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1. Pfedmluva

Motyli maji oproti jinym skupindm hmyzu dobrou povést u laické vetejnosti. Pro svoji
velikost a barevnost jsou oblibeni a stali se 1 namétem mnoha uméleckych dél. To ovsem
nijak nezabranilo ubytku populaci i druhti, ktery mizeme v soucasnosti pozorovat.

V piedlozené magisterské praci se zabyvam vztahem mezi dvéma skupinami motyld (denni a
noc¢ni druhy), jejich bionomickymi vlastnostmi a prostfedim. Kromé¢ textu samotné prace zde
prikladam ptijaty rukopis ¢lanku na podobné téma, ale zaméteny vyhradné na druhy no¢ni
(Appendix 1). Tento rukopis je totiz zdsadni pro samotnou existenci predlozené prace a

jelikoz je v tisku, neni mozné ho zatim jinde dohledat.

2. Uvod

Motyli zapadniho Palearktu vykazuji rostouci nestabilitu velikosti a ¢etnosti svych populaci
(Van Swaay 2010) a také velikosti svého arealu (Hickling et al. (2006)). Clovékem zavinéné
masivni zmény krajiny, ztrata biotopti a jejich fragmentace maji za nésledek snizovani
zivotaschopnosti (meta)populaci, pokles pocetnosti a jejich propojenosti. Alarmujici zmény
Vv rozsifeni diky zménam v klimatu predpokladaji napt. Schweiger et al. (2008) nebo Lizee et
al. (2011). Z téchto zmén profituje jen mala ¢ast druhd schopnych ptizptsobit se ¢lovékem
podminénym stanoviStim (Zimmermann et al. 2005) a pravé tyto druhy profitujii z
probihajici zmény klimatu (Conrad et al. 2004, Poyry et al. 2009). Ne vSechny druhy, rody ¢i
¢eledi motyll reaguji na zmény krajiny a klimatickych podminek stejn€, ani to neznamena, ze
diive malo ¢etné druhy budou za nyné&jSich podminek ohroZeny (Settele et al. 2008).

Dopady zmén prostiedi 1 klimatu jsou Castym pfedmétem vyzkumu rostlin. Ze znalosti
rostlinnych strategii a jejich pfizpisobeni k podminkam na stanovistich, se d4 predikovat
cetnost a schopnost preziti (Grime 1974, 1979). Tyto strategie vyjadiuji pfizptisobeni rostliny
na riznou hladinu trovné stresu a disturbanci. Odpoveéd’ druhi rostlin na limitujici faktory se
projevi v plodnosti rostliny (velikost a mnoZzstvi semen), jeji velikosti, délce Zivota a
obrannych mechanismech. Nejznamg;si strategii je RCS model, ktery vypracoval J.P. Grime
(1979). R pol predstavuje hypoteticky prostor se zvySenou Cetnosti stiedné silnych disturbanci
a zéarovei s nizkou hladinou stresu, C p6dl ma trovei disturbanci i stresu nizkou, a kone¢né S
pol zastupuje prostiedi s vysokou hladinou stresu a témét Zadnymi disturbancemi. Kazdému
rostlinnému druhu jeho vlastnosti vymezuji jednu pozici v mySleném trojihelniku tvofeném
témito poly. Takto definované postaveni jednotlivych rostlin se ukdzalo byt dobrym

prediktorem pro vyskyt ale 1 ohroZeni rostlin na konkrétnich stanovistich.



Bylo u¢inéno mnoho pokust aplikovat principy RCS strategie také na zivocichy,
zejména pak herbivorni hmyz, kde se predpokladala ptimé zavislost na rostlinach. Zivotni
niky jednotlivych druhti v§ak nekopiruji ptesné jednotlivé botanické vegetacni jednotky
(Dennis 2003 aj.). Zivo¢ichové mivaji mobilni stadia, umoZiiujici se vyhnout stresu ¢i mensim
disturbancim prostym pfemisténim se. Na malo mobilni Zivo¢ichy ovS§em mohou byt
vztahnuty podminky tykajici se rostlin pfimo, a tudiz jim Ize ptifadit RCS soutadnice (napt
Anderson, 1997). Zivné rostliny viak nejsou jedinym piedpokladem vyskytu motyla v uréitém
habitatu.

S vétSimi ¢i mensimi uspéchy uvazovali rizni védci nad aplikaci RCS pftistupu na
motyly, coby nejpopularngjii a asi nejstudovangjsi skupinu hmyzich herbivort (srov. Cizek et
al. 2009). Doufali, Ze to umozni snadnéjsi predikci vyskytu ale hlavné ohrozeni jednotlivych
druhti, tedy moznost odhalit a chranit potencidlné ohrozené druhy jesté pted faktickym
zjisténim jejich ohroZeni. Postupy vyuzivajici pouze jednoho znaku (pocet zivnych rostlin ¢i
mobilita, napf. Kitahara a Fuji (1994)) tento cil nespliuji, proto je nutné pouzit kombinaci
bionomickych znaki. VEtsi a Cetnéjsi populace maji druhy obyvajici oteviena stanoviste a
vyuzivajici zivné rostliny spiS R ¢i C strategie, zatimco druhy ohrozené se nezavisle na jejich
velikosti vyskytuji spiSe na netizivnych (S-selektovanych) stanovistich (Hodgson 1993,
Dennis 2004). V asi nejucelengjsi praci na toto téma pouzil Dennis et al (2004) k vypoctim
vlastnosti motyl, jeho zivnou rostlinu a habitat, ¢etnost a rozsifeni. Z téchto informaci pak
pomoci ordinaci a korelaci prokéazal spojitost mezo motylimi vlastnostmi a RCS strategii
jejich zivnych rostlin. Déle do modelu zahrnul populaéni strukturu, roz$ifeni a mobilitu druhd,
tyto znaky také korelovali s RCS strategiemi Zivnych rostlin. Paralelni strategie k RCS rostlin
byly navrzeny také pro zivocichy. Tyto strategie pracuji zejména s investicemi do potomstva.
Ziskat presné tdaje je vSak pomé&rné pracné, navic se naméfené hodnoty velmi lisi mezi
skupinami organismii, pro motyli tento pfistup aplikoval napt. (Braby 2002). Jiny pohled
snazici se pfedikovat ohrozenost a ochranarské osudy se snazil definovat habitat jednotlivych
druhti. Druhy preferujici riizné habitaty byvaji nestejn¢ ohroZeny, protoze tyto habitaty trpi
rozdilnym tlakem na krajinu (Nilsson et al. 2008, van Swaay et al. 2006). Maji-1i vSak byt
druhy podle habitatli srovnavany, je tieba veédét, jaké kritické komponenty (zdroje) ten ktery
druh pottebuje k preziti. Vyuzivané zdroje jsou vymezeny bionomickymi vlastnostmi ¢i
funk¢énimi znaky druhti. Shreeve et al. (2001) vymezil habitaty britskych motyli na zaklad¢
funkc¢nich vlastnosti druhti a ukazal, Ze takto definované habitaty koresponduji s nezavisle

meétfenymi vlastnostmi jako velikost aredlu v Britanii nebo mira ohroZenosti. Na jejich pfistup



navazali napt. Kotiaho et al. (2005), Nylin a Bergstrom (2009), Poyry et al. (2009) pti
analyzach motyld z finského cerveného seznamu.

Prakticky vSechny zminéné analyzy se tykaly dennich motylt Severni Evropy nebo
Velké Britanie. Toto geografické omezeni snizilo pocet takto analyzovanych druhti (britska
fauna je zna¢né ochuzena i ve srovnani s ptilehlou zapadni Evropou (Tolman a Lewington
2008). Taxonomické omezeni na denni motyly (Papilionoidea) z analyz vytadilo fadu
potencidlnich kombinaci bionomickych vlastnosti. Pavlikova a Konvicka (in press) rozsifili
jejich pristup na vybrané Celedi stftedoevropskych noc¢nich ,,makrolepidopter* (tzv. ,,malé
celedi®, tedy s vyloucenim pid’alkovitych a mirovitych). Chtéli na jiné skupiné vyzkouset
pfistup vyvinuty na dennich motylech, pfi¢emz se ptali, zda zdroje vyuzivané jednotlivymi
druhy definuji ,,habitaty srovnatelné s habitaty dennich motyld. Bionomické vlastnosti
vymezily ve sledované skuping pét shlukii druhti. Tfi odpovidaly hlavnim habitatim: lesni -
lesostepni (a okraje lestr) - nelesni prostedi (louka a step). Dalsi skupinu tvofili Lithosiinae
(Cel. Arctiidae), ktefi se viici ostatnim vymezili diky své unikatni potrave: liSejnikiim a fasam.
Posledni skupinu tvofila ¢ast ¢eledi Sphingidae vyvijejici se na bylinach (tj. podcéeled’
Macroglossinae); jejich bionomické vlastnosti, zejména souvisejici s energickym letem, je
vyC€lenily od ostatnich nelesnich (lu¢ni a stepni duhy) druhii. Bezlesé stanovisté a oteviené
lesy obsahovaly proporéné vice ustupujicich druhii, nez stanovisté uzavienych lest. Byl zde
posun oproti zavérim Shreeva et al (2001). Ten na dennich motylech vymezil pouze jeden
shluk lesnich druhd, zato vSak vice shluk motylii vazanych na nelesni stanovisté, liSicich se
sukcesnimi poméry (vySkou a zapojeni) bylinné vegetace.

Cilem ptedlozené prace je porovnat biotopové vlastnosti dvou neptibuznych skupin
jednoho tadu odlisSnych ve svych zivotnich projevech, tj. dennich (Papilionoidea) a no¢nich
motyll. Otdzkou je, zda kombinace téchto skupin ukéze podobné trendy v biotopovych
preferencich, jako samostatné analyzy zamétené pouze na jednu skupinu, ¢i zda si tyto
skupiny rozdéli riizné niky odlisn€. Dalsim cilem je odhalit, jak se do takto konstruovaného
rozdé¢leni habitatd promitnou RCS strategie jak zivnych rostlin, tak biotopti, v nichz se motyli
a jejich Zivné rostliny vyskytuji. Jde tedy jednak o test, zda a nakolik budou zdroji-definované
habitaty motyli odraZet RCS poméry na stanovistich, kde se motyli skutecné vyskytuji.
Konec¢né se ptam, jaké bionomické charakteristicky motyld souviseji s Zivotem v R, Ca S

selektované, prostredi.



3. Metodika

Vybér druhti

Ptedchozi analyzy pokryvaly bud’ jen denni (Shreeve et al. 2001, Dennis et al. 2004, Hodgson
1993, Garcia-Barros a Benito, 2010) nebo jen vybrani no¢ni motyly (Pavlikova a Konvicka,
in press), a tim reprezentovaly vzdy jen malou ¢ast zivotnich strategii v ramci velkych motylt
(tzv. ,,macrolepidoptera‘). Abych tyto pohledy sloucila, vyuzila jsem existujiciho datového
souboru pro denni motyly Britanie, zahrnujici 57 druht, jejichz naroky jsou popsany pomoci
136 nebiotopovych vlastnosti (Shreeve et al. 2001). Protoze naroky jednotlivych druht se
mohou liSit i mezi V. Britanii a stfedni Evropou (viz napt. Jansen et al. 2011) rozhodla jsem
se omezit vybér druhti i jejich vlastnosti na situaci ve Velké Britanii. Kvili tomu jsem ovSem
musela ze seznamu stiedoevropskych (no¢nich) ,,makrolepidopter®, analyzovanych v praci
Pavlikova a Konvicka (in press), odebrat druhy, jez se v Britanii nevyskytuji. Tak jsem

Z puvodnich 164 dostala 104 druhti. Pii vybéru druht jsem brala v potaz idaje uvedené v
monografiich Emmet et al. (1992) a Heath et al. (1983).

Slouc¢enim 104 nocnich a 60 dennich taxonll vznikl soubor srovnatelné velky, avSak
mnohem riiznorod¢jsi, nez jaky jsem zpracovavala v bakalatské praci. Rozmanitost v mych
datech ilustruje nejen riizna aktivita dospélcti béhem dne, ale i mnozstvi ¢eledi. Z dennich
motyli jsou zde reprezentovany Celedi Hesperiidae, Papilionidae, Pieridae, Lycaenidae a
Nymphalidae, z no¢nich pak Lasiocampidae, Endromidae, Saturniidae, Sphingidae,
Drepanidae, Notodontidae, Lymantriidae a Arctiidae. Dohromady jsem tedy zpracovavala
udaje o 164 druzich dennich a velkych no¢nich motylt (Tab. 1). Podle Mutanen et al. (2010)
patii denni motyli do jedné vétve, kdezdo ostatni zkoumané druhy noc¢nich motyld tvofi jinou
monofyletickou skupinu. OvSem s tim, Ze se Lasiocampoidea jsou vzdalené od ostatnich
zahrnujicich nadéeledi Noctuoidea, Bombicoidea a Drepanoidea. Celed’ Notodontidae je
sesterska ¢eledi Noctuidae, Arctiidae a Lymantriidae jsou ve skute¢nosti odvozenymi druhy

¢eledi Noctuidae.

Vvbér charakteristik

Pti vybéru charakteristik jsem vychdzela analyz habitatovych specificity stredoevropskych

noc¢nich (Pavlikova a Konvicka in press) a britskych dennich (Shreeve et al. 2001) motylt.



ProtoZe nejsou znamy vSechny parametry kli¢ové pro sloZzeni hmyzich spolecenstev na
konkrétnich typech stanovist’, snazila jsem se o co nejlepsi pokryti co nejvétsiho spektra
riznych aspektl zivota vybranych druhti. Tyto dvé skupiny maji odlisny zpiisob zivota a
proto nebylo mozné pouzit vSechny charakteristiky pro denni motyly na motyly no¢ni a
naopak. Vysledny vybér charakteristik byl proto prinikem téchto praci, ve kterém zstaly
znaky zjistitelné, a tudiz v analyzach uplatnitelné, pro ob¢€ skupiny soucasn¢. Nekteré znaky
jako kopula¢ni chovani a nektarova specificita dospélcti, musely byt z matice vylouceny. Z
prace o dennich motylech to bylo 89 stavii vlastnosti z 13 charakteristik, z ¢ehoz 30 byly
informace o Celedich zivnych rostlin. Naopak n¢které charakteristiky byly nové zafazeny do
matice (84 stavl 17 charakteristik, z cehoz 48 stavii popisuje fenologii druhu). Z prace
obsahujici pouze néktera makrolepidoptera bylo nevhodnych 95 stavi vlastnosti z 8
charakteristik, z toho 72 bylo ¢eledi Zivnych rostlin.

Nakonec jsem pracovala s 19 riznymi charakteristikami o celkem 129 stavech (Tab. 2).
Tyto charakteristiky odrazely zivotni cyklus, typ zivné rostliny, §ifi potravniho spektra, misto
vyskytu jednotlivych stadii a denni dobu jejich aktivity, ale i znaky jako zbarveni ¢i pokryv
chlupy housenek a vajicek. Kazdé z charakteristik pak vétSinou sestavala z n€kolika stavi
(napft. denni aktivita dosp€lcti ma Sest stavli: rano, dopoledne, poledne, odpoledne, soumrak a

noc).

Ptiprava dat

V ptedchozich studiich (Shreeve et al. 2001, Pavlikova and Konvicka in press) byly nékteré
charakteristiky vzajemné korelovany, coZ mohlo ve vysledné analyze zptsobit disproporéné
vysokou vahu nékterych trendim na ukor trendi jinych. Protoze se nyni zaméfuji na veSkeré
charakteristiky pfispivajici k variabilité, bez ohledu na jejich silu, snaZila jsem se tésné
prokorelované charakteristiky bud’ odstranit z dat (napt. prezimovaci stadium bylo korelovano
s fenologickym vyskytem vyvojovych stadii), nebo sloucit (typ Zivné rostliny s jeji
dlouhovékosti).

Abych zmirnila nevyvazenost jednotlivych charakteristik danou riiznym poctem stavi,
analyzovala jsem kazdou vice nez dvoustavovou charakteristiku s binarnim rozlozenim
nejprve pomoci detrendované korespondencni analyzy (DCA) v programu CANOCO v. 4.5
(ter Braak a Smilauer, 2002). Do dal$iho zpracovani pak tyto charakteristiky zastupovala

prvni ¢i prvni a druhda DCA osa. Vybér os jsem provadéla individualné dle jejich prispévku k



vysvétlené variabilité. Celkovy pocet takto upravenych dat zahrnoval 30 atributii
bionomickych vlastnosti. Rozdilnou vysvétlujici hodnotu prvni a druhé osy jsem zachovala

pomoci vah (Tab. 2). Interpretaci DCA os shrnuje tabulka 3.

RCS Zivnvch rostlin

Z monografie Emmet et al. (1992) jsem ziskala udaje o larvalnich zivnych rostlinach
kazdého druhu motyla. V ptipad¢, Ze monografie uvadi jen Celed’, nasla jsem jednotlivé druhy
v dalsi literatuie (Tolman a Lewington 2008, Macek 2007).

Pro téméi kazdy druh rostliny existuji iidaje o bionomickych vlastnostech v databazi
programu MAVIS (Modular Analysis of Vegetation Information System) (Smart 2000). Zde
jsem vyhledala primérné hodnoty jednotlivych strategii (RCS) Zivnych rostlin kazdého druhu
motyla (Tab. 4). Pro n¢které rostliny nebyly v databazi zadné udaje; druhy motyla vyvijejici
se na takovych rostlinach (n=9) byly odstranény z analyz pracujicich s udaji o RCS zivnych
rostlin. Pro druhy, jejichz housenky se zivi liSejniky a fasami také nebylo mozno ziskat
konkrétni hodnoty. Tyto rostliny jsou oproti ostatnim vyrazn¢ posunuté ke stresovému polu
RCS kontinua, tudiz jsem jim pftifadila ptislusné ptedpoklddané hodnoty (n = 16). Pro dalsi
analyzy byly vSechny hodnoty standardizovany.

RCS biotopi

Pro stanoveni biotopti motyli Velké Britanie jsem pouzila seznam uvedeny v katalogu
biotopt Ecofact (Bunce et al. 1999). Je zde rozliSeno 100 biotopt, pokryvajicich celé spektrum
rozmanitosti Britanie. Pro kazdy biotop jsou uvedeny charakteristiky jako Cetnost biotopu,
vlastnosti podlozi a piidy a tidaje o slozeni rostlinnych spolecenstev. Pracovala jsem s péti
nejcharakteristi¢téjSimi a péti nejcastéjSimi druhy rostlin pro kazdy typ biotopu a z nich jsem
pomoci programu MAVIS spocitala RCS pozice biotopu. Pouze pro ,,zapojeny smrkovy les*
(mature coniferous woodlands) databaze MAVIS (Smart 2000) neobsahovala tidaje ani k
jedné rostling, proto nebylo mozno stanovit jeho RCS hodnoty (Tab. 5). Nastésti tento habitat
osidluje pouze jeden ze zkoumanych druhti, avSak neni to jeho jediné misto vyskytu, takze byl
timto celkovy vypocet zdeformovan jen nepatrné.

Britsky lepidopterolog Tim Shreeve pak na mou Zadost oznacil biotopy, ve kterych se

jednotlivi motyli skutecné v Britanii vyskytuji. Spojenim téchto dat s primérnymi skore



jednotlivych biotopi jsem ziskala hodnoty primérného RSC skore biotopu, které druhy
osidluji (Tab. 4). Pro jeden druh nebyla nalezena vhodna kategorie, kryjici se s mistem jeho
vyskytu. Tento druh (Malacosoma castrense) byl proto z analyz vyfazen. Pro dalsi analyzy
byly hodnoty standardizovany.

Biotopy motyll zde definuji pro mé potieby jako mista v krajin¢, na kterych se
vyskytuji dospélci; predpokladam, ze vyskyt dospélct charakterizuje potieby druhtll ucelenéji
nez pouhy vyskyt larev, protoze dospé€lci musi, pfinejmensim pii kladeni, navstévovat i
budouci larvalni habitaty (Dennis 2003).

V analyzach pouzivajicich hodnoty RCS zivnych rostlina ¢i habitatii jsem, na rozdil od

ordinac¢nich analyz, pracovala se 155 druhy britskych motyla.

Analyzy

Analyzu motylich charakteristik jsem provadéla v programu CANOCO for Windows 4.5 (ter
Braak a Smilauer, 2002) pomoci analyzy hlavnich komponent (PCA). Druhy motylt do
vypoctl vstupovaly jako vzorky (samples) a vlastnosti motyla jako druhovéa data (species),
charakteristiky jsem dale centrovala a standardizovala.

Nejprve jsem promitla vzajemné pozice jednotlivych motyli a jejich charakteristik do
mnohorozmérného prostoru. K nasledné vizualizaci vztahu motylt a jejich RCS strategii jsem
do ordinaci ptidala RCS strategie Zivnych rostlin, respektive biotopt, jako dodatkové
proménné (supplementary variables). Dodatkové proménné se zobrazi na ordinac¢nich
diagramech, ale nezméni vzajemné vztahy mezi druhy a jejich charakteristikami. Provedla
jsem také Spearmantv korela¢ni test ordina¢nich os s hodnotami RCS Zivnych rostlin a
biotopt.

Udélila jsem udajim o RCS strategii Zivnych rostlin a habitatl status charakteristiky
prostfedi (environmental variable) a analyzovala je pomoci redundan¢nich analyz (RDA) pfi
pouziti Monte Carlo permutacniho testu, 999 permutaci. Z téchto analyz jsem pak zjistila
podil habitatli a Zivné rostliny pfevedenych na své RCS soufadnice na vysvétleni celkové
variability. Také jsem zjistila podil jednotlivych téchto sloZek a velikost jejich priniku

analyzou rozkladu variance.



4. Vysledky

Slouc¢enim samostatnych soubort dennich a no¢nich motyld, i ptes ztratu nékterych
potencidlné cennych informaci a pies redukeci jinych charakteristik skrze odstranéni
zdvojenych informaci, jsem mohla pracovat s 19 charakteristikami, celkem o 129 stavech
(21 156 poli). Sestavila jsem tabulku bionomickych charakteristik britskych dennich a
vybranych no¢nich macrolepidopter (Appendix 2, list 1 a 2). Z PCA ordinaci je patrné, Ze se
denni i no¢ni motyli od sebe bionomicky lisili, ale nebylo to zplisobeno taxonomickym
Zafazenim, nybrz rozdilnym vyuzivanim habitat. To podporuji napiiklad druhy noc¢nich

motyli s denni aktivitou (dlouhozobky rodu Hemaris a Macroglossum stellatarum).

Habitatové naroky

PCA téchto charakteristik vysvétlila pomoci prvnich ¢ty ordina¢nich os 48,3%
variability (1. osa 17,4%, 2. osa 14,3%, 3.0sa 9,1% a 4.0sa 7,5% variability) (Tab.1). Prvni
osa oddélila druhy se stromy a kefi jako zivnou rostlinou, 1étajici za soumraku ¢i v noci
(kladné hodnoty grafu, napt. hranostajnik vrbovy, bourovec ostruzinikovy) od druhti s
bylinami jako larvalni zivnou rostlinou a létajici spiSe ve dne (zaporné hodnoty, perletovec
stiibropasek, dlouhozobka svizelova) (Obr. 1). Druha osa oddé¢lila druhy charakterizované
polyfagnimi chlupatymi a vyrazné zbarvenymi housenkami (babocka koptivova, St€tconos
trnkovy), jez pfezimuji ve stddiu vajicka a jejichZ univoltinni dospélci maji dobu letu
posunutou spiSe na prelom jara a léta, od druhti charakterizovanych monofagnimi kryptickymi
a malo ochlupenymi housenkami (1iSaj lipovy, oka¢ metlicovy), jejichz dospélci se objevuji
JiZ zjara, protoze pfezimuji ve stadiu kukly, casto tak stihnou dovrsit dvé generace za rok
(zaporné hodnoty). Vlastnosti druhti jsou vyobrazeny na ordina¢nim diagramu (Obr. 2). Tieti
osa rozli$ila druhy dle etologie jejich housenek. Druhy kladnych hodnot ptezimuji ve stadiu
housenky, ty pak 7iji samotatsky, krmi se pfes noc kdeZto ptes den odlezou od mista Ziru, jsou
nenapadné a polyfagni (pfastevnik chrastavcovy). Druhy na opa¢né stran¢ kontinua prezimuyji
spiSe jako kukly ¢i dospélei, jejich vyrazné zbarvené housenky jsou monofagni a gregarické
alesponi do tfetiho instaru zivici se pfes den, také neopoustéji misto pozeru (babocka pavi oko)
(Obr. 3). Konec¢né ¢tvrta osa rozdelila druhy podle chovani jejich dospélct a kukel. Kladné
hodnoty zaujaly druhy s nenapadné zbarvenymi dospélci, jez kladou tmavé zbarvena

pfezimujici vajicka, ktera sami¢ky maskuji zadeCkovymi chlupy, housenky se kukli ptimo na



stromech, nékteti zastupci maji bezkiidlé samice (St€tconos trnkovy). Na zaporném polu osy
se ocitly druhy s dospélci vystrazného zbarventi, jejichz kukly pfezimuji v bylinném patie ¢i
skryté v zemi. Vajicka jsou pak jasné zbarvend, nemaskovand chloupky ze samiciho zadecku

(prastevnik star¢kovy) (Obr. 4).

Vliv RCS strategii

Vizualizace RCS pozic zivnych rostlin a habitati do zakladniho ordina¢niho modelu
(Obr. 1) ukazala, ze C-p6ly Zivnych rostlin i habitatt jsou uzce korelovany a sméfuji ke
kladnym hodnotdm prvni osy. Tedy motyli, jejichz zivné rostliny jsou konkurencné zdatné
(zpravidla stromy a kete), vyhledavaji vegetaci s vétSinou konkuren¢né zdatnych druht
(zpravidla lesy a kfoviny). Skoro pfesné opacny smer maji oba R poly, rovnéz tizce
korelované. Druhy vyuZivajici R-selektované zivné rostliny ziji v prostfedich s vétSinou R-
selektovanych rostlin. Nejvice rozporuplné jsou oba S-poly. S-selektované biotopy i S-
selektované zivné rostliny jsou paralelni s druhou ordinaéni osou, vztah vsak je v obou
ptipadech slaby (tj., kratké Sipky na ordina¢nim diagramu) a smér zavislosti je pro zivné
rostliny a prostfedi opacny. Znamena to, Ze S-selektované Zivné rostliny se nemuseji
vyskytovat v biotopech s pfevahou S-selektovanych rostlin. Tento vztah se da vysvétlit
pritomnosti skupiny Lithosiinae v analyze, tato podskupina prastevniki se zivi liSejniky, coz

jsou striktni S stratégové rostouci ve vsech biotopech.

Nésledna korelace hodnot ordinac¢nich skére druhti a RCS skore jejich zivnych rostlin a
biotopt ukdzala, Ze vice korelovany s vlastnostmi druht jsou RCS pozice jejich zivnych
rostlin. R a C pdl zivnych rostlin byl korelovan se tfemi osami ordinace, zatimco S pol pouze
s jednou (tfeti). Skore biotopu bylo nejlépe korelovano s osou prvni a to poly C a R, pfi¢emz
R pdl koreloval jesté s osou druhou. Biotopovy S pol nevykazal zadnou korelaci s

ordina¢nimi osami (Tab. 6).



zivna rostlina biotop

PCA R C S R C S
1. osa -0,631 *** 10,495 *** -0,090 -0,423 *** 10,315 *** 0,014
2.0sa 0,195 ** -0,340 *** 10,142 0,229 ** -0,040 -0,134
3.0sa -0,072 -0,366 *** | 0,412 *** -0,067 -0,113 0,105
4.0sa -0,246 *** 10,119 0,059 -0,127 0,155 -0,062

Tab. 6: Korelace ordina¢nich skore klasifikace motylich habitati s pozicemi motylich zivnych
rostlin a motylich biotopt na RCS kontinuu. Korelace byla provedena pomoci Spearmanova

testu, hodnoty signifikance jsou: *** p << 0.01, ** p < 0,01.

RCS stragie mély signifikantni vliv na usporadani bionomickych vlastnosti motylu.
RDA analyza bionomickych atributi a RCS biotopti vytvoftila shluk rovhomérné
uspofadanych druhti motylt (prvni osa — eigenvalue = 0.057, F=0.915, p=0.001, vSechny osy
—trace = 0.069, F = 5.623, p = 0.001) (Obr. 5: druhy, Obr. 6: vlastnosti ), RCS zivnych
rostlin data uspotadalo do pomysiného trojuhelniku s pfevahou zivnych rostlin v prostoru se
strategii R (prvni osa — eigenvalue = 0.087, F = 14.546, p = 0.001, vSechny osy — trace =
0.130, F =11.321, p = 0.001) (Obr. 7: druhy, Obr. 8: vlastnosti). Pomoci rozkladu variability
jsem zjistila, Ze vEtsi vliv na toto usporadani maji RCS strategie Zivnych rostlin, kdeZto vliv

RCS charakteristik prostfedi je sice signifikantni, ale mnohem nizsi (Tab. 7)

celkem samostatné prunik
zivna rostlina 13.0% 8.6% 4.4%
biotop 6.9% 2.5%

Tab 7: Rozklad variance RCS zivnych rostlin a RCS motylich biotopt
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Bionomické vlastnosti motyli a RCS strategie

Rizné bionomické vlastnosti motyld jsou spojeny s riznymi RCS strategiemi rostlin nebo
charakteristikami prostiedi. C biotopy, tj. prakticky lesni spoleCenstva, osidluji druhy
piezimujici ve stadiich vaji¢ek nebo dospélcti, k pfezimovani vyhledavaji mista na stromech a
na stromech se i kukli. Druhy Zivici se C rostlinami nepfezimuji jako housenky a jejich
potrava je vytrvala rostlina, nejcastéji dievina. R biotopy, tj. pfedevsim lu¢ni biotopy, osidluji
motyli s vystraZnym zbarvenim a s lu¢nimi housenkami, Zijicimi ¢asto v zaptedenych listech.
R rostlinami se zivi druhy s ndpadnym ¢i vystraznym zbarvenim a s denni aktivitou, pfezimuji
V bylinném patie. Druhy motyli obyvajici S stanovisté byvaji krypticky zbarveni, vajicka jsou
zpravidla kladeny mimo zivné rostliny. Kukli se na povrchu nebo v zéptedku v listu. Druhy
zivici se S rostlinami prezimuji jako housenky nebo kukly. Vajicka kladou mimo Zivné

rostliny, housenky jsou mimo dobu aktivity skryté a nezdrzuji se na zZivnych rostlinach

Obrazky: V obrazcich 1,3,4,5 a 7 je vizualizovana aktivita dospélcii. Motyli aktivni ve dne

jsou oznaceni kiizkem, dospélci aktivujici v noci ¢i za Sera ¢tvercem.
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Obr. 1: Zobrazeni PCA ordinace prvni (17,4% variability) a druhé (14,3%) osy

s vizualizovanymi RCS strategiemi jejich Zivnych rostlin a RCS pozicemi jejich biotopt.
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Obr. 4: Prunik prvni (17,4%) a ¢tvrté (7,5%) osy ordinacéni analyzy s dopliikovymi
proménymi RCS Zivnych rostlin a RCS biotop.
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Obr. 7: RDA analyza bionomickych vlastnosti motyli s RCS hodnotami jejich biotopti jako

charakteristikami prostiedi.
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Obr. 8: Prvni a druha osa RDA analyzy motylich vlastnosti a RCS jejich biotopt.

5. Diskuse

Spole¢nou analyzou bionomickych vlastnosti dvou narokové i fylogeneticky rozdilnych
skupin motylt jsem ziskala habitaty druhti odrazené v ordina¢nim prostoru, které
signifikantné korelujici s RCS strategiemi, jak z pohledu larvalnich zivnych rostlin, tak i

Z pohledu biotopt.

Habitatové naroky

Funk¢ni klasifikace habitat dennich a ¢asti no¢nich motyla Velké Britanie utvoftila ve
vysledném grafu kontinuum druht, jehoz zakladni parametry odpovidaji pivodnim analyzam,
kde byly tyto skupiny oddéleny (Shreeve et al. 2001; Pavlikové a Konvicka in press). Prvni

osa mifi od druhtl lesnich spolecenstev k druhtim nelesnim. Druhd osa je pak pfedevsim
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funkci poctu zivnych rostlin a fenologie motylich druhii. V praci obsahujici jen denni motyly
vznikne pouze jeden shluk druhil spjatych s lesnimi spolecenstvy. Zahrnuje jak ostruhacky tak
i nékteré babocky. Ordinace druhii no¢nich vraci na les vazané shluky dva a to shluk
zapojen¢ho lesa se srpoktidleci, Casti liSajti a dalSimi skupinami a shluk fidkého lesa a lesnich
okrajti obsahujicich hlavné martinace, cast bekyni a bourovci. V analyze spojujici denni a
nocni motyli se striktn¢ lesni druhy vytadily do kladnych hodnot prvni osy. Na jejich okraji
blizko neutralnich hodnot prvni a zdpornych hodnot druhé osy jsou ,,lesni* lisajové a
ostruhacci, kdezto puvodné ,,stromové™ babocky a no¢ni motyli rozvolnéného lesa jsou na
okraji sméfujicim ke kladnym hodnotam osy druhé.

Nelesni druhy dennich motyla tvorily v oddélené analyze tii shluky a to druhy vysoce
mobilni inklinujici k tradiéné ruderalnim habitatim (pfevazné babocky), druhy nizkych
travnikd (vétSinou modrasci) a druhy vysokych otevienych travniki (babocky, béléasci, okaci,
soumracnici). No¢ni motyli utvofili pouze shluky dva a to druhy vdzané na bylinnd a travnata
spoleCenstva (pfastevnici, pabourovci, nékteti bourovci a bekyné) a vysoce mobilni lisaje.

V souhrnné ordinaci se pak v kladnych hodnotach druhé osy umistily druhy no¢ni vazané na
bylinna spolecenstva, vysoce mobilni denni motyli obyvajici tradi¢ni ruderdlni spolecenstva a
¢ast druhti dennich motyli obyvajici louky. Na pfechodu z kladnych hodnot do zdpornych
jsou denni motyli stepi a nizkostébelnych spolecenstev. V zapornych hodnotach druhé i prvni
osy je druha cast lu¢nich dennich motylti. Vysoce mobilni liSajové zivici se bylinami se
umistili pobliZ liSaji vdzanych na stromy a ostruhackd.

Na zaklad¢ této ordinace mizeme charakterizovat atributy, souvisejici s existenci v riznych
habitatech, s druhy vazané na les souvisi hlavné pozice housenek a vaje¢né sntsky ve
stromovém patie. Na oteviené lesy jsou vazany druhy polyfagni s vyrazné zbarvenymi
dospélci. Nelesni stanovisté jsou spojeny s fenologii (pfezimuji ve stadiu housenky ¢i kukly) a
vystraznycm zbarvenim dospélct. Ordinace odrazi silny vliv doby aktivity dospélcti v tomto
vybéru druhti. (viz Obr. 1,3 a4)

Analyza totiZ obsahuje jen zlomek druhové bohatosti fadu Lepidoptera, tudiz sledovani
motyli pravdépodobné nepokryvaji celé spektrum moZnych habitat a hlavné Zivotnich
strategii (naptiklad: rakosiny se specializovanou faunou celedi Noctuidae, makrofytni
vegetace se specializovanymi pidalkami). A pochopitelné by se celé vysledky pozménily
piidanim microlepidotera s fadou minujicich, spfadajicich a jinak potravné adaptovanych

taxona.
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Vliv RCS strategii

Ordinacni analyza potvrdila vztah mezi bionomickymi vlastnostmi motylti a RCS
strategiemi larvalnich Zivnych rostlin i vztah mezi vlastnostmi motyli a RCS
charakteristikami biotopti. To znamena, Ze motyli jsou svym Zivotnim stylem pfizptisobeny
jak zivné rostling, tak i biotopu, ktery obyvaji. Zivné rostliny maji velky vliv na chovani (lesni
druhy 1étaji v noci) a fenologii (Zivotni stadia jsou adaptovana na obranné mechanismy rostlin
- vyplati se Zivit se raSicimi listy stromu na jate, nez se inkorporuji sekundarni latky, viz
Cizek 2005), a také na vyskyt jednotlivych stadii v rostlinnych patrech (vyvoj druhi
uzavieného lesa probihd v koruné ¢i na kmenu stromu). Vazba motyli na jejich zivné rostliny
jakozto primarnich herbivort je silna.

Jednotliva stadia motyll se vSak vyskytuji 1 mimo Zivnou rostlinu: vajicka mohou byt
kladena volné pfimo na zem (jasoit dymnivkovy: Konvicka a Kuras, 1999), housenky se rizné
premist'uji, at’ uz po zemi (ptesuny bourovcikil) ¢i vzduchem (mladé housenky stétconose
trnkového) (Lepidopterologen-Arbeitsgruppe, 2000), kukleni ¢asto probihd daleko od mista
krmeni a dospé€lci az na nelétajici formy vyuZzivaji pro rizné aktivity béhem denniho cyklu
riizna prostiedi. Zivna rostlina dale sama o sobé neni dostate¢ny piedpoklad pro vyskyt
housenky, napt. hnédasek osikovy i bourovec trnkovy uspésné dokoncuji svlij vyvoj pouze na
malo zastinénych rostlinach (Freese et al. 2006, Ruf et al. 2003) Do svych analyz jsem tedy
zaclenila motyli biotopy. Tyto Gdaje odraZi vlastnosti biotopt krajiny, které druhy skutecné
vyuzivaji nezavisle na jejich Zivnych rostlinach.

Korelace RSC statutu zivnych rostlin a biotopii vysvétlila pouze malé procento (15,5%)
celkové variability. Pouziti bionomickych vlastnosti motyll vysvétlilo 48,3% , zatimco
Shreeve et al. (2001) analyzoval 57 dennich motyli pomoci 128 jejich vlastnosti a vysvétlil
37,3% a Garcia-Barros a Benito (2010) ve své praci s 205 dennimi motyli Iberského
poloostrova vysvétlil 39% variability diky vlastnostem motyli a jejich disperzi, severojizni
velikost arealu a jejich primérnou nadmotskou vysku. Do zékladni matice nevstupovaly ani
vSechny atributy (chybély zejména podrobné;jsi etologické udaje o housenkéch a dospélcich,
¢i potravni naroky dospé€lct viz Pavlikova a Konvicka in press a geograficke ¢i altitudinalni

proménné, mobilita dospélcl) a je otdzkou, jakou Cast variability by vysvétlily.

17



Nejvetsi podil variability vysvétlily RCS strategie rostlin, biotopy se podilely pouze
malou frakci (viz Tab. 7). Na druhé strané, RCS strategie zivnych rostlin vysvétlily zhruba
tietinu variability tvofené bionomickymi vlastnostmi motyld. Zivna rostlina je piesné
definovana, zatimco biotop motyla sestava z mnoha plosek krajiny, na kterych se ur¢ity druh
vyskytuje. Problematickym bodem muze byt také druhové spektrum zivnych rostlin. Mnoho
druhti motyli vyuziva jednu az nékolik hlavnich zivnych rostlin, ale je schopno sviij vyvoj
dokon¢it i na jinych druzich. VSechny zivné rostliny odrazi $ifi tolerance druhu na rtizné
chemické a fyzikalni vlastnosti rostliny, kdezto hlavni Zivné rostliny odrazi preferenci
strategiich, nebo jen motyl vyuziva rozdilné druhy, ale se stejnymi strategiemi.

Kromé ptimého méfeni by alternativni cestou pro zjisténi RCS pozice biotopti bylo
ziskat RCS tudaje pro vSechny rostliny, které se v daném biotopu mohou vyskytovat a z nich
udélat vazeny prameér podle abundance. To vSak neni cil pfili§ redlny. Mnou zvoleny postup
zahrnuje a) nejvice Cetné a b) charakteristické rostliny pro dany biotop, tudiz rostliny, o
kterych se da predpokladat, Ze jsou svoji zivotni strategii nejlépe uzpisobeny k riistu na

daném biotopu a tedy Ze nejlépe odrazi jeho vlastnosti.

Bionomické vlastnosti motylu a RCS strategie

Z analyzovanych bionomickych vlastnosti by podle vysledkl prace Dennis et al. (2004) mé&ly
nést informaci o RCS strategiich pfedevsim ty vlastnosti, které jsou spojené s vyvojovym
cyklem motylich druhti (vyvoj a fenologie) a jejich stravou ( pocet a typ Zivné rostliny).
Pomoci redundanc¢ni analyzy se tento predpoklad potvrdil pouze u C strategie, kterd v obou
ptipadech (Zivné rostliny 1 biotop) interagovala s vyskytem jednotlivych stadii v roce 1 typem
zivné rostliny. S R strategiemi se poji spiSe zbarveni dospélych motyli a jejich aktivita béhem
dne. Druhy R stanovist, tedy nelesnich otevienych spoleCenstev 1étaji Casto ve dne. Jejich
jasné ¢i varovné zbarveni tak mize upozornit predatory na jejich jedovatost nebo nechutnost
zpiisobenou ukladdnim a ptetvarenim sekundarnich latek svych Zivnych rostlin (napf.
ptéastevnici: Hartmann et al. 1990, babocky: Rydell et al. 2001). Zbarveni déle hraje roli v
rozpoznavani potencidlnich partneri a namlouvacich ritudlech (Vanewright a Boppre, 1993).
Druhy inklinujici k vyuZivani S biotoptl a rostlin jsou nendpadné jak ve zbarveni tak Zivotnich

projevech. Mimo aktivitu jsou v ukrytech.
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Vyuziti této prace, kromé stanoveni motylich habitatli, zhodnoceni odrazu RCS strategii zivné
rostliny a biotopu na Zivotni strategie motyll a nalezeni bionomickych vlastnosti, které jsou
nejvice s témito strategiemi korelovany spociva v jejim uziti jako predikéniho nastroje.

Za ucelem piedvidani vyvoje Cetnosti a Sifeni motyli vznikla naptiklad prace (Heikkinen et
al. 2010), autofi zde analyzuji mnoho parametri od geografickych, pfes mobilitu a nynéjsi
roz$iteni 100 druhti dennich motyli. Pomoci né€kolika modeli se snazi odhadnout budouci
vyvoj. Zivotni strategie jednotlivych druhtl jsou ale zastoupeny velmi mélo, coZ je mozny
diavod nedostatecného vysvétleni ohrozeni ohrozenych druhti. Napiiklad se ukazuje, ze
Cetnost dospé€lct odrazi kvalitu housenciho habitatu (Turlure et al. 2010). Vyuziti co
nejveétsiho poctu informaci z jednotlivych kategorii (zivotni strategie, mobilita, geografické
udaje) je kli¢ové pro utvoreni kvalitniho predik¢éniho nastroje vyuzitelného pro praktickou

ochranu pfirody.
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4 pismena | 8 pismena skore druhd na ordinaénich osach PCA

zkratka zkratka
Hesperiidae 1l.0sa |2.0sa 3.0sa 4.0sa
Carterocephalus palaemon (Pallas, 1771) |C.pa C.palaem -1,5336| -0,3104 -0,52 0,3774
Thymelicus sylvestris (Poda, 1761) T.sy T.sylves -1,2243 -0,28| -0,2077 1,0611
Thymelicus lineola (Ochsenheimer,
1808) T.li T.lineol -1,0701| -0,3575 0,2529 1,1638
Thymelicus acteon (Rottemburg, 1775) T.ac T.acteon -1,1903| -0,2563| -0,1904 0,9289
Hesperia comma (Linnaeus, 1758) H.co H.comma -0,8638 | -0,3678 0,1246 0,1921
Thymelicus sylvestris (Poda, 1761) 0O.vs O.vsylva -1,4151| -0,4254| -0,2528 0,4611
Erynnis tages (Linnaeus, 1758) E.ta E.tages -1,2996| -0,6993 0,4422 0,275
Pyrgus malvae (Linnaeus, 1758) P.ma P.malvae -1,3815| -0,7423| -0,0566| -0,3935
Papilionidae
Papilio machaon Linnaeus, 1758 P.mc P.machao -1,6273| -0,4733| -1,2459 -0,288
Pieridae
Leptidea sinapis (Linnaeus, 1758) L.si L.sinapi -1,4817| -0,6004| -0,7846 0,1315
Colias croceus (Fourcroy, 1785) C.co C.crocea -1,6494| -0,3187| -0,5099 0,767
Gonepteryx rhamni (Linnaeus, 1758) G.rh G.rhamni -0,5552| -0,3381| -1,5967 0,4745
Pieris brassicae (Linnaeus, 1758) P.br P.brassi -0,5392 1,3448| -1,9353| -0,4697
Pieris rapae (Linnaeus, 1758) P.ra P.rapae -1,5605| -0,3569| -0,9986| -0,0746
Pieris napi (Linnaeus, 1758) P.na P.napi -1,6471| -0,3294| -0,9552 0,0638
Anthocharis cardamines (Linnaeus, 1758) |A.ca A.cardam -1,5007| -0,5952| -0,6445 0,27
Lycaenidae
Callophrys rubi (Linnaeus, 1758) C.ru C.rubi -0,3737 0,3568 0,2742| -1,2095
Thecla betulae (Linnaeus, 1758) T.be T.betula -0,56358 | -0,3002 0,3715 0,9287
Favonius quercus (Linnaeus, 1758) F.qu F.quercu -0,045| -0,5202| -0,1925 0,8022
Satyrium w-album (Knoch, 1782) S.wa S.w-albu -0,2409 -0,211| -0,4376 1,7654
Satyrium pruni (Linnaeus, 1758) S.pr S.pruni -0,3974 0,387 | -1,2565 1,3632
Lycaena phlaeas (Linnaeus, 1761) L.ph L.phlaea -1,3089 0,1794 0,0538 0,3368
Lycaena dispar (Haworth, 1802) Ly.d Ly.dispa -1,1117 0,1756| -0,5215 0,149
Cupido minimus (Fuessly, 1775) C.mi C.minimu -1,3089| -0,4339| -0,2881| -0,6849
Plebejus argus (Linnaeus, 1758) P.ar P.argus -1,054 0,5402 0,067| -0,6237
Aricia agestis (Denis & Schiffermiiller,
1775) A.ag A.agesti -1,4212| -0,4852| -0,3713| -0,4492
Aricia artaxerxes (Fabricius, 1793) A.ar A.artaxe -1,2946 0,0401| -0,6334| -0,3836
Polyommatus icarus (Rottemburg, 1775) P.ic P.icarus -1,0185| -0,0961 0,2047| -0,1047
Polyommatus coridon (Poda, 1761) P.co P.corido -0,8366 | -0,0364 0,8998 0,5408
Polyommatus bellargus (Rottemburg,
1775) P.be P.bellar -1,0811| -0,2789| -0,7077| -0,8099
Celastrina argiolus (Linnaeus, 1758) C.ag C.argiol -0,4038| -0,5094 -0,304| -0,7432
Phengaris arion (Linnaeus, 1758) M.ar M.arion -1,2857 -0,346 0,4758| -0,5986
Hamearis lucina (Linnaeus, 1758) H.lu H.lucina -0,9686| -0,6914 0,291 0,223
Nymphalidae
Limenitis camilla (Linnaeus, 1764) L.ca L.camill -0,7503 0,0953 -0,354 1,0022
Apatura iris (Linnaeus, 1758) A.ir A.iris -0,5135| -0,3333 -1,055 1,1042
Vanessa atalanta (Linnaeus, 1758) V.at V.atalan -0,8844| -0,0943| -0,4316 0,0428
Vanessa cardui (Linnaeus, 1758) V.ca V.cardui -0,8344 0,4723| -1,1094 0,5651
Aglais urticae (Linnaeus, 1758) A.ur A.urtica -0,2819 1,6673| -2,2359| -1,3775
Nymphalis polychloros (Linnaeus, 1758) N.po N.polych 1,0274 1,6003| -2,1357| -0,1792
Inachis io (Linnaeus, 1758) l.io l.io -0,2389 1,6635| -2,3498| -1,4094
Polygonia c-album (Linnaeus, 1758) P.ca P.c-albu -0,8078 0,547 -1,7711 0,1278
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Boloria selene (Denis & Schiffermdiller,

1775) B.se B.selene -1,0027 0,6453| -0,3339| -0,4229
Boloria euphrosyne (Linnaeus, 1758) B.eu B.euphro -1,0465 0,5356| -0,3297| -0,4348
Argynnis adippe (Denis & Schiffermdiller,

1775) A.ad A.adippe -0,9547 0,7309| -0,3609 0,5674
Argynnis aglaja (Linnaeus, 1758) A.al A.aglaja -0,9785 0,6863 -0,295 0,3264
Argynnis paphia (Linnaeus, 1758) A.pa A.paphia -0,985 0,7231| -0,3375 0,252
Euphydryas aurinia (Rottemburg, 1775) E.au E.aurini -0,4186 1,7375| -2,2027| -0,2931
Melitaea cinxia (Linnaeus, 1758) M.ci M.cinxi -0,3811 1,8337| -1,6095| -0,6775
Melitaea athalia (Rottemburg, 1775) M.at M.athali -0,3654 1,6426| -1,5647| -1,3075
Pararge aegeria (Linnaeus, 1758) P.ae P.aegeri -1,625| -0,4076| -0,2807 0,3706
Lasiommata megera (Linnaeus, 1767) L.me L.megera -1,5049| -0,6056 0,1732 0,6277
Erebia epiphron (Knoch, 1783) E.ep E.epiphr -1,3743 0,0604 0,0392 1,1351
Erebia aethiops (Esper, 1777) E.ae E.aethio -1,5339 -0,431 0,451 0,9516
Melanargia galathea (Linnaeus, 1758) M.ga M.galath -1,4469| -0,4562 0,4143 0,8683
Hipparchia semele (Linnaeus, 1758) H.se H.semele -1,3666 | -0,4293 0,8584 0,2247
Pyronia tithonus (Linnaeus, 1767) P.ti P.tithon -1,5405| -0,2939 0,2933 1,1303
Maniola jurtina (Linnaeus, 1758) M.ju M.jurtin -1,5757| -0,2356 -0,026 0,6695
Aphantopus hyperantus (Linnaeus, 1758) | A.hy A.hypera -1,5655| -0,3343 0,3062 1,1654
Coenonympha pamphilus (Linnaeus,

1758) C.pa C.pamphi -1,616| -0,1573| -0,1518 -0,53
Coenonympha tullia (Miller, 1764) C.tu C.tullia -1,7689| -0,1079| -0,6101 0,5941
Lasiocampidae

Poecilocampa populi (Linnaeus, 1758) P.po P.populi 1,0804 0,1238 1,1267 0,5892
Trichiura crataegi (Linnaeus, 1758) T.cr T.cratae 2,0853 1,2439| -0,8797 1,0409
Eriogaster lanestris (Linnaeus, 1758) E.la E.lanest 2,4221 0,7913 -0,431 0,1999
Malacosoma neustria (Linnaeus, 1758) M.ne M.neustr 2,0416 1,5424| -0,9677 1,325
Malacosoma castrense (Linnaeus, 1758) M.ca M.castre 0,4701 1,8755| -0,7835| -0,2987
Lasiocampa trifolii (Den. & Schiff., 1775) L.tr L.trifol 0,0111 1,436 0,5637 0,496
Lasiocampa quercus (Linnaeus, 1758) L.qu L.quercu 0,5308 1,0185 0,9737| -0,3353
Macrothylacia rubi (Linnaeus, 1758) M.ru M.rubi 0,7756 1,6952 -0,214| -1,1012
Euthrix patatoria (Linnaeus, 1758) E.po E.potato -0,107 1,0471| -0,2792 0,8628
Phyllodesma ilicifolium (Linnaeus, 1758) P.il P.ilicif 0,5712 0,4925| -0,4492 1,1429
Gastropacha quercifolia (Linnaeus, 1758) | G.qu G.querci 1,0013| -0,0809 1,2643 1,1637
Endromidae

Endromis versicolora (Linnaeus, 1758) E.ve E.versic 1,21| -0,5336 0,0276| -1,1864
Saturniidae

Saturnia pavonia (Linnaeus, 1758) S.pa S.pav.a 0,4428 0,9687| -1,0785| -0,6787
Sphingidae

Sphinx ligustri Linnaeus, 1758 S.i S.ligust 0,1253| -0,7779| -0,3396| -1,5265
Sphinx pinastri Linnaeus, 1758 S.pi S.pinast 0,348 -1,5393| -0,0548| -0,4604
Mimas tiliae (Linnaeus, 1758) M.ti M. tiliae 0,5546| -1,1946 0,995| -0,5532
Smerinthus ocellatus (Linnaeus, 1758) S.oc S.ocella 0,2023| -1,2438 0,1504| -1,3096
Laothoe populi (Linnaeus, 1758) L.po L.populi 0,2703| -1,4606 0,0107| -1,2525
Hemaris tityus (Linnaeus, 1758) H.ti H.tityus -0,811| -0,9043| -0,2924| -1,8317
Hemaris fuciformis (Linnaeus, 1758) H.fu H.fucifo -0,9326| -1,2135 0,1904| -0,8479
Macroglossum stellatarum (Linnaeus,

1758) M.st M.stella -1,1217| -0,2572 -0,4986 | -0,7477
Hyles gallii (Rottemburg, 1775) H.ga H.galii -0,1021| -0,1906 1,0426| -1,4153
Hyles livornica (Esper, 1780) H.li H.livorn -0,0893 0,5597| -0,2117| -1,8604
Deilephila elpenor (Linnaeus, 1758) D.el D.elpeno -0,0435| -0,4841 0,7825| -2,0633
Deilephila porcellus (Linnaeus, 1758) D.po D.porcel -0,4085| -0,7222 1,4371| -1,6322
Hippotion celerio (Linnaeus, 1758) H.ce H.celeri -0,3595| -0,3097 1545| -1,0168
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Drepanidae

Cilix glaucatus (Scopoli, 1763) C.gl C.glauca 0,173| -1,5829 0,3092 0,6273
Falcaria lacertinaria (Linnaeus, 1758) F.la F.lacert 0,6662| -1,5965 0,2835 0,7006
Drepana falcataria (Linnaeus, 1758) D.fa D.falcat 1,1143| -1,4863| -0,4208 1,1686
Sabra harpagula (Esper, 1786) S.ha S.harpag 0,9867| -1,3759 0,0202 0,2381
Watsonalla binaria (Hufnagel, 1766) W.bi W.binari 1,5706| -1,3116| -0,2927 1,3679
Watsonalla cultraria (Fabricius, 1775) W.cu W.cultra 1,2303 -1,189| -0,5492 1,5144
Thyatira batis (Linnaeus, 1758) T.ba T.batis 0,27| -0,7936 0,1254 0,3797
Habrosyne pyritoides (Hufnagel, 1766) H.py H.pyrito 0,4566 | -0,8426 0,432 1,4409
Tethea ocularis (Linnaeus, 1767) T.oC T.ocular 1,2391| -1,7236 0,1326 1,0408
Tethea or (Den. & Schiff., 1775) T.or T.or 0,6194| -1,6833 0,2162 0,8186
Tetheella fluctuosa (Hubner, 1803) T.fl T.fluctu 0,4352| -1,4959 0,3863 0,6237
Ochropacha duplaris (Linnaeus, 1761) O.du O.duplar 0,7734| -1,3364 1,063| -0,0618
Cymatophorina diluta (Den. & Schiff., 1775) | C.di C.diluta 0,581 | -1,1322 0,1857 1,9293
Achlya flavicornis (Linnaeus, 1758) Afl Ach.flav 0,6005 -1,61 0,211 0,8712
Polyploca ridens (Fabricius, 1787) P.ri P.ridens 0,4963| -1,7341 0,2038 0,6639
Notodontidae

Clostera curtula (Linnaeus, 1758) C.cu C.curtul 1,1092| -0,8261| -0,0161| -0,4839
Clostera anachoreta (Den. & Schiff., 1775) | C.ar C.anacho 0,8417| -0,8677| -0,0325 0,2704
Clostera pigra (Hufnagel, 1766) C.pi C.pigra 0,684 -0,859| -0,4966 0,0818
Cerura vinula (Linnaeus, 1758) C.vi C.vinula 0,8732| -0,7051| -1,1469| -0,0742
Furcula bicuspis (Borkhausen, 1790) F.bc F.bicusp 0,9652| -1,1943| -0,7235 0,7653
Furcula furcula (Clerck, 1759) F.fu F.furcul 0,8359| -1,6136| -0,4046 1,0484
Furcula bifida (Brahm, 1787) F.bf F.bifida 1,292 | -0,9627 -1,282 0,1045
Notodonta dromedarius (Linnaeus, 1767) N.dr N.dromed 1,0132 -1,634| -0,5041 -1,471
Notodonta ziczac (Linnaeus, 1758) N.zi N.ziczac 1,4804| -1,3689| -0,6437| -0,6697
Drymonia dodonaea (Den. & Schiff., 1775) | D.do D.dodona 1,0206| -1,0995| -0,7793| -1,5586
Drymonia ruficornis (Hufnagel, 1766) D.ru D.rufico 1,1403| -1,0847| -0,8156| -1,3298
Pheosia gnoma (Fabricius, 1776) P.gn P.gnoma 1,301| -1,1134| -0,3872 0,0484
Pheosia tremula (Clerck, 1759) P.tr P.tremu 0,9771| -0,9366| -0,7054| -1,4982
Pterostoma palpinum (Clerck, 1759) P.pa P.palpin 0,9596 -1,125| -0,8407| -1,6966
Ptilophora plumigera (Den. & Schiff., 1775) | P.pu P.plumig 0,3919| -1,1294| -0,0431 0,5283
Leucodonta bicoloria (Den. & Schiff., 1775) | L.bi L.bicolo 0,7154| -1,2981 0,0859| -0,0298
Ptilodon capucina (Linnaeus, 1758) P.cp P.capuci 1,2776| -0,3665 0,3378 -1,411
Ptilodon cucullina (Den. & Schiff., 1775) P.cu P.cucull 1,1162| -1,4915| -0,5015| -1,0248
Odontosia carmelita (Esper, 1798) O.ca O.carmel 1,0751 -1,286| -0,4667| -0,8621
Phalera bucephala (Linnaeus, 1758) P.ba P.buc.la 1,9221 0,6271| -1,0685| -2,2008
Peridea anceps (Goeze, 1781) P.an P.anceps 0,9864| -1,4259| -0,3904| -1,3927
Stauropus fagi (Linnaeus, 1758) S.fa S.fagi 0,9029 -1,316 0,6291| -0,2916
Diloba caeruleocephala (Linnaeus, 1758) |D.ce D.caerul 1,1667| -0,6752| -0,6241 0,4723
Lymantriidae

Orgyia recens (Hubner, 1819) O.re O.recens 1,7557 1,8204| -1,6721 3,7998
Orgyia antiqua (Linnaeus, 1758) O.aa O.antiqu 0,695 2,2905| -15134 3,4188
Dicallomera fascelina (Linnaeus, 1758) D.fc D.fascel 1,6777 1,0101 0,3862 0,3328
Calliteara pudibunda (Linnaeus, 1758) C.pu C.pudibu 1,152 0,4783| -0,1017| -0,8315
Euproctis chrysorrhoea (Linnaeus, 1758) E.ch E.chryso 2,0059 1,4398 -0,586 1,1407
Euproctis similis (Fuessly, 1775) E.si E.simili 1,3424 1,1336 0,2439 1,2275
Laelia coenosa (Hubner, 1808) L.co L.coenos -0,6449 0,87 0,1017 0,5218
Leucoma salicis (Linnaeus, 1758) L.sa L.salici 1,8434 0,9585| -1,3052 0,2841
Arctornis I-nigrum (Muller, 1764) A.n A.l-nigr 0,9366 0,5272 0,7763 0,3997
Lymantria monacha (Linnaeus, 1758) L.mo L.monach 0,8012 0,5344 0,4748 0,8912
Lymantria dispar (Linnaeus, 1758) L.di L.dispar 0,6217 0,4992| -0,8129 2,0421
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Arctiidae

Thumatha senex (Hibner, 1808) T.se T.senex 0,0825 1,0608 2,0085 1,6234
Nudaria mundana (Linnaeus, 1761) N.mu N.mundan -0,0943 1,1503 1,7263| -0,4667
Miltochrista miniata (Forster, 1771) M. mi M.miniat 0,0136 1,048 1,8449 0,1314
Cybosia mesomella (Linnaeus, 1758) C.me C.mesome | -0,1108 0,973 1,8388 0,1617
Pelosia muscerda (Hufnagel, 1766) P.mu P.muscer 0,0128 1,4825 1,4798| -0,3198
Pelosia obtusa (Her.-Sch., 1852) P.ob P.obtusa 0,1313 0,9118 2,5442| -0,2018
Atolmis rubricollis (Linnaeus, 1758) A.rb A.rubric -0,0768 0,7903 1,5735| -0,7912
Eilema sororculum (Hufnagel, 1766) Ei.s Ei.soror 0,5405 0,9028 1,3664 | -0,2733
Eilema griseolum (Hibner, 1803) Ei.g Ei.grise 0,3494 0,7239 2,6189 0,2097
Eilema pygmaeolum (Doubleday, 1847) Ei.a Ei.pygma -0,0448 0,9566 2,2512| -0,1136
Eilema complanum (Linnaeus, 1758) Ei.p Ei.compl 0,0292 1,3392 1,6339| -0,4426
Eilema lurideolum (Zincken, 1817) Ei.l Ei.lurid 0,1083 0,7951 2,5338| -0,0349
Eilema depressum (Esper, 1787) Ei.d Ei.depre 0,3478 1,3865 1,449 0,1347
Eilema caniola (Hibner, 1808) Ei.c E.caniol 0,1814 0,4377 2,2806| -0,2416
Lithosia quadra (Linnaeus, 1758) L.qd L.quadra 1,0706 0,6116 1,4332 0,0252
Setina irrorella (Linnaeus, 1758) S.ir S.irrore -0,5544 0,8623 2,0045 0,7211
Setina roscida (Den. & Schiff., 1775) C.cr C.cribra 0,1946 1,0565 1,4791| -0,1049
Parasemia plantaginis (Linnaeus, 1758) P.pl P.planta 0,4917 1,8447| -0,2728| -1,5377
Spilosoma lubricipeda (Linnaeus, 1758) S.lu S.lubric 0,8426 0,9752| -0,0967| -1,0602
Spilosoma luteum (Hufnagel, 1766) S.t S.luteum 0,2148 0,1361 1,7083| -0,8585
Spilosoma urticae (Esper, 1789) S.ur S.urtica -0,1518 0,3567 1,4933| -0,2488
Diaphora mendica (Clerck, 1759) D.me D.mendic 0,2238 0,4788 0,2465| -0,7215
Phragmatobia fuliginosa (Linnaeus, 1758) | P.fu P.fuligi -0,0425 0,9421 0,6247 | -0,7241
Arctia caja (Linnaeus, 1758) A.cj A.caja 0,6496 1,5591 0,4953| -1,0567
Arctia villica (Linnaeus, 1758) A.vi A.villic 0,2638 0,88 0,8847| -1,3324
Diacrisia sannio (Linnaeus, 1758) D.sa D.sannio -0,1786 0,3414 1,2455 0,5158
Euplagia quadripunctaria (Poda, 1761) E.qu E.quadri -0,1009 1,1141 1,2354| -0,3675
Callimorpha dominula (Linnaeus, 1758) C.do C.dominu -0,0471 1,8312 -0,57| -1,6098
Tyria jacobaeae (Linnaeus, 1758) T.ja T.jacoba -0,4005 0,8346| -2,0054| -2,1282

Tab 1: Vycet druht pouzitych v praci, jejich zkratek a pozic na PCA ordina¢nich osach.
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uzité vahy pro pouzité

bionomicka vilastnost stavy zkratka prispévek os k vysvétlené variabilité: osy
znaku
1. 0sa 2.0sa 3.0sa 4.0sa 1. 0sa 2.0sa
Misto pfezimovani pod zemi WSsiBUR 234 14.1 6.8 4.0 0.6 0.4
povrch zemé WSsiSUR
v lijané WsiLIAN
v nizkém porostu WsiSHO
ve vysokém porostu WSsIiTALL
na kefi WSsiSHR
na stromé WSsIiTREE
ve stoceném listu WSsILEAF
Vyvoj vicelety GENbien 32.9 18.5 3.3 1.2 0.6 0.4
jednogeneracni GENuniv
jednogeneracni s ob€asnou druhou generaci GENuni+
dvougeneraéni GENbivo
vicegeneraéni GENmulti
Umisténi kukel pod zemi PloBUR 22.9 17.0 8.4 3.5 0.6 0.4
povrch zemé PloSUR
bylinné patro PloFIE
v kefi PloSHRU
kmen stromu PloTREE
koruna stromu PloCANO
ve stoéeném listu PloLEAF
u hostiteld (mravenci) PIoATTE
Pocet Zivnych rostlin monofég (1 rostlinna &eled) HPraMONO 50.0 33.3
oligofag (2 ¢&i 3 rostlinné Celedi) HPraOLIG
polyfag HPraPOLY
Typ Zivné rostliny jednoleta rstliny HPspANN 34.6 12.0 51 3.6
dvouoletd rostlina HPspBIE
ljana HPspLIAN
vytrvala bylina HPspSHO
vytrvala drevina HPspLON
nizka bylina/travina HPspSMAL
vysoka travina/rostlina HPspTALL
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kef HPspSHRU
strom HPspTREE
liSejnik/mech... HPspNONP
Stanovi$té housenek pod zemi LenvBURI 26.6 16.7 8.7 4.4 0.6 0.4
povrch zemé LenvGROU
bylinné patro LenvFIEL
kef LenvSHRU
kmen stromu LenvTREE
koruna stromu LenvCANO
ve stoCeném listu LenvLEAF
u hostitelll (mravenci) LenvATTE
Zbarveni housenek kryptické LcolCRYP
Doba aktivity housenek |den LactivDA 100.0
noc LactiNI
Slunéni housenek housenky se sluni LsbthYES
Gregariéznost housenek | housenky gregariézni (alespori do 3. instaru) Ltogethe
Pokryti povrchu
housenek housenky hodné chlupaté LhairyYES
Typ a velikost snGsky vaji¢ka kladena jednotlivé ElorgSING 46.0 18.6 15 0.5 0.7
vajicka kladena v malych snGskach (do 10
kusl) ElorgSMAL
vaji¢ka kladena ve velkych shlucich ElorgLARG
vaji¢ka kladena ve tvaru Fetizku ElorgRIC
vaji¢ka kladena ve tvaru zrcatko ElorgLIN
vaji¢ka kladena ve tvaru kombinace ElorgCOM
Umisténi vajicka na povrchu zemé ElocEART 27.7 15.1 8.9 3.7 0.6 0.4
v nizkém porostu ElocSHOR
ve vysokém porostu ElocTALL
na lijané ElocLIANO
na kefi ElocSHRU
na kmeni ElocTRUN
v koruné ElocCANO
Zbarveni vajicka bilé EcolWHIT 21.3 16.3 10.0 3.6 0.6 0.4
Zluté EcolYELL
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hnédé EcolBROW
Cervené EcolRED
cerné EcolBLAC
Sedé EcolGREY
zelené EcolGREE
se skvrnami EcolPUNC
Pokryti povrchu snGsky | snaska pokryta chloupky EhairYES
Pfitomnost k¥idel u
samic samicCky bezkfidlé AFwingNO
Denni aktivita dospélct | rozbfesk dawn 52.9 10.1 4.6 1.4
dopoledne morning
poledne mid-day
odpoledne afternoon
sooumrak dusk
noc night
Zbarveni dospélcu kryptické AcolCryp 0.25
kryptické se skrytymi vystraznymi prvky AcolHcry 0.25
jasné zbarveni (bilé..) AcolBri 0.25
varovné AcolWar 0.25
Fenologie dospélci 1étaji v lednu Aflyl 27.7 12.4 4.9 2.9 0.7 0.3
dospélci létaji v inoru Afly2
dospélci létaji v bfeznu Afly3
dospélci létaji v dubnu Afly4
dospélci 1étaji v kvétnu Afly5
dospélci létaji v Eervnu Afly6
dospélci létaji v Eervenci Afly7
dospélci Iétaji v srpnu Afly8
dospélci létaji v zafi Afly9
dospélci létaji v Fijnu Afly10
dospélci létaji v listopadu Aflyll
dospélci létaji v prosinci Afly12
vajiCka se vyskytuji v lednu Eperl
vaji¢ka se vyskytuji v Unoru Eper2
vaji¢ka se vyskytuji v bfeznu Eper3
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vajitka se vyskytuji v dubnu Eper4
vajiCka se vyskytuji v kvétnu Eper5
vajiCka se vyskytuji v Eervnu Eper6
vajitka se vyskytuji v Cervenci Eper7
vajitka se vyskytuji v srpnu Eper8
vajiCka se vyskytuji v zafi Eper9
vajiCka se vyskytuji v Fijnu Eperl0
vajiCka se vyskytuji v listopadu Eperll
vajitka se vyskytuji v prosinci Eperl2
housenky se vyskytuji v lednu Lperl
housenky se vyskytuji v inoru Lper2
housenky se vyskytuji v bfeznu Lper3
housenky se vyskytuji v dubnu Lperd
housenky se vyskytuji v kvétnu Lper5
housenky se vyskytuji v Cervnu Lper6
housenky se vyskytuji v Eervenci Lper7
housenky se vyskytuji v srpnu Lper8
housenky se vyskytuji v zafi Lper9
housenky se vyskytuiji v fijnu Lperl0
housenky se vyskytuji v listopadu Lperll
housenky se vyskytuji v prosinci Lperl2
kukly se vyskytuji v lednu Pperl
kukly se vyskytuji v unoru Pper2
kukly se vyskytuji v bfeznu Pper3
kukly se vyskytuji v dubnu Pper4
kukly se vyskytuji v kvétnu Pper5
kukly se vyskytuji v Eervnu Pper6
kukly se vyskytuji v Eervenci Pper7
kukly se vyskytuji v srpnu Pper8
kukly se vyskytuji v zafi Pper9
kukly se vyskytuji v fijnu Pper10
kukly se vyskytuji v listopadu Pperll
kukly se vyskytuji v prosinci Pperl2

Tab 2: Vycet charakteristik, jejich hodnoty DCA os a vah uzitych v ordinaci.
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bionomicka vlastnost

vyznam osy od kladné osy k zaporné

Misto pfezimovani 1

zimu pre€kavaji v zemi €i na jejim povrchu x na zivné rostliné

Misto pfezimovani 2

zimu pre€kavaji na stromech a kefich x v bylinném patfe a v zemi

Vyvoj 1

maji jednu generaci za rok x vice generaci do roka

Vyvoj 2

druhy s del§im vyvojovym cyklem x druhy s rychlym vyvojovym cyklem

Umisténi kukel 1

kukli se na stromech x skryté (v zemi, mravenistich)

Umisténi kukel 2

druhy kuklici se v kefovém a stromovém patfe x v patfe bylinném

Pocet Zivnych rostlin

polyfagni druhy x monofagni

Typ Zivné rostliny

zivna rostlina je dlouhovéka stromové &i kefové formy x rostliny jsou kratkovéké

Stanovisté housenek 1

housenky se vyskytuji ve stromovém patfe x v patie bylinném

Stanovisté housenek 2

housenky mezi Zirem opoustéji Zivnourostlinu x druhy zdstavaji na rostliné

Zbarveni housenek

druhy kryptické x vystrazné

Doba aktivity housenek

housenky s no€ni aktivitou x denni

Slunéni housenek

housenky se sluni x neslunici se

Gregariéznost housenek

housenky jsou gregarické x samostatné

Pokryti povrchu housenek

housenky jsou bohaté ochlupené x holé

Typ a velikost snGsky 1

jednotlivé snusky jsou velké x samicka klade po jednom vaji¢ku

Typ a velikost sntsky 2

vajicka jednotlivé x ve vétSich snaskach

Umisténi vajicka 1

snuska je umisténa ve stromovém patfe x v bylinném patfe

Umisténi vajicka 2

snl8ka je mimo misto budouciho Ziru (kmen, povrch pady)x vajiSka kladena pfimo na rostlinu

Zbarveni vajitka 1

vajiCka spiSe svétla x vajicka tmava

Zbarveni vajicka 2

vajiCka zbarvena v Cernobilé Skale x vajicka barevni (Zluta, hnéda, zelena)

Pokryti povrchu snGsky

sniSka maskovana chloupky ze sami¢iho zade€ku x nemaskovana

Pritomnost kridel u samic

dospélé samice nemaji funkéni kFidla x letuschopné samice

Denni aktivita dospélcu

dospélci 1étaji za Zadného &i nizkého osvitu x za plného dne

Zbarveni dospélcl: kryptické dospélci jsou zbarveni krypticky

Zbarveni dospélcl: vystrazné

prvky dospélci na sobé maji vystrazné prvky, normalné prekryté kryptickym zbarvenim

Zbarveni dospélcU: jasné dospélci jsou jasné zbarveni

Zbarveni dospélcu: varovné dospélci jsou varovné zbarveni

Fenologie 1 pfezimuji jako kukli, dospélci jsou na jafe x pfezimuji jako vaji¢ka, dospélci jsou na pfelomu jara a léta

Fenologie 2 pfezimuji jako housenky, dospélci jsou na pfelomu jara a Iéta x pfezimuji jako dospélci, tudiZ jsou jiZz brzy na jafe

Tab. 3: Vyznam jednotlivych DCA os bionomickych vlastnosti, pouzitych k analyzam.
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Zivné rostliny

Motyli biotopy

pocet rostlin uzitych pfi
R C S vypocétu R C S

Carterocephalus palaemon (Pallas, 1771) 1 3 3 1 2.17 |2.277333|3.301333
Thymelicus sylvestris (Poda, 1761) 2 3 3 3 2.566154 | 3.116923 | 2.153846
Thymelicus lineola (Ochsenheimer, 1808) 2 4 2 2 2.578 3.113 2.0685
Thymelicus acteon (Rottemburg, 1775) 1 3 3 1 2.715 2.705 2.5875
Hesperia comma (Linnaeus, 1758) 1 1 5 1 2.22 2.33 3.22
Thymelicus sylvestris (Poda, 1761) 2 4 2 1 2.596667 | 3.02381 |2.210952
Erynnis tages (Linnaeus, 1758) 2 2 4 1 2.626667 | 2.636667 | 2.816667
Pyrgus malvae (Linnaeus, 1758) 2.75 2.75 2.75 4 2.4875 2.7125 2.8925
Papilio machaon Linnaeus, 1758 2.5 3 2 2 2.035 3.75 1.57
Leptidea sinapis (Linnaeus, 1758) 25 25 3.5 2 2.582857 | 2.968571 | 2.501429
Colias croceus (Fourcroy, 1785) 2.33 3 3 3 2.568 2.792 2.714
Gonepteryx rhamni (Linnaeus, 1758) 0 0 0 0 2.195714|3.104286 | 2.394286
Pieris brassicae (Linnaeus, 1758) 0 0 0 0 2.883333 | 2.881667 1.76
Pieris rapae (Linnaeus, 1758) 3 3 1 1 2.425 3.265 1.715
Pieris napi (Linnaeus, 1758) 3.67 2.33 1.33 3 2.229412|2.996471 | 2.336765
Anthocharis cardamines (Linnaeus, 1758) 3.5 25 15 2 2.3624 | 3.1392 | 2.1348
Callophrys rubi (Linnaeus, 1758) 1.2 2.4 3.6 5 1.608571 | 2.664286 | 3.081429
Thecla betulae (Linnaeus, 1758) 1 3 3 1 1.942857 | 3.255714 | 2.157143
Favonius quercus (Linnaeus, 1758) 1 3 3 2 1.871429|3.208571 | 2.427143
Satyrium w-album (Knoch, 1782) 1 5 1 1 1.763333| 3.32 25
Satyrium pruni (Linnaeus, 1758) 1 3 3 1 1.715 3.41 2.465
Lycaena phlaeas (Linnaeus, 1761) 3 2.5 3 2 2.624737|2.838421 | 2.424211
Lycaena dispar (Haworth, 1802) 2 4 1 1 2.57 3 2.14
Cupido minimus (Fuessly, 1775) 2 1 4 1 2.22 2.33 3.22
Plebejus argus (Linnaeus, 1758) 1.17 2.17 3.83 6 1.86875 | 2.4475 3.395
Avricia agestis (Denis & Schiffermdller, 1775) 2.67 1 3.33 3 2.580833 | 2.896667 | 2.433333
Avricia artaxerxes (Fabricius, 1793) 1 1 5 1 2.566667 | 2.605 2.965
Polyommatus icarus (Rottemburg, 1775) 2.71 2.29 2.86 6 2.128824 | 2.512941 | 3.127059
Polyommatus coridon (Poda, 1761) 0 0 0 0 2.22 2.33 3.22
Polyommatus bellargus (Rottemburg, 1775) 0 0 0 0 2.22 2.33 3.22
Celastrina argiolus (Linnaeus, 1758) 1 3 3 4 2.13 3.05 2.361429
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Phengaris arion (Linnaeus, 1758) 0 0 0 0 2.483333 2.74 2.813333
Hamearis lucina (Linnaeus, 1758) 2 2 4 2 2.378 2.688 2.854
Limenitis camilla (Linnaeus, 1764) 0 0 0 0 1.9775 3.125 2.6225
Apatura iris (Linnaeus, 1758) 1 5 1 1 1.9775 3.125 2.6225
Vanessa atalanta (Linnaeus, 1758) 3.5 25 2 2 2.575 3.2225 |1.760833
Vanessa cardui (Linnaeus, 1758) 2.33 3.67 1 3 2.698 |3.030667 |1.845333
Aglais urticae (Linnaeus, 1758) 4 2 1 1 2.476667 3.32 1.767333
Nymphalis polychloros (Linnaeus, 1758) 1 4.25 1.75 6 1.676667 | 3.143333 2.5
Inachis io (Linnaeus, 1758) 0 0 0 0 2.546429|3.235714 | 1.822143
Polygonia c-album (Linnaeus, 1758) 1 5 1 6 2.473077]3.301538 | 1.721538
Boloria selene (Denis & Schiffermilller, 1775) 1 4.5 1.5 2 2.078571 2.59 3.042381
Boloria euphrosyne (Linnaeus, 1758) 1.5 1.5 4.5 2 2.261667 | 2.615556 | 2.941667
Argynnis adippe (Denis & Schiffermdller, 1775) 15 15 4.5 2 1.871429|2.755714| 3.05
Argynnis aglaja (Linnaeus, 1758) 2 2 4 3 2.205909 | 2.608182 | 2.973182
Argynnis paphia (Linnaeus, 1758) 1.33 1.33 4.67 2 1.928 3.318 2.376
Euphydryas aurinia (Rottemburg, 1775) 2 2 4 2 2.393636 | 2.600909 | 2.882727
Melitaea cinxia (Linnaeus, 1758) 2 2 4 2 2.733333| 2.865 2.54
Melitaea athalia (Rottemburg, 1775) 3.5 25 25 4 2.695 3.1525 1.985
Pararge aegeria (Linnaeus, 1758) 3 25 2.75 3 2.05 3.054 2.527
Lasiommata megera (Linnaeus, 1767) 2 3 3 6 2.273333 | 2.635556 | 2.998889
Erebia epiphron (Knoch, 1783) 2.4 3 2.6 1 1.86625 |2.249375| 3.4075
Erebia aethiops (Esper, 1777) 1 1 5 2 1.951 2.3955 3.3165
Melanargia galathea (Linnaeus, 1758) 1 2 4 2 2.579091| 3.04 |2.338182
Hipparchia semele (Linnaeus, 1758) 2 2 4 4 2.3 2.64 | 2.956667
Pyronia tithonus (Linnaeus, 1767) 2.33 1.67 3.67 5 2.532 2.9945 2.3475
Maniola jurtina (Linnaeus, 1758) 2.6 2.6 3.4 3 2.379615 | 2.924231 | 2.486923
Aphantopus hyperantus (Linnaeus, 1758) 3 3 2.33 1 2.563333 | 3.000556 | 2.295556
Coenonympha pamphilus (Linnaeus, 1758) 2 3 3 3 2.182222|2.433333 | 3.177222
Coenonympha tullia (Miiller, 1764) 3 1.67 3 1 1.855652 | 2.322609 | 3.334348
Poecilocampa populi (Linnaeus, 1758) 1 3 3 7 2.16875 | 3.1975 2.26
Trichiura crataegi (Linnaeus, 1758) 1 3.43 2.57 6 1.771 3.132 2.595
Eriogaster lanestris (Linnaeus, 1758) 1 3.33 2.67 2 2.097273|3.254545 | 2.152727
Malacosoma neustria (Linnaeus, 1758) 1 3 3 5 2.097273 | 3.254545 | 2.152727
Malacosoma castrense (Linnaeus, 1758) 1 3.2 2.8 3 na na na
Lasiocampa trifolii (Den. & Schiff., 1775) 1.83 2.67 3.17 6 2.644 2.866 2.514
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Lasiocampa quercus (Linnaeus, 1758) 1 3 3 10 2.002 2.606 3.02
Macrothylacia rubi (Linnaeus, 1758) 1.57 2.43 3 7 1.737917 | 2.397917 3.42
Euthrix patatoria (Linnaeus, 1758) 1.5 4.5 1.5 2 2.43 3.401818|1.632727
Phyllodesma ilicifolium (Linnaeus, 1758) 1 3 3 1 1.606 2.356 3.52
Gastropacha guercifolia (Linnaeus, 1758) 1 3 3 2 2.343333|3.128333 | 2.026667
Endromis versicolora (Linnaeus, 1758) 1 3.67 2.33 3 1.586 2.79 3.092
Saturnia pavonia (Linnaeus, 1758) 1 3.17 2.83 6 1.954167 | 2.486667 | 3.231667
Sphinx ligustri Linnaeus, 1758 1 4 2 2 2.044286 | 3.097143 | 2.498571
Sphinx pinastri Linnaeus, 1758 0 0 0 0 1.345 2.555 3.4475
Mimas tiliae (Linnaeus, 1758) 1 3.89 2.11 9 2.028 3.094 2.512
Smerinthus ocellatus (Linnaeus, 1758) 1 5 1 1 1.8 3.0425 2.83
Laothoe populi (Linnaeus, 1758) 1 4.33 1.67 3 2.09 2.984 2.664
Hemaris tityus (Linnaeus, 1758) 2 2 4 2 2.34 [2.798333|2.633333
Hemaris fuciformis (Linnaeus, 1758) 2 2.4 3.4 5 15 3.165 2.78
Macroglossum stellatarum (Linnaeus, 1758) 2 2.25 3.5 4 2.6675 2.7775 2.67
Hyles gallii (Rottemburg, 1775) 2 2.33 3.5 6 2.6575 2.59 2.9875
Hyles livornica (Esper, 1780) 2.29 2.43 3.29 7 2.776 2.622 2.79
Deilephila elpenor (Linnaeus, 1758) 2 2.33 3.33 6 2.605 2.59 2.9825
Deilephila porcellus (Linnaeus, 1758) 2.13 25 3 8 2.39 2.275 3.275
Hippotion celerio (Linnaeus, 1758) 1.86 2.71 3.14 7 2.555714|2.867143|2.427857
Cilix glaucatus (Scopoli, 1763) 1 3 3 2 2.023333|3.288889 | 2.227778
Falcaria lacertinaria (Linnaeus, 1758) 1 4 2 2 1.868 2914 2.804
Drepana falcataria (Linnaeus, 1758) 1 3.67 2.33 3 1.92875 | 2.76625 | 2.91875
Sabra harpagula (Esper, 1786) 0 0 0 0 1.77 3.3 2.496667
Watsonalla binaria (Hufnagel, 1766) 1 3.33 2.67 4 1.9 3.296 2.39
Watsonalla cultraria (Fabricius, 1775) 1 3 3 1 1.7925 3.26 2.515
Thyatira batis (Linnaeus, 1758) 1 3 3 1 1.95 3.238 2.302
Habrosyne pyritoides (Hufnagel, 1766) 1 3 3 4 1.872 3.24 2.39
Tethea ocularis (Linnaeus, 1767) 1 3 3 1 2.032 3.066 2.498
Tethea or (Den. & Schiff., 1775) 1 3 3 1 2.460833 | 2.918333 | 2.343333
Tetheella fluctuosa (Hubner, 1803) 1 4 2 2 1.899 3.07 2.602
Ochropacha duplaris (Linnaeus, 1761) 1 3.33 2.67 6 1.788889| 2.98 |2.732222
Cymatophorina diluta (Den. & Schiff., 1775) 1 3 3 2 1.77 3.3 2.496667
Achlya flavicornis (Linnaeus, 1758) 1 4 2 2 1.595 |2.948333|2.933333
Polyploca ridens (Fabricius, 1787) 1 3 3 2 1.8625 3.1175 2.6225
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Clostera curtula (Linnaeus, 1758) 1 4.33 1.67 3 2.155 2.875 2.765
Clostera anachoreta (Den. & Schiff., 1775) 1 4 2 2 2.006667 | 3.823333 | 1.436667
Clostera pigra (Hufnagel, 1766) 1 3 3 2 1.475556 | 2.741111 | 3.147778
Cerura vinula (Linnaeus, 1758) 1 3.67 2.33 3 2.19 3 2.666667
Furcula bicuspis (Borkhausen, 1790) 1 3.67 2.33 3 21975 | 277125 | 2.795
Furcula furcula (Clerck, 1759) 1 4 2 3 2.224 3 2.522
Furcula bifida (Brahm, 1787) 1 3 3 2 2.16875 | 2.91125 | 2.65125
Notodonta dromedarius (Linnaeus, 1767) 1 3.5 25 4 2.0025 2.95 2.7075
Notodonta ziczac (Linnaeus, 1758) 1 3 3 2 2.118333|3.218333 | 2.343333
Drymonia dodonaea (Den. & Schiff., 1775) 1 3 3 2 1.77 3.3 2.496667
Drymonia ruficornis (Hufnagel, 1766) 1 3 3 2 1.77 3.3 2.496667
Pheosia gnoma (Fabricius, 1776) 1 4 2 2 1.812 2.61 3.156
Pheosia tremula (Clerck, 1759) 1 3.67 2.33 3 2.118333|3.218333 | 2.343333
Pterostoma palpinum (Clerck, 1759) 1 4 2 4 2.118333|3.218333 | 2.343333
Ptilophora plumigera (Den. & Schiff., 1775) 1 3.5 25 2 1.913333| 3.13 |2.523333
Leucodonta bicoloria (Den. & Schiff., 1775) 1 4 2 2 1.76 2.7325 3.1325
Ptilodon capucina (Linnaeus, 1758) 1 3.42 2.58 12 1.92 3.311667| 2.205
Ptilodon cucullina (Den. & Schiff., 1775) 1 3.5 25 2 1.87 3.07 2.535
Odontosia carmelita (Esper, 1798) 1 4 2 2 1.9775 2.4825 3.2075
Phalera bucephala (Linnaeus, 1758) 1 3.67 2.33 12 2.033333 3.3 2.366667
Peridea anceps (Goeze, 1781) 1 3 3 2 1.64 2.714 3.232
Stauropus fagi (Linnaeus, 1758) 1 3.33 2.67 6 1.715 3.45 2.495
Diloba caeruleocephala (Linnaeus, 1758) 1 3 3 2 2.22 3.1925 2.265
Orgyia recens (Hubner, 1819) 1 3.67 2.33 6 1.948 2.736 2.92
Orgyia antiqua (Linnaeus, 1758) 1 3.33 2.67 6 2.196667 | 3.063333 | 2.353333
Dicallomera fascelina (Linnaeus, 1758) 1 3.67 2.33 6 1.903846 | 2.503846 | 3.237692
Calliteara pudibunda (Linnaeus, 1758) 1 3.57 2.43 7 2.035556 | 3.344444 2.02
Euproctis chrysorrhoea (Linnaeus, 1758) 1 3 3 4 2.082222| 3.33 |2.017778
Euproctis similis (Fuessly, 1775) 1 3.3 2.7 10 2.187143|3.228571 | 2.022857
Laelia coenosa (Hubner, 1808) 3 3 2 4 1.926667 | 3.833333 | 1.476667
Leucoma salicis (Linnaeus, 1758) 1 4 2 3 2.201667 | 3.071667 | 2.488333
Arctornis I-nigrum (Maller, 1764) 1 5 1 2 1.715 3.45 2.495
Lymantria monacha (Linnaeus, 1758) 1 3 3 2 1.715 3.45 2.495
Lymantria dispar (Linnaeus, 1758) 1 3 3 2 1.812 3.062 2.778
Thumatha senex (Hubner, 1808) 1 5 1 na 2.16125 | 3.26875 | 2.2575
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Nudaria mundana (Linnaeus, 1761) 1 5 1 na 1.815 3.04 2.8175
Miltochrista miniata (Forster, 1771) 1 5 1 na 1.961667 | 2.988333 | 2.676667
Cybosia mesomella (Linnaeus, 1758) 1 5 1 na 1.7025 2.4275 |3.378333
Pelosia muscerda (Hufnagel, 1766) 1 5 1 na 2.035 3.75 1.57
Pelosia obtusa (Her.-Sch., 1852) 1 5 1 na 2.035 3.75 1.57
Atolmis rubricollis (Linnaeus, 1758) 1 5 1 na 1 1.665 1.28
Eilema sororculum (Hufnagel, 1766) 1 5 1 na 1.6375 3.505 2.355
Eilema griseolum (Hubner, 1803) 1 5 1 na 2.172 3.166 2.186
Eilema pygmaeolum (Doubleday, 1847) 1 5 1 na 2.88 3 2.13
Eilema complanum (Linnaeus, 1758) 1 5 1 na 2.1425 2.43 3.3025
Eilema lurideolum (Zincken, 1817) 1 5 1 na 2.076667 | 2.781111 | 2.763333
Eilema depressum (Esper, 1787) 1 5 1 na 1.906 2.904 2.742
Eilema caniola (Hibner, 1808) 1 5 1 na 2.22 2.33 3.22
Lithosia quadra (Linnaeus, 1758) 1 5 1 na 1.7125 3.175 2.6125
Setina irrorella (Linnaeus, 1758) 1 5 1 na 2.22 2.33 3.22
Setina roscida (Den. & Schiff., 1775) 2 2.29 3.43 9 2 2.183333 | 3.296667
Parasemia plantaginis (Linnaeus, 1758) 2.33 3 3 3 2.416667 | 2.693333| 2.935
Spilosoma lubricipeda (Linnaeus, 1758) 2.67 2.67 2.67 3 2.178571|2.505714 | 3.127143
Spilosoma luteum (Hufnagel, 1766) 1.67 3.67 2.33 3 2.683333 | 2.876667 | 2.456667
Spilosoma urticae (Esper, 1789) 2 3 2 3 2.35125 | 3.4175 1.72
Diaphora mendica (Clerck, 1759) 2.71 2.86 2.14 7 2.775 3 2.12
Phragmatobia fuliginosa (Linnaeus, 1758) 2 3 3 2 2.555 2.72 2.61
Arctia caja (Linnaeus, 1758) 1.33 3.25 2.75 12 2.460714| 3.215 ]1.977143
Arctia villica (Linnaeus, 1758) 2.75 2.25 1.75 4 2.613571|2.847857 | 2.415714
Diacrisia sannio (Linnaeus, 1758) 1.6 2.6 34 5 1.751111 | 2.255556 | 3.544444
Euplagia quadripunctaria (Poda, 1761) 3 3 2 3 2.714545|2.976364 | 2.047273
Callimorpha dominula (Linnaeus, 1758) 2 3.2 2 4 2.443636 3.23 1.989091
Tyria jacobaeae (Linnaeus, 1758) 4 2 1 1 2.802381 | 2.935238 | 2.146667

Tab 4: RCS hodnoty zivnych rostlin, pocet rostlin uzitych pro tento vypocet a primérné hodnoty RCS biotopti kazdého druhu.
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Typ biotopu

Rostlinna strategie

pocet pouzitych rostlin pro

pocet rostlin bez

R C S vypocet adaja

1| almost weed - free wheat/other crops 4.00 | 2.00 | 1.00 5.00 3.00
2 | various crop with scattered weeds 3.83 | 217 | 1.17 8.00 2.00
3| cereal crops with scattered grass weeds 460 | 1.40 | 1.00 8.00 3.00
4 | mixed crops with broadleaved weeds 456 | 1.44 | 1.33 9.00 0.00
5| cereal crops with mixed weeds 433 | 1.33 | 1.67 7.00 1.00
6 | weedy leys/undersown cereal crops 413 | 1.88 | 1.38 8.00 0.00
7 | fertile open hedges/crop boundaries 1.83 | 3.50 | 1.83 8.00 2.00
8 | fertile hedges/ boundaries 2.00 | 3.33 | 1.67 8.00 2.00
9 | fertile tall grassland/ open crop hedges 2.60 | 3.00 | 1.60 7.00 2.00
10 | tall grassland/ herb boundaries 217 | 3.83 | 1.17 8.00 2.00
11 | streamsides within crops 1.86 | 4.14 | 1.14 9.00 2.00
12 | fertile roadsides 3.33 | 2.67 | 1.56 10.00 1.00
13 [ lowland neutral roadsides 3.25 | 2.75 | 2.00 8.00 0.00
14 | lowland roadsides/ crop boundaries 343 | 257 | 157 9.00 2.00
15 | lowland streamsides 213 | 3.75 | 1.38 8.00 0.00
16 | moist fertile scrub/ woodland 225 | 313 | 2.13 9.00 1.00
17 | lowland wetland/ streamsides 150 | 450 | 1.00 9.00 3.00
18 | fertile shaded streamsides 278 | 2.67 | 2.22 10.00 1.00
19 | fertile streamsides/ wetland tall herb 1.71 | 400 | 1.29 8.00 1.00
20 | grassy roadsides 250 | 350 | 2.25 8.00 0.00
21 | species-rich lowland hedges 2.00 | 3.25 | 2.50 8.00 0.00
22 | fertile wood edges/ streamsides 2.00 | 3.88 | 1.63 9.00 1.00
23 | fertile grassland 2.88 | 3.00 | 2.13 8.00 0.00
24 | dry base-rich woodland 1.29 | 3.29 | 243 8.00 1.00
25| shaded grassland/ hedges 213 | 3.13 | 2.50 9.00 1.00
26 | tall grassland/ scrub by roadsides 289 | 2.89 | 2.33 10.00 1.00
27 | rye-grass roadsides 257 | 343 | 2.00 8.00 1.00
28 | fertile tall herb/ grassland 250 | 3.38 | 1.88 9.00 1.00
29 | rye-grass grassland 3.83 | 217 | 1.33 7.00 1.00
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30 | fertile mixed grassland 267 | 3.33 | 1.44 9.00 0.00
31 | rye-grass/ clover grassland 3.56 | 233 | 1.78 9.00 0.00
32 | gravel reedbeds by streamsides 233 | 350 | 1.17 8.00 1.00
33| wet neutral grassland 233 | 350 | 1.83 7.00 1.00
34 | mixed grassland/ scrub/ hedges 233 | 344 | 1.89 9.00 0.00
35 | diverse base-rich woodland/ hedges 1.88 | 3.00 | 2.50 9.00 1.00
36 | shaded moist streamsides 2.60 | 2.60 | 3.00 8.00 3.00
37 | neutral grassland/ scrub 2.89 | 3.11 | 2.00 9.00 0.00
38 | fertile/ neutral grassland on roadsides 278 | 3.22 | 2.33 9.00 0.00
39 | fertile wooded streamsides 1.86 | 3.14 | 257 8.00 1.00
40 | rye-grass/ Yorkshire-fog grassland 3.25 | 2.75 | 2.50 8.00 0.00
41 | species-rich streamsides/ wet grassland 271 | 3.14 | 1.43 8.00 1.00
42 | woodland on heavy soils 143 | 3.57 | 243 7.00 0.00
43 | rye-grass/ bent grass grassland 3.29 | 271 | 2.14 7.00 0.00
44 | calcareous grassland 222 | 233 | 3.22 9.00 0.00
45 | shaded rushy streamsides 260 | 3.20 | 1.80 6.00 1.00
46 | species-rich wooded streamsides 271 | 2.86 | 2.00 8.00 1.00
47 | species-rich neutral grassland 256 | 2.89 | 3.11 10.00 1.00
48 | marsh/ streamsides 271 | 314 | 1.86 9.00 2.00
49 | neutral/acidic woodland patches 1.83 | 3.83 | 2.00 7.00 1.00
50 | neutral/acidic woodland patches 2.00 | 3.33 | 2.56 9.00 0.00
51 | wet rushy grassland 2.89 | 3.00 | 2.00 9.00 0.00
52 | neutral grassland 250 | 2.63 | 3.13 8.00 0.00
53| species-rich neutral/acid grassland/scrub 267 | 3.00 | 2.11 9.00 0.00
54 | marsh/fen 257 | 3.00 | 2.14 8.00 1.00
55 | wet neutral/ acid rush grassland 211 | 2.78 | 2.89 10.00 1.00
56 | species-rich neutral/acid grassland 256 | 2.22 | 3.33 9.00 0.00
57 | enriched acid grassland/ moorland grass flushes 2.00 | 3.00 | 2.75 9.00 1.00
58 | species-rich moorland grass stream-sides/ flushes 250 | 3.00 | 2.50 9.00 1.00
59 | wood streamsides 214 | 257 | 3.00 8.00 1.00
60 | acid grassland/ streamsides/ flushes 257 | 257 | 2.86 9.00 2.00
61 | species-rich acid grassland 2.89 | 256 | 2.89 10.00 1.00
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62 | woodland on podzolic soils 1.33 | 3.17 | 2.83 7.00 1.00
63 | herb-rich streamsides/ acid grassland 289 | 2.78 | 2.78 10.00 1.00
64 | bracken/ acid grasland 2.00 | 1.80 | 4.00 6.00 1.00
65 | herb-rich acid grassland/ heath 263 | 2.25 | 3.38 9.00 1.00
66 | moorland grass streamsides/ flushes 263 | 2.25 | 3.13 8.00 0.00
67 | moorland grass 250 | 1.50 | 3.50 8.00 0.00
68 | oak/ birch woodland 1.17 | 2.67 | 3.33 7.00 1.00
69 | open woodland/ heath 157 | 1.86 | 4.14 8.00 1.00
70 | wooded acid streamsides 1.63 | 1.88 | 4.13 9.00 1.00
71 | herb-rich moorland grass/ heath 238 | 2.25 | 3.50 9.00 1.00
72 | acid streamsides/ flushes 2.10 | 2.80 | 2.80 10.00 0.00
73 | rushy moor-land grass/ streamsides on peat soils 1.67 | 2.33 | 3.33 9.00 0.00
74 | inundated streamsides/ flushes 200 | 2.25 | 3.38 9.00 1.00
75 | coniferous plantations 1.25 | 250 | 3.50 7.00 3.00
76 | diverse acid streamsides/ flushes 1.89 | 1.44 | 4.00 9.00 0.00
77 | mature coniferous plantations na na na

78 | species-rich moorland grass/heath 1.83 | 1.33 | 4.17 9.00 3.00
79 | mountain streamsides/ flushes 150 | 1.67 | 4.17 9.00 3.00
80 | moorland grass/ heath on podzolic soils 1.33 | 1.83 | 4.17 7.00 1.00
81 | montane heath/ acid grassland 1.71 | 243 | 3.43 8.00 1.00
82 | wet heath/ bog 1.13 | 225 | 3.75 10.00 2.00
83 | young coniferous plantations 1.00 | 240 | 3.60 7.00 2.00
84 | rush heath/ moorland grass 150 | 263 | 3.13 8.00 0.00
85 | streamsides/ flushes on peat soils 1.60 | 2.00 | 3.80 9.00 4.00
86 | wet moorland grass/ streamsides on peaty gley soils | 1.50 | 2.17 | 3.83 10.00 4.00
87 | moorland grass/ bog on peaty gley/ peat soils 1.44 | 2.11 | 3.78 9.00 0.00
88 | moorland grass/ heath/ bog 1.00 | 243 | 3.57 7.00 0.00
89 | dry heath on podzolic soils 1.00 | 3.00 | 3.00 8.00 3.00
90 | wet heath/ moorland grass on variable soils 143 | 229 | 3.71 7.00 0.00
91 | heath/ moorland grass 1.20 | 240 | 3.60 10.00 5.00
92 | northern moorland grass/ bog 2.00 | 240 | 3.20 10.00 5.00
93 | montane heath on podzolic soils 1.00 | 1.75 | 4.25 8.00 4.00
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94 | sphaghum bog 1.00 | 2.50 | 3.50 10.00 6.00
95 | crowberry blanket bog 260 | 1.00 | 3.40 7.00 2.00
96 | wet deer grass bog 1.50 | 1.83 | 4.00 9.00 2.00
97 | northern blanket bog 1.00 | 2.75 | 3.25 7.00 3.00
98 | cotton grass bog 1.00 | 2.50 | 3.50 6.00 2.00
99 | saturated bog 1.25 | 250 | 3.50 9.00 5.00
100 | inundated bog/ wetland 150 | 2.25 | 3.50 7.00 3.00

TAB Z: Ptehled 100 anglickych biotopt, podle databaze ECOFAC (Bunce et al. 1999), jejich RCS hodnot zaloZenych na jejich charakteristickych a
nejcastéjsich rostlinach, pocet realné pouzitych rostlin pro tento vypocet a pocet rostlin s nezndmy RCS soufadnicemi na kazdém biotopu.
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Abstract To be used as a predictive conservation tool, classification of animal habitats should rely on actual resource requirements of individual species. Shreeve et al. (J
Insect Conserv 5:145-161) produced a resource-based habitat classification for British butterflies, obtaining habitat association groups, whose constituent species differed
in their distribution extent, distribution change and vulnerability in Britain. To test the utility of this approach for a group with a less-known biology, we produced a
resource-based classification of habitats of Central European macromoths. We worked with macrolepidopteran moth families, except for the megadiverse Geometridae
and Noctuidae. We produced a matrix of 178 life history attributes describing resource use by 164 species, subjected the matrix to ordination analysis, and compared the
resulting moths groupings with external ecological information. Five habitat association groups were distinguished: | - close canopy moths, 11 - open canopy moths, 111 -
grasslands moths, IV — herb-feeding hawk moths, and V - lichen feeders. The classification sustained deleting attributes related to host plants taxonomy. Groups | — 111
sustained control for taxonomic positions of the moths, whereas IV and V did not. Members of the groups differed in the representation of externally obtained habitat
associations, biogeography elements, threat status, and range size. Endangered species were over-represented in groups Il and 111 and underrepresented in group 1, in
agreement with recent land cover changes across the continent. Species resources can be used to reconstruct their habitat needs, and it is possible to scale up from life

histories through habitat use to range structures.

Keywords Conservation, Distribution ranges, Habitat components, Lepidoptera, Life history traits, Palaearctic region
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Introduction

Human-induced alteration of natural habitats is threatening an increasing proportion of Earth biodiversity (Millennium Ecosystem Assessment 2005; Poschlod et al.
2005; Conrad et al. 2006). In industrial countries of temperate zone, such as Western and Central Europe, these developments are being battled by pro-environmental
legislation, establishment of reserves, and financial incentives to land users. Conservation resources, however, will always be limited, necessitating prioritisation.
Understanding the links between life history and species vulnerability represents a potentially useful prioritisation tool. In multiple animal groups (e.g., birds: Jiguet et al.
2007; bats: Jennings and Pocock 2009; primates: Isaac and Cowlishaw 2004; carnivores: Loyola et al. 2008), vulnerability tends to be associated with such traits as slow
generation time, feeding specialisation, low population density, restricted mobility, low offspring numbers, and dependency on rare or declining habitats.

Disclosing life history traits associated with vulnerability is particularly important for insects, the species-richest terrestrial taxon, for which little direct
information on abundance or distribution changes is available. Because this approach requires detailed life history knowledge of analysed species, butterflies
(Lepidoptera: Papilionoidea and Hesperioidea), the best-known insect group (Watt and Boggs 2003), traditionally have played a prominent role in prioritisation literature.
Hodgson (1993) analysed predictors of commonness/rarity in British butterflies, finding that no single trait distinguished between common (not threatened), and rare
(potentially threatened) species. His results were more inspiring than practical, as it distinguished as many as eight ecological groups for a mere 61 British butterflies.
Habitat specialisation, as opposed to generalism, was used in several studies comparing local performance of butterfly communities (e.g. Krauss et al. 2003). This usually
worked well for a particular system, but was hardly transferable to other systems or regions (but see Bruckmann et al. 2010, Krauss et al. 2010). Several papers from
Northern Europe associated butterfly (Kotiaho et al. 2005; Franzen and Johanesson 2007; Komonen et al. 2008) and moths’ (Mattila et al. 2006; Mattilla et al. 2008)
declines with resource availability, niche breadth and range positions. They concurred that a link exists between extinction threat, narrow niche (i.e., habitat and/or host
plant specialisation), small geographic range, and restricted mobility (Ockinger et al. 2010). By using a priori information on species’ habitats, these analyses disclosed

that species inhabiting fewer habitat types declined more, but did not offer much insight into life history traits responsible for the narrow associations.
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As argued by Dennis et al. (2003, 2010) and others (e.g., Tudor et al. 2004; Maes and Van Dyck, 2005; Hardy et al. 2007; Vanreusel and Van Dyck 2007;
Vanreusel et al. 2007), insect habitats are not necessarily identical with land cover types or plant communities, as understood by geographers or vegetation scientists. A
species’ habitat supplies all vital resources required for the species’ development and sustenance. Understanding these requirements is necessary for reserve and land
managers for efficient conservation actions.

Shreeve et al. (2001) followed the resource-based approach while classifying habitat requirements of British butterflies. They reasoned that the habitat of a
species is defined by the presence of resources utilised in subsequent developmental stages for its activities (feeding, metamorphosis, mating, overwintering, etc.). They
also expected that the use of particular resources by individual species will be strongly correlated with the use of other resources, making it practically impossible to find
a single-best resource responsible for a species’ habitat needs. By constructing a 0-1 data matrix relating all possible activities of all butterfly developmental stages to
resources used, they in fact defined the resource spaces of individual species, or their “niches”. Analysing this matrix by methods of multivariate statistics, they identified
four habitat-defined groups: woodland butterflies, butterflies of open tall-herb formations, butterflies of short-sward grasslands, and ruderal butterflies. Importantly,
identities of these habitats (habitat “names”) did not enter the analysis a priori, but were reconstructed from life history attributes. The four habitat-defined groups were
robust with respect to methods of analyses, and group memberships agreed with independently obtained conservation status information, available for Britain in unusual
detail (Asher et al. 2001; Fox et al. 2006).

Whereas Shreeve et al. (2001) worked with the best-known insect fauna on the Earth, examining the utility of their approach requires working in a less surveyed
region and/or with less known taxa for which, still, sufficient life history knowledge exists. We performed such an analysis for Central European large moths, or
Macrolepidoptera, except for the highly diverse families Geometridae and Noctuidae. The regional species richness of the studied families is similar to that of butterflies,
and impressive life history knowledge is available (e.g., Bergmann 1953; Ebert and Renwald 1991; Emmet and Heath 1992; Macek et al. 2007). Recording schemes exist
in several European countries (e.g., Groenendijk and Ellis 2010; Fox et al. 2008), and researchers increasingly use large moths to detect biodiversity changes (e.g.,

Conrad et al. 2004; 2006; Kadlec et al. 2009).
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Here, we produce an ecological classification of the habitats of Central European macromoths, following the approach that Shreeve et al. (2001) used for British
butterflies. We construct a matrix of the life history traits of all the analysed species, produce the classification, and assess its robustness. We then explore the life history
attributes influencing the classification, and confront the results with independently obtained information on habitat affiliations, distribution patterns, and threat status of

constituent species.

Methods

Geographic and taxonomic scope

We consider Central Europe as comprising Austria, Czech Republic, Hungary, Germany, Slovakia and Poland, in their current borders. As others (e.g., Settele et al.
1999; Fajcik 2003) we exclude species restricted to the high elevations of the Alps, as these mountains represent a biogeographic subunit distinct from the European
mainland (Dennis et al. 1991).

The term “macrolepidoptera” denotes either a paraphyletic grouping of families containing larger-bodied representatives (contrasting to “microlepidoptera”, tiny
moths), or a monophyletic group (Kristensen et al. 2007), differing from the former by not containing several primitive families (e.g., Hepialidae, Zygaenidae). We use
“macrolepidoptera” in the latter sense, but we (i) exclude diurnal butterflies (Papilionoidea and Hesperioidea); and (ii) exclude the two most diverse families,
Geometridae and Noctuidae, which contain ca. 1000 species in Central Europe alone (Lastuvka 1998) and for which the natural history information is still incomplete.

Thus defined macromoths (Table 1) represent a paraphyletic grouping containing 174 species (including introduced exotics), most of them well-covered by the
natural history literature, belonging to the families Lasiocampidae (18), Endromididae (1), Saturniidae (8), Lemonidae (2), Sphingidae (21), Drepanidae (17),

Notodontidae (39), Lymantriidae (17) and Arctiidae (51) (Macek 2007).
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Life history attributes

Selection of the attributes (Table 2) followed Shreeve et al. (2001). We attempted to define all possible resources (food, resting place, shelter, etc.) of successive
developmental stages (eggs, larvae, pupae and adults). A difference from Shreeve et al. (2001) concerned resource use by adults, usually well-known for butterflies, but
little-known for moths. We therefore excluded such attributes as adult mating substrates. Instead, we added several attributes presumably connected with defence
strategies, such as larval body hair or wing pattern.

Using literature, internet resources and the experience of lepidopterist colleagues (Appendix 1), we compiled a matrix of 178 binarily-coded attributes, totalling
30 972 cells (Appendix 2). We first researched comprehensive monographs. For information not in the monographs, we turned to primary literature, and for still missing
information, to internet sources and consultations with specialists. We preferred information from Central Europe over information from elsewhere; information from
lowlands (midlands) over information from high altitudes; information from nature (or near-natural breeding facilities) over information from captivity; primary literature
over secondary literature; and more recent literature over older sources. The compiled information for a single trait (or group of traits) was checked during a single day,
to ensure compatibility across species.

We did not find the necessary information for 580 matrix cells (1.87 % of the total). For these cells, we replaced the information by the mean value computed

across entire matrix (= 0.215987), strengthening the null hypothesis of no pattern in the data.

Multivariate analyses
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We subjected the species-traits matrix to the Principle Component Analysis (PCA), a linear indirect ordination method that extracts main variation gradients from high
numbers of potential predictors. The computation was carried out in CANOCO v. 4.5 (ter Braak and Smilauer 2002), entering individual species as “samples”, so that
their ecological attributes formed “species data”, and using centering by species and samples options. We identified the habitat-associated groups of species by visually
inspecting the ordination diagrams, considering species scores on ordination axes.

To asses to what extent was the resulting classification influenced by taxonomic identity of larval host plants, we recalculated the ordination with traits describing
host plant families (n = 72) removed from the data. To assess for the influence of the moths phylogeny, we calculated (partial) PCA with binarily-coded information on

the moths family membership (cf. Table 1) as covariables.

Confronting the habitat classification with external predictors

Whereas earlier analyses of butterflies utilised independently obtained information on individual species’ distribution extents, trends, and threat status (Hodgson 1993;
Shreeve et al. 2001; Komonen et al. 2004; Poyry et al. 2009), this information is incomplete for the studied moths. Still, the following predictors were available from
literature (Table 1).

(i) A ‘naive’ habitat association. We used the associations from Hruby (1964), a classic on Central European Lepidoptera, simplified by merging some of the seven
original categories into four — steppe, wooded steppe, woodland (merging original deciduous + evergreen forest), and meadow (merging meadow + mire).

(i) Biogeography element. Again from Hruby (1964), who followed then-fashionable concept of “faunal elements”, combining range positions and putative origin of
individual species (de Lattin 1967). Although somehow obsolete, the concept allows comparing species’ biogeographic ranges. We merged some of the Hruby (1964)
original elements, obtaining European (orig. European + Atlantic), Pontomediterranean (orig. Pontic + Mediterranean), Eurosiberian, and Cosmopolitan (orig. Holarctic +

Tropical + Cosmopolitan) elements.
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(iii) Range size. Based on maps in Macek et al. (2007), transformed to four categories: small (only parts of Europe, often insular), intermediate (smaller than the area of
Europe), large (typically Europe with parts of W Asia) and huge (most of Palaearctic realm, or larger). Only 164 species included in Macek et al. (2007) were analysed.
(iv) Commonness in Central Europe, based on Fajcik (2003), who distinguishes four categories, widespread, local and rare species.
(v) Threat status. From Red lists for Bavaria (http://www.lfu.bayern.de/natur/daten/rote_liste_tiere/index.htm) and the Czech Republic (Vrabec et al. 2005): species
included in either of the two lists as in any of the IUCN threat categories were considered threatened, as opposed to not threatened.

We used contingency tables to test the hypotheses that the representation of habitat associations, biogeography elements, commonness, range size and threat

categories will not depend on the resource-based habitat associations.

Results

Ordination of life history traits

The PCA analysis grouped the moths into five visually distinguishable groups (Table 1, Fig. 1). Groups | — IV are apparent at the intersection of the first and second axes,
group V at the cross of the first and third axes. First to fourth axes explained 35.4% of the variance in species data. On the first axis, the moths ordered according to
growth forms of their larval host plants, from those developing on trees (negative scores) to those developing on herbs (positive scores). The second axis separated a
small group of Sphingidae moths from the rest, and the third separated moths developing on lichens from all other species. The fourth axis, most difficult to interpret,
appears to run from monophagous species with non-feeding adults towards polyphages with adults consuming nectar.

The traits associated with each group (Fig. 2) reveal that group | (negative PCA axes 1, 2 scores) consists of species whose larvae develop on woody plants,

mainly trees; their eggs, larvae and pupae tend to occur in canopy; they tend to have small egg batches (<10 eggs per batch), larvae are not hairy and pupae overwinter.
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These close canopy moths contain 53 species, mainly Notodontidae (Clostera curtula, Notodonta torva), Drepanidae (Thyatira batis, Drepana falcataria) and Sphingidae
(Sphinx pinastri, Smerinthus ocellatus).

Group Il (negative to positive axis 1 scores, positive axis 2 scores) is again formed by species developing on woody plants, often Rosaceae or Salicaceae shrubs.
They tend to oviposit in batches, have hairy larvae and do not consume nectar as adults. Their 1st-axis positions suggest that these open canopy moths inhabit open-
canopy mosaics of woody and herbaceous vegetation. They contain 47 species, including all Saturniidae, many Lasiocampidae (e.g., Eriogaster catax, Gastropacha
guercifolia) and Lymantridae (Orgyia antiqua, Lymantria dispar).

Group 11 (strongly positive axis 1 scores) consists of species developing on herbs and grasses, ovipositing in large batches, often polyphagous as larvae and
hibernating on the earth surface. It contains 39 species, mainly Arctiidae (Arctia caja, Tyria jacobaeae), Lasiocampidae (Malacosoma castrense, Macrothylacia rubi) and
Lymantriidae (Laelia coenosa, Gynaephora selenitica). These moths are associated with various forms of grassland, steppe, rocky or sandy habitats; we coin them
grassland moths herein.

Group IV (herb-feeding hawk moths: strongly negative axis 2 scores), contains 14 Sphingidae species with larvae feeding on herbs (except for the Mediterranean
migrant Daphnis nerii), overwintering as pupae and feeding on nectar as adults. Seven of them (e.g., Agrius convolvuli, Macroglossum stellatarum) are long distance
migrants.

Group V (lichen feeders: positive axis 1 and 3 scores) is taxonomically uniform, formed by 21 Arctiidae: Lithosiinae. They share feeding on lichens, univoltine
development and overwintering larvae.

Deleting the information on host plant families returned a pattern similar to complete matrix ordination. Axes 1-4 explained 37.9 % of the total variance. The five

groups, although less clearly separated, remained apparent (Fig. 3), suggesting that the habitat classification was not primarily due to host plants taxonomy.
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Using moth families as covariates (four axes explaining 25.7 % of total variance) dissolved the original five groups (Fig. 4), but the first axis still separated
species developing on woody plants from those developing on herbs. The two taxonomically defined groups disappeared, the herb-feeding hawk moths ended up amongst

the species feeding on herbs, whereas lichen feeders amongst species with woody larval hosts.

Subsequent analyses

Group membership was non-random with respect to the naive habitat classification (y* = 126.29, df = 12, P < 0.0001). Close canopy moths contained almost exclusively
moths traditionally viewed as woodland species; open canopy moths contained moths traditionally viewed as wooded steppe or (less so) again woodland species;
grassland moths contained meadow, steppe, and (less so) wooded steppe species; and the herb-feeding hawk moths contained mainly steppe species. The group of lichen
feeders contained species from all habitat types (Fig. 5).

For biogeography (y° = 51.36, df = 12, P < 0.0001), close canopy moths contained mainly Eurosiberian species (64%). The representation of Eurosiberian species
declined among open canopy moths (55%), whereas the representation of Pontomediterranean species increased (17%). Grassland moths still contained Eurosiberian
species (51%), but Pontomediterranean (21%) and European (18%) species increased in representation. Lichen feeders contained equal representation of
Pontomediterranean (43%) and Eurosiberian species (43%). Finally, herb-feeding hawk moths contained many cosmopolitan species, i.e., the long-distance migrants (Fig.
5).

Range sizes (n = 164) differed among the groups (> = 30.56, df = 12, P < 0.01). Close canopy moths and lichen feeders tended to occupy middle-sized ranges
(typically temperate Europe to western Asia) Open canopy moths and grassland moths displayed a surplus of small ranges. A half of herb-feeding hawk moths occupied
huge ranges, but smaller ranges were also represented. Finally, both huge and small ranges are absent in lichen feeders (Fig. 5).

No pattern was found with respect to commonness categories (;* = 12.53, df = 12, P = 0.40).
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For threat status (y° = 13.86, df = 4, P < 0.01), threatened species were most represented among grassland moths (51%), followed by herb-feeding hawk moths

(36%) and open canopy moths (32%). Close canopy moths contained the lowest proportion of threatened species (17%) (Fig. 5).

Discussion

Ordination analysis of moths’ life history traits grouped the studied species according to their habitat use. Membership in the groups reflected not only their habitat (as
defined in independent sources), but also range types and sizes, and even conservation status. It follows that as in butterflies (Shreeve et al. 2001), species life histories
are linked with the habitats where the species live, and thus influence how individual species prosper in modern European landscapes. Moreover, three of the five
retrieved groups (close canopy moths, open canopy moths, grassland moths) reflect habitat architecture rather than the moths’ phylogeny. Membership in the remaining
two groups (herb-feeding hawk moths, lichen feeders) covaries with phylogeny, with some habitat effect still apparent for the herb-feeding hawk moths. Open canopy
moths and grassland moths contain the highest representation of threatened species, whereas close canopy moths are rarely threatened.

The resource-based habitat associations reconstructed here differ in several respects from those reconstructed by Shreeve et al. (2001) for British butterflies. The
butterflies formed only one (small) group of woodland species, whereas two groups contained species of open biotopes (short grasslands, tall grasslands). The low
representation of woodland butterflies in British fauna probably precluded further subdivisions among them. In contrast, many Central European macromoths inhabit
woodlands, and the strong ecological gradient from close canopy moths to grassland moths masks a finer-level differentiation within grassland moths. Alternatively,
even though we obtained the information for most of the analysed traits and species, the quality of the knowledge for moths is certainly lower than that for butterflies,
which could result into somehow coarser classification for the moths. A coarser classification could also result from sample size alone: our analysis covered three times

as many species than the British butterfly analysis, so that less clear boundaries of the resulting habitat association groups were somehow expectable.
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Robustness of the results

Selection of life history attributes was crucial for the analyses. As we targeted insects with nocturnal activity and relied on published information, most of the attributes
describe resources used by preadult stages. Information on adult resources was often not available, contrasting to the Shreeve et al. (2001) butterfly analysis. Potentially
informative but little known adult attributes could include mating sites, preferred shelters, or feeding details. Nectar plant use might be potentially informative. Butterfly
species differ in their degree of nectar specialisation, and different habitats vary in the representation of nectar generalists and specialists (Tudor et al. 2004; Stefanescu
and Traveset 2009). Even stronger nectar-habitat relationships may exist among moths, with their highly diverse adult feeding modes. Adult mobility might be
particularly informative, as indicated by studies of butterfly threat correlates (Komonen et al. 2004; Kotiaho et al. 2005; Ockinger et al. 2010). However, inclusion of
these missing traits would unlikely rearrange the classification, given the high number of traits already in the data and their intercorrelated structure.

Robustness of the classification was supported by exclusion of host plants taxonomy. Leaving out 72 of the 178 original attributes did not rearrange the
classification. For many herbivorous insects, taxonomic identity of host plants is, within certain limits, less important than the plant’s growth form (e.g., large or small
tree), and the environment in which it grows (e.g., Dennis et al. 2004; Freese et al. 2006; Valimaki and Itamies 2005). The weak importance of host plant taxonomy is
reflected by the relatively high (53%) proportion of polyphagous moths in our data. Further, many of the moths develop either on woody plants (trees + shrub: 122 spp.)
or on grasses (Poaceae + Cyperaceae: 12 spp.). Both woody plants and grasses utilise nonspecific quantitative defences, contrasting to forbs synthesising qualitative
noxious compounds (Feeny 1976; Coley et al. 1985). As a result, woody plants and grass feeders display a lower taxonomic specificity of host use. Circumventing
quantitative defences depends on such aspects as host plants’ physiological state (Cizek 2005). The distinction between close canopy moths and open canopy moths also
illustrates the relatively weak importance of host plant taxonomy for moth habitat associations — moths in both groups develop on woody plants, often from the same
families. We highlight these considerations, because it is sometimes assumed that securing host plants should automatically conserve associated herbivores. This is

clearly not so, as host plants represent a necessary, but not sufficient, condition for herbivorous insect conservation (Samways 2005; Hardy et al. 2007).
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Controlling for taxonomic position of the moths blurred the resulting classification. Life history, to a certain extend, covaries with phylogeny (Brooks and
McLennan 1991, Thomas 1991). This is most apparent in lichen feeders, containing solely Arctiidae: Lithosiinae. Here, a single evolutionary event (Bendib and Minet
1999) allowed the colonisation of a completely novel trophic niche, that of lichens and algae. Lithosiinae occur in a wide range of habitats, from xeric rocks (e.g., Paidia
rica) to swamps (Pelosia obtusa) and coniferous woodlands (Atolmis rubricollis). The feeding on lichens or algae, plus several traits associated with this nutrient-poor
food (univoltine, long development with overwintering larvae, hairy body facilitating thermoregulation), apparently overweighted associations with specific habitats in
the ordination. In another phylogenetically defined group, the herb-feeding hawk moths, the phylogeny covaries with feeding on forbs, nectar intake by adults and
excellent flight performance, allowing long-distance migrations in some species (Kitching and Cadiou 2000). Regarding the other groups, Notodontidae prevail among
close canopy moths, and Arctiidae (less Lithosiinae) among grassland moths. The very fact that taxonomy did not completely override the classification was partly due to
exceptions deviating from the prevailing ecology of respective taxa. Such cases include, e.g., the lasiocampid Euthrix potatoria (developing on wetland grasses, while

most of its relatives develop on woody plants), or the arctiid Hyphantria cunea (the only European, albeit invasive, arctiid, feeding on trees).

Habitats, biogeography, commonness and conservation

Comparing the resource-based habitat associations with external predictors suffered the problem of incomplete external information. No comprehensive recording
scheme covers macromoths in Central Europe, and information as threat status relies on expert judgements of Red lists authors (cf. Vrabec et al. 2005). The moths,
however, are highly popular among naturalists, so that such judgements likely reflect the reality.

Group membership closely corresponded with the naive habitat associations, as understood by mid-20th century lepidopterists. We re-emphasize here that our
analysis did not use a priori “vegetation formation” information. It follows that inspecting which life history attributes are responsible for group membership should

reveal, which attributes influence habitat associations. Thus, larvae of close canopy moths do not bask, which appears associated with reduced sunlight availability. They
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tend to be univoltine, reflecting developmental constraints imposed by their woody hosts’ defenses (Cizek et al. 2006). Cryptic larval colouration prevails, probably both
because tree and shrub foliage rarely contains noxious secondary compounds and concealment works better in darker environments (cf. Saito 2001). Open canopy moths
are also often univoltine, but their larvae tend to be hairy, and bask frequently. Gregarious feeding may both improve their thermal performance under microclimatically
diverse open canopy (Ruf et al. 2003) and enhance the protective body hair function (Tullberg and Hunter 1996). Grassland moths share with the open canopy moths the
(frequent) gregarious development and hairy bodies, but their larvae tend to be warningly coloured, reflecting their feeding on qualitatively defended forbs (Eisner et al.

2000; Schulz 1998).

The uneven representation of biogeography elements in the habitat association groups suggests a connection between local habitat use and species’ ranges.
Ranges of close canopy moths tend to stretch from Europe to Northern Asia (Eurosiberian species), whereas open canopy- and grassland moths tend to inhabit European
and Pontomediterranean ranges. This corresponds with the distribution of the main biomes in the (West) Palaearctic. A typical Eurosiberian species inhabits the northern
woodlands, where the main disturbance factors (fire, defoliating insects) operate on large scales, creating vast even-aged stands (Bonan and Shugart 1989). The natural
dynamics of temperate deciduous woodlands, which reach their eastern limits at Ural Mts. (Chytry et al. 2010), would likely be finer-scaled and patchy (Valverde and
Silvertown 1997; Paluch 2007), with frequent open canopy conditions. Wooded steppes and grasslands occur to the south of the woodlands (Magyari et al. 2010),
corresponding with the Pontomediterranean element.

Range size positively correlates with local abundance in many groups (Gaston 1996; Borregaard and Rahbek 2010). We obtained a seemingly conflicting result,
as moths groups differed in range sizes, but not commonness, of constituent species. This was probably due to discrepancy between literature-reported range sizes, which
reflect total areas of occurrence, known for most of European species for over a century, and published assessments of commonness/rarity, which reflects more recent
patterns. Loss of local populations and decreasing population sizes, reflected in commonness/rarity, precede extinctions from large areas detectable in range size

measures (Thomas and Abery 1995; Keil and Hawkins 2009).
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Threatened species were overrepresented among grassland-, open canopy- and herb-feeding hawk moths, and underrepresented among close canopy moths. The
conservation status of European grassland insects is generally unfavourable due to the twin effects of agricultural intensification and abandonment (e.g., WallisDeVries et
al. 2002; Poschlod et al. 2005). The situation is particularly bad for species requiring rare grassland types, such as continental sands (e.g., Arctia festiva: Cerny 1985; ten
Hagen 1999) or salt marshes (e.g., Laelia coenosa: Alberti 1951). The threatened representatives of herb-feeding hawk moths also depend on such conditions as sparse
sward ensuring hot site microclimates (e.g., Hyles euphorbiae, Proserpinus proserpina: Miller 1998; Pittaway 1993). Thomas et al. (1994) demonstrated that a
substantial portion of insects threatened in Britain utilise early successional habitats, which are declining because humans promote intermediate stages of succession over
extreme ones.

The case of open canopy moths is particularly intriguing. They formed a loose group in the ordination, suggesting a broad variety of life history attributes within
the group, or a broader variety of conditions within open canopy woodlands. Arguably, the mosaic-like character of open forests (and alternatives, such as non-intensive
orchards) produces heterogeneity of conditions unmatched by either close forests or grasslands. This transfers to a high richness of specialised species in such groups as
vascular plants (Sadlo et al. 2007; Hedl et al. 2010), butterflies (Benes et al. 2006), true bugs (Gossner 2009) saproxylic beetles (Vodka et al. 2009) or epigeic arthropods
(Spitzer et al. 2008). Open woodlands specialists are declining across Europe due to cessation of traditional management (forest grazing, coppicing) and this applies to
many moths as well (Bolz 2008). The association with open canopy habitats, however, has been firmly established only for a few moth species, such as Eriogaster catax
(Bolz 1998), Pericallia matronula (Bergmann 1953) and Saturnia spini (extinct in multiple countries: Farkac et al. 2005, Jedicke 1997). Our results suggest that many
other threatened moths with unknown threat factors (e.g., Eriogaster rimicola, Cycnia luctuosa) may be declining due to loss of open canopy formations. The high
richness of open canopy moths (47 species) also implies that open woodlands had to be rather common in (Central) Europe not only in historical times, but also prior the

major alteration of landscapes by humans (Rackham 1998; Vera 2000).
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Close canopy moths contain only a few threatened species. Close-canopy woodlands have increased in extent throughout Europe during the last two centuries
owing to efforts to increase timber supply in existing forests, plus spontaneous and deliberate afforestation. It is known that as a result, populations of woodlands birds

increased in the Czech Republic (Reif et al. 2008b), and it appears that populations of close canopy moths underwent a similar development.

Conclusion

As in British butterflies, life history traits of Central European macromoths can be used to reconstruct their habitat association patterns. Resulting habitat association
groups differ in geographic range structures and threat levels of constituent species. It is thus possible to scale-up from life history details through habitats up to range
structures. For conservation predictions, our analysis revealed that endangered macromoths tend to be associated with grasslands and sparse woodlands, whereas species
of close forests are least endangered. This agrees with the knowledge on other taxa, such as the continental declines of grassland and farmland birds (Gregory et al. 2005,
Reif et al. 2008a), and relatively better situation of woodland birds (Reif et al. 2008b), and corresponds with the loss of seminatural grasslands and sparse forests
throughout Central Europe during the last century. It would be worthwhile to compare the moth resource-based habitat associations with those of better-known

butterflies, perhaps via a joint analysis comparing these two groups, one with very detailed, and the other with only fragmentary conservation status information.
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Supporting information

Appendix 1: Data sources (literature, internet sites, lepidopterists) used to compile the matrix of macromoth species attributes. Sheet 1: list of the sources, Sheet 2:

individual species with the most relevant sources for the particular species

Appendix 2: Original data files. Sheet 1: Binary 1 - 0 matrix of life history attributes of 174 Central European macromoths. Sheet 2: matrix indicating moths family

memberships, used as covariate matrix in partial PCA analysis
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Table 1: Systematic list of Central European macromoths (less Geometridae and Noctuidae) used for ecological classifications of their habitats according to their
life history attributes, abbreviations of the moths used in ordination diagrams, resulting habitat association group, position of individual species on PCA-
ordination axes, and states of external predictors used for subsequent analyses.

Key. PCA1-PCAA4: scores of individual species on PCA axes. Naive habitat: 1 — steppe, 2 — forest steppe, 3 —woodland, 4 — meadow. Biogeography: 1 —
European, 2 — Pontomediterranean, 3 — Eurosiberian, 4 — Cosmopolitan. Range size: 1 — small, 2 — intermediate, 3 — large, 4 — huge. Commonness : 1 — rare, 2

—local, 3— common, 4 — widespread. Threat status: 1 — threatened, 0 — not threatened

S

> 5 2 2 o

g 5 £ 8§ £ £

No.  Species s % — oY ™ < ﬁ % 3 CE) %
2o < < < < =2 2 2 g 9
£T¢ & £ g g S 5 & 8 F

Lasiocamdidae

1 Poecilocampa populi (Linnaeus, 1758) 1. -0.7658  0.6783 0.3738 -0.1598 3 1 4 3 0
2 Trichiura crataegi (Linnaeus, 1758) 1. -0.8230  1.8278 0.0472 0.1004 2 2 3 2 0
3 Eriogaster lanestris (Linnaeus, 1758) 1. -0.9189  1.2311 -0.3448 0.7631 3 3 4 2 0
4 Eriogaster catax (Linnaeus, 1758) Il. -0.1884  1.0732 -0.9329  0.2198 2 1 3 1 1
5 Eriogaster rimicola (Den. & Schiff., 1775) 1. -0.6950  1.3947 0.7757 1.3993 3 1 3 1 1
6 Malacosoma neustria (Linnaeus, 1758) Il. -0.6968  2.4981 -0.5123  -0.1932 2 3 4 2 0
7 Malacosoma castrense (Linnaeus, 1758) I1. 1.2410 0.9454 -0.6264  1.7086 1 3 4 1 1
8 Lasiocampa trifolii (Den. & Schiff., 1775) I1. 0.9594 -0.1293  -0.3576  1.3897 1 2 4 1 1
9 Lasiocampa quercus (Linnaeus, 1758) 1. 0.3750 0.6463 -0.9478 -0.3634 3 3 4 2 0
10  Macrothylacia rubi (Linnaeus, 1758) I1. 1.2700 1.0877 -1.4677  0.2619 1 3 4 4 0
11 Dendrolimus pini (Linnaeus, 1758) Il. -0.4165 0.6720 0.7598 0.6999 3 3 4 4 0
12 Euthrix potatoria (Linnaeus, 1758) I1. 0.6129 -0.2005  0.5232 1.6468 4 3 4 3 0
13 Cosmotriche lobulina (Den. & Schiff., 1775) Il. -0.5084  0.9701 0.7966 1.0086 3 1 4 3 0
14 Phyllodesma ilicifolium (Linnaeus, 1758) . -0.2357  0.3423 -0.4314  0.3669 2 3 4 1 1
15  Phyllodesma tremulifolium (Hiibner, 1810) Il. -1.1008  0.6823 -0.3826  -1.0120 3 2 3 2 1



16
17
18

19

20
21
22
23
24
25
26
27

28
29

30
31
32
33
34
35
36
37
38
39
40
41

Gastropacha populifolia (Den. & Schiff., 1775)
Gastropacha quercifolia (Linnaeus, 1758)
Odonestis pruni (Linnaeus, 1758)
Endromidae

Endromis versicolora (Linnaeus, 1758)
Sturniidae

Aglia tau (Linnaeus, 1758)

Saturnia pyri (Den. & Schiff., 1775)
Saturnia spini (Den. & Schiff., 1775)
Saturnia pavoniella (Scopoli, 1763)
Saturnia pavonia (Linnaeus, 1758)
Saturnia caecigena (Kupido, 1825)
Antheraea yamamai (Guérin-Menéville, 1861)
Samia cynthia (Drury, 1773)

Lemoniidae

Lemonia taraxaci (Den. & Schiff., 1775)
Lemonia dumi (Linnaeus, 1761)
Sphingidae

Agrius convolvuli (Linnaeus, 1758)
Acherontia atropos (Linnaeus, 1758)
Sphinx ligustri Linnaeus, 1758

Sphinx pinastri Linnaeus, 1758

Marumba quercus (Den. & Schiff., 1775)
Mimas tiliae (Linnaeus, 1758)

Smerinthus ocellatus (Linnaeus, 1758)
Laothoe populi (Linnaeus, 1758)
Hemaris tityus (Linnaeus, 1758)

Hemaris fuciformis (Linnaeus, 1758)
Hyles hippophaes (Esper, 1793)
Proserpinus proserpina (Pallas, 1772)

-0.7823
-0.9233
-0.9524

-0.7480

-1.0148
-0.9188
-0.6980
0.1101

-0.0863
-1.0997
-0.8082
-0.8966

1.1622
1.2772

0.9925
0.5536
-0.4376
-0.7522
-1.0354
-1.2055
-1.0180
-0.9486
0.9393
0.7002
-0.2246
1.0038

0.5149
1.6153
1.1208

-0.1328

-0.0124
1.0595
0.8630
1.8053
1.8899
1.4207
1.0544
0.5973

0.3294
0.3925

-2.2898
-1.5389
-0.7950
-1.4796
-0.7916
-0.3327
-0.2855
-0.6432
-1.7788
-1.4260
-1.2590
-1.8910

1.2587
0.2015
0.4139

-0.3127

-0.2614
0.1674

-0.9329
-2.4612
-2.2619
-0.2294
0.7764

-0.1843

-0.0493
-0.2898

-0.2513
-0.7639
-1.2297
0.4231

-0.1165
-0.8275
-0.7882
-1.0668
-1.0576
-1.2202
-0.7893
-0.5008

0.8665
-0.6531
-0.2531

1.5197

-0.5205
0.3867
0.0483
0.4329
0.8836
-0.3298
0.7571
-1.0994

2.2279
2.5384

-0.2842
-1.5682
-2.0777
-0.4803
-0.4190
-2.1503
-1.9748
-2.4342
0.1324

-0.5839
-1.3563
-0.2449
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43
44
45
46
47
48
49
50

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

68
69

Macroglossum stellatarum (Linnaeus, 1758)

Daphnis nerii (Linnaeus, 1758)

Hyles euphorbiae (Linnaeus, 1758)
Hyles gallii (Rottemburg, 1775)

Hyles livornica (Esper, 1780)

Hyles vespertilio (Esper, 1780)
Deilephila elpenor (Linnaeus, 1758)
Deilephila porcellus (Linnaeus, 1758)
Hippotion celerio (Linnaeus, 1758)
Drepanidae

Cilix glaucatus (Scopoli, 1763)
Falcaria lacertinaria (Linnaeus, 1758)
Drepana falcataria (Linnaeus, 1758)
Drepana curvatula (Borkhausen, 1790)
Sabra harpagula (Esper, 1786)
Watsonalla binaria (Hufnagel, 1766)
Watsonalla cultraria (Fabricius, 1775)
Thyatira batis (Linnaeus, 1758)
Habrosyne pyritoides (Hufnagel, 1766)
Tethea ocularis (Linnaeus, 1767)
Tethea or (Den. & Schiff., 1775)
Tetheella fluctuosa (Hiibner, 1803)
Ochropacha duplaris (Linnaeus, 1761)

Cymatophorina diluta (Den. & Schiff., 1775)

Achlya flavicornis (Linnaeus, 1758)
Polyploca ridens (Fabricius, 1787)

Asphalia ruficollis (Den. & Schiff., 1775)

Notodontidae

Thaumetopoea processionea (Linnaeus, 1758)
Thaumetopoea pinivora (Treitschke, 1834)

V.
V.
V.
V.
V.
V.
V.
V.
V.

1.2800
0.4353
1.0899
1.0092
1.2926
0.8059
1.1784
1.0711
0.9535

-0.6405
-1.2234
-1.3850
-1.1400
-1.2094
-1.2306
-1.1587
-0.2556
-0.2817
-1.0775
-1.1319
-1.0643
-1.1131
-0.9520
-1.1520
-0.9784
-0.7027

-0.5503
-0.4277

-1.8628
-1.6122
-2.0753
-1.6912
-1.8786
-2.2402
-2.3386
-2.2869
-2.1255

-0.7381
-0.5940
-0.6240
-0.6938
-0.4191
-0.4441
-0.4307
-0.5279
-0.5468
-0.6668
-1.1503
-0.9293
-0.9590
-0.0028
-0.9124
-0.9235
-0.5127

0.9126
0.1593

-0.7551
-0.4836
-0.5960
-1.1622
-1.3512
-0.0529
-0.4700
-0.1766
0.0880

-0.1407
0.0360
0.3430
0.3540
0.1128
0.1354
0.2322
-0.1113
0.1589
0.5773
0.4734
0.4572
0.3068
1.0671
0.4763
0.4885
0.5137

1.1102
0.6273

0.0541

-1.2912
-0.3740
-1.0305
-1.0017
-0.5334
-0.5849
-1.0647
-0.9439

0.4307
0.5642
1.3679
1.7285
1.2785
1.4924
1.8642
0.1651
-0.0478
1.4595
1.2592
1.0716
0.0757
1.7429
1.5687
1.6992
1.9583

1.3003
1.4956
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70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

Thaumetopoea pityocampa (Denn & Schiff., 1775)

Clostera curtula (Linnaeus, 1758)

Clostera anachoreta (Den. & Schiff., 1775)
Clostera anastomosis (Linnaeus, 1758)
Clostera pigra (Hufnagel, 1766)

Pygaera timon (Hiibner, 1803)

Cerura vinula (Linnaeus, 1758)

Cerura erminea (Esper, 1783)

Furcula bicuspis (Borkhausen, 1790)
Furcula furcula (Clerck, 1759)

Furcula bifida (Brahm, 1787)

Dicranura ulmi (Den. & Schiff., 1775)
Notodonta dromedarius (Linnaeus, 1767)
Notodonta torva (Hiibner, 1803)

Notodonta tritophus (Den. & Schiff., 1775)
Notodonta ziczac (Linnaeus, 1758)
Drymonia dodonaea (Den. & Schiff., 1775)
Drymonia ruficornis (Hufnagel, 1766)
Drymonia querna (Den. & Schiff., 1775)
Drymonia velitaris (Hufnagel, 1766)
Drymonia obliterata (Esper, 1785)

Pheosia gnoma (Fabricius, 1776)

Pheosia tremula (Clerck, 1759)

Pterostoma palpinum (Clerck, 1759)
Ptilophora plumigera (Den. & Schiff., 1775)
Leucodonta bicoloria (Den. & Schiff., 1775)
Ptilodon capucina (Linnaeus, 1758)
Ptilodon cucullina (Den. & Schiff., 1775)
Odontosia carmelita (Esper, 1798)
Odontosia sieversii (Ménétriés, 1856)

-0.5649
-0.6354
-0.5990
-0.6639
-0.6557
-0.3345
-0.8307
-0.6017
-0.9945
-1.1483
-1.1587
-0.9938
-1.1781
-1.0091
-1.2558
-1.3966
-0.9234
-0.9116
-0.9737
-1.0045
-1.1777
-1.0971
-1.1867
-1.3109
-1.1353
-0.8412
-1.0858
-0.8898
-0.8844
-0.6677

0.8200

-0.4069
0.1665

0.2173

-0.2363
-0.7193
-0.6164
-0.7646
-0.9100
-0.9309
-0.3168
-1.1002
-0.8322
-0.3262
-1.2232
-0.4911
-1.1894
-1.0568
-0.8130
-0.7892
-0.6383
-0.9094
-0.7308
-0.5068
0.1385

-0.6342
0.3506

-0.4669
-0.7333
-0.3761

0.9060
0.6812
0.1869
0.7087
0.1437
0.2300
-0.5367
-0.0414
-0.0469
0.0785
-0.4554
0.1326
-0.3252
-0.6024
-0.0443
-0.5925
-0.3527
-0.1802
-0.0387
-0.4060
-0.5374
-0.0946
-0.6366
-1.0883
-0.4115
0.2124
-0.9848
-0.1669
0.0218
-0.1715

1.3850
-0.0362
-0.3062
1.3064
0.0252
0.3681
-0.2259
0.6412
-0.2590
-0.5806
-0.6367
0.5408
-0.5477
-0.5242
0.1162
-0.3548
-0.0855
0.4100
0.7088
-0.4526
-0.4383
0.3310
-0.1630
-1.1826
-0.9681
0.4405
-1.6529
-0.5503
0.4332
0.6011
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100
101
102
103
104
105
106

107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123

124
125
126
127

Gluphisia crenata (Esper, 1785)
Phalera bucephala (Linnaeus, 1758)

Phalera becephaloides (Ochsenheimer, 1810)

Peridea anceps (Goeze, 1781)
Stauropus fagi (Linnaeus, 1758)
Harpyia milhauseri (Fabricius, 1775)
Spatalia argentina (Den. & Schiff., 1775)
Lymantriidae

Penthophera morio (Linnaeus, 1767)
Orgyia recens (Hiibner, 1819)

Orgyia antiqua (Linnaeus, 1758)

Orgyia antiquoides (Hiibner, 1822)
Dicallomera fascelina (Linnaeus, 1758)
Gynaephora selenitica (Esper, 1789)
Calliteara pudibunda (Linnaeus, 1758)
Calliteara abietis (Den. & Schiff., 1775)
Euproctis chrysorrhoea (Linnaeus, 1758)
Euproctis similis (Fuessly, 1775)

Laelia coenosa (Hiibner, 1808)
Leucoma salicis (Linnaeus, 1758)
Arctornis I-nigrum (Miiller, 1764)
Lymantria monacha (Linnaeus, 1758)
Lymantria dispar (Linnaeus, 1758)
Ocneria rubea (Den. & Schiff., 1775)
Parocneria detrita (Esper, 1785)
Arctiidae

Thumatha senex (Hiibner, 1808)
Nudaria mundana (Linnaeus, 1761)
Paidia rica (Freyer, 1858)

Miltochrista miniata (Forster, 1771)

-0.9553
-0.8431
-0.6226
-1.1392
-1.3579
-0.9967
-1.0375

1.2707
-0.6612
0.2260
0.0788
0.2330
0.7301
-0.8683
-0.4953
-0.6035
-0.6052
1.0728
-0.4368
-0.4678
-0.8681
-0.5606
-0.4665
-0.4929

0.8300
0.5217
0.6903
0.9095

-1.2120
0.7604

0.0904

-1.0855
-0.6369
-0.4547
-0.7414

0.4572
1.7988
2.3213
1.4764
1.3469
0.9679
1.4215
0.9222
2.3504
1.9645
0.2421
1.4179
0.7822
1.4511
2.0558
0.9432
1.3113

0.2134
-0.1077
0.0837
0.3133

0.4640
-0.7202
0.0994
-0.0259
-0.4109
0.2091
-0.4789

-0.5965
-0.4895
-1.4812
0.1030
-1.4741
-1.3298
-0.7848
0.7591
-0.6713
-0.0973
0.3101
-0.0969
0.6652
0.0732
-0.0276
0.5477
-0.0217

2.5188
1.5964
1.9313
2.4891

0.5858
-0.6435
0.6102
0.2899
-0.3405
-0.1922
-0.9238

2.1545

-1.0963
-0.0619
-0.0466
0.0340

0.3499

-1.4073
0.8196

-1.0101
-1.6748
1.7345

-0.5617
-0.0952
-1.9697
-0.6214
-0.2944
-0.0497

-0.1834
-0.4434
0.1469

-1.7278
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128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157

Cybosia mesomella (Linnaeus, 1758)
Pelosia muscerda (Hufnagel, 1766)
Pelosia obtusa (Her.-Sch., 1852)
Atolmis rubricollis (Linnaeus, 1758)
Eilema sororculum (Hufnagel, 1766)
Eilema griseolum (Hiibner, 1803)
Eilema lutarellum (Linnaeus, 1758)
Eilema pygmaeolum (Doubleday, 1847)
Eilema palliatellum (Scopoli, 1763)
Eilema pseudocomplanum (Daniel, 1939)
Eilema complanum (Linnaeus, 1758)
Eilema lurideolum (Zincken, 1817)
Eilema depressum (Esper, 1787)
Eilema caniola (Hiibner, 1808)

Lithosia quadra (Linnaeus, 1758)
Setina irrorella (Linnaeus, 1758)

Setina roscida (Den. & Schiff., 1775)
Amata phegea (Linnaeus, 1758)

Amata kruegeri (Ragusa, 1904)
Dysauxes ancilla (Linnaeus, 1767)
Dysauxes punctata (Fabricius, 1781)
Spiris striata (Linnaeus, 1758)
Coscinia cribraria (Linnaeus, 1758)
Utetheisa pulchella (Linnaeus, 1758)
Parasemia plantaginis (Linnaeus, 1758)
Hyphantria cunea (Drury, 1773)
Spilosoma lubricipeda (Linnaeus, 1758)
Spilosoma luteum (Hufnagel, 1766)
Spilosoma urticae (Esper, 1789)
Diaphora mendica (Clerck, 1759)

S<<<<KLKLKLKLKL<K<LK<<L<KL<K<K<<LKKLKL

0.6774
1.1675
0.8919
0.4735
0.1525
0.6438
1.4543
0.9164
1.5130
1.0071
0.9923
0.7497
0.4517
1.0283
0.1458
1.3310
1.2534
1.9798
1.4341
1.6069
1.4015
1.8084
1.4999
1.3762
1.5305
-0.4933
1.0227
1.0816
1.5482
0.6984

0.5990
0.1938
0.4364
-0.0180
0.1737
0.4857
-0.2461
-0.2590
0.0650
0.7123
0.3330
0.2926
0.4369
-0.0219
0.9218
0.1517
-0.0799
-0.1759
0.4047
-0.3781
0.5031
0.8881
0.6298
-0.5225
0.5812
1.3194
0.5473
-0.0783
-0.4631
0.1726

2.1956
2.1216
2.4520
2.0138
2.0056
2.1456
1.2003
1.9680
1.5911
2.2699
2.2061
2.5507
1.9404
1.6490
1.8398
2.0393
1.6458
-0.1671
0.1893
0.5872
0.6567
-0.8463
-0.5246
0.2714
-1.3056
-0.0039
-1.6481
-1.3771
-0.3134
-1.9609

-0.9635
-1.3273
-0.1895
-1.5169
-0.8008
-0.6453
0.0162

-1.1461
-0.3754
-1.0143
-1.7441
-2.0006
-0.7787
-1.2926
-0.9000
-0.1525
-0.2115
0.4481

0.4196

-0.1468
-0.3204
0.1541

0.8714

0.0415

0.7131

-0.9185
-0.2026
-0.5320
0.8299

0.4490
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158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174

Cycnia luctuosa (Geyer, 1833)

Phragmatobia fuliginosa (Linnaeus, 1758)
Phragmatobia luctifera (Den. & Schiff., 1775)

Ocnogyna parasita (Hiibner, 1790)
Chelis maculosa (Den. & Schiff., 1775)
Watsonarctia casta (Esper, 1785)
Hyphoraia aulica (Linnaeus, 1758)
Pericallia matronula (Linnaeus, 1758)
Arctia caja (Linnaeus, 1758)

Arctia villica (Linnaeus, 1758)

Arctia festiva (Hufnagel, 1766)
Rhyparia purpurata (Linnaeus, 1758)
Rhyparioides metelkana (Lederer, 1861)
Diacrisia sannio (Linnaeus, 1758)
Euplagia quadripunctaria (Poda, 1761)
Callimorpha dominula (Linnaeus, 1758)
Tyria jacobaeae (Linnaeus, 1758)

0.7910
1.1731
1.6258
1.0391
1.4060
1.2526
1.4968
0.6928
0.9641
1.6067
1.5170
1.7225
1.1684
1.1773
1.5236
1.5077
1.2778

-0.2598
0.6142
0.0994
0.5702
-0.4720
-0.6744
0.2508
0.6169
0.9957
0.3097
0.2378
0.8835
-0.0864
0.4067
0.7581
0.5258
-0.4209

0.1637

-1.0594
-1.0344
-0.6586
0.0792

-0.3629
-0.5050
-0.7326
-1.9928
-0.5916
-0.2470
-1.7179
0.2140

-1.1409
-1.0538
-1.6465
-0.9309

1.2282
0.3214
-0.0915
1.6872
0.7160
1.7025
0.7433
-0.7570
-1.4702
0.5492
0.6395
-0.1749
0.8928
-0.0206
-1.0908
-1.3214
1.0538
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Table 2: List of life history attributes defining the resource use by 174 species of Central European macromoths and used for ecological classifications of the

moths’ habitats

=z
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10
11
12
13
14
15
16
17
18
19
20
21
22

Variable State Attribute
WstEgg Overwintering stage eqqg
WSstLARVE larvae
WSstPUPPE pupae
WstADULT adult
WsiBUR Hibernation site buried
WsiSUR surface
WsiSHO short sward
WSsIiTALL tall sward
W5siSHR shrub
WSsIiTREE tree
WsiLEAF dry foliage
WsiROCK rocks, walls
GENbien Voltinism biennial
GENuniv univoltine
GENuni+ univ. + partial 2nd generation
GENDbivo bivoltine
GENmulti multivoltine
Salicaceae Larval host plant family Salicaceae
Betulaceae Betulaceae
Fagaceae Fagaceae
Rosaceae Rosaceae
Corylaceae Corylaceae

No.
90
91
92
93
94
95
96
97

98

99

100
101
102
103
104
105
106
107
108
109
110
111

Variable State Attribute
HPraMONO Larval trophic range monophagous (1 plant family)
HPraOLIG oligophagous (2 or 3 families)
HPraPOLY polyphagous (more than 3 families)
HPphANN Larval host plant phenology | annual
HPphBIE biennial
HPphSHO short lived perennial
HPphLON long lived perennial
HPfoSHOR Larval host plant growth short herb/grass

form
HPfoTALL tall herb
HPfoSHRU shrub
HPfoTREE tree
HPfoNONP non-plant
HPfoLIAN liana
ElaySING Egg-laying mode singly
ElaySMAL small batches (up to 10 eggs)
ElayLARG large batches
ElocEART Egg-laying substrate bare earth or ground artifact
ElocSHOR short turf/herb
ElocTALL tall/mature herbs
ElocSHRU shrub
ElocTRUN tree trunk
ElocCANO canopy




23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
4
42
43
44
45
46
47
48
49
50

Oleaceae Oleaceae
Vacciniaceae Vacciniaceae
Tiliaceae Tiliaceae
Pinaceae Pinaceae
Fabaceae Fabaceae
Euphorbiaceae Euphorbiaceae
Plantaginaceae Plantaginaceae
Elaeagnaceae Elaeagnaceae
Acraliaceae Avraliaceae
Caprifoliaceae Caprifoliaceae
Poaceae Poaceae
Cziperaceae Cziperaceae
Juncaceae Juncaceae
Cannabaceae Cannabaceae
Cornaceae Cornaceae
Primulaceae Primulaceae
Aceraceae Aceraceae
Ulmaceae Ulmaceae
Rhamnaceae Rhamnaceae
Ericaceae Ericaceae
Polygonaceae Polygonaceae
Asteraceae Asteraceae
Dipsaceae Dipsaceae
Lythraceae Lythraceae
Convolvulaceae Convolvulaceae
Solanaceae Solanaceae

Celastraceae

Celastraceae

Crassulaceae

Crassulaceae

112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139

ElocLIANO liana
ECouWHIT Egg colour white
EcouYELL yellow
EcouBROW brown
EcouRED red

EcouBLAC black
EcouGREY grey
EcouGREE green
EcouPUNC spots

EhairYES Egg batch protection covered by hairs
EhaiNO bare

EshapONE Egg batch shape single egg
EshapRIC flat batch ("mirror")
EshapLIN string
EshapCOM combination
LdayBURI Larval environment at day | buried
LdayGROU ground layer
LdayFIEL herb layer
LdaySHRU shrub layer
LdayTREE trunk layer
LdayCANO canopy layer
LdayLEAF woven foliage tent
LnigBURI Larval environment at night | buried
LnigGROU groun layer
LnigFIEL field layer
LnigSHRU shrub layer
LnigTREE trunk layer

LnigCANO

canopy layer




51
52
53
54
55
56
57
58

59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

Buddlejaceae

Buddlejaceae

Chenopodiaceae

Chenopodiaceae

Sambucaceae

Sambucaceae

Aquifoliaceae

Aquifoliaceae

Hippocastanaceae

Hippocastanaceae

Juglandaceae Juglandaceae
Caryophyllaceae Caryophyllaceae
Rubiaceae Rubiaceae
Onagraceae Onagraceae
Apocynaceae Apocynaceae
Vitaceae Vitaceae

Balsaminaceae

Balsaminaceae

Geraniaceae Geraniaceae
Lamiaceae Lamiaceae
Scrophulariaceae Scrophulariaceae
Menyanthaceae Menyanthaceae
Apiaceae Apiaceae
Berberidaceae Berberidaceae
Cupressaceae Cupressaceae
Brassicaceae Brassicaceae
Ranunculaceae Ranunculaceae
Magnoliaceae Magnoliaceae
Boraginaceae Boraginaceae
Urticaceae Urticaceae
Typhaceae Typhaceae
Orchidaceae Orchidaceae
Iridaceae Iridaceae

140
141
142
143
144
145
146
147

148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166

LnigLEAF woven foliage tent
LcouCRYP Larval colouration cryptic
LcouWARN warning
LactivDA Larval feeding time day
LactiNI night
LsbthYES Larval basking yes
LsbthNO no
Ltogethe Larvae gregarious (up to yes

3rd instar)
Lalone no
LhairyYE Larvae hairy yes
LhairyNO no
PloBUR Pupal location buried
PloSUR ground layer
PloFIE field layer
PloSHRU shrub layer
PloTREE trunk layer
PloCANO canopy layer
PloLEAF woven foliage tent
PcocoYES Pupa in cocoon yes
PcocoNO no
AfeeYES Adult feeding yes
AfeeNO no
AFwingYE Adult females winged yes
AFwingNO no
AMactDAY Adult male activity diurnal
AMactDUS crepuscular
AmactNIG nocturnal




78
79
80
81
82
83
84
85
86
87
88
89

Gentianaceae Gentianaceae
Alliaceae Alliaceae
Santalaceae Santalaceae
Cistaceae Cistaceae
Simaroubaceae Simaroubaceae
Araceae Araceae
lichenes lichenes
mOosses MOosses

algae algae
liverworts liverworts
dead plant parts dead plant parts
cannibalism cannibalism

167
168
169
170
171
172
173
174
175
176
177
178

AFactDAY Adult female activity diurnal

AFactDUS crepuscular

AFactNIG nocturnal

AcouCRYP Adult wing pattern cryptic

AcouMIM mimetic

AcouHALF warning on hindwings
AcouWARN warning completely
Afly3,4 Adult flight period early spring (up to April)
Afly5,6 spring (May - June)
Afly6,7 early summer (June - July)
Afly8,10 late summer (July - September)

Afly11-

autumn (from October)




Fig. 1

PCA ordination diagrams reconstructing habitat associations of Central European macromoths (less Geometridae and Noctuidae) according to 178 life
history attributes of individual species. The two panels show intersections between 1st and 2nd (a) and 1st and 3rd (b) ordination axes. See Table 1 for
numeric coordinates of all species.

Variation explained by four ordination axes was 15.6% (1st), 9.0% (2nd), 6.4% (3rd) and 4.4% (4th). The symbols distinguish the five habitat
association groups: squares — Group | (close canopy moths: 53 spp.), triangles — Group Il (open canopy moths: 47 spp.), circles — Group 11 (grassland
moths: 39 spp.), diamonds — Goup IV (herb-feeding hawk moths: 14 spp.), X-marks — Group V (lichen feeders: 21 spp.). See Table 1 for species
abbreviations and PCA scores
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Fig. 2

Visualisation of the 47 best-fitting (fit >20%) life history attributes from the PCA ordination used to reconstruct habitats of Central European macromoths.

Intersection of the 1st and 2nd ordination axes (see Fig. 1A). See Table 2 for list of the attributes
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Fig. 3
PCA ordination used to reconstruct habitats of Central European macromoths according to life history attributes of individual species, analysis excluding 72
attributes describing host plant families. Intersection of the 1st and 2nd ordination axes. The variation explained by four ordination axes was 16.9% (1st),

10.0% (2nd), 6.0% (3rd) and 5.0% (4th). Symbols for individual species follow the habitat association groups revealed by analysis including the host plant

families (cf. Fig. 1), species abbreviations in Table 1
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Fig. 4
Partial PCA ordination used to reconstruct habitats of Central European macromoths according to 178 life history attributes, with moth family membership
treated as covariable. Intersection of the 1st and 2nd ordination axes; the variation explained by four ordination axes was 7.5% (1st), 5.6% (2nd), 3.4% (3rd)

and 2.9% (4th). Symbols for individual species follow the habitat association groups revealed by the analysis, including the host plant families (cf. Fig. 1),

species abbreviations in Table 1
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Fig. 5
Proportional representation of independently obtained macromoth species characteristics in the five habitat association groups obtained by ordination analysis

of life history attributes. Top: Naive habitat associations, as understood by mid-20th century lepidopterists (from Hruby 1964). Middle: Biogeography

elements (modified after Hruby 1964). Bottom: Threat status (combination of the Czech Republic and Bavaria Red lists)
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Appendix 2: list 1- zakladni matice druhti a bionomickych vlastnosti uzita pro vypocet, list 2- zdrojova matice druht s vlastnostmi upravenymi
pomoci DCA analyzy. PfiloZeno v elektrinické podobé






