c). A higher
number of specialized birds was found on the plots with a higher
diversity of moth species (Table 2a). The same relationship was
found for moderate specialists (Table 2b). The relationship between
moth diversity and species richness of strongly specialized bird species
was also positive, but insignificant (Table 2c¢). Other variables, such as
the habitat structure and land cover composition in the surroundings,
were unrelated to the number of specialist bird species (Table 2a-c).
The results remained qualitatively the same when we considered the
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Fig. 1. Comparison of (a) the Shannon diversity index of moths, (b) habitat structure (PC1
and PC2 from principal component analysis on 13 variables describing habitat structure in
the study plots) and (c) land cover composition in a 500-m radius surrounding the plots
(PC1 and PC2 from principal component analysis on six variables describing the land
cover) between the study plots located in native forest stands and in stands of invasive
Robinia pseudacacia. The values are the least-square means estimated by simultaneous
autoregressive models. A separate model was run for each variable. The asterisks mark
significant differences between stands.

Shannon diversity of birds instead of bird species richness (Appendix
A1)

Habitat structure affected the species richness of generalist birds
(Table 2d-f). The significant effect of PC1 (Table 2d) indicated that
more habitat generalists were breeding in plots with a more developed
shrub layer, a higher amount of dead wood, and trees of lower stature
and lower canopy coverage. Strong and moderate generalists both
showed the same significant pattern (Table 2e, f). The species richness
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Fig. 2. Bird species' (blue arrows) associations with native forest stands (black arrow) and
with stands of invasive Robinia pseudacacia (grey arrow) as revealed by redundancy
analysis. The closer the position of a species' arrow to the extreme part of the x-axis, the
higher the association of a given species with a given stand type. Species with unclear
associations (i.e. those close to the centre of the plot) are not depicted. Birds are
abbreviated by first three letters of their scientific names (see Table A.1 for full names).
Note that positions of some species'identifiers were moved to improve readability. (For
interpretation of the references to color in this figure legend, the reader is referred to
the web version of this article.)

of generalist bird species was not related to either the Shannon diversity
index of moth species or PC2 of habitat structure, or to either PC1 and
PC2 of land cover composition within the 500-m surroundings
(Table 2d-f). The results remained qualitatively the same when we
considered the Shannon diversity of birds instead of bird species
richness (Appendix A.1).

3.4. Diet and foraging techniques of birds

Neither birds feeding exclusively on invertebrates (SAR model: F =
1.79, P = 0.189; Fig. 4), nor birds with a mixed diet (SAR model: F =
0.18, P = 0.682; Fig. 4) showed any differences in species richness
between the native forests and the stands of R. pseudacacia. The same
pattern was observed, if the Shannon diversity index was applied
instead of species richness (Appendix A.1). However, birds feeding
exclusively on invertebrates had a higher species richness (Table 3a)
and Shannon diversity index (Appendix A.1) at stands with a higher
diversity of moths, whereas birds with a mixed diet had a higher species
richness (Table 3b) and diversity (Appendix A.1) at stands with a higher
proportion of coniferous trees in the 500-m surroundings. The opposite
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Fig. 3. Species richness of bird groups defined by habitat specialization in native forest
stands and stands of invasive Robinia pseudacacia. The values are the least-square means
estimated by simultaneous autoregressive models. A separate model was run for each
species group. Asterisks indicate significant differences between stands.

Table 2

The effects of habitat structure on study plots (PC1 and PC2 from principal component
analysis on 13 variables describing the habitat structure), land cover composition in the
500-m surroundings of study plots (PC1 and PC2 from principal component analysis on
six variables describing the land cover) and the Shannon diversity index of moths on spe-
cies richness of bird groups defined by their habitat specialization. Separate simultaneous
autoregressive models were run for: (a) all specialists, (b) strong specialists, (¢c) moderate
specialists, (d) all generalists, (e) strong generalists and (f) moderate generalists. Signifi-
cant results are in bold.

Explanatory variable Coefficient SE T P
a) All specialists
Habitat structure PC1 —047 0.38 —1.26 0.217

Habitat structure PC2 0.19 0.34 0.56 0.588

Surrounding land cover PC1 —0.26 0.36 —0.73 0472
Surrounding land cover PC2 —0.41 033 —1.24 0.224
Moth diversity 297 1.19 2.49 0.018
b) Strong specialists

Habitat structure PC1 —0.26 0.25 —1.03 0.310
Habitat structure PC2 0.03 0.23 0.14 0.888
Surrounding land cover PC1 0.01 0.24 0.02 0.987
Surrounding land cover PC2 —0.24 0.22 —-1.11 0.275
Moth diversity 1.41 0.79 1.77 0.086
¢) Moderate specialists

Habitat structure PC1 —0.20 0.22 —0.94 0.356

Habitat structure PC2 0.18 0.20 0.92 0.367

Surrounding land cover PC1 —0.27 0.21 —1.28 0.211
Surrounding land cover PC2 —-0.17 0.19 —0.93 0.359
Moth diversity 1.58 0.67 235 0.025
d) All generalists

Habitat structure PC1 1.33 0.32 423 <0.001
Habitat structure PC2 033 0.28 1.15 0.258
Surrounding land cover PC1 —0.15 0.30 —0.48 0.632
Surrounding land cover PC2 0.21 0.27 0.75 0.456
Moth diversity 0.87 0.99 0.88 0.387
e) Strong generalists

Habitat structure PC1 0.67 0.21 324 0.003
Habitat structure PC2 0.15 0.19 0.78 0.440
Surrounding land cover PC1 —0.01 0.20 —0.01 0.992
Surrounding land cover PC2 0.05 0.18 0.27 0.788
Moth diversity —0.29 0.67 —043 0.671
f) Moderate generalists

Habitat structure PC1 0.67 0.22 299 0.005
Habitat structure PC2 0.16 0.20 0.77 0.446
Surrounding land cover PC1 —0.21 0.21 —0.98 0.335
Surrounding land cover PC2 0.14 0.19 0.72 0.477
Moth diversity 1.08 0.68 1.58 0.125

effect of the surrounding habitat composition was found in the case of
the Shannon diversity index of bird species feeding exclusively on inver-
tebrates (Appendix A.1).

Of the bird groups defined by foraging strata and the parts of vegeta-
tion used for feeding, the species richness of shrub foragers (SAR model:
F=6.99, P = 0.012; Fig. 4) and foliage gleaners (SAR model: F = 8.92,
P = 0.005; Fig. 4) was significantly higher in R. pseudacacia stands than
in native forest stands. The species richness of canopy foragers (SAR
model: F = 3.91, P = 0.056; Fig. 4) and bark foragers (SAR model:
F = 3.35, P = 0.075; Fig. 4) tended to be insignificantly richer in native
forest stands. Ground foragers did not show any significant differences
between forest types (SAR model: F = 2.79, P = 0.103; Fig. 4). Replacing
species richness by the Shannon diversity index showed almost the
same patterns (Appendix A.1); only the diversity of canopy foragers
became significantly higher in native forest stands than in
R. pseudacacia stands (Appendix A.1). Focusing on study plot charac-
teristics (Table 3c-g) showed that the species richness of bark
foragers significantly increased with moth diversity (Table 3g) and
the richness of canopy foragers insignificantly (Table 3c). The species
richness of birds foraging in the shrub layer, on the ground and in
foliage significantly increased with PC1 (Table 3d-f), reflecting a less
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Fig. 4. Species richness of bird groups defined by diet and foraging techniques in native forest stands and stands of invasive Robinia pseudacacia. The values are the least-square means
estimated by simultaneous autoregressive models. A separate model was run for each species group. Asterisks indicate significant differences between stands.

continuous canopy and more developed shrub and herb vegetation
layers. These patterns remained mostly the same when we used
Shannon diversity index instead of species richness for particular
bird groups, with only the pattern for canopy foragers turning significant
and for foliage gleaners insignificant (Appendix A.1).

4. Discussion

In accordance with the previous study of Hanzelka and Reif (2015),
we found that the species richness of habitat specialist birds (represented
by species like D. medius, P. sibilatrix and O. oriolus) was higher in the
native stands, whereas habitat generalists (such as S. atricapilla,
P. collybita and A. caudatus) were more species-rich in invaded
stands. Here we develop those initial findings, showing that habitat
specialists and habitat generalists differ in the sets of local environ-
mental predictors, relating to their species-richness patterns across
study plots. While the habitat specialists' species richness was only
related to the diversity of moths, the species richness of habitat gener-
alists was not affected by moths, but rather by the habitat structure of
study plots, indicating that different mechanisms shape distribution
and abundance of these groups.

In the case of habitat specialists, we suggest that their relationship to
moth diversity is caused by a limited food supply for these species in the
invaded stands. Indeed, a recent pan-European study on hundreds of
bird species showed that habitat specialization can be used as a surro-
gate for several other species traits, including diet niche breadth (Reif
et al,, 2016).Therefore, the habitat specialists in our study are probably
diet specialists at the same time. As a consequence, they likely lack
some critical food resources in the stands of R. pseudacacia. This is indi-
cated by the lower diversity of moths, probably caused by their limited
ability to adapt to non-indigenous host plants forming the forest canopy
(Litt et al,, 2014).

Habitat generalists, on the other hand, are more likely tolerant to
variability in the composition of the food supply and are not limited
by the lower diversity of food in R. pseudacacia stands. Their species
richness on our study plots is probably affected by other factors such
as habitat structure. The stands of R. pseudacacia are characterized by
a more developed shrub layer, which is probably caused by the ability
of R. pseudacacia to fix nitrogen and thus to increase soil nutrients
(Castro-Diez et al., 2014) and/or by the lower cover of the tree layer,
enabling sunshine to reach the lower layers of vegetation. Of course,
this increases the chances for the coexistence of more bird species
(Hurlbert, 2004), probably leading to the higher number of generalist
bird species. In addition, habitat generalists are capable of exploiting
novel habitats created by R. pseudacacia. This corresponds to their

ability to colonize new environments, such as urban areas (Evans
et al,, 2011), and benefit from new food types (Ducatez et al., 2015).

The higher species richness of habitat generalists in invaded stands
may be a special case of woody plants like R. pseudacacia creating stands
with well-developed shrub vegetation and might not be universal for
plant invasions. If a plant invasion results in structurally homogenous
stands, as is the case of Salix x rubens in Australia (Holland-Clift et al.,
2011), we can expect a lower diversity of both specialist and generalist
species.

It seems somewhat counterintuitive that habitat specialists are not
affected by the structural components of habitat, unlike habitat general-
ists. However, we think this pattern is caused by the primary effect of
lower food diversity in invaded stands, which precludes the occurrence
of specialized birds. Note that in birds food limitation is generally
stronger than limitation by habitat structure (Pigot and Tobias, 2013).
In cases where such a food limitation is absent, we can speculate that
habitat specialists may be equally or even more sensitive to changes in
habitat structure than generalist species.

If the lower diversity of food resources in the R. pseudacacia stands
limits some bird species, we would expect that this limitation will be
stronger for those feeding on invertebrates than for species with a
mixed diet. This expectation was partially confirmed because the spe-
cies richness of birds feeding exclusively on invertebrates increased
with moth diversity, and native stands host a more diverse moth
community. However, stand type per se, if tested as a sole factor, did
not predict the species richness of exclusive invertebrate feeders,
suggesting that food limitation is probably not the only mechanism by
which R. pseudacacia constrains the diversity of specialist birds. For
instance, it was previously found that central European birds had
lower breeding performance in R. pseudacacia than in native oak forests
due to higher nest predation rates (Remes, 2003). If specialists are more
susceptible to nest predation, this mechanism may be an alternative
explanation to the patterns observed in our data. However, this expla-
nation is very speculative since we are not aware of any studies relating
risk-taking behaviour to ecological specialization. Alternatively, our
analysis of bird food niches suffered from the broad definition of diet
categories, which was limited by the literature information on food
consumed by particular bird species. Overcoming such problems
would require studying the diet of particular bird species directly on
study plots and matching it to the food supply revealed by light trapping.
This would be a direct and decisive test of the mechanism of food limita-
tion we propose above.

In contrast to exclusive invertebrate feeders, the species richness of
birds with a mixed diet was positively related to the presence of conif-
erous trees in the surroundings of study plots, but not to moth diversity.
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Table 3

The effects of habitat structure on study plots (PC1 and PC2 from principal component
analysis on 13 variables describing the habitat structure), land cover composition in the
500-m surroundings of study plots (PC1 and PC2 from principal component analysis on
six variables describing the land cover) and the Shannon diversity index of moths on the
species richness of bird groups defined by their diet and foraging techniques. Separate
simultaneous autoregressive models were run for: (a) species feeding exclusively on
invertebrates, (b) species with a mixed diet, (c) canopy foragers, (d) shrub foragers,
(e) ground foragers, (f) foliage gleaners and (g) bark foragers. Significant results are in
bold.

Explanatory variable Coefficient SE T P

(a) Exclusive invertebrate feeders

Habitat structure PC1 0.48 0.39 1.23 0.227
Habitat structure PC2 042 0.35 1.18 0.247
Surrounding land cover PC1 —0.23 0.38 —0.61 0.544
Surrounding land cover PC2 —0.65 034 —1.92 0.064
Moth diversity 2.75 1.23 2.24 0.032
(b) Mixed diet species

Habitat structure PC1 0.42 0.26 1.61 0.117
Habitat structure PC2 0.04 0.24 0.17 0.865
Surrounding land cover PC1 —0.30 0.25 —1.23 0.228
Surrounding land cover PC2 048 0.22 2.24 0.032
Moth diversity 0.64 0.77 0.83 0412
(c) Canopy foragers

Habitat structure PC1 —0.38 0.3 —1.25 0.221

Habitat structure PC2 0.01 0.27 0.01 0.989

Surrounding land cover PC1 —-0.17 0.29 —0.58 0.567
Surrounding land cover PC2 —0.25 0.26 —0.97 0.340
Moth diversity 1.82 0.94 1.94 0.061
(d) Shrub foragers

Habitat structure PC1 0.73 0.28 2.62 0.014
Habitat structure PC2 0.35 0.25 14 0.171
Surrounding land cover PC1 —0.13 0.27 —0.50 0.623
Surrounding land cover PC2 —0.02 0.24 —0.10 0.921
Moth diversity 1.16 0.89 13 0.202
(e) Ground foragers

Habitat structure PC1 0.49 0.18 2.79 0.009
Habitat structure PC2 0.11 0.16 0.69 0.497
Surrounding land cover PC1 —0.12 0.17 —0.70 0.492
Surrounding land cover PC2 0.11 0.15 0.78 0.444
Moth diversity 0.49 0.52 0.95 0.351
(f) Foliage gleaners

Habitat structure PC1 0.46 0.18 2.54 0.016
Habitat structure PC2 0.06 0.16 0.35 0.727
Surrounding land cover PC1 —0.23 0.17 —1.33 0.194
Surrounding land cover PC2 0.01 0.16 0.08 0.937
Moth diversity 0.14 0.56 0.26 0.800
(g) Bark foragers

Habitat structure PC1 —0.16 0.25 —0.64 0.528

Habitat structure PC2 0.12 0.23 0.51 0.612

Surrounding land cover PC1 —0.05 0.24 —0.22 0.826
Surrounding land cover PC2 —0.23 0.21 —1.08 0.288
Moth diversity 1.88 0.77 245 0.020

This is in accord with our predicted lower dependence of such species
on insect food. They might also benefit from surrounding habitats differ-
ent from the broad-leaved trees on the study plots enriching their food
supply by seeds.

We also classified the birds according to their feeding strategies to
gain further insight into species' sorting between invaded and native
forest stands. Bark foragers and canopy foragers were more represented
in native stands and their richness and diversity increased with the di-
versity of moths. On the other hand, species feeding in foliage
were more species-rich in invaded stands. Because native oaks have a
well-developed canopy and host many species of xylophagous insects
(Vodka et al., 2009), bark foragers (such as D. medius, D. martius and
Certhia brachydactyla) and canopy foragers (such as O. oriolus and
Coccothraustes coccothraustes) find rich food resources in native stands,

while R. pseudacacia lacks phytophagous insect species (Kuflan, 2012).
The higher species richness and diversity of foliage gleaners in invaded
stands might be surprising given the limited development of
R. pseudacacia foliage and lack of phytophagous insects. However,
this pattern is most likely driven by birds feeding in the shrub layer
formed by native plants such as S. nigra, which is abundant in R.
pseudacacia stands and rather scarce or even lacking in native forest
stands. This also corresponds to the increasing diversity of birds
foraging in the shrub layer, which are represented by species typical
for R. pseudacacia stands like S. atricapilla, P. collybita and A. caudatus,
with a higher shrub cover on study plots.

The observed response to the R. pseudacacia invasion was stronger in
strong generalists than in moderate generalists, but the reverse was true
for habitat specialists. We think that the weaker response of strong
specialists is due to their overall rarity (Gaston et al., 1997) resulting
in generally low sample sizes and thus less significant differences
between stand types. This sampling effect does not apply to habitat
generalists, which are generally common and well represented on
study plots. In their case, the species' ecological characteristics
most likely generate the observed pattern. For instance, moderate
generalists may be less able to exploit new habitats than strong
generalists, and therefore their species richness is less affected by
the invasion of R. pseudacacia.

Total breeding bird species richness did not differ between the
native forest and R. pseudacacia stands. This highlights the importance
of considering species' traits such as habitat specialization instead of
the analysis of sole total species richness, which can hide more complex
patterns, as we observe in our results (see also Filippi-Codaccioni
et al.,, 2010; Reif et al., 2013). However, the absence of a difference
in total species richness between R. pseudacacia stands and native
forest stands is also interesting per se, and corresponds to earlier
studies focused on the effects of exotic plant species on bird diversity
in shrublands invaded by Tamarix sp. in Nevada (Fleishman et al.,
2003), woodlands invaded by Eucalyptus sp. in California (Sax,
2002) or savannah invaded by Acacia sp. thicket in South Africa
(Rogers and Chown, 2014). In contrast, several other studies
reported serious impoverishment of local bird communities due to
plant invasions in rangelands invaded by exotic grasses in Texas
(Flanders et al., 2006), meadows invaded by Solidago sp. in Poland
(Skérka et al., 2010) or river banks invaded by Reynoutria sp. in the
Czech Republic (Hajzlerova and Reif, 2014). In general, it seems
that plant invasions into herbaceous vegetation such as grasslands
have more pronounced impacts on bird species richness than inva-
sions into forest stands. This may be caused by a higher sensitivity
of less complex communities to plant invasions (Galiana et al.,
2014): grassland communities are simpler relative to forest commu-
nities so the relative impact in grasslands is higher. Alternatively,
woody plants, despite their exotic origin, create highly structured
habitats, as was also the case for R. pseudacacia stands in our study,
that can be occupied by various bird species resulting in species-
rich communities (Schlaepfer et al., 2011; but see Holland-Clift
etal, 2011).

Our results should be interpreted with caution because the data
were collected over a single year and the study area covered only
600 km?. It might be possible that repeating our survey in subsequent
years and extending the study area would reveal different patterns.
However, we consider this possibility quite improbable. Climatic condi-
tions of the year of data collection were close to the long-term average:
the mean temperature in May was only 0.4 °C warmer and the mean
temperature in June was only — 0.4 °C colder than mean temperatures
between 1961 and 1990 (http://portal.chmi.cz/historicka-data/pocasi/
uzemni-teploty#). Therefore, we think that adding more years would
likely result in stronger conclusions, but not in reversed patterns. The
observed effect of R. pseudacacia on specialist and generalist birds is in
accord with ecological theory (Futuyma and Moreno, 1988) and the
proposed mechanisms fit well the observed patterns. It would be very
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difficult to imagine a mechanism, for example, of how specialized bird
species or exclusive invertebrate feeders would benefit from a limited
food supply in invaded stands. Higher moth diversity in the native
stands is also very intuitive and supported by ecological theory
predicting a lack of insect species adapted to a novel host plant due
to the short time since introduction (Liu and Stiling, 2006). There-
fore, although a high level of detail in our study was compromised by
limited spatial and temporal replication, we are convinced that our
conclusions present real mechanisms of the impact of R. pseudacacia
on birds.

5. Conservation implications

Our study revealed that habitat specialists and generalists respond
differentially to a woody plant invasion and that different mechanisms
were responsible for the observed patterns in species richness of these
species groups. Specialists were limited by food supply in the invaded
stands, probably due to the absence of some arthropod species they
feed on. On the contrary, generalists were likely more flexible in their
ecological demands and were able to exploit new breeding opportuni-
ties created by the development of the shrub layer in the invaded
stands. Our results thus challenge the recent view that non-native plants
do not have significant impacts on biodiversity (Thomas and Palmer,
2015; but see Hulme et al., 2015). Given the gradually increasing
occupancies of invasive plants worldwide (PySek et al., 2012), we indeed
suggest that they may be among the drivers of large-scale declines of
habitat specialists recently observed across Europe (Le Viol et al., 2012)
and of the increasing dominance of habitat generalists in local communi-
ties (Devictor et al., 2008; Reif et al., 2013). Further, if food limitation is
among the mechanisms underlying the decline of specialists, then this
can explain why such declines occur across habitats, regions and climatic
zones (Davey et al., 2012; Jiguet et al., 2007; Shultz et al., 2005). Other
studies reported the high importance of food resources to keep consumer
populations stable (Hallmann et al., 2014; Hewson and Noble, 2009;
Salido et al., 2012). Therefore, we suggest that for conservation of habitat
specialists we should not only focus on preserving large areas of habitats,
but we should also consider the quality of such habitats in terms of food
supply.

Concerning the specific case of our focal invasive woody plant species,
R. pseudacacia, we provide evidence that its impacts scale up along food
chain. Future studies should focus on better understanding its effects
on functional relationships between trophic levels. For instance, it
would be interesting to discriminate direct and indirect impacts of
R. pseudacacia by studying changes of species richness simultaneously
for plants, insects and birds, representing primary producers, primary
consumers and secondary consumers, respectively. We found adverse
impacts of R. pseudacacia on habitat specialists, which are usually of a
higher conservation concern and undergo more rapid population
decline than generalists (Kolecek et al., 2014; Owens and Bennett,
2000; Skorka et al., 2006). This finding advocates for the eradication of
R. pseudacacia from forests of high conservation value such as those in
national parks (Reiterova and Skorpik, 2012). On the other hand, we
may expect that more species of indigenous insects will be able to
adapt to this novel environment with more residence time since
the introduction of R. pseudacacia (Litt et al., 2014). Therefore, the
adverse effect of R. pseudacacia on specialized birds may be reduced
in the future.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.biocon.2016.04.003.

Acknowledgements

We thank J. Skala for his help in the field. We are grateful to Vincent
Devictor and three anonymous referees for constructive comments on
earlier drafts of the manuscript. David W. Hardekopf kindly improved

the English. The study was supported by the Czech Science Foundation
(grant no. 14-21715S).

References

Aslan, CE., Rejmdnek, M., 2010. Avian use of introduced plants: ornithologist records illu-
minate interspecific associations and research needs. Ecol. Appl. 20, 1005-1020.
Bibby, CJ., Burgess, N.D., Hill, D.A., Mustoe, S., 2000. Bird Census Techniques. Academic

Press, London.

Blackburn, T.M., Py3ek, P., Bacher, S., Carlton, ].T., Duncan, R.P., Jarosik, V., Wilson, J.R.U.,
Richardson, D.M.,, 2011. A proposed unified framework for biological invasions.
Trends Ecol. Evol. 26, 333-339.

Buchholz, S., Tietze, H., Kowarik, 1., Schirmel, J., 2015. Effects of a major tree invader on
urban woodland arthropods. PLoS One 10, e0137723.

Castro-Diez, P., Godoy, O., Alonso, A., Gallardo, A., Saldana, A., 2014. What explains variation
in the impacts of exotic plant invasions on the nitrogen cycle? A meta-analysis. Ecol.
Lett. 17, 1-12.

Chapman, R.N,, Engle, D.M., Masters, R.E., Leslie, D.M., 2004. Tree invasion constrains
the influence of herbaceous structure in grassland bird habitats. Ecoscience 11,
55-63.

Cramp, S.E. (Ed.), 1977-1994. The Birds of the Western Palearctic. Oxford University Press,
Oxford.

Cunningham, S.A., Floyd, R.B., Weir, T.A., 2005. Do Eucalyptus plantations host an
insect community similar to remnant Eucalyptus forest? Austral Ecol. 30, 103-117.

Davey, C.M., Chamberlain, D.E., Newson, S.E., Noble, D.G., Johnston, A., 2012. Rise of the
generalists: evidence for climate driven homogenization in avian communities.
Glob. Ecol. Biogeogr. 21, 568-578.

Degomez, T., Wagner, M.R., 2001. Arthropod diversity of exotic vs. native Robinia species
in northern Arizona. Agric. For. Entomol. 3, 19-27.

Devictor, V., Julliard, R,, Clavel, ., Jiguet, F., Lee, A, Couvet, D., 2008. Functional biotic ho-
mogenization of bird communities in disturbed landscapes. Glob. Ecol. Biogeogr. 17,
252-261.

Devictor, V., Mouillot, D., Meynard, C, Jiguet, F., Thuiller, W., Mouquet, N., 2010a. Spatial
mismatch and congruence between taxonomic, phylogenetic and functional diversity:
the need for integrative conservation strategies in a changing world. Ecol. Lett. 13,
1030-1040.

Devictor, V., Clavel, ., Julliard, R., Lavergne, S., Mouillot, D., Thuiller, W., Venail, P., Villeger,
S., Mouquet, N., 2010b. Defining and measuring ecological specialization. J. Appl. Ecol.
47, 15-25.

Ducatez, S., Clavel, J., Lefebvre, L., 2015. Ecological generalism and behavioural innovation
in birds: technical intelligence or the simple incorporation of new foods? J. Anim.
Ecol. 84, 79-89.

ESRI, 2011. ArcGIS Desktop: Release 10. Environmental Systems Research Institute,
Redlands.

Evans, K.L., Chamberlain, D.E., Hatchwell, BJ., Gregory, R.D., Gaston, KJ., 2011. What
makes an urban bird? Glob. Chang. Biol. 17, 32-44.

Filippi-Codaccioni, O., Devictor, V., Bas, Y., Julliard, R., 2010. Toward more concern for
specialisation and less for species diversity in conserving farmland biodiversity.
Biol. Conserv. 143, 1493-1500.

Flanders, A.A., Kuvlesky, W.P., Ruthven, D.C,, Zaiglin, R.E., Bingham, R.L., Fulbright, T.E.,
Hernandez, F., Brennan, L.A., 2006. Effects of invasive exotic grasses on South Texas
rangeland breeding birds. Auk 123, 171-182.

Fleishman, E., McDonal, N., Mac Nally, R., Murphy, D.D., Walters, J., Floyd, T., 2003. Effects
of floristics, physiognomy and non-native vegetation on riparian bird communities in
a Mojave Desert watershed. ]. Anim. Ecol. 72, 484-490.

Futuyma, D.J., Moreno, G., 1988. The evolution of ecological specialization. Annu. Rev.
Ecol. Evol. Syst. 19, 207-233.

Gaertner, M., Biggs, R., Te Beest, M., Hui, C., Molofsky, J., Richardson, D.M., 2014. Invasive
plants as drivers of regime shifts: identifying high-priority invaders that alter feedback
relationships. Divers. Distrib. 20, 733-744.

Galiana, N., Lurgi, M., Montoya, J.M., Lopez, B.C., 2014. Invasions cause biodiversity loss
and community simplification in vertebrate food webs. Oikos 123, 721-728.

Gaston, KJ., 1994. Rarity. Chapman & Hall, London.

Gaston, KJ., Blackburn, T.M., Lawton, J.H., 1997. Interspecific abundance-range size
relationships: an appraisal of mechanisms. J. Anim. Ecol. 66, 579-601.

Godet, L., Gauezere, P., Jiguet, F., Devictor, V., 2015. Dissociating several forms of
commonness in birds sheds new light on biotic homogenization. Glob. Ecol. Biogeogr.
24, 416-426.

Hajzlerova, L., Reif, J., 2014. Bird species richness and abundance in riparian vegetation
invaded by exotic Reynoutria spp. Biologia 69, 247-253.

Hallmann, C.A., Foppen, R.P.B., van Turnhout, C.A.M., de Kroon, H., Jongejans, E., 2014.
Declines in insectivorous birds are associated with high neonicotinoid concentra-
tions. Nature 511, 341-343.

Hanzelka, ]., Reif, J., 2015. Responses to the black locust (Robinia pseudoacacia) invasion
differ between habitat specialists and generalists in central European forest birds.
J. Omnithol. 156, 1015-1024.

Hartley, M.K., Rogers, W.E., Siemann, E., 2010. Comparisons of arthropod assemblages
on an invasive and native trees: abundance, diversity and damage. Arthropod Plant
Interact. 4, 237-245.

Hejda, M., Pysek, P., Jarosik, V., 2009. Impact of invasive plants on the species richness,
diversity and composition of invaded communities. J. Ecol. 97, 393-403.

Hewson, C.M., Noble, D.G., 2009. Population trends of breeding birds in British woodlands
over a 32-year period, relationships with food, habitat use and migratory behaviour.
Ibis 151, 464-486.


doi:10.1016/j.biocon.2016.04.003
doi:10.1016/j.biocon.2016.04.003
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0005
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0005
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0015
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0015
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0020
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0020
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0025
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0025
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0030
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0030
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0030
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0035
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0035
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0035
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0040
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0040
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0045
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0045
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0050
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0050
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0050
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0055
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0055
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0065
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0065
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0065
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0070
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0070
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0070
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0070
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0075
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0075
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0080
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0080
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0080
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0085
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0085
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0090
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0090
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0095
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0095
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0095
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0100
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0100
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0105
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0105
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0105
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0110
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0110
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0115
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0115
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0115
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0120
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0120
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0125
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0130
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0130
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0135
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0135
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0135
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0140
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0140
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0145
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0145
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0150
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0150
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0150
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0155
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0155
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0155
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0160
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0160
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0165
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0165
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0165

J. Reif et al. / Biological Conservation 198 (2016) 50-59 59

Holland-Clift, S., 0'Dowd, D.J., Mac Nally, R., 2011. Impacts of an invasive willow (Salix x
rubens) on riparian bird assemblages in south-eastern Australia. Austral Ecol. 36,
511-520.

Honkanen, M., Roberge, J.M., Rajasarkka, A., Monkkonen, M., 2010. Disentangling the
effects of area, energy and habitat heterogeneity on boreal forest bird species richness
in protected areas. Glob. Ecol. Biogeogr. 19, 61-71.

Hulme, P.E., Pauchard, A, PySek, P., Vila, M., Alba, C,, Blackburn, T.M,, Bullock, ].M., Chytry, M.,
Dawson, W., Dunn, AM,, Essl, F., Genovesi, P., Maskell, L.C., Meyerson, LA., Nufiez, M.A,,
Pergl, J., Pescott, O.L., Pocock, MJ.O., Richardson, D.M., Roy, H.E., Smart, S.M., Stajerova, K.,
Stohlgren, T,J., van Kleunen, M., Winter, M., 2015. Challenging the view that invasive
non-native plants are not a significant threat to the floristic diversity of Great Britain.
Proc. Natl. Acad. Sci. U. S. A. 112, E2988-E2989.

Hurlbert, A.H., 2004. Species-energy relationships and habitat complexity in bird communi-
ties. Ecol. Lett. 7, 714-720.

Jactel, H., Menassieu, P., Vetillard, F., Barthelemy, B., Piou, D., Ferot, B., Rousselet, J., Goussard,
F.,, Branco, M,, Battisti, A, 2006. Population monitoring of the pine processionary moth
(Lepidoptera: Thaumetopoeidae) with pheromone-baited traps. For. Ecol. Manag. 235,
96-106.

Jager, H., Tye, A., Kowarik, I., 2007. Tree invasion in naturally treeless environments:
impacts of quinine (Cinchona pubescens) trees on native vegetation in Galapagos.
Biol. Conserv. 140, 297-307.

James, F.C., Wamer, N.O., 1982. Relationships between temperate forest bird communities
and vegetation structure. Ecology 63, 159-171.

Jetz, W., Rahbek, C., 2002. Geographic range size and determinants of avian species richness.
Science 297, 1548-1551.

Jiguet, F., Gadot, A.-S., Julliard, R, Newson, S.E., Couvet, D., 2007. Climate envelope, life history
traits and the resilience of birds facing global change. Glob. Chang. Biol. 13, 1672-1684.

Julliard, R,, Clavel, J., Devictor, V., Jiguet, F,, Couvet, D., 2006. Spatial segregation of specialists
and generalists in bird communities. Ecol. Lett. 9, 1237-1244.

Kolecek, J., Albrecht, T., Reif, ]., 2014. Predictors of extinction risk of passerine birds in a
central European country. Anim. Conserv. 17, 498-506.

Kristin, A., Patocka, J., 1997. Birds as predators of Lepidoptera: selected examples. Biologia
52,319-326.

Kuflan, M., 2012. Lepidoptera on the introduced Robinia pseudoacacia in Slovakia, Central
Europe. Chem. List. 8, 709-711.

Le Viol, I, Jiguet, F., Brotons, L., Herrando, S., Lindstrom, A., Pearce-Higgins, J.W., Reif, J.,
Van Turnhout, C., Devictor, V., 2012. More and more generalists: two decades of
changes in European avifauna. Biol. Lett. 8, 780-782.

Lenda, M., Skorka, P., Knops, ].M.H., Moron, D., Tworek, S., Woyciechowski, M., 2012. Plant
establishment and invasions: an increase in a seed disperser combined with land
abandonment cause an invasion of the non-native walnut in Europe. Proc. R. Soc. B
279, 1491-1497.

Leps, J., Smilauer, P., 2003. Multivariate Analysis of Ecological Data Using CANOCO.
Cambridge University Press, Cambridge.

Litt, AR, Cord, E.E., Fulbright, T.E., Schuster, G.L., 2014. Effects of invasive plants on
Arthropods. Conserv. Biol. 28, 1532-1549.

Liu, H,, Stiling, P., 2006. Testing the enemy release hypothesis: a review and meta-analysis.
Biol. Invasions 8, 1535-1545.

Macek, J., Dvorak, J., Traxler, L., Cervenka, V., 2007. Central European Moths. Part . Academia,
Praha.

Macek, J., Dvorak, J., Traxler, L., Cervenka, V., 2008. Central European Moths. Part II.
Academia, Praha.

Macek, ]., Prochdzka, P., Traxler, L., 2012. Central European Moths. Part IIl. Academia,
Praha.

Moning, C., Miiller, J., 2008. Environmental key factors and their thresholds for the avifauna
of temperate montane forests. For. Ecol. Manag. 256, 1198-1208.

Moran, V.C,, Hoffman, ].H., Donnelly, B., van Wilgen, B.W., Zimmerman, H.G., 2000. Biological
control of alien, invasive pine trees (Pinus sp.) in South Africa. In: Spencer, N.R. (Ed.),
Proceedings of the X International Symposium on Biological Control of Weeds. Montana
State University, Bozeman, pp. 941-953.

Olden, J.D., Rooney, T.P., 2006. On defining and quantifying biotic homogenization. Glob.
Ecol. Biogeogr. 15, 113-120.

Olden, J.D., Poff, N.L., Douglas, M.R., Douglas, M.E., Fauch, K.D., 2004. Ecological and evolu-
tionary consequences of biotic homogenization. Trends Ecol. Evol. 19, 18-24.

Owens, LP.F,, Bennett, P.M., 2000. Ecological basis of extinction risk in birds: habitat loss
versus human persecution and introduced predators. Proc. Natl. Acad. Sci. U. S. A.
97, 12144-12148.

Pigot, A.L, Tobias, ].A., 2013. Species interactions constrain geographic range expansion
over evolutionary time. Ecol. Lett. 16, 330-338.

Plexida, S.G., Sfougaris, A.L, Papadopoulos, N.T., 2012. Quantifying beetle and bird diversity in
a Mediterranean mountain agroecosystem. Isr. J. Ecol. Evol. 58, 1-25.

Pysek, P., Jarosik, V., Hulme, P.E., Pergl, J., Hejda, M., Schaffner, U., Vila, M., 2012. A global
assessment of invasive plant impacts on resident species, communities and ecosystems:
the interaction of impact measures, invading species' traits and environment. Glob.
Chang. Biol. 18, 1725-1737.

Ramaswamy, S.B., Carde, RT., Witter, J.A., 1983. Relationships between catch in pheromone-
baited traps and larval density of the spruce budworm, Choristoneura fumeferana
(Lepidoptera, Tortricidae). Can. Entomol. 115, 1437-1443.

Rangel, T.F,, Diniz-Filho, J.A.F,, Bini, LM., 2010. SAM: a comprehensive application for Spatial
Analysis in Macroecology. Ecography 33, 46-50.

Reif, J., 2013. Long-term trends in bird populations: a review of patterns and potential
drivers in North America and Europe. Acta Ornithol. 48, 1-16.

Reif, ]., Jiguet, F., St'astny, K., 2010. Habitat specialization of birds in the Czech
Republic: comparison of objective measures with expert opinion. Bird Study
57,197-212.

Reif, J., Prylova, K., Sizling, A.L, Vermouzek, Z., St'astny, K., Bejcek, V., 2013. Changes in
bird community composition in the Czech Republic from 1982 to 2004: increasing
biotic homogenization, impacts of warming climate, but no trend in species richness.
J. Ornithol. 154, 359-370.

Reif, ]., Hotak, D., Kristin, A., Kopsov4, L., Devictor, V., 2016. Linking habitat specialization
with species' traits in European birds. Oikos 125, 405-413.

Reiterovd, L., Skorpik, M., 2012. Action Plan for Podyji National Park. Podyji National Park
Administration, Znojmo.

Remes, V., 2003. Effects of exotic habitat on nesting success, territory density, and settlement
patterns in the Blackcap (Sylvia atricapilla). Conserv. Biol. 17, 1127-1133.

Richardson, D.M., Allsopp, N., D'Antonio, C.M., Milton, SJ., Rejmdnek, M., 2000. Plant
invasions — the role of mutualisms. Biol. Rev. 75, 65-93.

Rogers, A.M., Chown, S.L., 2014. Novel ecosystems support substantial avian assemblages:
the case of invasive alien Acacia thickets. Divers. Distrib. 20, 34-45.

Rothstein, D.E., Vitousek, P.M., Simmons, B.L.,, 2004. An exotic tree alters decomposition
and nutrient cycling in a Hawaiian montane forest. Ecosystems 7, 805-814.

Salido, L., Purse, B.V., Marrs, R., Chamberlain, D.E., Schultz, S., 2012. Flexibility in phenology
and habitat use act as buffers to long-term population declines in UK passerines.
Ecography 35, 604-613.

Sax, D.F, 2002. Equal diversity in disparate species assemblages: a comparison of native
and exotic woodlands in California. Glob. Ecol. Biogeogr. 11, 49-57.

Schlaepfer, M.A,, Sax, D.F,, Olden, ].D., 2011. The potential conservation value of non-native
species. Conserv. Biol. 25, 428-437.

Shultz, S., Bradbury, RB., Evans, K.L, Gregory, R.D., Blackburn, T.M., 2005. Brain size and
resource specialization predict long-term population trends in British birds. Proc. R.
Soc. B 272, 2305-2311.

Skérka, P., Martyka, R., Wojcik, J.D., 2006. Species richness of breeding birds at a landscape
scale: which habitat type is the most important? Acta Ornithol. 41, 49-54.

Skérka, P., Lenda, M., Tryjanowski, P., 2010. Invasive alien goldenrods negatively affect
grassland bird communities in Eastern Europe. Biol. Conserv. 143, 856-861.

Slavik, B. (Ed.), 1995. Flora of the Czech Republic. Part 4. Academia, Praha.

ter Braak, CJ.F., Smilauer, P., 2002. CANOCO Reference Manual and CanoDraw for Windows
User's: Software for Canonical Community Ordination (Version 4.5). Microcomputer
Power, Ithaca, USA.

Thomas, C.D., Palmer, G., 2015. Non-native plants add to the British flora without
negative consequences for native diversity. Proc. Natl. Acad. Sci. U. S. A. 112,
4387-4392.

Tilman, D., 1999. The ecological consequences of changes in biodiversity: a search for general
principles. Ecology 80, 1455-1474.

Tropek, R, Cerna, I, Straka, J., Kadlec, T., Pech, P., Tichanek, F., Sebek, P., 2014. Restoration
management of fly ash deposits crucially influence their conservation potential for
terrestrial arthropods. Ecol. Eng. 73, 45-52.

Truxa, C,, Fiedler, K., 2012. Attraction to light — from how far do moths (Lepidoptera) return
to weak artificial sources of light? Eur. J. Entomol. 109, 77-84.

van Grunsven, RH.A, Lham, D,, van Geffen, K.G., Veenendaal, E.M., 2014. Range of attraction
of a 6-W moth light trap. Entomol. Exp. Appl. 152, 87-90.

Vila, M., Espinar, ].L., Hejda, M., Hulme, P.E., Jarosik, V., Maron, J.L., Pergl, J., Schaffner,
U., Sun, Y., Pysek, P., 2011. Ecological impacts of invasive alien plants: a meta-
analysis of their effects on species, communities and ecosystems. Ecol. Lett. 14,
702-708.

Vitkova, M., Kolbek, J., 2010. Vegetation classification and synecology of Bohemian
Robinia pseudacacia stands in a Central European context. Phytocoenologia 40,
205-241.

Vitkova, M., Tonika, J., Miillerov4, J., 2015. Black locust — successful invader of a wide
range of soil conditions. Sci. Total Environ. 505, 315-328.

Vitousek, P.M., DAntonio, C.M., Loope, L.L., Westbrooks, R., 1996. Biological invasions as
global environmental change. Am. Sci. 84, 468-478.

Vodka, S., Konvicka, M., Cizek, L., 2009. Habitat preferences of oak-feeding xylophagous
beetles in a temperate woodland: implications for forest history and management.
J. Insect Conserv. 13, 553-562.

Weber, E., 2003. Invasive Plant Species of the World: A Reference Guide to Environmental
Weeds. CABI Publishing, Wallingford.

Yela, J.L., Holyoak, M., 1997. Effects of moonlight and meteorological factors on light and
bait trap catches of Noctuid moths (Lepidoptera: Noctuidae). Environ. Entomol. 26,
1283-1290.


http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0170
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0170
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0170
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0175
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0175
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0175
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0180
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0180
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0180
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0185
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0185
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0190
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0190
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0190
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0195
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0195
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0195
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0200
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0200
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0205
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0205
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0210
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0210
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0215
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0215
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0220
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0220
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0225
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0225
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0230
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0230
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0235
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0235
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0240
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0240
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0240
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0240
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0245
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0245
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0250
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0250
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0255
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0255
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0260
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0260
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0265
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0265
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0270
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0270
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0275
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0275
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0280
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0280
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0280
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0280
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0285
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0285
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0290
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0290
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0295
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0295
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0295
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0300
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0300
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0305
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0305
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0310
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0310
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0310
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0310
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0315
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0315
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0315
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0320
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0320
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0325
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0325
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0330
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0330
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0330
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0335
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0335
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0335
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0335
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0340
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0340
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0345
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0345
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0350
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0350
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0355
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0355
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0360
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0360
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0365
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0365
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0370
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0370
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0370
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0375
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0375
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0380
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0380
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0385
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0385
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0385
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0390
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0390
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0395
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0395
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0400
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0405
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0405
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0405
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0410
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0410
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0410
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0415
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0415
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0420
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0420
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0420
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0425
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0425
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0430
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0430
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0435
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0435
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0435
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0440
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0440
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0440
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0445
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0445
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0450
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0450
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0455
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0455
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0455
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0460
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0460
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0465
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0465
http://refhub.elsevier.com/S0006-3207(16)30128-8/rf0465

4.5 Studie V

Impacts of an invasive tree across trophic levels: Species richness,

community composition and resident species’ traits.

Martin Hejda, Jan Hanzelka, Toma§ Kadlec, Martin Strobl, Pysck P., Jifi Reif

Abstrakt ¢lanku:

Aim: To investigate the community-level impacts of woody plant invasions using Robinia
pseudoacacia as a model species, affecting organisms on different trophic levels: vascular
plants, nocturnal Lepidoptera and birds.

Location: Czech Republic, central Europe.

Methods: Nineteen plots with strong dominance of the invader were compared to 20 plots with
native deciduous trees on sites with similar conditions. Species richness was compared using
marginal models, species composition and the distribution of species traits by ordination
analyses. Functional relationships between the three groups of organisms were investigated
using a path analysis.

Results: Only minor differences in species richness between invaded and uninvaded plots were
detected for plants and birds, but the invaded stands hosted significantly fewer species of
nocturnal Lepidoptera. On the contrary, all three groups differed in species composition and in
the distribution of traits between the invaded and uninvaded stands. Nitrophilous plants,
supported by human disturbances, were more represented in the invaded stands, while habitat
specialist birds preferred uninvaded forest. Within nocturnal Lepidoptera, species of open
habitats and fast life cycle preferred the invaded stands, and forest and canopy species and
habitat generalists of larger sizes preferred the uninvaded stands. Path analysis showed a minor
effect of R. pseudoacacia on the numbers of plants which were unrelated to species richness at
higher trophic levels. However, R. pseudoacacia had a negative direct effect on nocturnal
Lepidoptera, contributing to a weak negative indirect impact on birds.

Main conclusions: The impacts of R. pseudoacacia on species richness differed across the
trophic levels, questioning the existence of simple cascading effects as a consequence of its
invasion. Invasive plants do not always reduce the diversity of species per se, but cause shifts
in species composition by replacing some of the pre-invasion biota by species with traits
enabling tolerance to the invaded habitat.
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Abstract

Aim: To investigate the community-level impacts of woody plant invasions using
Robinia pseudoacacia as a model species, affecting organisms on different trophic lev-
els: vascular plants, nocturnal Lepidoptera and birds.

Location: Czech Republic, central Europe.

Methods: Nineteen plots with strong dominance of the invader were compared to 20
plots with native deciduous trees on sites with similar conditions. Species richness was
compared using marginal models, species composition and the distribution of species
traits by ordination analyses. Functional relationships between the three groups of
organisms were investigated using a path analysis.

Results: Only minor differences in species richness between invaded and uninvaded
plots were detected for plants and birds, but the invaded stands hosted significantly
fewer species of nocturnal Lepidoptera. On the contrary, all three groups differed in
species composition and in the distribution of traits between the invaded and unin-
vaded stands. Nitrophilous plants, supported by human disturbances, were more rep-
resented in the invaded stands, while habitat specialist birds preferred uninvaded
forest. Within nocturnal Lepidoptera, species of open habitats and fast life cycle pre-
ferred the invaded stands, and forest and canopy species and habitat generalists of
larger sizes preferred the uninvaded stands. Path analysis showed a minor effect of
R. pseudoacacia on the numbers of plants which were unrelated to species richness at
higher trophic levels. However, R. pseudoacacia had a negative direct effect on noctur-
nal Lepidoptera, contributing to a weak negative indirect impact on birds.

Main conclusions: The impacts of R. pseudoacacia on species richness differed across
the trophic levels, questioning the existence of simple cascading effects as a conse-
quence of its invasion. Invasive plants do not always reduce the diversity of species
per se, but cause shifts in species composition by replacing some of the pre-invasion

biota by species with traits enabling tolerance to the invaded habitat.

KEYWORDS
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1 | INTRODUCTION

Impacts of invasive plants are considered as an important part of
the global, human-induced environmental change, affecting the bio-
diversity worldwide (Gaertner et al., 2014; van Kleunen et al., 2015;
Mack et al., 2000; Pysek, Jarosik, et al., 2012). The impacts of invasive
alien plants have been documented on both community and regional
scale (e.g. Hejda, Pysek, & Jarosik, 2009; Jager, Tye, & Kowarik, 2007;
McKinney & Lockwood, 1999; Pysek, Jarosik, et al., 2012; Winter
et al., 2009) and range from the depauperation of invaded commu-
nities, homogenization of regional floras (Hejda et al., 2009; Winter
et al., 2009) to multiple effects on ecosystem functioning (Ehrenfeld,
2010; Levine et al., 2003; Rumlerova, Vila, Pergl, Nentwig, & Pysek,
2016; Vila et al., 2011).

Several mechanisms of impacting the diversity of invaded commu-
nities have been suggested. A substantial reduction of the plant spe-
cies richness and/or diversity at the community scale typically occurs
if the invader is a lot stronger competitor than native dominants of
that particular community (Hejda et al., 2009). Alternatively, the inva-
sive aliens transform the site conditions in a way that eliminates some
native species, but favours others; the latter are often species with
a broad ecological tolerance, typically preferring eutrophic sites. This
allows them to coexist with the invader or to be even promoted by its
presence (Reif, Hanzelka, Kadlec, Strobl, & Hejda, 2016). In general,
the way how native species respond to the presence of a dominant
invader depends on the species’ ecological traits, as species that are
easily eliminated differ systematically from those that are able to co-
exist with the invader (Hejda, 2013).

The impacts of invasive woody species, especially trees, are
often massive. They form extensive areas of profoundly altered en-
vironment, often with conditions unsuitable for some native spe-
cies (Jager et al., 2007; Pysek, Jarosik, et al., 2012; Richardson &
Rejméanek, 2011). At the same time, data documenting the impacts
of invasive trees on biological communities are surprisingly scarce
and often confined to only one specific group of organisms (but
see Proenca, Pereira, Guilherme, & Vincente, 2010; Lopez-Nuiez,
Heleno, Ribeiro, Marchante, & Marchante, 2017), which prevents
from generalization about their impacts across different taxa and
trophic levels of the ecosystems. Nevertheless, a recent meta-
analysis of Schirmel, Bundschuh, Entling, Kowarik, and Buchholz
(2016) demonstrates that the impacts of invasive trees on various
groups of target organisms differ. For example, herbivorous insects
are most affected, as many species specialize on particular native
plants, which may be absent from the invaded community (van
Hengstum, Hooftman, Oostermeijer, & van Tienderen, 2014; Litt,
Cord, Fulbright, & Schuster, 2014; Schirmel et al., 2016). The inva-
sive tree itself is often unpalatable to native herbivores that may
not be adapted to cope with its phytochemicals (Bezemer, Harvey,
& Cronin, 2014; Burghardt, Tallamy, Philips, & Shropshire, 2010).
Further, the diversity of secondary consumers, such as birds, does
not have to change following the decrease in herbivorous insect
diversity, because they are often generalists, not depending on

a particular insect species that may disappear from a community

following the invasion (Reif et al., 2016). Therefore, the cross-taxa
approach is needed to provide a complex, ecosystem-level view of
the real impacts of invasive plants, including trees.

To bridge this knowledge gap, we focused on the impacts of a
major tree invader, Robinia pseudoacacia, on three taxonomic groups
at different trophic levels, functionally related by a food chain: vascular
plants (further termed “plants”) as producers, nocturnal Lepidoptera
(further termed “moths”) as primary consumers, and birds as secondary
consumers. The vascular plants as primary consumers can be expected
to be directly impacted by the invasive tree, as Robinia pseudoacacia
creates novel habitats, with conditions different from those in the un-
invaded community. One of the main mechanisms is the invader’s abil-
ity to accumulate aerial nitrogen by the means of symbiotic bacteria,
which results in nutrient-rich conditions, supporting nitrophilous and
ruderal flora.

In deciduous forests, moths represent an important part of insect
diversity (Merckx et al., 2012; Southwood, 1961; Summerville, Metzler,
& Crist, 2001), which reflects the diversity of other insect groups as well
(Hirao, Murakami, Kashizaki, & Tanabe, 2007). Moreover, Lepidoptera
are generally used as an umbrella group of insects (New, 1997), mir-
roring the differences in biodiversity as well as in the forest condition
and structure (Summerville, Ritter, & Crist, 2004). Further, larvae of
moths make up an essential part of the food supply for the majority
of birds, especially during the nesting period (Cholewa & Wesotowski,
2011; Cramp, 1977-1994; Kristin & Patocka, 1997). Therefore, the
potential impact of Robinia pseudoacacia on the bird species diversity
could manifest mainly through the lower diversity of moths.

We used R. pseudoacacia as a model example of an invasive tree
because it forms extensive stands, especially in the warmer areas of
central Europe, and is likely to expand further north and into higher
altitudes with the changing climate (Kleinbauer, Dullinger, Peterseil, &
Essl, 2010; Li, Xu, Guo, & Du, 2014). The invasion of R. pseudoacacia
supports the spread of ruderal and nitrophilous plants (Dzwonko &
Loster, 1997) and has important impacts on invertebrates (Buchholz,
Tietze, Kowarik, & Schirmel, 2015) and birds (Hanzelka & Reif, 2015).
Essl, Milasowszki, & Dirnbock (2011) suggest that it also facilitates the
site for other alien plants, a phenomenon described as invasional melt-
down (Simberloff & Von Holle, 1999).

This paper aims at answering the following research questions:
(1) Does the invasive tree R. pseudoacacia reduce the species rich-
ness, change the community composition and affect the distribu-
tion of basic ecological traits, among the vascular plants, moths and
birds? (2) Are these impacts consistent across the three different
trophic levels, that is primary producers, primary consumers and
secondary consumers as represented by plants, moths and birds,
respectively?

Specifically, we expected a lower plant species richness in the in-
vaded stands, as many plant species of the uninvaded stands are un-
likely to be adapted to the novel habitat, created by the invasive tree.
Subsequently, moth species richness may decrease due to the limited
availability of host plants. Finally, birds would be negatively affected
by the limited diversity of moths, which represent important source
of their food.
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FIGURE 1 Map showing the location of study plots (19 invaded and 20 uninvaded)

2 | METHODS

2.1 | Study species

Robinia pseudoacacia L. (Fabaceae) is a tree native to the eastern and
south-eastern part of the USA (Burns & Honkala, 1990). In the native
range, it mostly occurs on recently disturbed sites and is replaced by
other trees in succession. At present, R. pseudoacacia occurs as natu-
ralized in Europe, eastern Asia, northern and southern Africa, south-
ern Australia, Tasmania and New Zealand (Akamatsu, Makishima,
Taya, Nakanishi, & Miwa, 2014; Vitkova & Kolbek, 2010). The first
mention of planting in the current Czech Republic is from 1710, and
of the first spontaneous occurrence outside cultivation from 1874
(Pysek, Danihelka, et al., 2012). In the Czech Republic, it was mas-
sively planted in warm areas, especially on steep slopes with dry rocky
soil, with the aim to stabilize it and to produce timber and honey in
these otherwise unfavourable conditions (Vitkova, Miillerova, Sadlo,
Pergl, & Pysek, 2017). Robinia pseudoacacia spreads by rhizomes and
forms stands where it is a strong dominant, resulting in plant commu-
nities described as Chelidonio-Robinion and Balloto nigrae-Robinion,
using the phytosociological terminology (Chytry, 2014; Slavik, 1995).
Being a nitrogen fixer, it is not limited by nutrient-poor soils, where
it can also spread (Vitkova & Kolbek, 2010). On the contrary, its re-

production output is rather limited in closed forests and some mature

stands are actually senescent plantations rather than stands of a spon-
taneous origin (Peloquin & Hiebert, 1999).

2.2 | Studyarea

The study area of ~20 x 30 km is located close to Prague, the capital
of the Czech Republic, central Europe (coordinates of central point:
50°01'N; 14°21'E - Figure 1), in a region with slightly dry, warm cli-
mate (mean annual precipitation of 500-600 mm and mean annual
temperature 8-9°C; Quitt, 1971). This area harbours large stands of
R. pseudoacacia, accompanied by the stands of native trees in a rela-
tively natural state. The stands of native trees are represented by the
oak-hornbeam mesophilous forests (Carpinion betuli), scree forests
on slopes (Tilio platyphylli-Acerion) and thermophilous oak forests on
rocky shallow soils (Quercion pubescenti-petraeae). Similarly to the
stands of R. pseudoacacia, many of the uninvaded stands are located
on steep slopes in not easily accessible places, which has contributed
to their relatively natural state (see the Appendix S1 for a more de-
tailed information on the study plots).

2.3 | Sampling design

Based on tree species cover, we established 19 plots with a high domi-

nance of the invasive R. pseudoacacia (cover 96%, range 80%-100%,
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native tree species (cover 97%, range 80%-100%, hereafter called
“uninvaded plots”) on sites with similar soil conditions, topology and
climate. The dominant native tree was oak, Quercus petraea Matt.
(Liebl.), and the other native tree species were Acer campestre L., A. pla-
tanoides L., A. pseudoplatanus L., Carpinus betulus L., Fraxinus excelsior
L., Fagus sylvatica L., Quercus robur L., Tilia cordata Mill., T. platyphyl-
los Scop. The plots were 100 x 100 m in size, located within closed
stands of a given type to minimize the influence of edge effects, and
at least 500 m apart from each other to minimize repeated counting of
the same individuals on multiple plots during the bird surveys.

On each plot, we made an inventory of plants, moths and breed-
ing birds. Plants were recorded in June and July 2015 and their abun-
dances were estimated as a per cent cover (see Hejda et al., 2009).
Moths were attracted to a light source (8W UV LEDs light, powered
by lead battery 7.2 Ah/12 V), using portable light traps. At each plot,
a single light trap was placed in the plot centre for one night each
month (the same night for all plots, from dusk till dawn) from April to
November 2014. Thus, the effects of different timing during the night
(Nowinszky, Mészaros, & Puskas, 2007), moon phase (Nowinszky &
Puskas, 2010) or weather (Jonason, Franzén, & Ranius, 2014) were
eliminated or minimized. The lights used for sampling were of low
wattage and luminosity; such light sources attract insects from a
close distance of tens of metres at maximum (Truxa & Fiedler, 2012).
Therefore, the samples contained only the moths actually occurring in
the nearest surroundings of the trap, closely matching the area of our
100 x 100 m plots. The plots were located in inner parts of large forest
blocks, which makes the random presence in samples of species from
the different habitats in the surroundings unlikely. Birds were counted
using a spot mapping technique during three early morning visits in
April-June 2014. These months cover the breeding season of the spe-
cies breeding in the temperate zone, during which the birds are territo-
rial and thus closely associated with particular habitats (Wiens, 1989).
The maximum count across all visits was used as an estimate of the
abundance of a particular species on a given plot (see Reif et al., 2016
for more details on moths sampling and bird counts). We excluded one
obligatory herbivorous bird species, Columba palumbus L., for which
the moths are not a food source.

Considering environmental data, each plot was characterized by
its geographic characteristics (geographic coordinates, altitude, expo-
sition and steepness of the slope) and the percentage of surrounding
habitats—urbanized area and spruce plantations—within the 500-m
buffer zone around the plot. These two habitats were chosen as they
host plants, insects and birds markedly distinctive from the assem-
blages typical of broad-leaved forests on the study plots (Oxbrough
et al., 2012; Reif, Storch, & Simova, 2008) and the proximity of such
habitats could affect the species richness and composition, recorded
on the study plots.

Finally, all species were assigned ecological traits, assumed to be
relevant for their survival in the stands of the invasive R. pseudoaca-
cia. Plant species were assigned Ellenberg indicator values for hem-
eroby (response to human impact), hemeroby—tolerance (a range of
human impact, tolerated by a given species), nutrient demands, soil

moisture and soil reactivity requirements (the latter representing the
species’ mineral requirements), light requirements and continentality
(Ellenberg et al., 1991). These values characterize each plant species’
preferences of site conditions. Moreover, the differences in their dis-
tribution between the invaded and native stands indicate changes in
site conditions, possibly attributable to the invasive tree's impacts.
The moth species were characterized by their life history (Pavlikova
& Konvicka, 2012): feeding specialization of larvae (feeding guilds:
leaf eaters, other vegetative parts eaters (roots and stems), generative
parts eaters (flowers, seeds), species feeding on moss or lichens, car-
nivorous moths, detritivorous moths on trees, detritivorous on herbs),
affinity to basic vegetation types (open habitats, forest-steppe, for-
ests, generalists), voltinism (one generation per year, two generations
per year) and size of adults (small, medium, large), taken from Macek,
Dvorak, Traxler, and Cervenka (2007, 2008), Macek, Prochéazka, and
Traxler (2012). Bird species were characterized by three traits: (1)
life-history strategy, expressed as a position of each species along
the gradient from slow to fast life cycles, as revealed by a principal
component analysis based on six life-history traits (egg mass, clutch
size, number of broods per year, laying date, length of incubation and
body mass—Kole¢ek & Reif, 2011), using the data from national bird
handbooks (Hudec & Stastny, 2005; Stastny & Hudec, 2011); (2) veg-
etation type preference, expressed as a position of each species along
the gradient from forest to open habitats, as revealed by a canoni-
cal correspondence analysis on species’ abundances in eight habitat
classes, using the data from a nationwide breeding bird monitoring
scheme (Reif, Jiguet, & Stastny, 2010); and (3) habitat specialization,
expressed as habitat specialization index, depicting a gradient from
specialists to generalists, calculated as a coefficient of variation of spe-
cies’ abundances across eight habitats, using the same dataset as for
the vegetation type preference (Reif et al., 2010). We selected these
traits because of their presumed relevance to the impact of plant inva-
sions: concerning the life-history strategy, we can expect that species
with faster strategies will be more resilient to invasive plants’ impacts;
vegetation type preference can be linked to changes in vegetation
structure due to R. pseudoacacia invasion (see Hanzelka & Reif, 2016);
and habitat specialization was suggested as a major correlate of bird
species’ sensitivity to plant invasions (Olden, Poff, Douglas, Douglas,
& Fauch, 2004).

2.4 | Statistical analysis

We first investigated the effect of R. pseudoacacia invasion on spe-
cies richness of particular groups of organisms and performed sepa-
rate analyses for plants, moths and birds. The data on species richness
were analysed by the marginal analyses of variance, using the gen-
eralized least square regression (“gls” function from the package
“NLME”"—Pinheiro, Bates, DebRoy, & Sarkar, 2016), available in the r
freeware (R Development Core Team, 2011). Marginal models based
on the generalized least square method represent an extension of
ordinary least squares models, which (1) account for autocorrelated
data in a robust yet efficient way; and (2) are robust towards devia-
tions from normality within the data. Species richness (numbers of
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species excluding neophytes for plants—see Pysek, Danihelka, et al.,
2012) was the response variable and the stand type (invaded vs. un-
invaded) was the predictor variable. The geographic coordinates were
used to model the possible inter-plot similarity, given by their spatial
arrangement. This was included into the models on species richness as
a residual covariance structure. Various models of residual covariance
(no residual covariance, Gaussian covariance, exponential covariance)
were compared using the Akaike information criterion, which evalu-
ates the explanatory power of the models vs. their complexity (see for
example Lukacs et al., 2007). The accuracy of the models was checked
based on the distribution of standardized residuals (Crawley, 2007).
Two sets of marginal models were created: one with the stand type as
the only explanatory variable and the second one with the stand type
and geographic and surrounding habitat characteristics as explanatory
variables (see section “Sampling design”).

Path analysis was used to explore the functional relationships be-
tween the taxonomic groups of organisms (plants, moths and birds), to
reveal the potential cascading effects of the impact of R. pseudoacacia.
A comprehensive investigation of hypothesized causal relationships
between the taxonomic groups is the main strength of this approach
(Shipley, 2000). The analysis consists of a set of multiple regressions
between particular variables in the direction of hypothesized cascad-
ing effects (see Figure 2). At the same time, the effects of dependent
variables on one another are considered and the relationships are as-
sessed by their direct and indirect effects (Shipley, 2000). The direct
effects were calculated as standardized partial regression coefficients
between the response and predictor variable. Indirect effects were
calculated as the products of all standardized partial regression coef-
ficients in the indirect path, that is regression coefficients in all other
paths between the response and predictor variable. The standard er-
rors of the indirect effects required for significance tests were calcu-
lated using multivariate delta method, as described in Cheung (2009,
see the equation 11).

First, we created a scheme of the hypothesized relationships
between the taxonomic groups (Figure 2). Then we calculated the
standardized regression coefficients between particular variables em-
ploying generalized least squares (GLS) models with a spherical co-
variance structure of residuals using the r package “NLME”, instead of

the ordinary least squares regressions (OLS), to account for possible
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» | R. pseudoacacia

I—0.516**

0.069

moths

spatial autocorrelation. To describe all the paths in the scheme, the
models were set as follows: (1) bird species richness as a response
variable, and moth species richness, plant species richness and stand
type (coded as O = uninvaded stands, 1 = invaded stands) as the ex-
planatory variables; (2) moth species richness as a response variable,
and plant species richness and stand type as the explanatory variables;
and (3) plant species richness as a response variable, and stand type
as an explanatory variable. In all models, the variables were centred to
zero mean, and standardized to unit variance.

To test for the differences in species composition between the
invaded and uninvaded stands, we used direct gradient analyses of
the multivariate ordination models (CANOCO 5; ter Braak & Smilauer,
2012; Smilauer & Leps, 2014), separately for each group of the focal
taxa, that is plants, moths and birds. Species’ covers (in case of plants)
and abundances (in case of moths and birds) were the response vari-
ables, the type of stand (invaded vs. uninvaded) was the predictor vari-
able and the Monte Carlo permutation tests (499 runs) were used to
express the significance of the ordination models. However, as data
may be spatially autocorrelated, we used the method of variation
partitioning (Peres-Neto, Legendre, Dray, & Borcard, 2006), using the
principal coordinates of neighbour matrices (PCNM—Dray, Legendre,
& Peres-Neto, 2006; Smilauer & Leps, 2014). This method uses the
most significant eigenvectors, obtained by the principal coordinate
analysis (PCoA) in the form of PCO scores of a truncated matrix of
geographic distances as predictors, that we used in all ordination
models as covariables (Smilauer & Leps, 2014). The cut-off threshold
value for truncation of the distance matrix was set to 1, i. e. to the
nearest neighbour. Same as with the unidimensional marginal models
on species richness (see above), two sets of direct gradient ordination
models were created: one with the stand type as the only predictor
variable and the most significant PCO scores as covariables, and the
second, where the other characteristics of the study plots (see section
“Sampling design”) were included as covariables.

Finally, we used direct gradient ordination analyses to test whether
the distribution of basic ecological traits of recorded species of plants,
moths and birds, respectively, (see section “Sampling design”) differed
between the invaded and uninvaded stands. The values of individ-
ual traits were weighted by the relative abundance of each species

present within a sample (plot), and mean values of each trait for each
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TABLE 1 Standardized partial regression coefficients of the hypothesized relationships within the path analysis (see Figure 2), expressed as
direct effects (DE) and indirect effects (IE) with respective p-values revealed by GLS models. Indirect effects are regression coefficients in all
other (indirect) paths between the variables in these relationships. Significant relationships are in bold

Plants Moths Birds
Variable DE p-value IE DE p-value IE p-value DE p-value IE p-value
R. pseudoacacia -0.326 .050 - -0.516 <.001 -0.036 <.001 0.069 .730 -0.120 <.001
Plants - - 0.110 .348 - -0.071 .665 0.029 731
Moths - - - - 0.260 236 -

sample were then used as response variables in these ordination anal-
yses (see Hejda, 2013 for details on this approach).

3 | RESULTS

3.1 | Species richness

Plant species richness was slightly higher in uninvaded than in invaded
stands (18.8 + 7.0 and 15.3 + 4.2, respectively), but the difference
was only marginally significant in the model without the geographic
characteristics and surrounding habitats (p =.091; see Appendix S2
for more details on marginal models) and this significance disappeared
after including these variables (p = .482). However, the invaded stands
hosted fewer moth species than uninvaded stands (88.7 + 17.4 and
121.7 £ 26.0, respectively) and the difference was significant regard-
less of whether or not the geographic and surrounding habitat char-
acteristics were included (p < .001 and p = .001, respectively). There
was no difference in bird species richness between the invaded and
uninvaded plots (11.5 + 2.6 and 10.9 + 2.8, respectively; p = .557) and
including the geographic and surrounding habitat characteristics did
not change the result (p = .938).

Organisms Response variables Covariables

Plants Species composition Spatial effects

Moths Species composition Spatial effects

Birds Species composition Spatial effects

Plants Species’ functional traits Spatial effects

Moths Species’ functional traits Spatial effects

Birds Species’ functional traits Spatial effects

Plants Species composition Spatial effects, geographic

traits, surrounding habitats

Moths Species composition Spatial effects, geographic
traits, surrounding habitats

Birds Species composition Spatial effects, geographic
traits, surrounding habitats

Plants Species’ functional traits Spatial effects, geographic
traits, surrounding habitats

Moths Species’ functional traits Spatial effects, geographic
traits, surrounding habitats

Birds Species’ functional traits Spatial effects, geographic
traits, surrounding habitats

Path analysis confirmed a minor direct negative impact of
R. pseudoacacia on the species richness of plants (standardized par-
tial regression coefficient of -0.326) and a major direct negative im-
pact on moths (-0.516; Table 1). Robinia pseudoacacia reduced the
species richness of moths also indirectly, even though the signifi-
cant effect was small (-0.036). Similarly to the marginal models, path
analysis revealed no detectable direct impact of R. pseudoacacia on
the species richness of birds, but there was an indirect significant ef-
fect on birds (-0.120). The relations between the species richness of
the three taxonomic groups of recorded organisms (effects of plants
on birds, plants on moths and moths on birds) were not significant
(Table 1).

3.2 | Species composition

The species composition and the distribution of their ecological traits
differed between the invaded and uninvaded stands for all three
taxonomic groups studied (Table 2). The differences were significant,
irrespective of whether the geographic and surrounding habitat vari-
ables were included among the covariables or not. The invaded stands

harboured a higher proportion of plants with a high nitrogen demand

TABLE 2 Results of multivariate (direct
gradient) ordination analyses testing the
.004 0.385 differences in (i) species composition and
002 0.049 (ii) distribution of species ecological traits
between the invaded and uninvaded

p-value  Trace

002 0.051 stands. The table presents both the models

002 0.036 with and without the geographic and

.002 0.172 surrounding habitat characteristics

002 0.163 included as covariables. The permutation
tests were set to 499 runs

.028 0.192

.002 0.041

.028 0.040

.002 0.140

.002 0.077

.002 0.150
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FIGURE 3 Ordination plots presenting the analyses on the differences in the distribution of species’ ecological traits between the invaded
and uninvaded stands for plants (3a - RDA, p = .002), moths (3b - RDA, p = .002) and birds (3c - RDA, p =.012). Geographic and surrounding
habitat characteristics are included among the covariables in all these models. Plant species preferring continental climate, hemerophilic and
hemeroby-tolerant plants and plant species of eutrophic sites were detected to favour the invaded stands, while species with higher moisture
demands, hemerophobic species, species of oligotrophic sites and species preferring the oceanic climate favour the uninvaded stands (Figure
3a). Concerning moths, herbal detritivores (det_h), forest-steppe species and moss/lichen feeders (thallus) favour the invaded stands, while
habitat generalists, tree detritivores (det_t) and large forest species favour the uninvaded stands (Figure 3b). Birds with fast life cycle reveal some
preference for the invaded stands, while forest bird species and habitat specialists reveal weak preference for the uninvaded stands (Figure 3c)

and tolerant of drought and human impact, and with a preference for
continental climate (Figure 3a). Concerning moths, the invaded stands
hosted more specialized feeding guilds (detritivorous on herb and
shrub litter; moss and lichen feeders; and feeders on generative part
of plants), forest-steppe moths and species associated with open habi-
tats and with faster life cycle (Figure 3b). For birds, the invaded stands
were mostly occupied by species with fast life history, habitat gen-
eralists and species more associated with open habitats (Figure 3c).
Complementarily, the stands of native trees had a greater proportion
of (1) moisture-demanding plants with a preference for oceanic cli-
mate, hemerophobic plants and plants preferring oligotrophic sites; (2)
forest moths confined to the canopy, habitat generalist moths, moths
feeding on tree detritus and large moths; and (3) forest bird species,
habitat specialists and bird species with slow-life-history strategies
(Figure 3a-c).

4 | DISCUSSION

Our results showed that the impact of R. pseudoacacia on the spe-
cies richness of target groups of organisms was generally weak.
While the species richness of primary consumers, moths, was signifi-
cantly reduced in the invaded stands, no significant differences were
detected for primary producers, plants, and secondary consumers,
birds. Thus, the evidence for cascading effects across trophic lev-
els was modest, at least in terms of species richness. However, the
community composition and species traits within those three taxo-
nomic groups significantly differed between the uninvaded stands
and the stands of the invasive R. pseudoacacia. Invasion promoted
species possessing traits associated with the tolerance of human
disturbances such as increased nutrient demands in plants or habitat

generalism in birds.

4.1 | Effect of the invasive tree on species richness:
differences among taxonomic groups

The lack of significant effects of R. pseudoacacia on the species rich-
ness of plants and birds is somewhat surprising, given its high rank-
ing among European invaders by impact (Rumlerova et al., 2016). In
case of birds, the potential negative effects of R. pseudoacacia could
be compensated by the higher structural heterogeneity of the invad-
er's stands compared to the stands of native tree species (Dzwonko
& Loster, 1997), creating suitable environment for birds (Hanzelka &
Reif, 2016).

Concerning plants, the impact of R.pseudoacacia is not man-
ifested by changes in the species richness of their communities, as
reported for other invasive woody plants such as Cinchona pubescens
(Jager et al., 2007) or Acacia longifolia (Marchante, Marchante, Freitas,
& Hoffmann, 2015). However, it needs to be borne in mind that the
impacts of R. pseudoacacia on the richness of understorey plants are
context-dependent (Vitkova & Kolbek, 2010). If the productivity is
stress-limited (usually by drought), understorey of invaded forest can
be species rich and even host species of conservation concern, while
the herbal layer of more productive (wet) stands of R. pseudoacacia
tends to be overgrown by a few dominant ruderal species, with rela-
tively low diversity of herbs. Our study included a broad selection of
both uninvaded and invaded stands, ranging from dry to mesic, which
probably resulted in a high residual variability when comparing the in-
vaded vs. uninvaded stands.

Patterns found for plants and birds were in sharp contrast with the
results for moths, where significant differences in species richness be-
tween the invaded and uninvaded stands were detected. We suggest
that the direct utilization of plant tissues is the key characteristic, mak-
ing the moths sensitive to invasion, as the pattern was caused mostly

by herbivorous moth species. Consistent with the enemy release
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Maclsaac, 2004; Keane & Crawley, 2002), the majority of native can-
opy moths are not adapted to phytochemicals produced by R. pseu-
doacacia (Liu & Stiling, 2006). These results are in accord with other
studies that have studied the impact of woody invasions on the di-
versity of herbivorous arthropods (Burghardt et al., 2010; Degomez
& Wagner, 2001; Gerber et al., 2008; van Hengstum et al., 2014; Litt
et al.,, 2014; Liu & Stiling, 2006; Schirmel et al., 2016).

4.2 | Cascading effects across trophic levels?

One signal revealed by the path analysis is the cascading effects of
the invasive R. pseudoacacia across the three trophic levels—plants as
producers, moths as herbivores and birds as predators. These effects
were mostly indirect, suggesting that at least within our study system,
the factors limiting species richness at these trophic levels act inde-
pendently and that the functional relations among these taxonomic
groups are not the key determinants of their species richness. This
result is not particularly surprising, given the variability in responses to
plant invasions across different organisms (Schirmel et al., 2016). To
explain the absence of a direct relationship between primary produc-
ers and primary consumers, it needs to be kept in mind that the major-
ity of plant species recorded on study plots do not host many species
of moths, which mostly develop in the canopy or shrub layer. As a
consequence, the functional relationship between these two groups
of taxa is unlikely to be a tight one; therefore, the impact of R. pseudo-
acacia on moths is via food limitation for leaf-eating herbivores rather
than via total plant richness (but note that even the indirect effect of
R. pseudoacacia on moths was significant, but close to zero).

The situation is more complex in birds that were not significantly
related to moth species richness in the path analysis, but their species
richness was indirectly and negatively affected by the invader. This
can be interpreted by different levels of food specialization between
moths and birds, and, therefore, different sensitivity to changes in
food supply (Kristin & Patocka, 1997). While the specialists are partic-
ularly sensitive to R. pseudoacacia invasion and most likely suffer from
a limited food supply in its stands (Reif et al., 2016), generalists benefit
from its more heterogeneous habitat structure (Hanzelka & Reif, 2015,
2016) and, at the same time, are not limited by the lower richness of
moth species (Reif et al., 2016). These opposing forces probably made
the direct effect of moth species richness on birds nonsignificant, but
the composition of the moth community could probably facilitate a

significant indirect effect of R. pseudoacacia on bird species richness.

4.3 | Effects on the species composition of
communities across trophic levels

Contrary to generally weak differences in species richness, the species
composition of communities of all groups of organisms included in the
study highly significantly differed between the invaded and uninvaded
stands, and so did the distribution of traits within their communities.
These results remained significant after accounting for the geographic
characteristics of the plots and their surrounding habitats. For plants,

species tolerating increased levels of human-induced disturbances and
confined to nutrient-rich soils (Galeopsis pubescens Besser, Chelidonium
majus L., Urtica dioica L.) prevailed in stands of the invasive R. pseudoa-
cacia (see also Dzwonko & Loster, 1997). Interestingly, the invaded
stands also host more species with a preference for the continental
character of climate (Allium schoenoprassum L., Calamagrostis epigejos
(L.) Roth., Rubus saxatilis L.), possibly due to the fact that the stands of
R. pseudoacacia are more prone to summer droughts, compared to the
stands of native trees. This can be caused by the fact that the leaves
of R. pseudoacacia rotate during strong summer heats to capture less
radiation and, in concordance with the more open structure of R. pseu-
doacacia stands, more light reaches lower layers (Xu et al., 2009). This
explanation is also supported by the fact that plants with higher mois-
ture demands (Campanula trachelium L., Corydalis cava (L.) Schweigg.
et Koerte) prefer the uninvaded stands.

For moths, the uninvaded stands host more canopy leaf-feeders,
detritivorous feeders on trees and moths of larger sizes and with
slower life cycle. The stands of R. pseudoacacia had higher proportion
of more specialized feeding guilds (e.g. Idaea deversaria H.-S., Laspeyria
flexula D. & Schiff.) and moths with faster life cycle (e.g. Macaria alter-
nata D. & Schiff., Peribatodes rhomboidaria D. & Schiff.). This may be
explained by the same mechanism responsible for the occurrence of
plants preferring continental climate: by warmer and drier conditions
in R. pseudoacacia stands compared to the stands of native trees. The
invasion resulted in more open and heterogeneous habitat structure
with well-developed shrub and herb layers, offering a variety of food
niches for moths. Many of such moths belong to non-specialized spe-
cies (Slade et al., 2013), which may be the explanation for the high
proportion of generalist moths in the uninvaded stands.

Habitat generalist birds showed the opposite and predictable
pattern, that is an increased proportion of these species in R. pseu-
doacacia stands (e.g. Sylvia atricapilla L., Phylloscopus collybita Viellot).
This shows that the invaded stands represent more disturbed habi-
tats with poorly predictable food sources, compared to the uninvaded
stands, which host more habitat specialists (e.g. Dendrocopos medius
L., Ficedula albicollis Temminck) and species with slow-life strategy
(e.g. Dryocopus martius L., Garrulus glandarius L.), that is traits rather
associated with undisturbed environment (Blchi & Vuilleumier, 2014;
Devictor et al., 2008; Kolecek, Albrecht, & Reif, 2014). Moreover, a
lower proportion of forest-interior birds (e.g. Phylloscopus sibilatrix
Bechstein, Turdus viscivorus L.) in the invaded forests suggests that
these stands may resemble open woodlands (preferred by e.g. Turdus
pilaris L., Sturnus vulgaris L.) rather than closed-canopy forests. This is
also supported by the presence of moths preferring steppe habitats in
the samples from R. pseudoacacia stands.

In summary, our study shows that even though an invasive tree
does not depauperate the invaded communities in terms of the number
of present species, it eliminates some native species and favours oth-
ers. This observation is important, as it challenges the use of the simple
numbers of species in the analyses of invasive plants’ impacts, as is the
case for many studies, particularly large-scale meta-analyses. We argue
that such approach may mask patterns at the species level, potentially
important for ecosystem functioning. This results in overly optimistic
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conclusions about low impacts of invasive plants and in incomplete un-
derstanding of their mechanisms. We opt for focusing on the distribu-
tion of traits of the species recorded in invaded communities as a more

informative currency for measuring the impacts of invasion.

ACKNOWLEDGEMENTS

MH, JH, TK, MS and JR were supported by project no. 14-217155 (Czech
Science Foundation). PP was supported by project no. 14-36079G
Centre of Excellence PLADIAS (Czech Science Foundation) and long-
term research development project RVO 67985939 (The Czech
Academy of Sciences).

REFERENCES

Akamatsu, F., Makishima, M., Taya, Y., Nakanishi, S., & Miwa, J. (2014).
Evaluation of glyphosate application in regulating the reproduction of
riparian black locust (Robinia pseudoacacia L.) after clear-cutting, and
the possibility of leaching into soil. Landscape and Ecological Engineering,
10, 47-54.

Bezemer, T. M., Harvey, J. A., & Cronin, J. T. (2014). The response of native
insect communities to invasive plants. Annual Review of Entomology, 59,
119-141.

Blumenthal, D. M. (2006). Interactions between resource availability and
enemy release in plant invasion. Ecology Letters, 9, 887-895.

ter Braak, C. J. F., & Smilauer, P. (2012). CANOCO reference manual and user’s
guide: Software for ordination, version 5.0. Ithaca: Microcomputer Power.

Buchholz, S., Tietze, H., Kowarik, 1., & Schirmel, J. (2015). Effects of a major
tree invader on urban woodland arthropods. PLoS ONE, 10, e0137723.

Btichi, L., & Vuilleumier, S. (2014). Coexistence of specialist and general-
ist species is shaped by dispersal and environmental factors. American
Naturalist, 183, 612-624.

Burghardt, K. T., Tallamy, D. W., Philips, C. H., & Shropshire, K. J. (2010).
Non-native plants reduce abundance, richness, and host specialization
in lepidopteran communities. Ecosphere, 1, 1-22.

Burns, R. M., & Honkala, B. H. (Eds.) (1990). Silvics of North America. Vol. 2.
Hardwoods. Agriculture handbook 654. Washington D.C.: USDA Forest
Service.

Cheung, M. V. L. (2009). Comparison of methods for constructing confi-
dence intervals of standardized indirect effects. Behavior Research
Methods, 41, 425-438.

Cholewa, M., & Wesotowski, T. (2011). Nestling food of European hole-
nesting passerines: Do we know enough to test the adaptive hypothe-
ses on breeding seasons? Acta Ornithologica, 46, 105-116.

Chytry, M. (Ed.) (2014). Vegetace Ceské republiky 4. Lesni a kiovinnd vegetace
[Vegetation of the Czech Republic 4. Forest and scrub vegetation]. Praha:
Academia.

Colautti, R. I., Ricciardi, A., Grigorovich, I. A., & Maclsaac, H. J. (2004). Is
invasion success explained by the enemy release hypothesis? Ecology
Letters, 7,721-733.

Cramp, S. E. (Ed.) (1977-1994). The birds of the Western Palearctic. Oxford:
Oxford University Press.

Crawley, M. J. (2007). The R book. Chichester, UK: John Wiley and Sons Ltd.

Degomez, T., & Wagner, M. R. (2001). Arthropod diversity of exotic vs.
native Robinia species in northern Arizona. Agricultural and Forest
Entomology, 3, 19-27.

Devictor, V., Julliard, R., Clavel, J., Jiguet, F., Lee, A., & Couvet, D. (2008).
Functional biotic homogenization of bird communities in disturbed
landscapes. Global Ecology and Biogeography, 17, 252-261.

Dray, S., Legendre, P., & Peres-Neto, P. R. (2006). Spatial modelling: A com-
prehensive framework for principal coordinate analysis of neighbour
matrices (PCNM). Ecological Modelling, 196, 483-493.

Distributions

Dzwonko, Z., & Loster, S. (1997). Effects of dominant trees and anthro-
pogenic disturbances on species richness and floristic composition of
secondary communities in southern Poland. Journal of Applied Ecology,
34,861-870.

Ehrenfeld, J. G. (2010). Ecosystem consequences of biological invasions.
Annual Review of Ecology, Evolution and Systematics, 41, 59-80.

Ellenberg, H., Weber, H. E., Dill, R., Wirth, V., Werner, W., & Paulissen, D.
(1991). Zeigerwerte von Pflanzen in Mitteleuropa. Scripta Geobotanica,
18, 1-248.

Essl, F., Milasowszki, N., & Dirnbéck, T. (2011). Plant invasions in temper-
ate forests: Resistance or ephemeral phenomenon? Basic and Applied
Ecology, 12, 1-9.

Gaertner, M., Biggs, R., te Beest, M., Hui, C., Molofsky, J., & Richardson,
D. M. (2014). Invasive plants as drivers of regime shifts: Identifying
high priority invaders that alter feedback relationships. Diversity and
Distributions, 20, 733-744.

Gerber, E., Krebs, C., Murrell, C., Moretti, M., Rocklin, R., & Schaffner, U.
(2008). Exotic invasive knotweeds (Fallopia spp.) negatively affect na-
tive plant and invertebrate assemblages in European riparian habitats.
Biological Conservation, 141, 646-654.

Hanzelka, J., & Reif, J. (2015). Responses to the black locust (Robinia pseu-
doacacia) invasion differ between habitat specialists and generalists in
central European forest birds. Journal of Ornithology, 156, 1015-1024.

Hanzelka, J., & Reif, J. (2016). Effects of vegetation structure on the diver-
sity of breeding bird communities in forest stands of non-native black
pine (Pinus nigra A.) and black locust (Robinia pseudoacacia L.) in the
Czech Republic. Forest Ecology and Management, 379, 102-113.

Hejda, M. (2013). Do species of invaded communities differ in their vul-
nerability to being eliminated by the dominant alien plants? Biological
Invasions, 15, 1989-1999.

Hejda, M., Pysek, P., & Jarosik, V. (2009). Impact of invasive plants on the
species richness, diversity and composition of invaded communities.
Journal of Ecology, 97, 393-403.

van Hengstum, T., Hooftman, D. A. P, Oostermeijer, J. G. B., & van
Tienderen, P. H. (2014). Impact of plant invasion on local arthropod
communities: A meta-analysis. Journal of Ecology, 102, 4-11.

Hirao, T., Murakami, M., Kashizaki, A., & Tanabe, S. (2007). Additive appor-
tioning of lepidopteran and coleopteran species diversity across spatial
and temporal scales in a cool-temperate deciduous forest in Japan.
Ecological Entomology, 32, 627-636.

Hudec, K., & Stastny, K. (Eds.) (2005). Fauna CR. Ptdci 2 [Fauna of the Czech
Republic. Birds 2], 2nd edn. Prague: Academia.

Jager, H., Tye, A., & Kowarik, 1. (2007). Tree invasion in naturally treeless
environments: Impacts of quinine (Cinchona pubescens) trees on native
vegetation in Galapagos. Biological Conservation, 140, 297-307.

Jonason, D., Franzén, M., & Ranius, T. (2014). Surveying moths using light
traps: Effects of weather and time of year. PLoS ONE, 9, €92453.

Keane, R. M., & Crawley, J. M. (2002). Exotic plant invasions and the enemy
release hypothesis. Trends in Ecology and Evolution, 17, 164-170.

Kleinbauer, 1., Dullinger, S., Peterseil, J., & Essl, F. (2010). Climate change
might drive the invasive tree Robinia pseudoacacia into nature reserves
and endangered habitats. Biological Conservation, 143, 382-390.

van Kleunen, M., Dawson, W., Essl, F., Pergl, J., Winter, M., Weber, E., ...
Pysek, P. (2015). Global exchange and accumulation of non-native
plants. Nature, 525, 100-103.

Kolecek, J., Albrecht, T., & Reif, J. (2014). Predictors of extinction risk of
passerine birds in a Central European country. Animal Conservation, 17,
498-506.

Kolecek, J., & Reif, J. (2011). Differences between the predictors of abun-
dance, trend and distribution as three measures of avian population
change. Acta Ornithologica, 46, 143-153.

Kristin, A., & Patocka, J. (1997). Birds as predators of Lepidoptera: Selected
examples. Biologia, 52, 319-326.

Levine, J. M., Vila, M., D’Antonio, C. M., Dukes, J. S., Grigulis, K., & Lavorel,
S. (2003). Mechanisms underlying the impacts of exotic plant invasions.



HEJDAET AL.

Proceedings of the Royal Society of London: Series B-Biological Sciences,
270,775-781.

Li, G. Q, Xu, G. H., Guo, K., & Du, S. (2014). Mapping the global potential
geographical distribution of black locust (Robinia Pseudoacacia L.) using
herbarium data and a maximum entropy model. Forests, 5, 2773-2792.

Litt, A. R., Cord, E. E., Fulbright, T. E., & Schuster, G. L. (2014). Effects of
invasive plants to arthropods. Conservation Biology, 28, 1532-1549.

Liu, H., & Stiling, P. (2006). Testing the enemy release hypothesis: A review
and meta-analysis. Biological Invasions, 8, 1535-1545.

Lopez-Nunez, F. A., Heleno, R. H., Ribeiro, S., Marchante, H., & Marchante,
E. (2017). Four-trophic level food webs reveal the cascading impacts of
an invasive plant targeted for biocontrol. Ecology, 98, 782-793.

Lukacs, P. M., Thompson, W. L., Kendall, W. L., Gould, W. R., Doherty, P.
F., Burnham, K. P, & Anderson, D. R. (2007). Concerns regarding a call
for pluralism of information theory and hypothesis testing. Journal of
Applied Ecology, 44, 456-460.

Macek, J., Dvorak, J., Traxler, L., & Cervenka, V. (2007). Motyli a housenky
stfedni Evropy. No¢ni motyli I. [Butterflies and caterpillars of the Central
Europe. Nocturnal Lepidoptera I.]. Praha: Academia.

Macek, J., Dvorak, J., Traxler, L., & Cervenka, V. (2008). Motyli a housenky
stfedni Evropy. Nocni motyli Il. [Butterflies and caterpillars of the central
Europe. Nocturnal Lepidoptera Il.]. Praha: Academia.

Macek, J., Prochazka, P., & Traxler, L. (2012). Motyli a housenky stredni
Evropy. No¢ni motyli Ill. [Butterflies and caterpillars of the central Europe.
Nocturnal Lepidoptera Ill.]. Praha: Academia.

Mack, R. N., Simberloff, D., Lonsdale, W. M., Evans, H., Clout, M., & Bazzaz,
F. A. (2000). Biotic invasions: Causes, epidemiology, global conse-
quences, and control. Ecological Applications, 10, 689-710.

Marchante, H., Marchante, E., Freitas, H., & Hoffmann, J. H. (2015).
Temporal changes in the impacts on plant communities of an invasive
alien tree, Acacia longifolia. Plant Ecology, 216, 1481-1498.

McKinney, M. L., & Lockwood, J. L. (1999). Biotic homogenization: A few
winners replacing many losers in the next mass extinction. Trends in
Ecology and Evolution, 14, 450-453.

Merckx, T., Feber, R. E., Hoare, D. J., Parsons, M. S, Kelly, C. J., Bourn, N.
A. D., & Macdonald, D. W. (2012). Conserving threatened Lepidoptera:
Towards an effective woodland management policy in landscapes
under intense human land-use. Biological Conservation, 149, 32-39.

New, T. R. (1997). Are Lepidoptera an effective ‘umbrella group’ for biodi-
versity conservation? Journal of Insect Conservation, 1, 5-12.

Nowinszky, L., Mészaros, Z., & Puskas, J. (2007). The hourly distribution of
moth species caught by a light-trap. Applied Ecology and Environmental
Research, 5, 103-107.

Nowinszky, L., & Puskas, J. (2010). Possible reasons for reduced light trap
catches at a full moon: Shorter collecting distance or reduced flight
activity? Advances in Bioresearch, 1, 205-220.

Olden, J. D., Poff, N. L., Douglas, M. R., Douglas, M. E., & Fauch, K. D.
(2004). Ecological and evolutionary consequences of biotic homogeni-
zation. Trends in Ecology and Evolution, 19, 18-24.

Oxbrough, A., French, V., Irwin, S., Kelly, T. C., Smiddy, P., & O’Halloran, J.
(2012). Can mixed species stands enhance arthropod diversity in plan-
tation forests? Forest Ecology and Management, 270, 11-18.

Pavlikova, A., & Konvicka, M. (2012). An ecological classification of Central
European macromoths: Habitat associations and conservation status
returned from life history attributes. Journal of Insect Conservation, 16,
187-206.

Peloquin, R. L., & Hiebert, R. D. (1999). The effects of black locust (Robinia
pseudoacacia L.) on species diversity and composition of black oak sa-
vanna/woodland communities. Natural Areas Journal, 19, 121-131.

Peres-Neto, P. R., Legendre, P., Dray, S., & Borcard, D. (2006). Variation par-
titioning of species data matrices: Estimation and comparison of frac-
tions. Ecology, 87, 2614-2625.

Pinheiro, J., Bates, D., DebRoy, S., Sarkar, D. & R Core Team (2016). nime:
Linear and Nonlinear Mixed Effects Models. R package version 3.1-127,
Retrieved from http:/CRAN.R-project.org/package=nime

Proencga, V. M., Pereira, H. M., Guilherme, J., & Vincente, L. (2010). Plant
and bird diversity in natural forests and in native and exotic plantations
in NW Portugal. Acta Oecologica, 36, 219-226.

Pysek, P., Danihelka, J., Sadlo, J., Chrtek, J. Jr., Chytry, M., Jarosik, V., ...
Tichy, L. (2012). Catalogue of alien plants of the Czech Republic (2nd
edition). Checklist update, taxonomic diversity and invasion patterns.
Preslia, 84, 155-255.

Pysek, P., Jarosik, V., Hulme, P. E., Pergl, J., Hejda, M., Schaffner, U., & Vila,
M. (2012). A global assessment of invasive plant impacts on resident
species, communities and ecosystems: The interaction of impact mea-
sures, invading species’ traits and environment. Global Change Biology,
18,1725-1737.

Quitt, E. (1971). Klimatické oblasti Ceskoslovenska [Climatic regions of
Czechoslovakia]. Praha: Academia.

R Development Core Team (2011). R: A language and environment for statis-
tical computing. R Foundation for Statistical Computing. Vienna, Austria.
Retrieved from http:/www.R-project.org/

Reif, J., Hanzelka, J., Kadlec, T., Strobl, M., & Hejda, M. (2016). Conservation
implications of cascading effects among groups of organisms: The
alien tree Robinia pseudoacacia in the Czech Republic as a case study.
Biological Conservation, 198, 50-59.

Reif, J., Jiguet, F., & 5t’astm’/, K. (2010). Habitat specialization of birds in the
Czech Republic: Comparison of objective measures with expert opin-
ion. Bird Study, 57, 197-212.

Reif, J., Storch, D., & Simova, |. (2008). Scale-dependent habitat gradients
structure bird assemblages: A case study from the Czech Republic. Acta
Ornithologica, 43, 197-206.

Richardson, D. M., & Rejmanek, M. (2011). Trees and shrubs as invasive
alien species - a global review. Diversity and Distributions, 17, 788-809.

Rumlerova, Z., Vila, M., Pergl, J., Nentwig, W., & Pysek, P. (2016). Scoring
environmental and socioeconomic impacts of alien plants invasive in
Europe. Biological Invasions, 18, 3697-3711.

Schirmel, J., Bundschuh, M., Entling, M. H., Kowarik, I., & Buchholz, S.
(2016). Impacts of invasive plants on resident animals across ecosys-
tems, taxa, and feeding types: A global assessment. Global Change
Biology, 22, 594-603.

Shipley, B. (2000). Cause and correlation in biology: A user’s guide to path anal-
ysis, structural equations, and causal inference. Cambridge: Cambridge
University Press.

Simberloff, D. B., & Von Holle, M. (1999). Positive interactions of nonin-
digenous species: Invasional meltdown? Biological Invasions, 1, 21-32.

Slade, E. M., Merckx, T., Riutta, T., Bebber, D. P., Redhead, D., Riordan, P., &
Macdonald, D. W. (2013). Life-history traits and landscape functional
traits predict macro-moth responses to forest fragmentation. Ecology,
94,1519-1530.

Slavik, B. (Ed.) (1995). Kvétena Ceské republiky [Flora of the Czech Republic]
4. Praha: Academia.

Smilauer, P., & Leps, J. (2014). Multivariate analysis of ecological data using
Canoco 5, 2nd edn. Cambridge: Cambridge University Press.

Southwood, T. R. E. (1961). The number of species of insect associated with
various trees. Journal of Animal Ecology, 30, 1-8.

Stastny, K., & Hudec, K. (Eds.) (2011). Fauna CR. Ptdci 3 [Fauna of the Czech
Republic, Birds 3], 2nd edn. Prague: Academia.

Summerville, K. S., Metzler, E. H., & Crist, T. O. (2001). Diversity of
Lepidoptera in Ohio forests at local and regional scales: How hetero-
geneous is the fauna? Annals of the Entomological Society of America,
94,583-591.

Summerville, K. S., Ritter, L. M., & Crist, T. O. (2004). Forest moth taxa as
indicators of lepidopteran richness and habitat disturbance: A prelimi-
nary assessment. Biological Conservation, 116, 9-18.

Truxa, C., & Fiedler, K. (2012). Attraction to light - from how far do moths
(Lepidoptera) return to weak artificial sources of light? European Journal
of Entomology, 109, 77-84.

Vila, M., Espinar, J. L., Hejda, M., Hulme, P. E., Jarosik, V., Maron, J. L.,
... PySek, P. (2011). Ecological impacts of invasive alien plants: A


http://CRAN.R-project.org/package=nlme
http://www.R-project.org/

HEJDAET AL.

Diversity and

meta-analysis of their effects on species, communities and ecosystems.
Ecology Letters, 14, 702-708.

Vitkova, M., & Kolbek, J. (2010). Vegetation classification and synecology of
Bohemian Robinia pseudoacacia stands in a Central European context.
Phytocoenologia, 40, 205-241.

Vitkova, M., Miillerovd, J., Sadlo, J., Pergl, J., & Pysek, P. (2017). Black lo-
cust (Robinia pseudoacacia) beloved and despised: A story of an invasive
tree. Forest Ecology and Management, 384, 287-302.

Wiens, J. A. (1989). Ecology of bird communities. Vol. I. Foundations and pat-
terns. Cambridge: Cambridge University Press.

Winter, M., Schweiger, O., Klotz, S., Nentwig, W., Andriopoulos, P,
Arianoutsou, M., ... Kiihn, . (2009). Plant extinctions and introductions
lead to phylogenetic and taxonomic homogenization of the European
flora. Proceedings of the National Academy of Sciences of the United
States of America, 106, 21721-21725.

Xu, F., Guo, W., Wang, R., Xu, W., Du, N., & Wang, Y. (2009). Leaf move-
ment and photosynthetic plasticity of black locust (Robinia pseudoa-
cacia) alleviate stress under different light and water conditions. Acta
Physiologiae Plantarum, 31, 553-563.

BIOSKETCH

Various members of the research team focus on the ecology of dif-
ferent groups of target organisms: MH and PP focus on plants, MS

Distributions

and TK focus on insects, and JR and JH focus on birds. Such diversity
of expertize was needed to look at the impacts of the selected inva-
sive tree, Robinia pseudoacacia, in a complex way. Further, MH and
JR conceived the basic idea of the manuscript; MH, JH, MS, TK and
JR all contributed to the sampling effort. MH, JH and MS performed
the analyses, and all members of the author team contributed to the
preparation of the manuscript. PP supervised the manuscript's prepa-

ration and made sure the text is concise and clear.

SUPPORTING INFORMATION

Additional Supporting Information may be found online in the

supporting information tab for this article.

How to cite this article: Hejda M, Hanzelka J, Kadlec T, Strobl M,
Pysek P, Reif J. Impacts of an invasive tree across trophic
levels: Species richness, community composition and resident
species’ traits. Divers Distrib. 2017;23:997-1007.
https://doi.org/10.1111/ddi.12596



https://doi.org/10.1111/ddi.12596
https://doi.org/10.1111/ddi.12596

4.6 Studie VI
A non-native woody plant compromises conservation benefits of
mid-field woodlots for birds in farmland.

Javier Rivas Salvador, Martin Strobl, Tomas Kadlec, Pavel Saska, Jifi Reif

Abstrakt ¢lanku:

Agricultural intensification seriously threatens European biodiversity. To mitigate this threat,
farmland habitat suitability should be improved. Mid-field woodlots surrounded by intensively
cultivated fields or grasslands, represent one of the promising tools for such improvement.
However, woodlots can be dominated by non-native plants and their impacts on woodlot
function as refugees for biodiversity remains unclear. Therefore, we studied the impact of the
invasive black locust (Robinia pseudoacacia L.) on bird species richness in woodlots in
intensively cultivated Central European farmland. We surveyed 27 mid-field woodlots (13
covered by native vegetation and 14 dominated by black locust) in the Czech Republic, relating
the species richness of all birds, habitat specialists and habitat generalists to woodlot
characteristics: black locust occurrence, distance to the main forest, age of the woodlot,
vegetation structure, arthropod biomass (representing food supply for birds), surrounding
habitats and type of crops in which they are embedded. Our results suggest that the woodlots
covered by the black locust had lower species richness of all birds, habitat specialists and habitat
generalists than the woodlots covered by native tree species. The negative impact of the
invasive woody plant on birds was likely driven by changes in vegetation structure since such
woodlots had lower coverage of the shrub layer and less continuous canopy. This mechanism
was particularly supported in habitat generalists, whereas habitat specialists additionally
showed positive relationships to the other vegetation characteristics (hamely the coverage of
herbs in the ground layer and the proportion of medium-sized trees). Our study shows that even
though mid-field woodlots host numerous bird species, their role in the delivery of conservation
benefits for breeding birds is compromised if non-native woody plants dominate the vegetation.
Therefore, from the perspective of breeding birds’ conservation, the native woody plant species

should be used for woodlot establishment.
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intensively cultivated fields or grasslands, represent one of the promising tools for such
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improvement. However, woodlots can be dominated by non-native plants and their im-
pacts on woodlot function as refugees for biodiversity remains unclear. Therefore, we
studied the impact of the invasive black locust (Robinia pseudoacacia L.) on bird species
richness in woodlots in intensively cultivated Central European farmland. We surveyed 27
mid-field woodlots (13 covered by native vegetation and 14 dominated by black locust) in

Keywords:
Agricultural landscape
Biodiversity loss
Biological invasions

Birds the Czech Republic, relating the species richness of all birds, habitat specialists and habitat
Habitat specialization generalists to woodlot characteristics: black locust occurrence, distance to the main forest,
Non-crop habitats age of the woodlot, vegetation structure, arthropod biomass (representing food supply for

birds), surrounding habitats and type of crops in which they are embedded. Our results
suggest that the woodlots covered by the black locust had lower species richness of all
birds, habitat specialists and habitat generalists than the woodlots covered by native tree
species. The negative impact of the invasive woody plant on birds was likely driven by
changes in vegetation structure since such woodlots had lower coverage of the shrub layer
and less continuous canopy. This mechanism was particularly supported in habitat gen-
eralists, whereas habitat specialists additionally showed positive relationships to the other
vegetation characteristics (namely the coverage of herbs in the ground layer and the
proportion of medium-sized trees). Our study shows that even though mid-field woodlots
host numerous bird species, their role in the delivery of conservation benefits for breeding
birds is compromised if non-native woody plants dominate the vegetation. Therefore, from
the perspective of breeding birds’ conservation, the native woody plant species should be
used for woodlot establishment.
© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

In Europe, massive biodiversity loss is well documented in agricultural landscapes (Donald et al., 2001; BirdLife
International, 2004; Attwood et al., 2008). Once heterogeneous, extensively cultivated farmland providing a fine mosaic of
environments for various kinds of species occupying different habitats became dominated by large blocks of intensively
managed arable fields and grasslands occupied by a few generalist taxa (Shultz et al., 2005; Devictor et al., 2008). Such a
landscape is inhospitable for the majority of species adapted to the mosaic of environments created by traditional diversified
farmland management (Kosicki and Chylarecki, 2012). Under these circumstances, woodlots provide important harbours for
species unable to live in the intensively managed homogenous farmland (Herzon and O’Hara, 2007; Strobl et al., 2019). Their
intended establishment might represent a useful tool to improve the state of biodiversity in such landscapes (Marr and
Howley, 2018).

However, woodlots may differ in habitat quality (Orlowski and Nowak, 2005) and it is thus of utmost importance to
evaluate these habitat features in respect to their importance for biodiversity. From this perspective, it is particularly
interesting that woodlots were frequently created using non-native woody plant species (Fortier et al., 2015). The woodlots
dominated by the non-native woody plants might be better for local species richness than the complete absence of such
landscape features in farmland (Benton et al., 2003). However, if the non-native woody plants form woodlots of a suboptimal
habitat quality for the majority of local species, the function of such woodlots as biodiversity refuges is questionable and their
intended establishment should be avoided. This latter possibility is suggested by various recent studies showing adverse
impacts of plant invasions on the species richness in open habitats (Skorka et al., 2010; Hajzlerova and Reif, 2014; Rogers and
Chown, 2014). Thereby, the ecological role of such woodlots calls for a comprehensive assessment.

In order to elucidate the biodiversity consequences of plant invasions in woodlots, we focused on birds in woodlots
scattered over intensively cultivated lowland farmland in the Czech Republic, Central Europe. In this area, woodlots are scarce,
albeit important habitat for birds species providing breeding opportunities, food resources and migratory stopover sites
(Rajmonova and Reif, 2018). However, a large part of these woodlots is dominated by invasive tree species, mainly black locust
(Robinia pseudoacacia). The black locust was introduced in the second half of the 18th century as an exotic species; since then
it has expanded its distribution and has been considered one of the most widely distributed invasive plant in Central Europe
(Vitkova et al., 2017). It has generally negative impacts on native organisms which scale across trophic levels from primary
producers to secondary consumers (Hejda et al., 2017). In the case of birds, recent studies showed that even though the
species richness remains unchanged (Hanzelka and Reif, 2016), increasing abundance of the black locust in forest stands
results in changes of species composition (Kroftova and Reif, 2017). Specifically, habitat specialist species are replaced by
habitat generalists (Hanzelka and Reif, 2015). Changes in invertebrate food supply were hypothesised as a possible driver (Reif
et al., 2016a) when the occurrence of particular arthropod species in invaded and native forest stands was largely determined
by alteration of vegetation structure following the black locust invasion (Kadlec et al., 2018). On the other hand, woodland
landscape including a moderate presence of black locust stands in its mosaic, seems to contribute not only to higher bird
biodiversity but also to improve the functional connectivity of the landscape (Porro et al., 2020).

Although the studies cited above gained some knowledge about possible consequences of the black locust dominance on
bird populations, most of these studies were conducted in large forest tracts and thus their applicability to the farmland
context and specifically to the small-sized mid-field woodlots remains limited. To fill this knowledge gap, we surveyed
breeding bird communities, vegetation structure and arthropod food supply for birds in 27 woodlots (13 consisting of native
tree species and 14 dominated by the invasive black locust). Using these data, we test two alternative hypotheses. Either, (i)
woodlots provide breeding habitat for birds irrespective to native/non-native origin of the dominant tree species or (ii) black
locust woodlots offer less suitable breeding habitat for birds. Based on the first hypothesis, we can formulate two alternative
predictions: (a) bird species richness, as well as the richness of habitat specialists and generalists do not differ between native
and black locust-dominant woodlots because neither of both habitat types differs in vegetation structure and/or invertebrate
food supply. Although this scenario is unlikely, some studies from other systems of invasive species suggest its theoretical
plausibility (e.g. Kuebbing and Nunez, 2015; Simberloff, 1981). An alternative prediction of this first hypothesis is that (b) bird
species richness does not differ between the native and black locust woodlots, even though the vegetation structure and/or
food supply do differ. This might be caused by a lack of alternatives for bird breeding in the inhospitable intensively cultivated
farmland (Chamberlain and Fuller, 1999). Respective to the second hypothesis, if black locust woodlots do not provide suitable
breeding habitats for birds, we predict that (c) bird species richness, and especially the richness of habitat specialists, will be
lower in black locust than in native woodlots. Such woodlots should also provide limited food supply and should have a
simplified vegetation structure.

2. Material and methods
2.1. Study area and study plots

Our study was carried out in the intensive agricultural landscape of Central Bohemia, Czech Republic, Central Europe
(latitude 49°53’—50°07’; longitude 14°09'—14°27’; 160—330 m a.s.l.; annual rainfall total 500—600 mm; annual mean

temperature 8—9 °C). Study area (~1200 km?) is dominantly formed by intensive cultivated arable fields and woodland
habitat fragments create ca. 15% of this area (ca. 85% of these forests are formed by native tree species and 15% are formed by
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invasive Robinia pseudoacacia). For our study, we selected 27 mid-field woodlots (average size: 0.38 ha; range: 0.12—1.32 ha;
average age: 78 years; sd:12 years; range: 50—110 years, see Fig. 1), 14 of them were dominated by the invasive black locust (R.
pseudoacacia; henceforth: “black locust woodlots”) while the remaining ones were composed by native deciduous tree
species: dominantly by oaks (Quercus spp.) and European ash (Fraxinus excelsior L.), mixed by hornbeam (Carpinus betulus L.),
maples (Acer spp.), limes (Tilia spp.) and elms (Ulmus spp.), henceforth: “native woodlots”. Mean distance among adjacent
woodlots was 2.40 km (range 0.31—12.30 km). All woodlots were completely surrounded by intensively managed blocks of
arable land, major part of them were completely or partially surrounded by cereals (n = 20 woodlots), and in lesser number by
rapeseed (n = 7), maize (n = 3) and poppy (n = 1) plantations (please note than one woodlot may be surrounded by more crop
types). In the study area, farmland was cultivated at least since the beginning of the Middle Ages in the second half of the first
millennium, but presumably even earlier since the Neolitic era (Sddlo and Storch, 1999). After the World War II, the agri-
cultural production greatly intensified and strong inputs of nutrients to sustain large monoculture fields and heavy machinery
for management are required (Lerman, 2001).

2.2. Bird data

Both types of woodlots (i.e. black locust and native) were surveyed in spring 2017 to gather information about bird
occurrence. Each woodlot was visited 3 times corresponding to early (late March), middle (mid-April) and late spring (mid-
June) to capture all phases of the peak breeding season. During each visit, the observer walked slowly first through the whole
perimeter and later through the inner area of the woodlot recording every bird species which was heard or seen in the
woodlot, the survey finished once the whole area of the woodlot has been surveyed. Thus, due to the complete coverage of the
whole woodlot, our sampling effort was proportional to woodlot area. Bird surveys were conducted between dawn and 11:00
during favourable weather conditions (no rain, no strong wind). The recorded species (n = 29, see Online Resource Table 1)
were classified according to their habitat specialization index (SSI) obtained from Reif et al. (2010) as generalists and spe-
cialists, respectively. SSI was introduced by Julliard et al. (2006) as a coefficient of variation of density of a given species across
different habitats (the higher the density variation across the habitats, the more specialized species) and Reif et al. (2010)
calculated SSIs for 137 bird species breeding in the Czech Republic using data on species’ densities collected within a na-
tional common bird monitoring scheme of country-wide coverage. For purposes of this study, we ranked all species according
to their SSI values in descending order and considered the first half of species as specialists and the second half as generalists
following Reif et al. (2016a). Birds species richness was calculated as the total number of bird species registered in a given
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Fig. 1. Map showing the location of the surveyed woodlots (13 of them with native vegetation and 14 of them dominated by the black locust Robinia
pseudoacacia).
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woodlot across all visits. We expressed the richness separately for all birds, specialists and generalists. To account for possible
of effects of sampling on the observed species richness (Shimadzu, 2018) we applied rarefaction using the R-package iNEXT
(Hsieh et al., 2020). These rarefied species richness estimates (for all species, habitat generalists and specialists) were used for
further analysis.

2.3. Arthropod food supply for birds

For information about the food supply for birds, arthropods were collected in the same woodlots where the birds were
surveyed. Three different sampling methods were used to obtain information about different arthropod taxa taken by birds:
(i) light trapping (a single light trap equipped with two 8 W UV LED strip lights powered by 7.2 Ah/12 V lead batteries); (ii)
pitfall trapping (5 pitfall traps consisting of two nested plastic cups, 94 mm in diameter and 144 mm in height, containing 4%
formaldehyde solution, and spaced 5 m apart along a straight line across each woodlot); and (iii) sweep-netting (vegetation
lower than 3 m along the lane of pitfall traps was swept by a net 35 cm in diameter, area covered 25 x 5 m). To minimalize the
trapping of moths from surrounding habitats, each light trap was situated in the middle of the woodlot. As the used light
sources attract the moths from the distance of few tens of metres (Truxa and Fiedler, 2012) we got samples of moths living
directly in the woodlots or moths which flew through the woodlots. The transect with pitfall traps avoided the edges as the
marginal traps were located minimally 10 m from the edge (Roume et al., 2011). The samples from sweeping were collected
from vegetation in close vicinity of pitfall traps.

Arthropod sampling took place 5 times during 2016 at monthly intervals from April to September covering the main
period of arthropod activity (Strobl et al., 2019). Through these complementary approaches we collected information for the
major taxa included in bird food supply (Lopes et al., 2016): Chilopoda, Diplopoda, Arachnida (Aranea and Opiliones),
Orthoptera, Heteroptera, Neuroptera, Coleoptera (Carabidae, Elateridae, Staphylinidae, Silphidae, Curculionoidea) and Lepi-
doptera. All captured arthropods were determined to the species level. Arthropod food supply for birds was defined as the
total arthropod biomass for each woodlot (Gullan and Cranston, 1994). It was calculated using the species-specific body
lengths (extracted from literature) and the equations relating the length to body mass described by Hodar (1996). The total
arthropod biomass (in mg) was calculated as the sum of all individuals of each arthropod species multiplied by the species-
specific weight.

2.4. Woodlot characteristics

Each woodlot was characterized by the area of woodlot and two sets of environmental variables: the first set described
woodlot vegetation structure and the second set land cover composition surrounding the woodlot. The area of each woodlot
(in ha) was computed from aerial photographs using ArcGis 10.2 software (ESRI, 2011). Variables describing the vegetation
structure (see Table 1 for the summary information) were assessed by visual inspection on-site following Hanzelka and Reif
(2016). We estimated percentage cover of herbs <0.5 m (herb 1), herbs > 0.5 m (herb 2), shrubs and small trees 1-5 m (shrub),
trees 5—10 m height (tree 1), trees > 10 m height (tree 2), the canopy and clearings (proportion of the woodlot area without
woody plant cover). We also estimated the proportion of trees with a diameter at breast height <0.2 m (treeS), 0.2—0.5 m
(treeM) and >0.5 m (treeT), and the numbers of dead and fallen trees were counted (Table 1). Surrounding land cover
composition was assessed in a 500 m buffer around the woodlot recognizing the following land cover types using aerial
photographs in ArcGis 10.2 (ESRI, 2011): proportion of arable land, grassland, urban habitat, rock, broad-leaved forest,
coniferous forest and water body. Additionally, we registered the age of forest cover at woodlots (extracted from forest
management maps downloaded from the Forest Management Institute, www.uhul.cz), area of each woodlot and the distance
to the nearest continuous forest block (calculated using aerial photographs in ArcGis 10.2; ESRI, 2011). Moreover, we
expressed the variable crop type (with categories cereals, maize, rapeseed, and poppy) to account for the type of arable land
where a given woodlot was located in (Table 1).

2.5. Statistical analysis

As the first step, we tested whether the vegetation structure differed between the two woodlot types (i.e. black locust and
native). For this purpose, we conducted a redundancy analysis (RDA) in CANOCO 5 statistical software (ter Braak and Smilauer,
2012) where the response variables were those describing the vegetation structure and the explanatory variable was the type
of woodlot. Secondly, we reduced the number of variables using a principal component analysis (PCA) using R 3.6.0 (R Core
Team, 2015), performed separately for each set of variables, i.e. woodlot vegetation structure variables and surrounding land
cover composition variables. For the selection of the axes we have applied a parsimony criterion to maximize the explained
variance with the lower number of axis. These axes (hereafter called vPCs based on the analysis of the vegetation structure
variables, and sPCs based on the analysis of the surrounding land cover composition variables) were taken for further ana-
lyses. Because we were specifically interested in the effects of woodlot vegetation on birds and the variables defining the
surrounding habitat and those describing the vegetation composition were not highly correlated, using two separated set of
PCA’s was the best approach to understand the possible effects that they could present over the bird species richness.

Additionally, we conducted a biserial correlation analysis, using R package Itm (Rizopoulos, 2006), to check whether the
woodlot type and the vPC’s were correlated. Furthermore, after a prior correlation analysis (see Online Resource Table 2) we
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tested for differences in food supply (expressed as arthropod biomass) between the woodlot types generalized least squares
(GLS) using the R-package nlme (Pinheiro et al., 2017) with the type of woodlot and woodlot area (log-transformed) as
predictors. GLS models allow us to deal with spatial autocorrelation by adding a correlation matrix to the model. In this case
we tested four different correlation structures (spherical, linear, exponential, and Gaussian) and also a null correlation
structure indicating the absence of spatial autocorrelation in data. Based on the Akaike Information Criterion (AIC), we
selected the correlation structure with the best fit and used that model type for inference. In all occasions, the models without
a correlation structure were more supported than the models containing a correlation structure indicating that spatial
autocorrelation was not an issue in these data (see Online Resource Table 3). Therefore, we report all results based on the
models without a correlation structure.

To test for differences in bird species richness between black locust and native woodlots, we used GLS in the same way as
described above to deal with the spatial autocorrelation (see Online Resource Table 3). Separate models were run for the
rarefied richness of all bird species, habitat specialists and habitat generalists, respectively, and woodlot area (log-trans-
formed) was included in all models. Finally, to gain deeper insights into the factors driving the bird species richness variation
across the woodlots, we modelled the species rarefied richness for all the bird species, generalists and specialists separately,
as a function of woodlot area (log-transformed), woodlot type, age, food supply (expressed as arthropod biomass), distance to
the closest continuous forest block, crop type, vegetation structure (vPCs) and the surrounding land cover composition of a
given woodlot (sPCs). For this purpose, we also used GLS models with the assessment of the correlation structure. After
selection of the most supported correlation structure, we composed a global model containing all the explanatory variables
together and performed variable selection via model dredging in R-package MuMIn (Barton, 2015) based on AIC corrected for
small sample sizes (AICc). From all the possible combinations of variables we selected the best subset (AAICc < 2) of models.
Moreover, we calculated relative importance of every variable included in the most supported models by summing Akaike
weights across all models. All the models were conducted in R 3.6.0 (R Core Team, 2015). More details about each of the
variables used in our analyses can be found in Table 1.

3. Results
3.1. Reduction of environmental variables using PCA

The results of the PCA to reduce the number of variables describing surrounding land cover composition showed that 93%
of the variance can be explained by the first two principal components (sPC1 and sPC2, respectively). The sPC1 described a
gradient discriminating arable land from the rest of surrounding habitats, while the sPC2 showed a gradient between broad-
leaved forest versus the urban habitat and grassland (Fig. 1, see Online Resource Table 4a).

In the case of the PCA for the vegetation structure variables, the first four principal components (vPC1, vPC2, vPC3 and
vPC4) explained 83% of the variance. The vPC1 described a gradient from woodlots dominated by tall herbs to those with a
developed shrub layer (Fig. 2). The vPC2 expressed a gradient between woodlots with the thinner trunks and woodlots with
tall trees (Fig. 2). The vPC3 showed a gradient from woodlots with tall trees to woodlots with medium sized trunks and tall
herbs (Fig. 2). The vPC4 showed a gradient from woodlots without clearings to woodlots with developed shrub layer (Fig. 2,
see Online Resource Table 4b). The results of the biserial correlation test showed that vPC1 and the woodlot type (i.e. black
locust dominated vs, native woodlots) are strongly correlated (r = 0.79), while the rest of vPCs did not show any correlation
with the woodlot type (vPC2: r = — 0.06; vPC3: r = —0.15; vPC4: r = 0.17).

3.2. Habitat and food supply

According to the RDA, the vegetation structure significantly differed between native and black locust woodlots (P = 0.006;
19.5% of the explained variance). Black locust woodlots contained higher herbs, thinner trees and higher number of dead
trees, while native ones had higher continuity of the canopy (Fig. 3). The bush layer was generally more prominent in native
woodlots and frequently absent in black locust ones (Fig. 3). We did not find any significant difference between black locust
and native woodlots with respect to total arthropods biomass (Table 2, see Fig. 4).

3.3. Bird species richness

In our surveys, we recorded 24 bird species in native woodlots and 18 species in black locust woodlots. The mean bird
species richness per a woodlot was 6 species (+standard deviation = 1.73 species) in native woodlots, while 3 species (+3.23)
in black locust woodlots. The rarefied species richness of all birds, habitat specialists and habitat generalists was significantly
higher in native woodlots than in black locust woodlots (Table 2).

After including all variables describing woodlot characteristics, the model dredging for the species richness of all birds
identified one model with AAICc <2 (Table 3); without any correlation structure (Online Resource Table 5a). This model used
the woodlot type (relative importance = 0.98; Online Resource Table 6), the log transformed area (relative importance = 0.7;
Online Resource Table 6) and the vPC3 (relative importance = 0.63; Online Resource Table 6) as the best predictors. All of
them with positive effects over the species richness (Table 4). Hence, woodlots with higher number of bird species are the
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Table 1
List of all variables, their description and their role in respective analyses.
Variable Definition Analysis
Woodlot type Discrimination between woodlots dominated by black locust from those covered by Explanatory variable for GLS models and for
native trees RDA

Herb1 Percentage of herbs coverage (>0.5 m) PCA on vegetation structure, response for
RDA

Herb2 Percentage of herbs coverage (<0.5 m) PCA on vegetation structure, response for
RDA

Shrub Percentage of shrub coverage (1—5 m) PCA on vegetation structure, response for
RDA

Treel Percentage of tree coverage (5—10 m) PCA on vegetation structure, response for
RDA

Tree2 Percentage of tree coverage (>10 m) PCA on vegetation structure, response for
RDA

Canopy Percentage of the woodlots area covered by the canopy of tree PCA on vegetation structure, response for
RDA

Clearings Percentage of the woodlot area where the canopy is disrupted PCA on vegetation structure, response for
RDA

TreeS Proportion of trees with a diameter at breast height < 0.2 m PCA on vegetation structure, response for
RDA

TreeM Proportion of trees with a diameter at breast height 0.2—0.5 m PCA on vegetation structure, response for
RDA

TreeT Proportion of trees with a diameter at breast height > 0.5 m PCA on vegetation structure, response for
RDA

Dead_t Number of dead trees within the woodlot PCA on vegetation structure, response for
RDA

Fallen_t Number of fallen trees within the woodlot PCA on vegetation structure, response for
RDA

Arable_land Coverage of arable land in 500 m radius around woodlot PCA on surrounding land cover composition

Grassland Coverage of grassland in 500 m radius around woodlot PCA on surrounding land cover composition

Urban_habitat
Rock
Water

Coverage of urban habitat in 500 m radius around woodlot
Coverage of rocks in 500 m radius around woodlot
Coverage of water bodies in 500 m radius around woodlot

PCA on surrounding land cover composition
PCA on surrounding land cover composition
PCA on surrounding land cover composition

PCA on surrounding land cover composition
PCA on surrounding land cover composition
Response variable for GLS models
Response variable for GLS models
Response variable for GLS models

Broad.leaved_forest Coverage of broad-leaved forest in 500 m radius around woodlot
Coniferous_forest Coverage of coniferous forest in 500 m radius around woodlot
All bird richness Rarefied Species richness of all birds

Specialist richness Rarefied richness of habitat specialist birds

Generalist richness Rarefied richness of habitat generalist birds

Area Woodlot area (ha) Explanatory variable for GLS models
Distance Distance to the nearest continuous forest block (m) Explanatory variable for GLS models
Age Woodlot age (years) Explanatory variable for GLS models
Arthropods Total biomass of arthropods captures in woodlot (mg) Explanatory variable for GLS models*
Biomass
Crop type Category of arable land where the woodlot is located in (cereals, maize, rapeseed, Explanatory variable for GLS models
poppy)
vPC1 Fist principle component obtained by PCA on vegetation structure Explanatory variable for GLS models
vPC2 Second principle component obtained by PCA on vegetation structure Explanatory variable for GLS models
vPC3 Third principle component obtained by PCA on vegetation structure Explanatory variable for GLS models
vPC4 Fourth principle component obtained by PCA on vegetation structure Explanatory variable for GLS models
sPC1 First principle component obtained by PCA on land cover type composition Explanatory variable for GLS models
sPC2 Second principle component obtained by PCA on land cover type composition Explanatory variable for GLS models

* Also used as a response variable in a GLS model comparing arthropod biomass between native and black locust dominated woodlots.

larger ones, dominated by native trees, and with a developed bush layer and with a high number of trees with a breast
diameter of 0.2—0.5 m.

In the case of habitat specialist bird species, the model dredging showed four models with AAICc <2 (Table 3); without any
correlation structure (Online Resource Table 5b). The variables included in all the models were the woodlot type (relative
importance = 0.9; Online Resource Table 6) and the vPC3 (relative importance = 0.86; Online Resource Table 6). Additionally,
the vPC2 (relative importance = 0.18; Online Resource Table 6), the age of the woodlot (relative importance = 0.1; Online
Resource Table 6) and the arthropod biomass (relative importance = 0.14; Online Resource Table 6) were included in just one
of the best performing models and their large standard errors indicated their low importance (Table 4). By contrast, the
woodlot type and the vPC3 showed positive effects (Table 4) meaning that native woodlots with a well-developed shrub layer
contain higher number of habitat specialist bird species.

The analysis of species richness of habitat generalist birds showed a subset of six models with AAICc <2 (Table 3) which did
not include any correlation structure (Online Resource Table 5c). All the best performing models included the log transformed
area (relative importance = 1; Online Resource Table 6) as one of the best predictor, followed by the woodlot type (relative
importance = 0.37; Table 4) present in four out of the six best performing models, the vPC1 (relative importance = 0.36;
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Fig. 2. Positions of variables corresponding to particular land cover types surrounding the woodlots along the first two axes (sPC1 and sPC2) resulting from the
principal component analysis. Native woodlots are represented by open circles, while the black locust woodlots are represented by closed circles.

Online Resource Table 6) and the vPC4 (relative importance = 0.28; Online Resource Table 6) present in two out four.
Additionally, the arthropod biomass (relative importance = 0.21; Table 4) and the vPC2 (relative importance = 0.16; Online
Resource Table 6) were included in just one of the best performing models. All the included variables showed positive effects
on the habitat generalist species richness (Table 4). However only the effects of the area, the woodlot type and vPC1 were
important meaning that habitat generalists are more abundant in native and larger woodlots (Table 4).

4. Discussion

Mid-field woodlots are traditionally considered as landscape features creating heterogeneity in farmland and thus
enhancing its value for biodiversity (Benton et al., 2003). However, our results provide important indication that such delivery
of conservation benefits by woodlots may be compromised by the dominance of an invasive woody plant supporting the
prediction of our second hypothesis, which predicted that black locust woodlots would not provide suitable habitat for birds.
Specifically, woodlots covered by the invasive black locust were typical with less developed canopy and shrub layers than the
native woodlots. These differences in vegetation structure at least partly translated into the differences in bird species
richness as we found that the black locust woodlots hosted lower number of bird species than the woodlots dominated by the
native species of trees. At the same time, the invertebrate food supply did not differ between both woodlot types and was
unrelated to bird species richness.

The lower richness of bird species in black locust woodlots concerned all species, habitat generalists and habitat spe-
cialists. We suggest that the changes in vegetation structure caused by the invasive black locust dominance may be a driver of
impoverishment bird species richness in invaded woodlots. Specifically, black locust woodlots had thinner trees with less
continuous canopy, more deadwood and less developed shrub layer than native woodlots. These vegetation characteristics
are indeed those structuring communities of European woodland birds (Moning and Miiller, 2008; Whytock et al., 2018).
Their effects were particularly strong in the case of habitat generalists where these vegetation characteristics were present in
the most supported models. Indeed, among European birds, habitat generalists are typically those originally breeding in
forests with well-developed understory such as the blackcap (Sylvia atricapilla L.), common blackbird (Turdus merula L.) or
song thrush (Turdus philomelos B., Reif et al., 2016b; Tomiatoj¢, 2000). Therefore, it is not surprising that the species richness of
habitat generalists was highest in the native woodlots with a well-developed shrub layer.

Interestingly, in the case of species richness of all birds and particularly in the case of species richness of habitat specialists,
we found the influence of several variables related to the vegetation structure, namely the proportion of trees with a trunk of
an intermediate size and the coverage of herbs up to 0.5 m height, in addition to the significant effect of the black locust
dominance. Therefore, the changes in vegetation structure due to the black locust dominance are unable to fully account for
the number of the specialist species in woodlots and the other vegetation factors play a role as well. The positive effect of the
herb layer may be explained by its function as a provider of food resources for seed-eating bird species because such species
(including corn bunting Miliaria calandra L., linnet Carduelis cannabina L. and tree sparrow Passer montanus L.) were largely
represented among habitat specialists. The effect of trees with intermediate trunk size is less obvious. We can speculate about
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Fig. 3. Positions of variables corresponding to particular vegetation characteristics of the woodlots along the first four axes (vPC1—vPC4) resulting from the
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Fig. 4. First two ordination axes of the redundancy analysis showing the differences in vegetation structure between the woodlots covered by native woody plant
species (Native) and the woodlots dominated by black locust (R. pseudoacacia). See Table 1 for definitions of particular variables.

their role as perching posts for some specialist birds with the sit-and-wait preying strategy such as the red-backed shrike
(Lanius collurio L.) and pied flycatcher (Ficedula hypoleuca Pallas, 1764).

On the other hand, our results do not provide any support for the possibility that the black locust woodlots provide less
food resources, represented by invertebrates, for birds. This was indicated by the absence of a significant difference in
invertebrate food supply between the black locust and native woodlots observed in our data, and by the lack of support for
this variable in models explaining patterns in bird species richness. Although this lack of support must be taken with caution
due to the limited sample size and the possibility that our methods of invertebrate sampling may not cover the food types
preferred by birds, it adds to the indirect line of evidence that the negative impact of the tree invasion on birds is mediated by
changes in vegetation and not by changes in food supply in our study system.

Our results obtained in woodlots strikingly differ from findings of the earlier studies focused on the consequences of the
black locust dominance performed in continuous forest stands. In these studies, habitat generalists indeed benefited from the
black locust dominance in terms of their species richness, while habitat specialists showed a negative impact (Hanzelka and
Reif, 2015). As a consequence, an overall effect of the black locust on the total bird species richness was absent in forest (Reif
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Table 2

Result for the generalized least square models to estimate the effects of the woodlot type (black locust vs. native) and the woodlot area (log-transformed) on
the rarefied species richness of all bird species, habitat specialist birds, habitat generalist birds and arthropod biomass, respectively. In the table are detailed
the estimate effect of each variable (coef), its standard error (SE), its t-value and the level of statistical significance (p-vale).

All bird richness

coef SE t-value p-value
(Intercept) 7.888 2.024 3.898 0.001
Woodlot Type (native) 7.084 1.623 4.365 <0.001
log(Area) 3.071 1.268 2421 0.023
Specialist richness

coef SE t-value p-value
(Intercept) 0.856 0.646 1.325 0.198
Woodlot Type (native) 1.323 0.518 2.555 0.017
log(Area) 0.015 0.405 0.036 0.971
Generalist richness

coef SE t-value p-value
(Intercept) 8.047 1.353 5.947 <0.001
Woodlot Type (native) 2.521 1.085 2.324 0.029
log(Area) 3.768 0.848 4.444 <0.001
Arthropod biomass

coef SE t-value p-value
(Intercept) 40.943 12.059 3.395 0.002
Woodlot Type (native) 15.647 9.670 1.618 0.119
log(Area) 0.008 7.557 0.001 0.999

et al., 2016a). These differences can be explained by two important ecological drivers. First, the black locust dominance had
different consequences on vegetation structure in forests than in woodlots because the black locust forest stands had highly
developed shrub layer (Hejda et al., 2017; Kadlec et al., 2018), while the opposite was true in the case of woodlots. Since
habitat generalists benefit from shrub layer development (Hanzelka and Reif, 2015), their species richness increased due to
the black locust dominance in forests in contrast to the opposite pattern in woodlots. Second, black locust-dominated forest
stands were surrounded by the continuous forest consisting of native trees providing suitable habitat for numerous bird
species (Hanzelka and Reif, 2016). Therefore, even though the birds might suffer to some extent from the presence of the
invasive woody plant in forests (Kroftova and Reif, 2017), its adverse effect might be buffered by the surrounding suitable
habitats. Even in forest fragments, non-native trees did not have a negative effect on bird richness if a large amount of native
forest habitat was present in landscape (Porro et al., 2020). Such a buffering effect cannot be expected to act for the mid-field
woodlots surrounded by of arable fields creating an inhospitable environment for the vast majority of breeding birds. As a
result, the adverse impact of the invasive woody plant can be thus magnified by the isolation of woodlots (Strobl et al., 2019).
Another non-mutually exclusive explanation is that the relatively small size of our woodlots compared to forest stands might
underpin the differences in species richness patterns (Fahrig, 2013).

For all bird species together and habitat generalists, we found out that the most important variable affecting their species
richness was the size of the woodlot, whereas it was not related to species richness of specialists. Ideally, the effect of variation
in woodlot area, which was not of primary research interest in this study, would be best controlled by establishment of small
study plots of the same area in all woodlots. However, this solution was not applicable because such study plots would be too
small for bird surveys given relatively small size of the whole focal woodlots. Therefore, we surveyed birds by covering whole
woodlots, keeping the per unit area sampling effort approximately constant and then we used species-area relationship to
account for the area effects by the means of statistical analysis. This approach is recommended to avoid oversampling of small
habitat fragments (Fahrig, 2020). On the other hand, the area effects observed in our models can be also biologically inter-
esting given the difference between generalists and specialists. According to the species-area relationship and the island
biogeography theory (Macarthur and Wilson, 1967), larger islands keep larger population sizes of the species and thereby
reduce their extinction probabilities (Storch et al., 2018). This may be the case of habitat generalists originating from the forest
bird species pool for which woodlots represent fragments of their preferred habitat (Hofmeister et al., 2017). By contrast, the
absence of any significant area effects in habitat specialists may be explained by the frequently observed preference of such
species for forest edges and non-forest woody vegetation (Rajmonova and Reif, 2018). Availability of such habitats does not
increase with woodlot size resulting in its no effect on the specialists’ species richness (Bellamy et al., 1996).

Although, our sampling focused on the breeding season since it is a crucial period for maintaining birds’ population sizes
(Newton, 1998), but the census technique we applied cannot prove whether the observed individuals really bred in the
woodlots. It is possible that a (unknown) part of the recorded species in some woodlots were not breeders. However, although
this fact may somewhat reduce the relevance of our results in the understanding of the woodlot characteristics to support
breeding bird populations, it does not mean that the findings are not important for environmental management. In fact,
woodlots may act as steppingstones (Strobl et al., 2019) facilitating dispersal of bird individuals through unsuitable envi-
ronment of intensively cultivated farmland (Rajmonova and Reif, 2018). Therefore, management of their habitat to maximize
bird species richness is still relevant from a perspective of conservation biology.
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Table 3

Characteristics of the generalized least squares models relating rarefied species richness of all bird species, habitat specialist birds and habitat generalist
birds, respectively, to woodlot area (log-transformed), type (black locust and native), age, arthropod biomass, and vegetation structure (vPC1-vPC4 — see
Fig. 2 for their meaning). The models are ranked according to the Akaike information criterion corrected for small samples (AICc) and only the top ranking
models (AAICc < 2) are shown.

All birds richness df logLik AlCc delta weight
Woodlot Type + log(Area)+vPC3 5 —70.600 154.056 0.000 0.252
Specialist richness df logLik AICc delta weight
Woodlot Type + vPC3 4 —39.458 88.735 0.000 0.108
Woodlot Type + vPC2+vPC3 5 —38.343 89.544 0.809 0.072
Woodlot Type + Arthropods Biomass + vPC3 5 —38.499 89.854 1.119 0.062
Woodlot Type + Age + vPC3 5 —38.936 90.730 1.995 0.040
Generalist richness df logLik AICc delta weight
log(Area)+vPC1+vPC4 5 -61.326 135.510 0.000 0.077
Woodlot Type + log(Area) 4 —63.490 136.799 1.289 0.041
log(Area)+vPC1 4 —63.496 136.810 1.300 0.040
Woodlot Type + log(Area)+vPC4 5 —62.038 136.933 1.423 0.038
Woodlot Type + log(Area)+vPC2 5 —62.234 137.325 1.816 0.031
Woodlot Type + log(Area)+Arthropod Biomass 5 —62.288 137.433 1.923 0.030

Table 4

Effects of each variable over the rarefied species richness included in the best subset of generalized least squares models (AAICc < 2) produced by the model
dredging. Result shown for all species, habitat specialist and habitat generalist. For each variable, both estimated effect (coef) and standard error (SE) are
shown. The effects with confidence intervals not overlapping zero are shown in bold. Notate that the effects of variables distance, sPC1, sPC2, and the crops
are not shown since they do not were considered in any of the best models.

All species richness

Woodlot Type log(Area) Age Arthropods VvPC1 vPC2 vPC3 vPC4
Biomass

coef SE coef SE coef SE coef SE coef SE coef SE coef SE coef SE

7.708 1456 3.145 1.127 NA NA NA NA NA NA NA NA 0.107 0.039 NA NA

Specialists richness

Woodlot Type  log(Area) Age Arthropods vPC1 vPC2 vPC3 vPC4
Biomass

coef SE coef SE coef SE coef SE coef SE coef SE coef SE coef SE

1520 0431 NA NA NA NA NA NA NA NA NA NA 0.035 0.012 NA NA

1486 0423 NA NA NA NA NA NA NA NA -0.015 0.011 0.035 0.012 NA NA

1.717 0451 NA NA NA NA -0.012 0.009 NA NA NA NA 0.037 0.012 NA NA

1519 0432 NA NA 0.017 0.018 NA NA NA NA NA NA 0.037 0012 NA NA

Generalists richness

Woodlot Type log(Area) Age Arthropods vPC1 vPC2 vPC3 vPC4
Biomass

coef SE coef SE coef SE coef SE coef SE coef SE coef SE coef SE

NA NA 3.736 0.792 NA NA NA NA 0.034 0.013 NA NA NA NA 0.059 0.029

2521 1.085 3.768 0.850 NA NA NA NA NA NA NA NA NA NA NA NA

NA NA 4.097 0.818 NA NA NA NA 0.033 0.014 NA NA NA NA NA NA

2328 1.057 3516 0836 NA NA NA NA NA NA NA NA NA NA 0.049 0.030

2558 1.058 3.895 0831 NA NA NA NA NA NA 0.039 0.026 NA NA NA NA

2009 1116 3.768 0.828 NA NA 0.033 0.022 NA NA NA NA NA NA NA NA

From the applied perspective, our results support the idea of high impact of black locust on the woodlot vegetation
structure and are thus consistent with our second hypothesis: black locust woodlots do not offer suitable habitat for birds in
the breeding season. It is possible that such negative impacts would be the case also for other non-native woody plant species,
although the studies focused on such impacts are lacking in this landscape context (Nelson et al., 2017). Our findings are
important in the context of recent efforts to improve the value of farmland for biodiversity (Pe’er et al., 2019), since the
establishment of non-forest woody vegetation patches is one of the important tools frequently adopted within agri-
environmental schemes (Pe’er et al., 2017). When such landscape features are created, it is essential to use solely native
woody plant species for this purpose, to achieve conservation benefits for birds in farmland. Defining plausible management
options for the existing black locust woodlots is another important conservation issue.

5. Conclusions

Our results showed significant changes in the vegetation structure of the mid-field woodlots when they are dominated by
the black locust. This alteration of the vegetation structure decreases the species richness of all birds, generalist species as well
as specialist species. According to our results, these woodlots are unsuitable for breeding birds and thus the usage of native
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woody plant should be encouraged for creation of woodlots. Similarly, conservation efforts aiming to preserve bird species,
might target preferentially woodlots dominated by the native vegetation since its presence in arable land plays a major role in
bird ecology. However, Strobl et al. (2019) found positive effects of black locust woodlots over the insect communities.
Thereby, a broader assessment based on a multitaxonomic approach is required to determine the real ecological impact of
woodlots dominated by the black locust.
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5. Diskuse

Vysledky studii tvofici tuto disertacni praci a zabyvajici se vlivem neplvodnich dfevin,
zejména invazniho trnovniku akatu, na spolecenstva ¢lenovcii, spise podporuji nazor, ze invazni
rostliny mohou byt jednim z faktor zpusobujicich recentné pozorovany ubytek ¢lenovci na
lokalni arovni (Cardoso et al., 2020; Tallamy et al., 2020; Wagner, 2020).

Prostfednictvim multi-taxonomického pfistupu jsme zaznamenali jednak negativni vliv
trnovniku akéatu na celkovou abundanci i biomasu ¢lenovetl v souvislych lesnich celcich (Strobl
et al., in prep.), tak jsme rovnéz prokazali jeho negativni dopad na celkovou abundanci i celkovy
pocet druht ¢lenovct v izolovanych lesnich fragmentech situovanych v intenzivni zemédélské
krajing, Vv porovnani s porosty tvofenymi ptvodnimi druhy listnatych dievin (Strobl et al.,
2019). Tyto vysledky jsou v souladu srecentnimi poznatky o obecné negativnim vlivu
invaznich rostlin na spolecenstva ¢lenovctu (Litt et al., 2014; Spafford et al., 2013; van
Hengstum et al., 2014) a souviseji zejména s ubytkem herbivorniho hmyzu v porostech
trnovniku akatu (Degomez & Wagner, 2001; Kadlec et al., 2018; Strobl et al., 2019; Strobl et
al., in prep.). I kdyZ jsme prokézali negativni vliv trnovniku akétu na celkovy pocet druhli
¢lenovcil v izolovanych lesnich fragmentd, jeho role v kontextu diverzity ¢lenovcil v intenzivné
zemédélsky vyuzivané krajing nebyla pouze negativni (Strobl et al., 2019). V priméru jsme
totiz nezaznamenali niz$i pocet druhti ¢lenovcd ani jejich nizs$i biomasu Vv akatovych
fragmentech oproti fragmentim tvofenych ptivodnimi druhy dievin (Rivas-Salvador et al.,
2021; Strobl et al., 2019). Hlavnim diivodem byl fakt, Ze fragmenty trnovniku akatu byly
tvofeny svétlymi porosty s dobfe vyvinutym bylinnym patrem, a tudiz se staly refugiem druhti
vazanych na oteviené biotopy napti¢ studovanymi taxonomickymi skupinami ¢lenoveu, které
nahradily Gbytek ¢lenovcll vazanych na lesni prostfedi, zpiisobeny trnovnikem akatem (Strobl
et al., 2019). Je tedy ziejmé, ze efekt invazniho trnovniku akétu na spolecenstva piivodnich
Clenovci se sklada jednak zjeho ptimého dopadu na hmyzi herbivory a naslednych
kaskadovych efektti na vyssi trofické urovné ¢lenovct, tak z nepiimych dopadt plynoucich z
odli$né struktury habitatu oproti pivodnim druhlim dievin (Buchholz et al., 2015; Kadlec et al.,
2018; Strobl et al., 2019; Strobl et al., in prep.), stejn& jako tomu bylo prokazano i u jinych
druht invaznich drevin (Harris et al., 2004; Pawson et al., 2010). Dopady trnovniku akatu se
rovnéz Casto zasadné liSily mezi jednotlivymi taxony a trofickymi gildami ¢lenovcti, coz je
v souladu s vysledky globalnich studii o vlivu invaznich rostlin na ¢lenovce (Litt et al., 2014;
Schirmel et al., 2016; Spafford et al., 2013; van Hengstum et al., 2014).
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Struktura lesnich porostii trnovniku akétu se signifikantné liSila v porovnani s porosty
puvodnich druht listnatych dievin (Kadlec et al., 2018; Reif et al., 2016; Rivas-Salvador et al.,
2021; Strobl et al., 2019; Strobl et al., in prep.). I v nasich studiich byly potvrzeny dosavadni
publikované poznatky o tom, ze trnovnik akat tvofi v sekundarnim arealu velmi svétlé porosty
s dobie vyvinutym podrostem (Campagnaro, Nascimbene et al., 2018; Sibikova et al., 2019;
Vitkova et al., 2017). To je dano fyziognomii trnovniku akatu, ktery ptes svoji fidkou korunu
propousti velké mnozstvi slune¢niho zéafeni do podrostu (Xu et al., 2009), a rovnéz faktem, ze
se akat olistuje pozdéji neZ piivodni druhy dubti (Sibikova et al., 2019). V souvislych akatovych
porostech jsme zaznamenali vyssi podil vysoké bylinné vegetace i kefového patra v porovnani
s porosty puivodnich dfevin (Kadlec et al., 2018; Reif et al., 2016; Strobl et al., 2019; Strobl et
al., in prep.). Naopak v akatovych lesnich fragmentech bylo sice rovnéZ vice vyvinuté vyssi
bylinné patro, ale vys$si podil kefového patra byl zaznamenan v lesnich fragmentech tvofenych
pivodnimi druhy dievin (Rivas-Salvador et al., 2021; Strobl et al., 2019). Tento rozdil
pravdépodobné souvisi se skutecnosti, ze ve vétsiné akatovych fragmentt zahrnutych v této
studii, byl jejich podrost dominantn¢ tvotfen kompetitivnimi druhy trav, jako je napt. ovsik
vyvySeny Arrhenatherum elatius (L.) J. Presl et C. Presl), které mohou efektivné potlacovat
kliceni a rast semenackl ketd. Vétsina téchto porostl byla totiz situovana v Polabské niziné
(Rivas-Salvador et al., 2021; Strobl et al., 2019), kde v podlozi pievladaji vaté pisky a fluvialni
pis¢ito-§térkové naplavy, na kterych trnovnik akat vytvaii spolecenstva asociace Arrhenathero
elatioris-Robinietum pseudoacaciae Simonovi¢ et al. ex Vitkova et Kolbek 2010 (Vitkova &
Kolbek, 2010). Jak v piipad¢é porostii pivodnich dfevin v souvislych lesnich celcich, tak
V lesnich fragmentech v zemédélské krajiné mély porosty plivodnich difevin vyvinutéjsi a
zapojengjsi korunové patro (Kadlec et al., 2018; Reif et al., 2016; Rivas-Salvador et al., 2021,
Strobl et al., 2019; Strobl et al., in prep.). Rozdilna struktura mezi porosty invazniho trnovniku
akatu a plivodnich druhti dfevin se odrazila do statisticky prikazné rozdilné struktury sloZeni
spoleenstev &lenoved mezi porosty (Kadlec et al., 2018; Strobl et al., 2019). Napii¢
studovanymi taxony ¢lenovctl jsme prokazali, Ze druhy otevienych biotopt, v¢etné ohroZzenych
druhd, byly dominantné spjaty s lesnimi fragmenty tvofenymi invaznim trnovnikem akatem.
Naopak lesni druhy ¢lenovcil v nich byly zastoupeny pouze minimalné, pfi¢emz ty dominovaly
v lesnich fragmentech tvofenych piivodnimi druhy dievin (Strobl et al., 2019). Stejné trendy
v rozdilné struktuie sloZzeni spolecenstev mezi porosty trnovniku akatu a ptvodnich druha

dfevin byly rovnézZ zjiStény i v souvislych lesnich celcich u no¢nich motyli (Kadlec et al.,
2018).

143



Z jednotlivych trofickych gild ¢lenovci ma trnovnik akét nejvice negativni dopad na
herbivory, a to jak v souvislych lesnich porostech, tak v lesnich fragmentech izolovanych ornou
pudou (Degomez & Wagner, 2001; Hejda et al., 2017; Kadlec et al., 2018; Strobl et al., 2019;
Strobl et al., in prep.). Vétsina druh@l herbivorniho hmyzu, a piedev§im lesni specialisté s
vazbou na korunové patro, se totiz pravdépodobné nebyli schopna troficky adaptovat na
neptuvodni invazni rostlinu, jelikoz s ni béhem evoluce vlivem piirozenych bariér nepiisli do
styku (Bezemer et al., 2014; Keane & Crawley, 2002; Liu & Stiling, 2006).

Nejintenzivnéji jsme zdokumentovali vliv trnovniku akatu na spoleCenstvo pievazné
herbivornich no¢nich motyld, u kterych jsme prokazali jeho negativni dopad na abundanci,
diverzitu i biomasu velkych no¢nich motylti (no¢ni ,,Macrolepidoptera“; Hejda et al., 2017,
Kadlec et al., 2018; Strobl et al., 2019). Tyto trendy jsou zptisobeny piimym dopadem akatu
spojenym s ubytkem herbivornich specialistli korunového patra (Degomez & Wagner, 2001,
Hejda et al., 2017; Kadlec et al., 2018; Strobl et al., 2019), jelikoz pouze n€kolik malo druhi
noc¢nich motylt je schopno pfijimat akat jako hostitelskou rostlinu v larvalnim stadiu (Kulfan,
2012). U no¢nich motyld jsme rovnéZ testovali nepfimy efekt trnovniku akétu na diverzitu
noc¢nich motyli skrze jeho dopady na diverzitu cévnatych rostlin (Hejda et al., 2017), protoze
je zdokumentovano, ze ubytek hebivorti miize byt z¢asti zptisoben poklesem diverzity rostlin
v disledku rostlinné invaze (Litt et al., 2014; Schirmel et al., 2016; Simao et al., 2010). Zjistili
jsme sice statisticky prikazny nepfimy efekt trnovniku akatu na diverzitu no¢nich motylt
v disledku nepatrného poklesu rostlinné diverzity v akatovych porostech, ale tento efekt byl
velmi slaby v porovnani s jeho pfimym efektem, ktery vyustil ve vyrazny pokles diverzity
noc¢nich motylt kviili ubytku motyl vazanych na korunového patro (Hejda et al., 2017). Nase
studie zabyvajici se rozloZzenim funkénich vlastnosti no¢nich motyli v lesnich porostech
trnovniku akatu (Kadlec et al., 2018), je jedna z prvnich praci poskytujici komplexni poznatky
o vlivu invaznich dievin na funkéni diverzitu ¢lenovcl. RozloZeni funkénich vlastnosti no¢nich
motyll se statisticky prikazné liSilo mezi porosty trnovniku akatu a ptivodnimi dubovymi
porosty (Hejda et al., 2017; Kadlec et al., 2018). I kdyZ bylo v porostech akatu zaznamenano
prukazné¢ méné noc¢nich motyli vazanych na korunové patro, tak jsme v kontrastu s nasim
ocekavanim a dosud publikovanymi vysledky o vy$$im podilu potravné specializovanych
motyli v porostech puvodnich dievin (Burghardt et al., 2010; Jahner et al., 2011)
nezaznamenali preferenci monofagnich a oligofagnich motylt k piivodnim porostim (Kadlec
etal., 2018). Motyli s vazbou na bylinné patro a oteviené biotopy spolec¢né s lesostepnimi druhy
siln¢ tihli ke svétlym akatovym porostim s dobfe vyvinutym podrostem. Naopak v dusledku

zapojen¢ho patra v porostech ptivodnich druhti dfevin dominovali lesni specialisté (Hejda et
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al., 2017; Kadlec et al., 2018). V akatovych porostech byly ve srovnani s dubovymi porosty
vice zastoupeny vicegeneracni druhy motylii s rychlejSim zivotni cyklem — kratsi larvalni
periodou 1 kratsSi délkou Zzivota dospélcii (Kadlec et al., 2018). To mohlo byt zptsobeno
teplejSim a susSim mikroklimatem v porostech trnovniku akatu v disledki propustnosti velkého
mnozstvi slune¢niho zafeni skrz jeho fidkou korunu do podrostu (Xu et al., 2009), ktery je
zejména v letnich mésicich vystaven velkému tepelnému a vodnimu stresu (Sibikova et al.,
2019; Vitkova et al., 2017). V porostech invazniho trnovniku akatu byly zaznamenani motyli
mensich velikosti, coz miize byt spojeno opét s ubytkem motyla vazanych na korunové patro
(Kadlec et al., 2018). Heleno et al. (2008) totiz prokazali, ze hmyzi herbivoii s vazbou na
korunové patro puvodnich druhii dfevin maji vétsi velikost téla oproti herbivorim
kolonizujicich korunové patro invaznich dfevin. V piipad¢ srovnani spoleCenstev nocnich
motylt se zahrnutim motyld i ze skupiny tzv. drobnych motyla ,,Microlepidoptera, nebyl mezi
porosty invazniho akatu a ptivodnich druhii dievin zjistén rozdil v celkové abundanci no¢nich
motylt (Strobl et al., in prep.). Tento vysledek je v kontrastu s poznatky Kadlece et al. (2018),
coz je pravdépodobné zplsobeno vysSim poctem jedinci ze skupiny drobnych motyli
(,Microlepidoptera“) v akatovych porostech. Tento jev pravdépodobné souvisi s velkym
zastoupenim jedincti nékolika malo druhti drobnych motylt potravné vazanych na trnovnik akat
(Parectopa robiniella a Phyllonorycter robiniella) ve vzorcich, ¢i faktem, Ze mnoho zastupct
této skupiny motyli je vazanych na bylinny a kefovy podrost, jenZ byl rozvinutéjsi v akatinach.
Jelikoz ale u motyll této skupiny nebyla provedena druhova determinace, neni mozné tyto
efekty jednozna¢né interpretovat. Naopak stejné jako ve studii Kadlece et al. (2018) jsme
prokézali niz8i biomasu no¢nich motylii v porostech trnovniku akatu 1 v pifipadé zahrnuti
motyltl ze skupiny Microlepidoptera (Strobl et al., in prep.), coz patrné souvisi opét s ibytkem
motyld korunového patra, ktefi maji vétsi velikost téla, a tim padem i vyssi télesnou hmotnost
(Kadlec et al., 2018).

U prevazné herbivornich nosatcti jsme v lesnich fragmentech zaznamenali negativni dopad
trnovniku akatu na jejich abundanci, ktery byl opét zptsoben tbytkem lesnich druhti vazanych
na korunové patro a na dieviny obecné (Strobl et al., 2019). V souvislych akatovych lesich jsme
rovnéZ zaznamenali niz§i abundanci i1 biomasu pfevazné herbivornich brouki z podiadu
Polyphaga, kteii byli vice spjati s dubovymi porosty (Strobl et al., in prep.). Tyto trendy byly
spojeny nejspiSe s vysokym zastoupenim broukli zivicich se listy dfevin (napf. nosatci
(Curculionoidea) ¢ chrousty (Melolonthinae); Strobl et al., in prep.), kteii pravdépodobné
stejn€ jako no¢ni motyli nedokézou pfijimat akét jako svou hostitelskou rostlinu (Kadlec et al.,

2018). Rovnéz jsme zachytili nizsi abundanci i biomasu Stihlopasych blanok#idlych (Apocrita)
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v porostech trnovniku akatu (Strobl et al., in prep.). V&tsinu zachycenych jedincti tihlopasych
ve vzorcich tvofili zastupci parazitoidnich lumkd (lchneumonoidea) a parazitoidnich i
hélkotvornych Zlabatek (Cynipoidea). Ubytek 3tihlopasych blanokiidlych v akatovych
porostech patrné souvisi s tbytkem brouku ze skupiny Polyphaga a no¢nich motylu, Které napf.
lumci dominantné vyuzivaji jako své hostitele (Quicke, 2015). Tato interpretace odpovida
dosud zndmym poznatkiim 0 obecné negativnim dopadu invaznich dfevin na parazitoidni
skupiny ¢lenovcta (Bezemer et al., 2014; Harvey & Fortuna, 2012; Siamo et al., 2010).
Kdybychom méli k dispozici podrobnd druhova data o saproxylickych broucich ze skupiny
Polyphaga, tak bychom mohli neptimo podpofit ¢i vyvratit vysledky studie Della Rocca et al.
(2016), ve které jeji autofi zjistili, ze v mrtvém dieve trnovniku akatu se nevyskytuje prikazné
mensi pocet jedinct ani druhii saproxylickych brouki v porovnani s ptivodnimi druhy dievin
(dubem letnim a topolem bilym (Populus alba L.). To je obecné limitem studie Strobl et al., in
prep., ve které jsme nedeterminovali jedince ¢lenovcl do druhové urovng, a z vysledku této
studie tedy nelze vzdy uplné jednoznacné zobecnit zavéry o vlivu trnovniku akatu na
saproxylické brouky. V pfipadé¢ kovatiki (Elateridae) jsme neprokazali negativni vliv
trnovniku akatu na jejich druhovou diverzitu ani abundanci v lesnich fragmentech
v zemé&délské krajing (Strobl et al., 2019). Naopak jsme zachytili vice jedinct kovaiiku
v akatovych fragmentech nez v lesnich fragmentech tvofenymi ptvodnimi druhy dievin,
pficemz tento trend byl dan vysokymi cetnostmi druhl kovafikll (zejména Agriotes spp.)
véazanych na dobfe vyvinuté bylinné patro v akatinach (Strobl et al., 2019).

Abundance, druhova diverzita ani biomasa pievazné herbivornich plostic (Heteroptera)
nebyla v nagich studiich negativné ovlivnéna invazi trnovniku akatu (Strobl et al., 2019; Strobl
et al., in prep.). Tyto vysledky jsou v kontrastu s poznatky Degomeze & Wagnera (2001), kteti
prokazali negativni dopad trnovniku akatu na abundanci i diverzitu hemipternich skupin
hmyzu. Tento rozdil miZe byt zplsoben pouZitou metodou sbéru ¢lenovcei, kdy Degomez &
Wagner (2001) zvolili pouze metodu sklepavani ¢lenovct z vétvi akati do 3 m vysky, a naopak
my jsme Vv nasich studiich pouzili kombinaci vice metod odchytu ¢lenovct (svételné lapace,
smykani bylinného a ketového patra, zemni pasti) vhodnych i k zachyceni plostic z ostatnich
vegetacnich pater lesniho porostu (Strobl et al., 2019; Strobl et al., in prep.). Podstatna ast
druhti plostic totiz zjevné profitovala zejména z dobfe vyvinutého bylinného patra v akatovych
porostech (Strobl et al., 2019).

S vyjimkou stfevlikovitych broukii (Carabidae) a sitokiidlych (Neuroptera), jsme
neprokézali zadny negativni vztah mezi invaznim trnovnikem akéatem a abundanci, diverzitou

ani biomasou predatori (Strobl et al., 2019; Strobl et al., in prep.) Tyto vysledky jsou v souladu
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se slabym dopadem invaznich dfevin na spolecenstva karnivornich ¢lenovci, ktery byl obecné
potvrzen v mnoha dal$ich studiich (Buchholz et al., 2015; Hartley et al., 2010; Litt et al., 2014;
Van der Colff et al., 2015). Nizs8i abundance stfevlikii zaznamenana v akatovych lesnich
fragmentech (Strobl et al.,, 2019) je v kontrastu s vysledky Buchholze et al. (2015), ktefi
nezaznamenali negativni vliv trnovniku akatu na spolecenstvo stievlikovitych broukii. Vyssi
abundance stfevlikii v porostech ptvodnich dfevin muze byt spojena s ptiznivéjsimi
mikroklimatickymi podminkami, konkrétné s vyssi relativni vlhkosti pady souvisejici se silné
zapojenym korunovym patrem v téchto porostech, diky kterym zde mohou stfevlici nalézat
veétSi mnozstvi potravy, jako jsou zizaly, plzi ¢i chvostoskoci (Collembola). V rozporu
s vysledky Buchholze et al. (2015) jsme nezjistili zadny efekt trnovniku akatu na diverzitu a
abundanci stonozek (Chilopoda; Strobl et al., 2019). Naopak stejné jako Buchholz et al. (2015)
jsme neprokézali negativni dopad trnovniku akatu na diverzitu a abundanci pavoukt (Araneae).
V nasi studii dokonce abundance pavoukl pozitivné korelovala s vyvinutéjsim bylinnym
patrem a otevienosti korunového patra v akatovych lesnich fragmentech, a obecné v nich
dominovaly druhy otevienych biotopii (Strobl et al., 2019). To je v kontrastu se srovnanim
spole€enstev pavoukil mezi porosty trnovniku akatu a btizy bélokoré, kde akatové porosty mély
mirné zapojengjsi korunové patro nez porosty biizy b&lokoré, a byly v nich vice zastoupeny
lesni a stinomilné druhy pavoukli (Buchholz et al., 2015). Rozdilny vysledek miize byt
zpisoben i odlisSnym ptistupem ke sbéru pavoukil. Buchholz et al. (2015) se totiz zabyvali pouze
epigeickymi pavouky, pfi¢emz v nasi studii (Strobl et al., 2019) jsme provedli mnohem
komplexné&jsi sbér pavoukt véetné smykani bylinného a kefového patra. U sit'okiidlych jejich
abundance rostla se zvySujicim se zapojem korunového patra a s rostoucim podilem kefového
patra v lesnich fragmentech ptivodnich druhi dfevin (Strobl et al., 2019). To miiZe byt spojeno
se zvySenou dostupnosti jejich potravy, kterou z velké ¢asti tvoii msice (Aphidoidea), jejichz
spolecenstva jsou pocetnéjsi i druhove bohatsi na ptivodnich druzich dfevin. Trnovnik akat totiz
hosti pouze 16 druhii msic, coz je mnohem mén¢ druhli ve srovnani s pivodnim druhy dubti
(39 druhti msic na dubu letnim a 25 druhid na dubu zimnim; Holman, 2009).

U detritovornich mnohonozek (Diplopoda) jsme nezaznamenali zadny rozdil v jejich
abundanci a diverzité¢ mezi lesnimi fragmenty tvofenymi trnovnikem akéatem a ptivodnimi
druhy dfevin (Strobl et al., 2019). Stejné tak Buchholz et al. (2015) nezaznamenali zadny vliv
trnovniku akatu na ¢etnosti mnohonozek v méstskych lesich. V ptipad¢ detritovornich ¢lenovca
jsme piedpokladali pozitivni vliv akatu na jejich diverzitu i abundanci, protoze ve velkém
mnozstvi ptipadi detritovorni ¢lenovci z invaze neptivodnich dfevin dokonce profituji (Harris

et al., 2004, Litt et al., 2014). Detritovoti totiz mohou profitovat z velké produkce biomasy
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Vv porostech invaznich rostlin (Ehrenfeld, 2010; Vila et al., 2011), nasledn¢ vét§iho mnozstvi
rostlinného opadu s ¢asto vétsi rychlosti rozkladu (Standish et al., 2004). I kdyz v porostech
trnovniku akétu bylo vyrazné¢ méné¢ mnohonozek specializovanych na lesni prostiedi (napf.
Spi¢anka dlouhoocasa, Ophyiulus pilosus (Newport, 1842)), tak jejich ubytek kompenzovaly
zejména eurytopni druhy mnohonozek, jako je napf. mnohonozka lesni ¢i oblanka sidelni
(Cylindroiulus caeruleocinctus (Wood, 1864); Strobl et al., 2019). Tyto eurytopni druhy mohly
pravdépodobné profitovat ze zna¢ného mnozstvi dusiku v opadu akatu (Tateno et al., 2007) a
z velkého mnozstvi rozkladajici se rostlinné vegetace v jeho podrostu (Vitkova et al., 2017).
Z usychajiciho a rozkladajiciho se podrostu v souvislych akatovych porostech profitovaly i
detritovorni druhy no¢nich motyl s vazbou na rostlinny opad a zavadajici listy ket a bylin
(napt. Hoplodrina respersa (Denis & Schiffermiiller, 1775)), které v dubovych porostech
chybély z diivodu absence podrostu v téchto lesich (Kadlec et al., 2018).

U prevazné omnivornich rovnokfidlych jsme neprokazali zadny rozdil v abundanci,
diverziteé, biomase ani druhovém sloZzenim mezi porosty trnovniku akatu a porosty ptivodnich
druhti dfevin (Strobl et al., 2019; Strobl et al., in prep.). Z omnivornich skupin pouze $kvofi
(Dermaptera) a zejména jejich biomasa byla spjata s porosty trnovniku akatu (Strobl et al., in
prep.). I kdyz jsou 8kvoii vyskytujici se v CR omnivorni, tak jejich znaénou &ast potravy tvoii
rostlinné zbytky (Koc¢arek & Holusa, 2005). Z tohoto diivodu mohli $kvofi teoreticky profitovat
z velkého mnoZstvi odumielé vegetace v podrostu akatin v diisledku tepelného a vodniho stresu
pro vegetaci v akatovych porostech v letnich mésicich.

Oproti srovnani celkové abundance a biomasy ¢lenovcl s no¢ni aktivitou mezi porosty
invazniho trnovniku akatu a porosty ptivodnich druhd dubil jsme neprokézali signifikantni
rozdil v celkové abundanci a biomase ¢lenovct v lesnich porostech neplivodni borovice cerné
ve srovnani s porosty puvodni borovice lesni (Strobl et al., in prep.). Tyto trendy budou
pravdépodobné nejvice spojeny se skuteCnosti, ze se oba borovicové porosty nelisily v
zastoupeni herbivornich skupin hmyzu, zejména no¢nich motyli a broukti z podiadu Polyphaga
(Strobl et al., in prep.). Tyto vysledky tedy nepiimo podporuji tvrzeni, Ze vétsina ptivodnich
druht hmyzich herbivori se dokaZe neptvodni kongenerické rostliné rychle ptizplsobit, a
dokézou ji Casto pfijimat jako svou hostitelskou rostlinu, jelikoZ jeji pletiva obsahuji velmi
podobné slozeni fytochemikalii jako pletiva ptivodni druhi rostlin stejného rodu (Agrawal &
Kotanen, 2003; Agrawal et al., 2005; Burghardt et al., 2010; Dostal et al., 2013; Zuefle et al.,
2008). Porosty nepuvodni borovice Cerné se sice statisticky prukazné liSily ve struktuie
vegetace od porostll ptivodni borovice lesni, ale tyto rozdily nebyly tak znac¢né jako v ptipadé

srovnani struktury vegetace invazniho trnovniku akéatu a ptivodnich druht dubu (Strobl et al.,
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in prep.). To je zpiisobeno podobnou ekologii a fyziognomii u obou studovanych druhti borovic
(Ktivanek., 2006). Nicméné jsme zaznamenali vys$i podil kefového patra a vice svétlin
Vv porostech borovice &erné v porovnani s borovici lesni (Strobl et al., in prep.). V&tsi podil
svétlin a kefového patra v porostech borovice ¢erné mize byt divodem pro vyssi abundanci i
biomasu rovnoktidlych, ponévadz majoritu rovnoktidlych ve vzorcich tvotila kobylka kiovistni
(Pholidoptera griseoaptera (De Geer, 1773)), ktera je ¢asto vazana napf. na ostruzini v lesnich
svétlinach 1 kefové patro lesnich porostii (Kocarek et al., 2015).

Pro komplexnéjsi budouci studium vlivu neptivodnich dfevin na spoleCenstva ¢lenovcii by
bylo idedlni vybrat tfi druhy jehli¢natych i tfi druhy listnatych difevin — vzdy jeden druh ptivodni
dreviny, k nému kongenericky druh neptivodni dieviny a nepiivodni druh vice fylogeneticky
vzdaleny od ptvodni druhu dieviny. V prostiedi CR by teoreticky piichazely v uvahu
Z listnatych dfevin piivodni dub letni/zimni, nepiivodni kongenericky dub Cerveny (Quercus
rubra L.) a fylogeneticky nejvzdalenéjsi neptivodni trnovnik akat. Z jehli¢natych dievin by
mohly pfichazet v ivodu ptivodni borovice lesni, nepiivodni kongenerické borovice ¢erna nebo
borovice vejmutovka (Pinus strobus L.) a fylogeneticky vzdalengjsi douglaska tisolista
(Pseudotsuga menziesii (Mirb.) Franco). Zasadni problémem je ale fakt, Ze v CR nejspise
nenajdeme oblast, kde by se vsSechny tyto potencidlné¢ vhodné druhy studijnich dfevin
vyskytovaly ve vétsich vymérach pohromadé.

V souvislych lesnich porostech byly prokazdny kaskadové efekty zpiisobené invaznim
trnovnikem akitem mezi rostlinami — primarnimi producenty, nocnimi motyly — primarnimi
konzumenty a ptaky — sekundarnimi konzumenty (Hejda et al., 2017). Tyto efekty byly spise
neptimé, a funkéni vztahy mezi jednotlivymi trofickymi urovnémi nebyly samy o sob¢ klicovou
determinantou jejich druhové diverzity. Trnovnik akat sice skrz druhovou diverzitu rostlin
signifikantné negativné ovliviioval druhovou diverzitu no¢nich motyld, ale tento efekt byl
velmi slaby. Naopak statisticky prikazny pfimy dopad trnovniku akatu na druhovou diverzitu
noc¢nich motylt byl velmi silny, a to z ddvodu ubytku druhti korunového patra, jelikoz vétSina
z nich nedokaze ptijimat akat jako svoji hostitelskou rostlinu (Kulfan, 2012). Rovnéz byl zjistén
nepiimy negativni efekt trnovniku akétu na druhovou diverzitu ptakia skrze diverzitu no¢nich
motyla (Hejda et al., 2017), ktery byl spojen s poklesem diverzity habitatovée specializovanych
ptakti v disledku ubytku diverzity no¢nich motyli vazanych na korunové patro v jeho
porostech (Reif et al., 2016). Naopak habitatovi generalisté nebyli ovlivnéni potravni nabidkou
¢lenovct vyjadienou diverzitou no¢nich motyld, a diverzita habitatovych generalist byla vyssi
Vv porostech trnovniku akatu neZ v porostech plivodnich druhii dievin. Habitatovi generalisté

byli totiz pozitivné spjati s vice vyvinutym kefovym patrem v akatovych porostech, které jim
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poskytovalo vétsi hnizdni moznosti (Reif et al., 2016). Tyto protikladné trendy tedy byly
nejspiSe ditvodem, pro¢ nevysel prikazny ptimy efekt druhové diverzity no¢nich motyll na
druhovou diverzitu ptakl v ramci path analyzy (Hejda et al., 2017).

V lesnich fragmentech situovanych v zeméd¢€lské krajin€ byla prokazana signifikantné nizsi
druhova diverzita vSech ptacich druhd, habitatovych specialistli i habitatovych generalistt,
Vv porostech trnovniku akdtu v porovnani s lesnimi fragmenty tvofenymi pivodnimi druhy
drevin (Rivas-Salvador et al., 2021). Dokonce zde nebyl zaznamenan pozitivni efekt vegetac¢ni
struktury v akatovych porostech na habitatové generalisty, jelikoz v akatovych fragmentech
bylo velmi malo vyvinuté kefové patro (Rivas-Salvador et al., 2021; Strobl et al., 2019).
V kontrastu se souvislymi lesnimi porosty trnovniku akatu (Reif et al., 2016) jsme nezjistili
zadny prikazny vztah mezi druhovou diverzitou ptaki a jejich potravou, ktera byla vyjadiena
celkovou biomasou vSech ¢lenovcl zachycenych na konkrétni studijni lokalité¢ (lesnim
fragmentu; Rivas-Salvador et al., 2021). A to zejména proto, ze Se celkova biomasa ¢lenovcu
neliSila mezi studovanymi typy lesnich ostriivkli (Rivas-Salvador et al., 2021). Dal$im
divodem mize byt skutecnost, Ze jsme nedokézali dokonale podchytit vSechny typy potravy
tvofenou ¢lenovci stavajicimi metodami sbéru ¢lenovcei, i kdyZ jsme pouzili kombinaci tii
metod sbéru ¢lenovcl (zemni pasti, smykani vegetace, a svételné lapace). VétSina biomasy
¢lenovct byla totiZ tvofena zejména epigeickymi ¢lenovei a v mnohem mensi mife jsme zde
zachytili biomasu létavého hmyzu (s vyjimkou noénich motyli; Strobl et al., 2019). Proto by
bylo do budoucna vhodné pouZit napi. i metody sbéru ¢lenovet pomoci Morickeho misek ¢i
Maleiseho pasti, diky kterym by byly zachyceny 1 dvoukiidlé a blanoktidlé skupiny hmyzu
tvorici podstatnou slozku potravy ptaku (Sottas et al., 2020; Wilson et al., 1999).

Vysledky této prace potvrzuji, ze vliv invaznich rostlin na spolecenstva ¢lenovctl se 1isi
mezi jednotlivymi taxony (Litt et al., 2014; Schirmel et al., 2016, Spafford et al., 2013; van
Hengstum et al., 2014), a podtrhuji dilezitost multi-trofického a multi-taxonomického ptistupu
pti studiu problematiky (Seibold et al., 2018). Jednim z limitd této prace je, Ze jsme se
nezabyvali vlivem trnovniku akatu na opylovace. Trnovnik akat je vyznamna nektarodarna
rostlina (Somme et al., 2016) a je pravdépodobné, Ze zejména beéhem jeho kveteni mize mit
pozitivni vliv na lokalni diverzitu zejména nespecializovanych druhti opylovacu. Tento jev byl
totiz pozorovan i u jinych invazni dfevin s velkou produkci nektaru (Bezemer et al., 2014;
Emery & Doran, 2013). Nezbytnym a ¢asto opomijenym faktorem pfi studiu vlivu invaznich
rostlin na ¢lenovce (van Hengstum et al., 2014), ale i v ekologicko-ochranarskych studiich
obecng, je spravny vybér a kombinace pouzitych metod sbéru ¢lenoveu (Knapp et al., 2020; Yi

etal., 2012). Limitem studie Strobl et al. (2019) zabyvajici se vlivem invazniho trnovniku akéatu
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na spolecenstva ¢lenovceill v souvislych nizinnych lesich je pouziti pouze jedné metody sbéru
¢lenovcil — svételnych lapacii. Pro komplexnéjsi posouzeni téchto dopadil je nutné pouzit vice
metod sbéru Clenovcl s cilem zachyceni Siroké diverzity Clenovcll s vazbou na jednotliva
vegetacni patra lesniho porostu a pracovat s druhovymi daty, tzn. provést determinaci
jednotlivych taxonomickych skupin do druhové urovné. Prilisnd generalizace vysledkii o
dopadech invaznich rostlin na biotu plynouci ze zaméteni na jednu taxonomickou skupinu, ¢i
piehlizeni druhi s ur€itymi funkénimi vlastnostmi plynouci z pouziti pouze jedné metody
sbéru, miize vést 1 ke Spatnym rozhodnutim v ochranaiské praxi (Pysek, Jarosik, et al., 2012;
van Hengstum et al., 2014). Z tohoto pohledu je dobré zvolit ve vyzkumu této problematiky
ptistup studia dopadd invaznich rostlin na funkéni vlastnosti druhl napfi¢ spole¢enstvem
¢lenovci, ktery ndm muze poskytnout lepsi nastroj pro generalizaci vysledki pro ochranaiskou
praxi. Proto jsme se rozhodli v dalsi fazi vyzkumu zaméfit na studium dopadt trnovnikt akatu
na Clenovce V zemédélské krajiné prostfednictvim funkénich vlastnosti druhti stanovenych
napii¢ spolecenstvy cClenoveli zachycenymi riznymi metodami sbéru. Piedbézné vysledky
analyz ukazuji, Ze se rozlozeni funkéni vlastnosti ¢lenovci mezi porosty trnovniku akatu a
puvodnich druht dievin méni v zavislosti na pouzité metod¢ sbéru ¢lenovci (nepublikovana

data), a podtrhuji dilezitost komplexniho pfistupu ke studiu problematiky.
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6. Zaveér

Invazni trnovnik akat celkové negativné ptisobil zejména na hmyzi herbivory a lesni specialisty,
coz vedlo zejména V souvislych lesnich porostech k poklesu celkové abundance, diverzity i
biomasy c¢lenovcld. Rovnéz jsme zjistili, ze trnovnik akat negativné ovliviiuje strukturu
potravnich siti v souvislych lesnich porostech. Zde totiz snizuje diverzitu habitatové
specializovanych ptaku prostiednictvim ubytku hmyzi potravy vazané na korunové patro. Na
druhou stranu jsme neprokazali jeho negativni dopad na vétSinu taxont karnivornich ¢lenovca
a n¢ktefi detritovofi dokazali z jeho invaze dokonce profitovat. Trnovnik akat ve srovnani
S porosty piivodnich druhi dievin vytvaii svétlé porosty s nezapojenym korunovym patrem a
dobfe vyvinutym podrostem. Z tohoto divodu byli ¢lenovci S vazbou na oteviené a lesostepni
biotopy, véetné ohroZzenych druhd, dominantné spjati s porosty trnovniku akatu. Tato
skute¢nost, kdy invazni dfevina poskytuje pro urcitou ¢ast druhli ¢lenovel V krajiné lepsi
podminky nez ptivodni druhy dfevin, poukazuje na pal¢ivy problém v nastaveni managementu
nizinnych lesii v Ceské republice, a to zejména v chranénych tizemich (Miklin & Cizek, 2014;
Sebek et al., 2015). Vétsina nizinnych lest se totiz v Ceské republice péstuje ve formé
zapojenych stinnych lesnich porostl, ve kterych nemohou spolecenstva ¢lenovel vazana na
oteviené lesni porosty prosperovat (Miklin & Cizek, 2014; Sebek et al., 2015). Predev§im
izolované porosty trnovniku akatu obklopené ornou ptidou slouzi jako refugium diverzity téchto
druhti a v kombinaci se zastinénymi porosty pivodnich druh dievin mizou biodiverzitu
¢lenovcl v intenzivni zemédélské krajin€ lokalné zvySovat. Proto doporucuji trnovnik akéat
tolerovat jako drevinu tvofici izolované neprodukéni biotopy situované Vv intenzivné
obhospodarované zeméd¢lské krajin€. V neprodukénich biotopech izolovanych ornou ptidou je
totiz Sifeni akatu minimalizovano a jeho pfinosy v kontextu biodiverzity ¢lenovci, ale i jeho
potencial pro biodiverzitu obecné (Vitkova et al., 2017), dle mého nazoru, ptevazuji nad jeho
negativy. Nelze totiz oCekavat, ze v té€chto izolovanych lesnich fragmentech v zemédélské
krajiné bude do budoucna dochazet ke zlepSeni struktury porosti tvofenych ptivodnimi druhy
devin. Eradikace trnovniku akatu je samoziejmé¢ velmi zadouci v lucnich a lesostepnich
biotopech, zejména v chranénych uzemich, u kterych je vhodné trnovnik akat likvidovat i
V jejich okoli pravé kvili jeho dobré schopnosti se Sifit (Sadlo et al., 2017; Vitkova, 2014).
V béznych hospodarskych, a zejména v biologicky cennéjSich lesich, by bylo vhodné trnovnik
akat postupné nahradit ptivodnimi druhy dievin a obecné zlepsit strukturu nizinnych lesi v CR

a alespoi v chranénych uzemich dosahnout jejich otevienéjsi struktury (Miklin & Cizek, 2014;
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Sebek et al., 2015). Nejen z pohledu ¢lenovci nedoporucuji provadét nové vysadby trnovniku
akatu, ani jinych druh neptvodnich dievin, ve volné krajiné (tzn. mimo méstské parky,
zahrady a arboreta). S ohledem na vysledky této diserta¢ni prace se piiklanim k nazoru, Ze je
tieba posuzovat vliv nepuvodnich rostlin na biodiverzitu co nejkomplexnéji, protoze jejich
dopady na biotu se mohou zna¢né¢ lisit mezi jednotlivymi taxony a siln¢ zavisi na kontextu
(Pysek et al., 2012).

Studium problematiky dopadii invaznich dfevin na ¢lenovce by se dalo rozvinout o vyzkum
zabyvajici se vlivem invaznich dfevin na télesnou kondici ¢lenovci. Jelikoz jsme zjistili
negativni dopad trnovniku akatu na abundanci stfevlikovitych broukt v lesnich fragmentech,
tak by bylo zajimavé zjistit, zda tento trend néjak souvisi s télesnou kondici lesnich druhii
stfevlikl, napf. na zakladé zhorSené potravni nabidky v porostech akatu. RovnéZz by bylo
zajimavé studovat, jak trnovnik akat ovliviiuje télesnou kondici malo mobilnich druhii pid’alek
(Geometridae) potravné vazanych na bylinny a ketfovy podrost trnovniku akatu. Trnovnik akat
ovliviiuje chemické vlastnosti pud (Lazzaro et al., 2018; Vitkova et al., 2015) a rostliny v jeho
podrostu jsou Vv letnich mésicich vystaveny ¢astému vodnimu a tepelném stresu (Vitkova et al.,
2017). Tyto faktory by se mohly promitnout do nutriéni kvality hostitelskych druhd rostlin a
nasledné zhorsené télesné kondice na né vazanych malo mobilnich druht pidalek.

Rovnéz zcela chybi poznatky o tom, jak se méni diverzita ¢lenovci na gradientu
procentudlniho zastoupeni invazni dfeviny v lesnim porostu. Touto problematikou se zabyvali
Kroftova & Reif (2017) u ptakid ve smiSenych porostech trnovniku akatu a pivodnich druht
drevin, a zjistili, Ze diverzita ptakt byla nejvyssi v porostech s piiblizné 50% zastoupenim
trnovniku akatu. Princip i design jejich studie by $el dobte implikovat do ptfipadové studie
zaméfené na spoleCenstvo no¢nich motyld, pfi¢emz ocekavam, ze bychom mohli dojit
k obdobnym vysledki i u no¢nich motyli, protoze jsme zjistili, Ze i ptes niz$i diverzitu no¢nich
motylt v porostech trnovniku akatu bylo v jeho porostech zastoupeno mnoho druht s vazbou
na bylinné a kefové patro, které v porostech ptivodnich dievin chybi (Kadlec et al., 2018). Ve
smiSeném porostu pivodnich druhti dievin s piiblizné 50% zastoupenim trnovniku akatu by tak

mohla byt diverzita no¢nich motylii nejvyssi.
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Prispévky na konferencich

Aktivni ucast na péti tuzemskych konferencich formou prezentace:
e Zoologické dny 2016, 2019
e Kostelecké inspirovani 2015, 2017
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e Biodiverzita 2016
Aktivni ucast na dvou zahranicnich konferencich formou posteru:
e Neobiota 2018 (Dublin, Irsko)
e Carabids in extreme environments. 19th European Carabidologists Meeting (Primiero

San Martino di Castrozza, Italic)

V Praze dne 17. 3. 2021 Martin Strobl
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