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1 Uvod

Hmyz je nejpocetnéjsi skupinou zivocichli obyvajici nasi planetu, tvofici vice nez polovinu
celkové biodiverzity. Odhaduje se, Ze na planeté Zemi Zije az Sest miliond druhd téchto ¢lenovcu.
Zastupci hmyzu se vyskytuji téméf ve vSech biotopech od tropu az téméf po polarni kruh a maji
nezastupitelnou funkci ve fungovani terestrickych i vodnich ekosystémt. Mnoho z nich je tak spjato
s zivotem Cloveka vice, nez by se na prvni pohled mohlo zdat.

Na zacatku 21. stoleti dochazi v Evropé Kk postupné destigmatizaci hmyzu a ¢aste¢nému
uvédomeéni si jeho vyznamu pro lidstvo. Nejéastéj$im tématem, které nyni rezonuje ve spojitosti s
touto skupinou zivocichd, je rapidni ubytek diverzity predevsim endemického hmyzu. V navaznosti
na toto téma pak dostava prostor detekce invaznich druhti hmyzu, jakozto nepiatel endemické fauny
a také vyuziti hmyzu jako alternativniho a dlouhodobé udrzitelného zdroje Zivin, ktery by mohl
odlehcit pretizenym zdrojim v ZivociSné vyrobé a zpomalit ¢i zastavit nendvratné ztraty cennych
biotopt. Cilem této disertacni prace je v SirSim kontextu informovat o téchto aspektech a na zékladé
vysledk vyzkumu referovat o konkrétnich ptipadech hodnoticich ochranu stanovist' ohrozenych
druhtt hmyzu na piipadu motyli, dale na nékolika piipadech popsat invaze hmyzu do Ceské republiky
a vyhodnotit nutri¢ni hodnoty vybranych druhti hmyzu b&zné chovanych v Ceské republice z hlediska
pouzitelnosti v potravinafstvi ¢i krmivarstvi vcetné evaluace faktort, které obsah Zivin mohou
ovlivnit.

V poslednich n€kolika desetiletich se svét méni mnohem rychleji nez dive. Doslo Kk pfechodu
od tradi¢niho zeméd€lstvi na zemédélstvi intenzivni, krajina je fragmentovana infrastrukturou,
suburbanni a urbanni aglomerace se rozristaji na ukor lesi, poli a luk. Nasledkem vsech téchto
faktorti dochazi k poklesu pocetnosti jedincti i celkové biodiverzity mnoha skupin Zivodichd, véetné
hmyzu. Zatimco nékteré druhy z nasi ptfirody jiz definitivné vymizely, dalsi pfeZivaji jen na nékolika
izolovanych lokalitach a jiné, dfive zcela bézné, se pomalu stavaji vzacnymi. V ramci snahy o
zvraceni tohoto fenoménu doby je nutné vénovat pozornost zachovani biodiverzity. Prvnim nastrojem
V této problematice je ochrana stanovist’ s vyskytem ohroZenych druhti. Na takovych lokalitach je
nutné provadeét management prizptisobeny zivotnim pozadavkim téchto druhti, jehoz cilem je vratit
ptirod¢ jeji plvodni tvar, podpofit lokalni populace a zabranit dalSim nenavratnym ztratam
biodiverzity.

Dilezitym faktorem, ktery v disledku globalizace a klimatickych zmén ohrozuje lokélni
faunu, je sifeni nepivodnich druhli s negativnim vlivem na nové kolonizované prostiedi, tzv.
invaznich druht. Vzhledem Kk absenci pfirozenych neptatel, odolnosti vici patogenim ¢i vyssi
ekologické plasticité tyto druhy vytlacuji druhy ptvodni. Pfitomnost téchto organismi muze mit

navic krom¢ ekologickych nasledkt i nasledky ekonomické, kdy mohou skodit na zemédé€lskych
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plodinach, dfevinach nebo uskladnénych potravinach. V neposledni fad€ maji nékteré z téchto druht,
vzhledem k synantropnimu ¢i ektoparazitickému zplisobu zivota, vyznam i z hlediska humanni ¢i
veterinarni mediciny. VcCasna detekce a eradikace téchto druht je tak jednim z nastroja, které jsou
pro ochranu diverzity klicové.

Hrozbou pro diverzitu je rovnéz ztrata pivodnich stanovist, jejiz hlavnim Cinitelem je
intenzivni zemé&d¢lstvi, které ve snaze zajistit potravinovy komfort nadmérné vyuziva zdroja a krajina
tak doznava nenavratnych zmén. Svétova populace stale roste, navic se meéni 1 potravni preference.
Proto je zajisténi dostatku kvalitniho zdroje proteinu pii souc¢asném zachovani cennych biotopt pro
lidstvo vyzvou do blizké budoucnosti. Hledani alternativnich zdrojii zivin je dal§im horkym tématem
zacatku 21. stoleti. Velmi ¢asto zmifniovanou alternativou, ktera z tohoto pohledu ptipada v uvahu, je
krmivatské ¢i potravinaiské zpracovani hmyzu. Respektive, uvazuje se 0 moznosti vyuzit nékteré
druhy hmyzu z tada brouku, $vabu, rovnokiidlych, dvouktidlych ¢i motyld, jez byly donedavna
povazovany predevsim za obtizné Sktidce zasob a vyznacuji se velkou reprodukéni schopnosti a
nizkou potravni specifitou. Tyto vlastnosti jsou z pohledu produkce biomasy velice benefitni. Aby
bylo mozné tento potencial vyuzit, je nutna znalost nutriéni hodnoty hmyzu, stejné jako znalost jevi,

kterymi ji Ize ovliviiovat.



2 Literarni prehled

2.1 Biodiverzita hmyzu

Biologicka diverzita je termin, ktery byl pravdépodobné poprvé pouzit v roce 1968 (Dasmann
1968). Jeho definice byla pak béhem 80. let ustalena jako celkovy pocet druhii ve spole¢enstvu (Norse
& McManus 1980). Zkracenou verzi ,,biodiverzita“ pouzil poprvé v roce 1988 Edward Osbourne
Wilson (Wilson 1988). Od té doby se termin ustalil a spoleéné se zvySenym zajmem o tuto
problematiku se stal na zac¢atku 21. stoleti pojmem v§eobecné znamym a frekventovanym. Doklada
to 1 pocet vyhledavani klicového slova ,,biodiverzita“ na Google, ktery se se v roce 2008 zvysil béhem
tif mésicti o 5 miliond vyhledavani z 12 na 17 miliona (Foottit & Adler 2017). Prestoze podle sluzby
Google trends po zacatku stoleti pocet vyhledavani tohoto hesla lehce poklesl, v soucasnosti pii
vyhledavani klicového slova ,,biodiversity* zobrazi Google 78,9 milionu odkaz.

V roce 2018 bylo podle Catalogue of Life popsano celkem 1,225,402 druhtt hmyzu (ITIS
2019). Skute¢ny pocet druhti obyvajici planetu vsak bude vys$si. Piestoze se odhady globalni
biodiverzity béhem poslednich nékolika desetileti nedaii sjednotit a fadové se lisi az v milionech
(Caley et al. 2014), za zifejmé nejpiesnéjsi odhad druhové diverzity eukaryotnich organismu je
povazovano necelych 9 milionti druhi (Mora et al. 2011; Sweetlove 2011), z ¢ehoz ptiblizné 5,5
miliond druht patii do tfidy hmyzu (Stork 2018). Nejvyssi druhova koncentrace hmyzu, tvotici az 90
% se vyskytuje v tropickém pasu, kdy napiiklad jeden hektar Amazonského pralesa poskytuje
stanovi$té az pro 85 000 druhti hmyzu (Foottit & Adler 2017). Hmyz je velice riznorodou skupinou
Citajici celkem 28 tadu, ale vice nez 80 % druht hmyzu pochazi pouze ze tadua ¢tyf, ato Coleoptera,
Diptera, Hemiptera a Lepidoptera (Cardoso 2012).

Zdokonalovani molekularnich metod umoziuje odhalovat a popisovat kazdym rokem vyssi
mnozstvi novych druhti (Costello et al. 2012), celkové se vSak diverzita povazlivé snizuje. Za
posledni stoleti byla u dobfe zmapovanych skupin Zivo&ichli zaznamenana 0 10°*! vy3si mira extinkce
nez v prub¢hu piedchozi ptl miliardy let (May 2011). Kromé¢ toho se vlivem klimatickych zmén a
antropogennich vlivl Casto snizuje i pocetnost jednotlivych populaci a existence mnoha druhti je dnes
bezprostiedné ohrozena a mnoho druht se pohybuje na pokraji vyhynuti. Podle IUCN (2018a) je
sestupny populacni trend znam u 19 258 sledovanych druhii, zatimco stoupajici tendence jich ma
aktualné pouze 1191. Bez patficnych opatieni tudiz hrozi, ze tento dramaticky pokles se bude dale
zrychlovat i ve 21. stoleti. Vzhledem k tomu, Ze hmyz ma casto nenahraditelnou roli ve fungovani

celého ekosystému, je nutné tento trend zvratit.



2.1.1 DeStnikové druhy a ochrana stanovist’ ohroZenych druhi

Klicovym faktorem pro ochranu ohrozenych zivocicht je zachovani lokalit, na kterych se
ptirozené vyskytuji. Zavedeni podptirného managementu vychazejiciho ze znalosti Zivotnich
pozadavku cilovych organismu je pro udrzeni téchto druhti i pro pfisti generace zadouci. Ochranou
destnikovych druhti se rozumi ochrana zasteSujicii dal$i druhy a spolecenstva, ktera stanovisté
s desStnikovymi druhy sdili @ maji podobné ekologické naroky, ale z riznych divodd na ochranny
status nedosahly (Roberge & Angelstam 2004; Stuber & Fontaine 2018). Na druhou stranu je tieba
podotknout, ze ne vSechny chranéné¢ druhy raznych biotopii Ize povazovat za vhodné druhy
destnikové a neuspésné vyuziti vlajkovych druhi pro tento ucel je z minulosti velmi dobtfe znamé
(Roth & Weber 2007; Cabeza et al. 2007; Martin-Lopez et al. 2007). Pfi vybéru je proto nutné zvazit
vSechny potencialni disledky (Cardoso 2012). Ptestoze jsou za vhodné destnikové druhy nejcastéji
vyuzivani obratlovci a ptaci (Roberge & Angelstam 2004), volba hmyzu za timto ucelem je téz
znama. Napiiklad u modraskt Phengaris arion (Spitzer et al. 2009) ¢i Phengaris nausithous, kteti

jsou destnikovymi druhy pro vlhké, extenzivné obhospodafované louky (Kempe et al. 2016).

2.1.2  VIiv intenzivniho zemédélstvi na biodiverzitu

Intenzifikace zeméd€lstvi sice prozatim umoziuje lidstvu vyrovnat se s rustem celkové
populace, ale nese s sebou téz mnoho nezadoucich jevii. Cinnosti spojené se zemédélstvim emituji
25 — 33 % sklenikovych plynt (Tubiello et al. 2014), zabiraji pies 40 % zemského povrchu (FAO
2016) a 70 % sladkovodnich ploch (Molden et al. 2013). Jsou pii¢inou odlesnovani, homogenizace a
fragmentace krajiny (Ramankutty & Foley 1999; Batary et al. 2017) a proto jsou také jednou
z hlavnich pticin poklesu svétové biodiverzity (Habel & Schmitt 2018; Lanz et al. 2018; Bommarco
et al. 2018).

Zména zemédé€lské politiky spoc¢iva hlavné ve zvySeném pouzivani hnojiv, pesticidnich
piipravki, zavlazovani, odvodiovani ¢i ve vyuzivani t€zké techniky (Kleijn et al. 2009; Cizek et al.
2012). To vede ktomu, ze pudy jsou v soucasnosti bud’ intenzivné vyuzivany, nebo naopak
opoustény, coz ma téz negativni dopad na biodiverzitu (Loos et al. 2014; Uchida & Ushimaru 2015;
Antonini & Argilés-Bosch 2017). Piestoze vétSinou je zména diverzity demonstrovana zejména na
obratlovcich, velké zmény probihaji v abundanci i diverzité ¢lenovci véetné hmyzu. Vzhledem ke
kratkému Zivotnimu cyklu jsou zmény v pocetnosti hmyzu jednim z prvnich ukazatelli naruSeni
ekosystému a daji se tak pouzit jako explicitni modelové ukazatele ¢i v€asna varovani pro pokles
biodiverzity. Hallmann et al. (2017) zaznamenali, ze masa 1étajiciho hmyzu zachycena do Malaiseho
pasti se v riznych regionech v Némecku béhem poslednich 27 let snizila o 75 %. Fenomén poklesu

pocetnosti byl potvrzen i u vazek (Clausnitzer et al. 2009), stievlika (Brooks et al. 2012) a nevyhnul
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se ani motyliim, kdy pocetnost evropskych populaci v letech 1990-2000 poklesla az 0 60-70 % (Fox
2013; Habel et al. 2016)

2.1.3 Ochrana biodiverzity motyla v Evropské unii

Prestoze byla pro zachranu ohrozenych druhGt motyli Evropskou unii vyhlaSena tada
prirodnich rezervaci ¢i narodnich parkt a byly vydany smérnice na vytvofeni sité lokalit NATURA
2000, pocetnost i druhova diverzita motylt nadale klesa (Henle et al. 2008; Warren & Bourn 2011).
Zakladem veskeré podpory pro uchovani biologické rozmanitosti motyld je propojeni zemédelské
politiky s praci biologli a ochranaii se zaméfenim na prioritni oblasti, komplexni monitoring a
aplikaci vhodnych managementovych intervenci v klicovych oblastech (EEA 2011; Warren & Bourn
zem&délstvi jsou agroenvironmentalni programy (AES), které pomoci dotaci podporuji zemédélce
Vv tradi¢nim zpUsobu vyuzivani krajiny a aplikaci vhodného managementu na vybranych lokalitach
(Konvicka et al. 2005; Witzold et al. 2008; Wrbka et al. 2008). Spolecnad zemédélska politika
,Common Agricultural Policy* (CAM) se v soucasnosti zam¢&fuje na optimalni soulad mezi produkci
a podporou biologické rozmanitosti (Henle et al. 2008; Wrbka et al. 2008; EEA, 2011). Dalsi nafizeni
upravujici ochranu pfirody jsou napiiklad evropské smérnice pro ochranu piirody ,,Convention on
biodiversity (CBD) nebo dokument ,,The EU Biodiversity Strategy to 2020, shrnujici 6 cili
zaméfenych na rozvoj biodiverzity, kterych by mélo byt dosazeno do roku 2020 (Schmeller et al.
2009; EEA, 2011; Maes et al. 2013).

2.1.4 Vztah mezi managementem a populacemi motylu

Snizujici se biodiverzita je hlavnim divodem pro znepokojeni ochranaiti a zaroven aktivaci
ochrannych opatieni (Groom et al. 2006). Aktivni ochrana motyli spociva hlavné v pochopeni
pozadavki definovanych pfitomnosti a rozlozenim zdroju (Dennis et al., 2006; Jansen, 2012).
S piihlédnutim na Zivotni cyklus a poZadavky motyla 1ze obecné aplikované managementy délit na
vyhovujici a nevyhovujici. Mezi vhodné zplisoby hospodateni, které podporuji populacni rozvoj
motyld, fadime rotac¢ni se¢ (Farruggia et al. 2012), extenzivni pastvu (Poyry et al. 2006), seslap
(Kruess & Tscharntke 2002), obcasny vypal (Mclver & Macke 2014), docasné vynechani
managementu na pozemku (Schirmel &Fartmann 2014) a tdrzbu fidkych lesnich porostl, kett a
pasek u lesnich druhit motyla (Slamova et al., 2013). Naopak odlesiovani (Augenstein et al. 2012),
meliorace luk (Kati et al. 2012), intenzivni management pozemka (Slamova et al., 2013), ¢i naopak
uplné opusténi managementu, které vede k sukcesi (Hula et al., 2004; Skorka 2007), patii mezi
managementy, které jsou pro vétsinu motyld nevhodné. Zpisob managementu na lokalitach je jednim
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z hlavnich faktort, které maji zasadni vliv na prospivani lokalnich populaci motylt (Wallis de Vries

et al., 2007; D"Anielo et al., 2011).

2.1.5 Bionomie a ochrana modraskua Phengaris nausithous a Phengaris teleius

Modrasci Phengaris nausithous (Bergstréasser, 1779) a P. teleius (Bergstrasser, 1779) jsou
monofagni druhy motyli, pfi¢emz jejich Zivnou rostlinou je krvavec toten (Sanguisorba officinalis)
(Thomas, 1984). PtestoZze imaga obou téchto modraskii mohou pfileZitostné sat nektar 1 z dalSich
rostlin jako napfiklad vikve ptac¢i (Vicia cracca), bukvice 1ékarské (Betonica officinalis), pchace
rolniho (Cirsium arvense) a rozrazilu dlouholistého (Pseudolysimachion maritimum), mtze kladeni
a nasledny vyvoj housenek probéhnout jediné na kvétenstvi krvavce (Sielezniew & Stankiewicz-
Fiedurek 2013; Nowicki et al., 2014).

Obrazek 1: Pafeni modraskt Phengaris nausithous (Autor snimku: Karolina Hamzova)

Vzhledem k tomu, Ze jsou oba druhy studovanych modraski pevné vazany na svoji zivnou
rostlinu, jsou jejich hlavnim biotopem vlhké a podmacené louky ¢i pastviny, kde se hojné vyskytuje
krvavec toten. Tento typ biotopu je v soucasné dobé v Evropé vazné ohroZen. Zatimco na pielomu
stoleti byly nejvétsi hrozbou pro tyto lokality lidské zésahy typu rekultivaci vodnich toki, melioraci
luk, nevhodné doby sece ¢i pouziti herbicidu (Wérner et al., 2014), nyni jsou v kontextu klimatickych
zmén ohrozovany navic také suchem a vysokymi teplotami (Romo et al., 2015) ¢i parazitickou
houbou Podosphaera ferruginea napadajici ve velkém méfitku jejich Zivné rostliny (Sliwinska et al.
2017).



Co se tyCe zivotni strategie, oba druhy modraski P. nausithous i P. teleius, jsou
poloparaziticti a obligatné myrmekofilni, coz znamena, ze k dokonceni vyvoje potiebuji hostitelské
mravence rodu Myrmica, Vv jejichz hnizdech larvy urcitou dobu ziji a kde parazituji, resp. preduji
potomstvo mravenct (Thomas et al., 1989). Po dobu prvnich tii instara ziji housenky v kvétenstvi
krvavce, kde se zivi rostlinnym pletivem (Pech et al., 2007), ve ¢tvrtém instaru pak rostlinu opousti
a jsou adoptovany délnicemi hostitelskych mravencii (Thomas et al., 1998a). Usp&sna adopce
housenky modraska je mozna diky sekretim vylu¢ovanych z epidermalnich Zlaz, pfenosu zivin
z housenky na mravence i manipulativni komunikaci prostiednictvim chemickych signalt (EImes &
Thomas 1991; Fiedler et al., 1996; Solazzo et al., 2015). Po pfijeti hostitelskymi mravenci zustavaji
housenky v mravenistich po dobu 10 az 22 mésica (Hochberg et al., 1992; Thomas et al., 1998b;
Sliwinska et al., 2006). V mravenisti se housenky také kukli (EImes & Thomas, 1991). Po vykukleni
jiz mravenci dokazi motyla detekovat a (ito¢i na néj, v€asné opusténi mravenciho hnizda je tak dalsim
krizovym momentem béhem zivota téchto modrasktl (Benes et al., 2002). Proto lihnuti probiha
vétsinou mezi sedmou a devatou hodinou ranni, tedy v dob¢ snizené aktivity hostitelskych mravenct

(Cechmanek & Hrabak, 2006).

Obrazek 2: Samice Phengaris nausithous na zivné rostliné. (Autor snimku: Karolina Hamzova)

Phengaris nausithous a P. teleius jsou univoltinni a letova sezona trva dle klimatickych
podminek vétsinou od zac¢atku ¢ervence do poloviny srpna (Thomas et al., 1998a). Piestoze oba druhy
Ziji vétsinou sympatricky (Popovi¢ et al., 2017), jejich bionomie je v nékterych aspektech rozdilna.
Samice P. nausithous klade az pét vajicek na zralou kvétni hlavku, zatimco P. teleius klade
separované¢ po jednom, a predevSim na mladd kvétenstvi (Figurny et Woyciechowski, 1998;

Sielezniew et al., 2013), ktera jsou ostatnich sntisek prosté (van Dyck et al., 2000). Samice P. teleius
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dale kladou vajicka na rostliny v blizkosti hnizd mravenci Myrmica, zatimco u P. nausithous
z hlediska tohoto faktoru nebyla zjisténa zadna preference (Wynhoff & van Langevelde 2017). Dale
bylo také prokazano, ze P. nausithous se vyskytuje spise na stanovistich u zalesnénych okrajua luk
(Korosi et al., 2012), zatimco P. teleius upiednostituje hlavné vnitini oblasti louky (Batary et al.,
2009). Z hlediska piezivani je P. nausithous v porovnani s P. teleius druhem odoln&jsim. Za prvé
dokaze dlouhodobé piezivat na izolované lokalité, zatimco P. teleius vyzaduje systém lokalit
propojenych priletovymi koridory (Nowicki et al., 2007). Je také znamo, ze P. teleius je nachylngjsi
k poklesu hustoty mravenist’ (Figurny et al., 2000; Bereczki et al., 2015) a na zakladé vyzkumu, Ktery
se zabyval reintrodukci obou druhti v Nizozemsku je také zietelné, Ze modrasci druhu P. teleius maji
niz§i schopnost osidlovani novych stanovist (Wynhoft, 1998).

Oba studované druhy modrasku, P. nausithous a P. teleius, jsou v souc¢asnosti uznavany jako
vlajkové, a jak uz bylo zminéno vyse, také jako destnikové druhy pro ochranu biodiverzity travnich
porosti v Evropé (Thomas & Settele, 2004; van Swaay et al., 2012). Jejich ochrana je ukotvena
v ramci nékolika smérnic a natfizeni EEA 2011, NATURA 2000, CBD nebo ,,The EU Biodiversity
Strategy to 2020 (Schmeller et al. 2009; Maes et al. 2013). V ramci svétového ¢eského i evropského
¢erveného seznamu jsou shodné fazeni do kategorie témét ohrozeny — near threatened pro P.
nausithous a zranitelny — vulnerable pro P. teleius (Hejda et al., 2017; van Swaay et al., 2010)
»International Union for Conservation of Nature* (IUCN) fadi na svém seznamu oba druhy do

kategorie témét ohrozeny (,,Near threatened*) (IUCN, 2018).

2.1.6 Vhodny management pro modrasky

Vzhledem k tomu, ze studované druhy modraskii jsou monofagni, univoltinni, myrmekofilni
a ziji vétsinou v sympatrickém metapopulaénim systému, je zapotiebi nastavit pro né ochranny
management tak, aby bylo vyhovéno vSem témto pozadavkium. Dutlezitym faktorem je zapojeni sité
luénich porostti, ale také okrajovych casti cest ¢i pozemka (Nowicki et al., 2013), coz by m¢lo vést
ke snizeni fragmentace Kkrajiny a podpote metapopulaéniho systému (Nowicki et al., 2014). Naprosto
klicovym faktorem na stanovistich téchto modraskd je spravné provedeni a nacasovani sece.
Nejvhodnéjsim managementem je z tohoto pohledu sec¢ jednou ro¢né, ptipadné minimalné jednou za
dva az tii roky (Johst et al., 2006; Vrabec et al., 2008). Se¢ ale nesmi probéhnout béhem letové sezony,
aby nedoslo ke ztrat¢ Zivnych rostlin a hnizd hostitelskych mravenct. Z hlediska nizké disperzni
schopnosti studovanych druhi modraskd pro n¢ opakovana se¢ v nevhodném terminu mize mit
fatalni nasledky (Johst et al., 2006; Dover 2010). Optimalnim terminem pro koseni lokalit je
zacatek kvétna nebo zaii (Benes at al., 2002; Konvicka et al., 2005; K6rosi et al., 2014). Je ale nutné

miti na paméti, ze pokud je sec provedena pred zacatkem letové sezony, nemusi vlivem riiznych
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stochastickych jevil dojit k obnove rostlin a kvétenstvi krvavce totenu. Vhodnéjsim datem pro sec se
proto zda byt podzimni termin. Kromé toho, Ze nedojde k ohrozeni Zivnych rostlin, mé podzimni
termin Seée pozitivni vliv i na hostitelské mravence (Grill et al., 2008). Dulezité je také technické
hledisko provedeni sece. Z tohoto pohledu se za nejlepsi feSeni povazuje se¢ mozaikova (Benes et
al., 2002; Konvicka et al., 2005), ktera napodobuje tradi¢ni zpisob hospodateni na loukach (Poyry,
2007). Princip sece tkvi v ponechani casti louky nekosené, tak aby zde byly v jednom okamziku
porosty razné délky (Morris 2000; Saarinen & Jantunen, 2005; Farruggia et al., 2012). Nevhodné je
také ponechani luk na dlouhou dobu bez managementu. Dochazi k nastupu sukcese, tedy k zarustani

pozemku vysokou travou, kefi a nasledné stromy (Provoost et al., 2009; Schirmel & Fartmann, 2014).

2.2 Biologické invaze

Na zac¢atku 21. stoleti dochazi v ramci globalizace k intenzivnimu obchodu a pohybu osob po
celém svété. Nechténé zavleceni cizich organismu je tak za této situace viceméné nevyhnutelné.
Biologické invaze jsou po fragmentaci a Uibytku stanovist’ povazovany za tieti nejvetsi hrozbu pro
globalni biodiverzitu (MA 2005) a dale jsou také jednim z nejvyznamnéjSich divodi vedoucich
k extinkci vzacnych druhti zvifat (Clavero & Garcia-Berthou 2005). Za biologickou invazi je
povazovano $ifeni organismu mimo misto svého puvodniho vyskytu, velmi ¢asto spojené s lidskou
¢innosti, pfi které dojde k zamérnému ¢i netimyslnému zavleeni organismu (Hulme 2015).
Vzhledem k absenci pfirozenych neptatel, potravni kompetici, predaci, pienosu patogent, hybridizaci
a pusobeni zmén na stanovistich, pusobi invazni druhy negativné na druhovou pestrost a celkové
fungovani ekosystému (Levine 2008; Simberloff et al. 2013).

Nejcastéjsi formou Sifeni nepivodnich ¢i invaznich druht je jejich transport ve formé
kontaminantl zbozi nebo ,,Cernych pasazért“ v riznych dopravnich prostiedcich (Hulme 2017). Dale
neni vyjimkou zavleceni organismu jakozto predmétu obchodu se zbozim uréenym pro prodej do
hobby chovi akvarijniho ¢i terarijniho charakteru, odkud jsou nasledné z takovych chovi bud’
vypusténi do volné ptirody, nebo se jim podaii uniknout (McFadden et al. 2017; Patoka et al. 2017,
2018; da Rosa et al. 2018). Dalsim pfipadem Sifeni invaznich zivo¢ichtt mize byt i nevhodné pouzita
biologicka kontrola (Roy & Wajnberg 2008), péstovani ¢i import okrasnych rostlin (Lake &
Leishman 2004). Vétsina takto uniklych jedincti v novém prostiedi neptezije, nebo se jim nepodafi
vytvofit perzistentni populaci. Nejcastéji je za limitujici faktor povazovana teplota, nicméné
Vv kontextu globalnich zmén klimatu se riziko invazi zvySuje i pro teplomilné Zivocichy (Hulme
2017). Prabézné vyhodnocovani rizika invazi pro jednotlivé regiony je spole¢né s cilenym
monitoringem jednim z kli¢ovych nastrojt pro boj s timto jevem (Haugom et al. 2002). Dalsim
faktorem, ktery hraje roli v procesu aklimatizace druht, je jejich ptivod. Ve stiedni Evropé je 40 %
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neptvodnich druhtt hmyzu spojeno s komoditami z Asie, 32 % z jinych ¢asti Evropy a pouze 2 % se
Severni Amerikou (Lis et al. 2001).

Protoze pro politiku rozvojovych tropickych zemi je téma biologickych invazi nedtlezité, je
slozit¢ odhadovat celkovy pocet invaznich druhti v celosvétovém méritku. Je ale jisté, ze jejich
mnozstvi jde minimalné do fadu desetitisict. Co se tyce rostlin, (van Kleunen et al. 2015) spocitali
celkové mnozstvi invaznich cévnatych rostlin na 13 168, coz je 3,9 % celkového mnozstvi téchto
rostlin na planeté. V Evropé se biologické invaze staly na zacatku 21. stoleti tématem velice
diskutovanym a dostava se mu i legislativnich opatteni (,,EU Regulation 1143/2014 on Invasive Alien
Species®; ,, Target 5 of the EU 2020 Biodiversity Strategy“). Podle Mezinarodniho svazu ochrany
prirody se Vv soucasnosti vyskytuje vV Evropé vice nez 12 tisic neptivodnich druhti, z ¢ehoz az 15 % je
povazovano za organismy invazni (IUCN 2018b). Kromé vlivu ekologického je neméné vyznamny i
impakt ekonomicky. S biologickymi invazemi jsou spojeny také pomérné vysoké naklady v dusledku
pusobeni na vetejné zdravi, zni¢ené infrastruktury ¢i ztrat v zemédé@lstvi. Ty napiiklad ve Spojenych
statech americkych dosahuji ro¢né okolo 100 miliard dolarti (Levine 2008), v Evropské unii je to pak
vice nez 12 miliard euro (IUCN 2018b).

2.2.1 Invazni hmyz v Ceské republice

Ptestoze hmyz tvoii pouze 1-2 % z celkového mnozstvi invaznich druht, néktefi zastupci
z této tiidy jsou velice vyznamnymi $kidci z hlediska ekonomického ¢i piedstavuji hrozbu pro
vefejné zdravi. V Ceské republice bylo zaznamenano téméi 400 neptvodnich druht, z nichz vétsina
pochazi z fadu Homoptera (30,3 %), Coleoptera (28,7 %) a Lepidoptera (9,7 %). Za invazni druhy
v pravém slova smyslu Ize pak povazovat 18,0 % z nich (Sefrova 2005).

Ptikladem invaznich zivo€icht, kteti Gspésné osidlili uzemi naseho statu, je slunécko
vychodni Harmonia axyridis (Pallas, 1773), invazni druh ptivodem z Asie. Dospéli jedinci méfi 8
milimetrii, zékladni zbarveni krovek je ¢ervené s az 19 symetricky rozlozenymi ¢ernymi skvrnami.
Tento druh byl zavlec¢en lidmi do novych oblasti v ramci biologického boje proti skidctim. Pro tento
ucel se slunécko vychodni jevilo jako idealni organismus, zejména diky nizké potravni specializaci,
ekologickeé plasticité a vysoké predacni schopnosti — jedno slunécko dokaze za zivot zkonzumovat az
5000 msic (Michaud 2002). Piestoze se ve Spojenych statech americkych K vyse uvedenému ucelu
tento druh slunécek pouzival jiz od roku 1916 (Gordon 1985), prvni nalezené etablované populace
mimo mista zamérné introdukce byly potvrzeny v Lousiané v roce 1988 (Chapin & Brou 1991).
Béhem konce 20. a zacatku 21. stoleti byl tento druh shledan jako dominantni zastupce slunécek
v USA (Colunga-Garcia & Gage 1998; Hesler et al. 2001). V Evropé se slunécka H. axyridis zacaly
Vv biologickém boji proti mSicim poprvé vyuzivat v Belgii v roce 1997, pficemz prvni invazni
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populace byly zachyceny na uzemi stejného statu v roce 2001 (Adriaens et al. 2003). Invaze druhu
nasledné pokracovala do sousednich zemi a v roce 2007 jiz byly populace slunécek etablovany ve 13
evropskych statech véetné Ceské republiky (Brown et al. 2007). Co se tyge $kodlivosti tohoto
organismu pro nové prostiedi, miizeme pozorovat hned né€kolik negativnich vlivi. Za prvé je hlavné
diky Gspésnosti v potravni kompetici, ale i predaci, schopna vytlacovat ptivodni druhy slunécek, coz
plati pro evropské i americké tizemi (Brown & Miller 1998; Colunga-Garcia & Gage 1998; Michaud
2002; Roy et al. 2012). Dale se téZ predpoklada, Ze je predatorem jinych druhd hmyzu na lokalité
vyskytu, tento jev byl potvrzen naptiklad pro motyla monarchu stéhovavého (Danaus plexippus)
(Koch et al. 1991) a nakonec je tieba také zminit pfimy vliv na lidskou populaci. Slunécko vychodni
totiz na podzim c¢asto vyhledava lidska obydli jako sva zimovisté. Zde pak muze pfi své obrané
uvolnit tzv. ,reflexni krev®, jez zanechava skvrny na nabytku ¢i sténach (Majerus et al. 2006). Pii
poklesu populaci msic vyhledava H. axyridis nové zdroje potravy. Béhem tohoto chovani muze dojit
I kK pokousani ¢loveka, na které byly zaznamenany i alergické reakce (Yarbrough et al. 1999; Magnan
et al. 2002).

Mezi napadné invazni druhy hmyzu, které se na zacatku 21. stoleti dostaly do Evropy,
potazmo Ceské republiky patii i vroubenka americké - Leptoglossus occidentalis Heidemann, 1910.
Tato 9-18 mm dlouhd plostice je Skiidcem jehlicnatych stroml ptivodem ze Severni Ameriky.
V Evropé byly jeji perzistentni populace objeveny poprvé v Italii (Bernardinelli & Zandigiacomo
2001). V nasledujicich letech se pak vroubenka rozsitila do dalsich evropskych zemi (Foldessy 2006;
Gapon 2013; Petrakis 2017) véetné Ceské republiky (Beranek 2007). Kromé $kod, které zptisobuje
na stromech, mize znepiijemnit Zivot 1 obyvatelim, jejichZ ptibytek si kolonie vroubenek zvoli za
své zimoviste (Gall 1992).

Na tizemi Ceské republiky se na zacatku 21. stoleti dostali i vyznamni §kiidci ovocnych plodii.
Tmavka $vestkova - Eurytoma schreineri Schreiner, 1908 je fytofagni chalcidka ptivodem z Ruska
a Ukrajiny parazitujici v larvalnim stadiu v endospermu $vestek a mandli (Zerova & Fursov 1991).
Na hostitelském ovoci miize zpisobit ztratu plodi az 80 % (Ruzicka 2014). V Ceské republice byla
poprvé objevena v roce 2012 (Pultar 2014). Zdrojem nakazy byl zfejmé import infikovanych plodt
(Razicka 2014). Druhym takovym Skidcem je octomilka Drosophila suzuki (Matsumura, 1931),
ptivodem z jihovychodni Asie (Ometto et al. 2013), ktera se v Evrop¢ a Severni Americe zacala $ifit
shodné v roce 2008 (Hauser 2011; Calabria et al. 2012; Rota-Stabelli et al. 2013; Saguez et al. 2013;
Cini et al. 2014). Od té doby se druh usidlil ve 30 evropskych zemich (Qrsted & Orsted 2018), kde je
diky své invazivité, vysoké toleranci ke klimatickym podminkdm a vysoké reprodukéni schopnosti
vniman jako hrozba, proti které je snahou se branit za pomoci konvencnich pesticidi i alternativnich

metod jako naptiklad pouziti sterilnich samct (Cini et al. 2002; Nikolouli et al. 2018).
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Dalsi skupinou hmyzu, jehoz invaze byly v nedavné dob& zaznamenany v Ceské republice i
zbytku Evropy jsou zastupci hmyzu z ¢eledi dvouktidlych, jejichZ larvalni vyvoj probiha v organicky
znecisténé vode a z plivodnich ptirodnich biotopil se druhotné adaptovaly na antropogenni prostiedi.
Jako prvni ptiklad lze uvést koutuli Clogmia albipunctata (Williston, 1893). Tato tropicka ¢i
subtropicka muska, jez ptivodn¢ obyvala kaluze a stromové dutiny, se pasivné $ifi pomoci vzdusnych
proudii ¢i povrchové dopravy a stale Castéji je detekovana v domacnostech, kde jsou za jeji lihnisteé
povazovéany zejména odpadni vody v koupelnach, kuchynich ¢&i na toaletach. V Ceské republice byla
piitomnost populaci C. albipunctata poprvé ohlaSena v roce 2012 (Jezek et al. 2012). Vzhledem
k tomu, ze Casto Ziji ve zne€isténé stojaté ¢i pomalu tekouci vode¢, je tento druh povazovan za rizikovy
pii pienosu patogent (Faulde & Spiesberger 2013). Navic je prokazano, ze tyto koutule mohou byt
zdrojem riiznych druht myéz, tedy onemocnéni vyvolanych larvami, které se vylihly z vajicek
nakladenych do lidské tkan¢ (Tu et al. 2007; Gelardi et al. 2009; El-Badry et al. 2014). Z hlediska
lidské ¢i veterinarni mediciny ziejmé vibec nejvyznamngéjsi invazni druh hmyzu, komar tygrovany
Aedes albopictus (Skuse, 1894) (Obrazek 3). Pochazi z jihovychodni Asie, kde vyuzival stromové
dutiny a pazdi rostlin jako lihnisté, odkud se rozsitil do téméf vSech ¢asti tropického a subtropického
pasu (Amerika, Australie, ¢asti Afriky, Indie, jizni a zapadni Evropa, Pacifik) (Kraemer et al. 2015).
Diky své ekologické plasticité a schopnosti pasivniho transportu jej organizace ,,Invasive Species
Specialist Group* fadi mezi top 100 svétovych invaznich druhti na 4. misto (ISSG 2019). V Evropé
byl jeho vyskyt poprvé zaznamenan v roce 1979 v Albanii, kam byl pravdépodobné zavlecen spolu
s pneumatikami z Ciny (Adhami & Reiter 1998).

Obréazek 3: Larva a dospélec komara tygrovaného odchyceného pii monitoringu jeho vyskytu v Ceské

republice (Autor: Miroslav Petrtyl).

Obchod s pneumatikami byl pozdé&ji uréen jako primarni zdroj infestace timto komarem
Vv celosvétovém métitku (Reiter & Sprenger 1987). Ojeté pneumatiky, ve kterych se kumuluje voda,
ktera je lehce organicky znecisténa, piitahuji gravidni samice k ovipozici stejné jako kdysi stromové

dutiny. Vaji¢ka kladou tésné nad hladinu vody a larvy se tak lihnou az pii dal§im pteliti vodou,
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pti¢emz vajicka vydrzi dlouhou dobu vysychat. Pneumatika s vajicky tak muze byt v této dob¢
ptepravena z jednoho kontinentu na druhy. Kromé ojetych pneumatik dokaze Ae. albopictus vyuzivat
1 dal$i doCasné vodni plochy s malym objemem vcetné konvi, podkvétinact, zachytnych sudt na
destovou vodu, plastovych lahvi ¢i plechovek. Vyjma obchodu s pneumatikami se Sifi téz
povrchovou dopravou ¢i okrasnymi rostlinami rodu Draceana (Madon et al. 2002; Scholte et al.
2007). Dle Evropského stiediska pro prevenci a kontrolu nemoci se komar tygrovany usidlil ve vice
nez 20 evropskych zemich, v dalSich sedmi statech byl sice zachycen, ale prozatim neni povazovan
za etablovany (ECDC 2018a). Mezi takto postizena uzemi patii i Ceské republika, kde byl komar
poprvé zachycen v roce 2012 (Sebesta et al. 2012). Moznost zavle¢eni silni¢ni dopravou byla
prokazana opakované v letech 2014 - 2018 na né&kolika lokalitach v Cechach i na Moravé (Rettich &
Kulma 2018; Rudolf et al. 2018). Komar tygrovany je vV Evropé jiz adaptovan natolik, ze dokaze i
prezimovat ve stadiu vajicka (Thomas et al. 2012) a vytvoiil tak pocetné stabilni populace az
v Hornim Poryni na jihovychodé Némecka (Pluskota et al. 2016; Becker et al. 2017), kde jsou na
zakladé vypoétu softwaru ,,Climatch tool* klimatické podminky srovnatelné s vétsinou tzemi Ceské
republiky a z tohoto pohledu Ize do budoucna piedpokladat jeho usidleni i zde (Kulma & Rettich
2018). Tento komar saje na savcich véetné ¢loveka (Faraji et al. 2014) a je kompetentnim vektorem
vice nez 25 arbovird v¢etné horeCky Chikungunya, Dengue nebo viru Zika (Paupy et al. 2009) ¢i
filarialnich onemocnéni (Medlock et al. 2012). Od zacatku 21. stoleti je s vyskytem komara
tygrovaného spojeno nckolik epidemii téchto do té doby ,.exotickych® onemocnéni v Italii,
Chorvatsku, Francii ¢i Spanélsku (Rezza et al. 2007; Calba et al. 2017; Venturi et al. 2017; ECDC
2018Db).

2.2.2 Priklady dalSich invazi hmyzu v Evropé

Kromé vySe zminéného komara se v Evropé v poslednich letech etablovali dalsi exoticti
komaroviti z rodu Aedes, konkrétné Ae. japonicus (Theobald, 1901) (Versteirt et al. 2009; Schaffner,
Chouin, & Guilloteau, 2003; Schaffner, Kaufmann, Hegglin, & Mathis, 2009) a Ae. koreicus
(Edwards, 1907) (Ciocchetta et al. 2018) ktefi jsou téZ potencialnimi vektory patogeni. Ve Spojenych
statech americkych se navic spolu s Ae. albopictus rychle §iti i Ae. Aegypti (Linnaeus, 1762) (Peper,
Wilson-Fallon, Haydett, Greenberg, & Presley, 2017; Porse et al., 2015), dalsi antropofilni druh a
velice schopny vektor riznych onemocnéni (Kraemer et al. 2015), jehoz invazi (resp. reinvazi) do
Evropy lze v blizké budoucnosti téz ocekavat (Wint et al. 2018) a to i presto, Ze v soucasnosti se
vyskytuje pouze na ostrové Madeira, v Gruzii a v evropské ¢asti Ruska (ECDC 2018c). Vyskyt
7adného z vys$e uvedenych druhti v Ceské republice dosud nebyl potvrzen.

Nebezpecnou invazi je téz zavleceni sr$né asijské - Vespa velutina nigrithorax Buysson, 1905,
agresivniho druhu vosy a vyznamného predatora v¢éely medonosné (Tan et al. 2007) do Francie, kam
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byla v roce 2005 importovana ziejmé ve form¢ hibernujicich kraloven prostiednictvim obchodu se
zahradnickymi pomiickami, konkrétné s kvétina¢i, z Ciny (Villemant et al. 2006). Kromé Francie byl
vyskyt sréné asijské zaznamenan i v okolnich statech, konkrétné Spanélsku, Belgii, Balearskych
ostrovech,Velké Britanii a Némecku (Witt 2015; Arca et al. 2015; Leza et al. 2018; Takahashi et al.
2018).

Dalsim druhem hmyzu dynamicky se Sificim Evropou je rybenka druhu Ctenolepisma
longicaudata Escherich, 1905, je striktné synantropni invazni druh hmyzu zfadu Supinusek
dosahujici v dospélosti velikosti az 2 cm. Stejné jako endemické druhy rybenek, tato rybenka neni,
vyjma potencidlni kontaminace uskladnénych potravin, lidskému zdravi pfimo nebezpecnd. Na
druhou stranu je diky své schopnosti travit celulozu a Skrob schopna pisobit vyznamné Skody na
tapetach, knihach, fotoalbech, sbirkach, obrazech, archivech dokumenti (Van der Weijden et al.
2007; Smith 2017) a na hedvabnych ¢i bavinénych textiliich (Mallis et al. 1958). Co se tyce zivotniho
cyklu, samice klade sntisky obsahujici 2 - 20 vajicek, které se pak lihnou béhem 14 — 32 dni. Pohlavné
dospélé jsou tyto rybenky ve 2 - 3 letech, v dospélosti se pak jesté nékolikrat svlékaji a mohou Zzit az
dalsich 2 - 5 let (Lindsay 1940). Piestoze byla C. longicaudata poprvé popsana v jizni Africe,
pivodné pochazi ziejmé ze Stredni Ameriky (Zettel 2010), odkud se pasivnim transportem spolu se

zbozim rozsitila na vSechny trvale obydlené svétadily.

Sezerou nas rybenky. Chrante si  Neni rybenka jako rybenka. Ty z Nizozemska
hotovost a toaletni papir Zerou celé archivy
[ £ soicc Jl w Twectnout | Bézné domaci rybenky vétsinou Zadnou skodu nenadélaji, jejich exoticky sourozenec

uZ predstavuje vét3i nebezpeci. Alespofi pro archivy, sbirky knih, ¢asopist nebo
fotografii, ale tieba i pro domaci tapety. Brzy se mize pustit i do téch Eeskych.

Z Nizozemska se do stiedni Evropy §ifi Skidce, kterysi pochutnava na
kartonu, tapetach, archivaliich a starych fotografiich. Nejlépe se mu vede v
Sanonech. Sifi se tfeba postou.

Obrazky 4 a 5: Varovani pied rybenkou Ctenolepisma longicaudata v ¢eskych médiich (idnes.cz a
euro.cz).

Piestoze v Evropé byl jeji vyskyt poprvé zaznamenan ve Francii v roce 1914 (Paclt 1967), jeji
skryty a nendpadny zplsob zivota ziejme zplsobil, Ze dal§i zminky o jejim vyskytu v rdmci Evropy
pochézeji az z konce 20. a zaatku 21. stoleti. Na rozdil od evropskych rybenek neni jeji vyskyt
omezen pozadavky na vyssi teplotu a vlhkost, tudiz méa vysoky potencidl nejen kolonizovat nova
uzemi, ale téZ se zde stdvat dominantnim synantropnim druhem. Jako ptiklad 1ze uvést Nizozemsko,

kde byla prvni populace tohoto druhu objevena v roce 1989 (Nierop & Hakbijl 2002) a nyni je C.
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longicaudata nejrozsitenéjsim rybenkovitym Sktidcem domacnosti (Schoelitsz & Brooks 2014).
Kromé jiz vyse zminénych zemi byl vyskyt této rybenky zaznamenan v Italii (Molero-Baltanas et al.
2000), Svédsku (Pape & Wahlstedt 2002), Belgii (Lock 2007), Némecku (Meineke & Menge 2014),
Rakousku (Zimmermann 2016) a Anglii (Goddard et al. 2016). VVzhledem k velmi ¢ilému obchodu
mezi témito evropskymi zemémi a Ceskou republikou bylo spiSe jen otazkou &asu, kdy se tento
uspésny invazni hmyz dostane i na nase uizemi. Na riziko invaze rybenky C. longicaudata proto v roce

2017 upozornovala i néktera ¢eska on-line média (Www.idnes.cz a Www.euro.cz) Viz obrazky 4 a 5.

2.3 Hmyz jako alternativni zdroj Zivin

Jak jiz bylo zminéno vyse, intenzivni zem&dé&lstvi je jednim z nejvyznamnéjsich faktorn, které
negativné ovliviiuji biodiverzitu. Na druhou stranu je tfeba, aby produkce tohoto sektoru uzivila stale
rostouci svétovou populaci. Zatimco v roce 1945 bylo na planeté pouze 2,5 miliardy obyvatel
Vv soucasné dob¢ se svétova populace ptehoupla ptes 7,6 miliard lidi. Rostouci trend je pfedpokladan
i pro dal$i desetileti. V roce 2050 ma svétova populace piesahnout 9,8 miliard a v roce 2100 11,2
miliard obyvatel (United Nations 2017). Vlivem globalizace navic dochédzi ke zméné stravovacich
navykt a zvyseni primérné ro¢ni spotieby jidla. VSechny vySe zminéné faktory zptisobuji enormni
zvySeni pozadavki na kvalitu 1 kvantitu Zivo¢isné produkce. Pfedpoklada se, Zze do roku 2050 bude
poptavka po produktech zivo¢isné vyroby az o 50 % vyssi nez v dobé€ soucasné, kdy Zivoé¢isna vyroba
(v€etné svych zdrojli) zabird 30 % plochy zemského povrchu, 75 % vSech zemédé€lsky vyuzivanych
pud a vyuziva 8 % svétové spotieby vody (FAO 2011). Mimo jiné je tento sektor také jednim
z hlavnich producentu sklenikovych plynt (Foley et al. 2011; Gerber et al. 2013). Zabezpeceni zdroju
kvalitnich Zivin, které by byly dlouhodobé¢ udrzitelné, je proto do budoucna vyzvou pro celé lidstvo.
Jednou z alternativ, ktery se v této souvislosti nabizi je vyuziti hmyzu jako potraviny nebo krmiva
pro hospodatska zvitata.

Hmyz, zvlasté pak druhy s kratkym zivotnim cyklem a vysokou reprodukéni schopnosti, diive
povazované za Sktidce, byl poprvé zminén v souvislosti s feSenim svétové bilkovinové krize jiz v roce
1975 (Meyer-Rochow 1975), nicmén¢ komplexn¢ a intenzivné se toto téma zacalo fesit az na zacatku
21. stoleti. V porovnani s konvencnimi zdroji potravy je hmyz povaZovan za alternativni zdroj Zivin,
Setrny K Zivotnimu prostiedi diky nizkym emisim sklenikovych plynd (Oonincx et al. 2010). Navic
je mozné jej v nékterych piipadech chovat na vedlejSich produktech potravinarského pramyslu,
potravinach s proslym datem expirace (Finke et al. 2015; Oonincx et al. 2015) nebo dokonce na
odpadnich produktech organického pavodu (Citkova et al. 2015). ProtoZe je hmyz organismem
poikilotermnim a tedy nepotiebuje energii k zachovani télesné teploty, je schopen téZ dosdhnout
vyborné konverze krmiv ¢i prosperovat na krmivech horsi kvality (Akhtar & Isman 2018). Hmyz
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hraje dilezitou roli v potravnim fetézci, je pfirozenou slozkou potravy mnoha zivocichil a je
povazovan za kvalitni zdroj Zivin.

Na zakladé souhrnu dostupnych informaci o nutricni hodnoté hmyzu je jasné, ze obsah zivin
se lisi mezi jednotlivymi druhy hmyzu, ale 1 v ramci jednoho druhu (Van Huis et al. 2013; Sanchez-
Muros et al. 2014; Vrabec et al. 2015). Faktory, které nutri¢ni hodnotu mohou ovlivnit, je proto nutné
zkoumat a podrobn¢ definovat. Obecné lze vsak fict, ze z pohledu nutri¢ni hodnoty je hmyz dobry
zdroj bilkovin, jejichz kvalita vyjadfena profilem esencialnich aminokyselin je sice hors$i nez u
zivocisnych proteind, ale na druhou stranu srovnatelna nebo leps$i nez v ptipadé téch nejkvalitnéjsich
rostlinnych bilkovin jako je soja (Yi et al. 2013; Barroso et al. 2014). Druhou nejvice zastoupenou
zivinou v hmyzu je obvykle tuk, ktery je v porovnani s konvenénimi zdroji bilkovin u hmyzu
vyznamné vys§i a jehoz kvalita je vyjadfena profilem mastnych kyselin. Z dostupnych zdroja
vyplyva, Ze dominantnimi kyselinami u hmyzu jsou nejcastéji kyseliny olejova, palmitova a
linolenova (Finke 2002; Barroso et al. 2014; Chakravorty et al. 2014; Ghosh et al. 2017; Paul et al.
2017). Kvalita tuku je srovnatelna s konvencénimi zdroji a je z velké Casti zavisla na mastnych
kyselinach obsazenych v potravé hmyzu (Sanchez-Muros et al. 2014). Sacharidy jsou v hmyzu
zastoupeny vétsinou pouze ve formé chitinu, jeZ je pro vétsinu monogastri nestravitelny (Finke 2002;
Milcek et al. 2014) a obecné tak povazovany za antinutri¢ni faktor. Nicméné jsou znamé i jeho
pozitivni u¢inky na imunitni a zazivaci systém (Halder et al. 2013; Van Huis et al. 2013). Hmyz
obsahuje dostate¢né hladiny mineralnich latek jako je fosfor, hot¢ik, sodik a dalsi stopové prvky.
Z hlediska vyzivy obratlovcl jsou ovSem i latky, které jsou obsaZeny v nedostatecném mnoZstvi.
Typickym ptikladem je vapnik, jehoz nizka hladina je zplsobena absenci endoskeletu u ¢lenovcd.
V kombinaci s vysokym obsahem fosforu je pak pomér Ca:P pro obratlovce spise nevyhovujici
(Finke 2002).

2.3.1 Hmyzv lidské vyzivé

Na celém svéte bylo zdokumentovano 1745 druhd hmyzu, které jsou ¢i v minulosti byly
konzumovény lidmi v celkem 113 statech, nejcastéji poloZenych v Asii a Oceanii, Africe a Jizni
Americe (Durst et al. 2010). Zapadni civilizace se k hmyzu stavi spiSe negativné, stale jej povazuje
spise za obtizné Skuidce ¢i znamku necistoty nez za néco, co by mélo obohatit jidelni¢ek (Durst et al.
2010). Na druhou stranu se v uplynulych letech zvysila snaha hmyz z tohoto pohledu destigmatizovat
a zvysSena ochota akceptovat hmyz v urcité forme¢ za vhodny ke konzumaci byla prokazana v zemich
zapadni Evropy i Severni Ameriky (Hartmann et al. 2015; Ruby et al. 2015; House 2016). Hmyz je
nejcastéji konzumovan veelku syrovy ¢i po ur¢ité kulinaiské tipraveé nebo namlety. Mezi nejéastéjsi
Upravy patii smazeni, peCeni a vafeni. Tyto Upravy maji, stejn¢ jako technologie chovu, vliv na
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vysledné nutri¢ni i senzorické vlastnosti hmyzu (Akhtar & Isman 2018). Nejcastéji je chut hmyzu
ptirovnavana k ofechtim, jablkam, pecivu ¢i rybam (Tan et al. 2015). Chitin zpisobuje kiupavost
hmyzu vedouci ke srovnani s pochutinami typu susenek ¢i preclikii (Ramos-Elorduy & Menzel 1998).
Trend zvysSujici se poptavky po této alternativni potraviné reflektovala i Evropska unie, ktera na

zacatku roku 2018 zatradila hmyz do skupiny potravin nového typu.

2.3.2 Hmyz ve vyZivé zvirat

Aby bylo mozné dosahnout naplno potencialu produkce hospodatskych zvirat a zajistit tak
maximalizaci vynost zivo¢isné produkce, je dilezité zajistit zvifatim piisun kvalitniho bilkovinného
krmiva. Po zdkazu zkrmovani masokostnich moucek v EU pro hospodatska zvitata kvili obavam
z prionti, podezielych ze vzniku bovinni spongiformni encefalopatie (Tvrznik & Zeman 2004) jsou
v krmivaistvi vyuzivany hlavné s6jové Sroty a rybi moucka. So6ja je povazovana za nejkvalitnéjsi
rostlinny zdroj bilkovin (Banaszkiewicz 2011; Heuzé et al. 2015), ktery ale muze obsahovat
vyznamné antinutri¢ni latky jako je naptiklad trypsin inhibitor, hemaglutinin ¢i antivitaminy (Tacon
1993). Mezi dalsi potize spojené s vysokou konzumaci séji patii ptritomnost vysokého obsahu
fytoestrogenti, hlavné isoflavonti a kumestanti, které pii vstfebavani mohou konkurovat pohlavnim
hormontm a mohou tak mit nepiiznivy vliv na ptsobeni na hypotalamo—hypofyzo-gonadarni osu a
periferni reproduk¢ni organy (Zhao & Mu 2010). Popsany byly také negativni ucinky genisteinu na
aktivitu respektive motilitu spermii (Eustache et al. 2009; Martinez-Soto et al. 2010) nebo na vyvoj
oocytt (Jung et al. 1993; Van Cauwenberge & Alexandre 2004; Vodkova et al. 2008). Nelze
opomenout také environmentalni dopady zpusobené péstovanim so6ji. Kvili zvySeni produkce soji
dochazi k dalsi nevratné devastaci unikatnich biotopu v jihoamerickém destném pralese (Laurance et
al. 2004; Verburg et al. 2014). Vyuzivani hnojiv a pesticidi je navic zesilujicim negativnim vlivem
na okoli plantazi (Steward 2007). VétSina svétové produkce soji je geneticky modifikovaného puvodu
(Rakousky & Hraska 2007), jenz mize téz mit negativni uc¢inky (Malatesta et al. 2008; Sakamoto et
al. 2008). Jedinou zivoc¢isnou mouckou, ktera je dnes Castéji komeréné vyuzivana ke krmeni, je
moucka rybi. Ta je nepochybné zdrojem velice kvalitni Zivo¢isné bilkoviny (Zelenka et al. 2007),
ktera je navic velmi hodnotna i z energetického hlediska (Shepherd & Jackson 2013). Nevyhodou je
ovsem jeji cena, ktera je v srovnani S rostlinnymi krmnymi komponenty mnohonasobné vyssi. Kviili
omezeni rybolovu a zne€isténi vodniho prostiedi doslo v letech 2005-2010 k Gtlumu této produkce a
naslednému zvyseni ceny produktu témét o dvojnasobek. Cena této komodity ma od této chvile pouze
vzrustajici trend (International Monetary Fund 2010). Navic typicky rybi pach muze negativné
ovlivnit senzorickou kvalitu produktu a t€zké kovy kumulované v tkani ryb pak mohou ptedstavovat

zdravotni riziko (Brooks & Rumsey 1974). Pti hledani novych zdroji bilkovinné slozky krmiv je tedy
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hmyz, vzhledem k vyse uvedenym skute¢nostem, casto zminovanou alternativou a recentné byl

testovan pro krmeni rdznych hospodatskych zvitat.

Ryby

Hmyz je piirozenou sloZkou potravy ryb a recentné byl po celém svété proveden intenzivni
vyzkum ohledné jeho implementace do krmnych smési pro rizné druhy ryb. V roce 2017 navic
Evropska komise vydala nafizeni EU 2017/893, které autorizovalo vyuziti hmyzu jako bilkovinného
komponentu pro akvakulturu a vyzkum v této oblasti vyrazné nabyl na intenzit¢. (Elia et al. 2018)
testovali vyuziti moucky z pestienky Hermetia illucens (Linnaeus, 1758)), a piestoze nebyly
pozorovany vedlejsi efekty na produkei pstruha duhového az do 50 % nahrazeni komeréni moucky,
pfi vyssi inkluzi hmyzi moucky dochézelo ke zvySeni biomarkerii oxidativniho stresu, a proto autofi
nedoporucuji pfidavat vice nez 20 % této komponenty. Pestienka H. illucens byla také experimentalné
testovana pro okrasnou rybku klauna ockatého, kdy Vargas-Abundez et al. (2019) nezjistili negativni
vliv na rist ani délku Zivota téchto ryb. Madu & Ufodike (2003) zjistili, ze pouzitim larev mouchy
domaci - Musca domestica Linnaeus, 1758 do krmné smési v chovu keti¢kovcu Clarias anguillaris
doslo ke zvySeni ptirGstkii hmotnosti, ale pfi uplném nahrazeni ostatnich bilkovinnych komponent
nebyl tento efekt tak vysoky jako pfi uziti larev ve smési s komeréné€ vyrobenym krmivem pro ryby.
Hmyzi moucku ziskanou z larev mouchy domaci uspésné otestoval také Ogunji et al. (2008) pii chovu
tilapii. (Ng et al. 2001) otestoval larvy potemnika mouéného - Tenebrio molitor Linnaeus, 1758 jako
potencialni nahradu rybi moucky pro ketickovce Clarias gariepinus a vysledky testované smési s
nahrazenim rybi moucky do 40 % se v tomto pfipadé nijak neliSily od kontrolnich skupin. Dobry
prirGstek i nizka konverze krmiva pak byla zaznamenana az do nahrazeni 80 % rybi moucky.
Nicméné, vys$i mnozstvi tuku obsazené v hmyzu se promitlo také na vyssi protu¢nélosti porazenych
ryb. Stejny druh hmyzu zatadili do krmiva pro motana zlatého (Sparus aurata) také Piccolo et al.
(2014, 2017), v jejichz pokusech se po zafazeni mouénych ¢ervii v mnozstvi 25 % neprojevil zadny
negativni dopad na produkt, ale pfi nahrazeni 50 % rybi moucky v Krmivu se vyznamné snizila
konverze krmiva a zaznamenali také signifikantni pokles stravitelnosti proteinu. SniZeni pfijmu
krmiva a tim i vysledné hmotnosti pfi pouziti vétsiho mnozstvi larev tohoto brouka v krmné smési
(50 %) zminuje i Gasco et al. (2014b) v chovu mot¢akt evropskych (Dicentrarchus labrax). Naopak
v chovu pstruha duhového (Oncorhynchus mykiss) (Gasco et al. 2014a) nezaznamenali zadny
negativni vliv na kvalitu a zdravi ryb, a to i pfi nahrazeni 50 % rybi moucky v krmné davce. V chovu
sumeckt Ameiurus melas I1ze vyuzit hmyzi moucky z mouc¢nych cervi i jako jediného bilkovinného
komponentu (Roncarati et al. 2015). Dale bylo popsano zatazeni moucnych cervi do potravy

paokouna Scherzerova (Siniperca scherzeri) do 30 % bez vedlejsiho efektu piirtstky a vyuziti zivin
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(Sankian et al. 2018). Jako alternativni zdroj bilkovin pro ryby byly testovany také nékteré druhy
hmyzu z fadu rovnokiidlych. Mozna nahrada ¢asti bilkovinné komponenty krmiva byla bez vedlejsich
ucinki otestovana v chovu kefi¢koveu (C. gariepinus) a to v koncentraci do 25 % pro moucky
vyrobené ze sarancete druhu Schistocerca gregaria (Forskal, 1775) (Balogun et al. 2016), tak
Zonocerus variegatus Linnaeus, 1758 (Alegbeleye et al. 2012). Stejné velkou ¢ast rybi moucky 1ze
podle Abbakinda, 2012 citovan v (Makkar et al. 2014) nahradit mouckou ze sarancete Locusta
migratoria (Linnaeus, 1758) u tilapie nilské (Oreochromis niloticus). Cvréek domaci - Acheta
domestica (Linnaeus, 1758) sice doposud nebyl v chovu ryb testovan, nicméné — vzhledem ke znamé

a velice ptiznivé nutri¢ni hodnoté — ma v budoucnu potencial vyuziti v této oblasti (Henry et al. 2015).

Driibez

Hmyz patii mezi pfirozenou slozku potravy divoce zijici hrabavé driibeze, a proto je dribez
povazovana z hlediska inkluze hmyziho proteinu do krmnych smési za skupinu velice kompatibilni.
Schiavone et al. (2017) nahradili s6jovy olej v krmné smési pro kufeci brojlery tukem extrahovanym
z larev dvouktidlych branének Hermetia illucens. Na zakladé dosazenych vysledku pak zjistili, ze v
prubéhu vykrmu nedoslo k negativni zméné v piirtstcich konverzi, kvalité ani palatabilité produktu.
Predkladané krmivo ovlivnilo pomér mastnych kyselin, kdy se zvysilo mnozstvi nasycenych na ukor
polynenasycenych mastnych kyselin v prsni svalovin€é. Hladina mononenasycenych kyselin pak
zistala stejna jako u kontrolni skupiny inkluze hmyzu. Extrahovanou moucku ze stejného druhu
branének vyuzili ke svému experimentu ve vykrmu kiepel€ich brojlerti také Cullere et al. (2016),
ktefi po pridani této moucky sledovali senzorické zmény na vysledném produktu, nicméné pfi
nahrazeni s6jového Srotu do 15 % povazuji autofi tuto moucku za moznou plnohodnotnou alternativu.
Sojovy srot nahradili z 12 resp. 24 % mouckou z branének také Maurer et al. (2016), kteti se zaméfili
na vyzivu nosnic Leghorn a téz nenasli statisticky vyznamny rozdil mezi testovanou a kontrolni smési
v piijmu krmiva a nosnosti. Nicméné zvySeny vyskyt prijmi v pokusnych skupinach zvitat indikoval
potencial vedlejsich ucinkid a dosud neznamych rizik dlouhodobého vyuziti téchto smési ve vyziveé
zvitat. Dal§im zastupcem dvoukiidlého hmyzu jehoz efekt jakoZzto krmného komponentu byl
vV minulosti testovan je moucha domaci (Musca domestica). Pozitivni efekt pfidani larev tohoto druhu
jako doplnku krmiva je popsan u slepic z domaciho volného chovu, kde po jeho zahrnuti do krmné
davky doslo ke zvyseni prirastkt a také k diivéjsi snusce (Dankwa et al. 2002). Dale byla krmna
moucka z larev mouchy domaci testovana ve vyzivé kutecich brojleri. Hwangbo et al. (2009) dosahli
vyuzitim krmné smési s hmyzi mouckou zvyseni ptirastkd brojleri ROSS 308 a to za stejné spotieby
krmiva, bez vlivu na posuzované parametry jatecn¢ upravenych tél. Na zakladé¢ vyhodnoceni

vysledkt povazuji Hwanghbo et al. (2009) za nejvhodné&jsi pouziti hmyzi moucky v rozmezi 10-15 %.
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Dordevic et al. (2008) testovali zaménu 50 % rybi moucky za susené, ale i zivé larvy mouchy domaci,
predkladané ve specialné pripravenych krmitkéach, a pravé larvy mouchy domaci vykazaly nejlepsi
vysledky v prirustku a konverzi krmiva. V porovnani s kontrolni skupinou se V této praci lepSimi
sledovanymi znaky prezentovala smés s obsahem susené hmyzi moucky a nejhorsi charakteristiky
pak paradoxné vysly u kontrolnich skupin, krmenych smési obsahujici rybi moucku.

Dalsim druhem hmyzu, ktery byl testovan v této souvislosti, je brouk potemnik mouény
(Tenebrio molitor), respektive jeho larvy, a to v krmnych smésich pro dribez. Biasato et al. (2016)
nahradili kukufi¢nou slozku krmiva za tento druh hmyzu, kdy konkrétn¢ ptidali do 1 kg krmné davky
slepic chovanych ve volném vybéhu 75 g susenych larev. Zafazeni hmyzu do krmiva ani v tomto
ptipad¢ nijak neovlivnilo pfirtistky a porazkovou hmotnost, a na zakladé histologického i
morfometrického profilu ani zdravi zvifat v pokusné skuping. Larvy potemnika mou¢ného povazuje
za adekvatni nahradu s6jové bilkoviny také Bovera et al. (2015), ktery navic zjistil, Zze diky zvysené
koncentraci globulinti, zptisobené pravdépodobné probiotickym t¢inkem chitinu, pozitivné piisobi na
imunitni systém zvitat. Probioticky efekt moucky z potemnika mou¢ného a jeho mozné vyuziti jako
alternativy k béznym antibiotikiim vyuzivanych v intenzivnich chovech driibeze proti infekcim
zpusobenych bakterii rodu Salmonella ¢i Eimeria uvadéji téz Islam & Yang (2017). Mouckou z
potemnika moucného lze bez vedlejSich efektti na zivotni charakteristiky, welfare vykrmovanych
kufecich brojlert a kvalitu produktu nahradit az 10 % startérové vyzivy také dle (Ramos-Elorduy et
al. 2002). Larvy dalsiho zastupce ¢eledi potemnikovitych brouku, potemnika stajového - Alphitobinus
diaperinus (Panzer, 1797) byly testovany jako mozna kompletni ndhrada bilkovinné slozky ve
startérové smési. BohuZzel, Zivotni charakteristiky takto vykrmovanych kufat byly v porovnani s
byly larvy stejného druhu vyuZity béhem startérové vyZivy jenom jako doplnék, efekt byl naopak
pozitivni a po ukonéeni vykrmu byla hmotnost kutat z testovaci skupiny Vv porovnani s kontrolou
vyssi (Despins & Axtell 1995). Ve vykrmu brojlert byly dale experimentalné uplatnény také moucky
z rovnoktidlého hmyzu. Adeyemo et al. (2008) ve svém pokusu nahradil 50 % rybi moucky v krmné
smési pro brojlery mouckou ze sarancete Schistocerca gregaria a zaznamenal zvySeni jate¢né
hmotnosti, ptirGstkll i snizeni konverze krmiva. Rybi moucku zkouSeli z 20 % a 40 % nahradit
saran¢etem Acrida cinerea (Thunberg, 1815) také Liu & Lian (2003) a dosahli s touto smeési
totoznych vysledku jako v kontrolni skupiné za pouziti komer¢nich krmnych smési. Nakagaki et al.
(1987) nahradili s6jovy Srot v krmné smési mouckou z cvrcka domaciho a takto krmeni kufeci brojlefi
dosahli vyssi jatecné hmotnosti nez pfi pouZiti referencni smési, a navic pfi nizsi spotebé krmiva.
Cvrcek polni - Gryllus testaceus Walker, 1869 nebyl sice podroben piimému pokusu in-vivo, nicméné

na zékladé rozboru nutricni hodnoty a srovnani s nutricnimi pozadavky kufecich brojlerti lze
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predpokladat, ze by pro tento ucel byl rovnéz vyuzitelny (Wang et al. 2005). Nahrazeni rybi moucky
drcenymi larvami bource morusového - Bombyx mori (Linnaeus, 1758) do smési pro zavére¢nou fazi
vykrmu brojlerti a také do smési pro nosnice zkousel Wijayasinghe (1977). V obou piipadech
zaznamenali autofi lepsi uzitkovost v porovnani s kontrolni skupinou. Na zakladé vesmés pozitivnich
vysledkli vyzkumu Evropskd komise naznalila, ze by v roce 2019 méla povolit vyuziti hmyzu

Vv chovu dribeze.

Prasata

Krmna moucka z larev branének Hermetia illucens byla pouzita pro odstavena selata jako
nahrada susené plazmy (Newton et al. 1977), zatimco pfi nahrazeni 50 % plazmy v pokusné skupiné
doslo k lepSim piirastkiim a zlepSené konverzi krmiva, pii kompletnim nahrazeni doslo ke sniZeni
ptiristku az o 13 %. DalSim zastupcem ze skupiny dvouktidlého hmyzu, ktery se podafilo
experimentalné implementovat do vyZzivy prasat, jsou larvy mouchy domaci (Musca domestica), které
byly bez vedlejsich efekti na celkovou konstituci a kondici zvifat pouzity jako nahrada rybi moucky
a dopln€k sojového srotu (Viroje & Malin 1989) ¢i jako nahrada pSeni¢ného Srotu u odstavenych selat
(Adeniji 2008). Negativni vliv na ptirastek ¢i zdravi odstavenych selat nezjistili ani Jin et al. (2016),
ktefi naopak konstatuji, ze pfi davce do 6 % dochazi ke zlepseni celkové konstituce a to bez statisticky
vyznamnych vlivii na imunitni systém. Coll et al. (1992) ve svém pokusu kompletné nahradili sdjovy
Srot mouckou vyrobenou z kukel bource morusového na poslednich 10 dni vykrmu. Doslo sice k
poklesu pfijmu potravy, ten v§ak byl kompenzovan lepSim vyuzitim Zivin a ve vysledku tak nedoslo
k zddnému Skodlivému vlivu na zdravi zvitat ani zavadnosti vysledného produktu. Pozitivni vysledek,
co se tyCe prirtstkl ve stejné fazi vykrmu 1 kvality masa, zaznamenal zafazenim suSenych housenek

bource morusového také Medhi (2011).

Prezvykavci

Dosud nejméné informaci je dostupnych o potencialu vyuziti hmyzu pti krmeni prezvykavcu.
Jedinym druhem, ktery byl testovan v souvislosti s krmenim téchto zvifat, je bourec morusovy,
nicménég vétsina zdroji hovoti o vyuziti spiSe v teoretické roviné na bazi znalosti nutri¢ni hodnoty a
potieb zvifat (loselevich et al. 2004), ptipadné in-vitro testech stravitelnosti (Chandrasekharaiah et
al. 2004; Trivedy et al. 2008). Patrné jedinym publikovanym pokusem in-vivo tak zdstava ptidani
suSenych larev bource do krmné davky kfizencli merino landrace a skotské ¢ernohlavé ovce, kdy
loselevich et al. (2004) dosahli lepsich vysledkii nez za vyuziti kontrolni smési, ale také upozoriuji,
ze limitem pouziti tohoto hmyzu je vysoky obsah tuku. Doporucuji pfed krmenim larvy nejen zbavit

hedvabnych Zlaz, ale také odtucnit.
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Zajmové chovy

Po celém svéte je v lidské péci chovano velké mnozstvi insektivornich ¢i omnivornich zvifat,
bezobratlych i obratlovcti, pro které je hmyz hlavni sloZzkou potravy nebo zpestfenim. Na rozdil od
hospodaiskych zvitat, nutri¢ni pozadavky téchto zvifat nejsou vétSinou piili§ zndmé a daji se spise
odvozovat na zakladé determinace nutri¢ni hodnoty predkladaného hmyzu (Barker et al. 1998). Na
druhou stranu je vétSina druht krmného hmyzu, ktery je za timto ti¢elem mnozen, je v chovech
udrzovana dlouhodobé a znalosti metodiky chovu se mohou stat zakladem pro jejich produkci
Vv primyslovém méfitku. Nej¢astéji zminiovanymi druhy v této souvislosti jsou pak brouci z ¢eledi
potemnikoviti, cvréci domaci, sarancata (vesmés druhli zminénych vyse) a nékteré druhy $vabua
(Finke 2002; Oonincx et al. 2010; Finke & Oonincx 2013). Pro krmné tGcely se ovSem daji vyuzit i
dal§i druhy hmyzu, jejichZz nutri¢ni hodnota je znama, jako jsou zavije¢i voskovi (Galleria mellonela),
octomilky (Drosophoila melanogaster), komaii rodu Aedes ¢i pakomari rodu Chironomus (Bernard
et al. 1997).
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3 Cile prace

Cilem prace je popsat status hmyzu na poc¢atku 21. stoleti z hlediska zmén biodiverzity a definovat

ucinna opatreni, ktera by mohla zmény zmirnit ¢i zastavit.
Diléi cile:

e Hodnoceni parametrii, které ovlivituji ohrozeni motyli.

e Definice postupti udrzby vhodnych pro ochranu stanovist’ motylti na zaklad¢ jejich zivotniho
cyklu.

e Sledovani a hodnoceni invaznich druhti hmyzu na uzemi Ceské republiky za i¢elem jejich
vCasné detekce a eradikace.

e Stanoveni nutri¢ni hodnoty rtiznych druhit hmyzu a faktora, které ji ovliviiuji

e Zhodnoceni potencidlu hmyzu stat se alternativnim zdrojem zivin pro lidskou populaci i

hospodaiska zvirata.
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4 Publikované clanky

Bubova, B., Vrabec, V., Kulma, M., Nowicki, P. 2015. Land management impacts on European
butterflies of conservation concern: a review. Journal of Insect Conservation. 19. 805-821.
[Vliv krajinného managementu na ochranu evropskych motyla: literarni piehled]

Zmény ve vyuziti krajiny zptsobené piechodem k intenzivnimu zemédé€lstvi a lesnictvi béhem 20.
stoleti se negativné projevily na diverzité¢ motyli v Evropé. Aby bylo mozné tento negativni trend
zvratit, je nutné stanovisté ohrozenych motylt G¢inné chranit. Cilem této studie bylo podat uceleny
souhrn dostupnych informaci o vlivu managementu lokality na evropské druhy motyli a poskytnout
tak doporuceni pro vhodny management k podpote lokalnich populaci. Hlavni hrozbou pro motyly je
vegetaéni sukcese. Nejucinngjsi hospodarské postupy, které tento jev potlacuji, jsou pastva a
mozaikova se¢, tedy Gdrzba, ktera pti niz$i intenzité napodobuje tradi¢ni zemédélstvi. Ty byly
shledény jako vhodné pro nejvice druhii motyl. Potiebnych naruSeni stanovist’ 1ze dosahnout také
cilenym seSlapem (pastva, turistika, cyklistika, jizda na koni) nebo lokalnim vypalenim. Pro druhy
vazané na biotopy fidkych lesi je pak vhodnym opatienim kaceni lesnich pasek. Naopak odlesiiovani
ameliorace luk byly shledany jako aktivity s nejvice negativnim vlivem na evropské populace motyla

a na stanovistich s motyly se jim proto doporuc¢ujeme vyhnout.
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Abstract Recent land use changes, namely the intensifi-
cation of agriculture and forestry as well as the abandon-
ment of traditional grassland management methods, have
resulted in the decline of butterfly diversity in Europe.
Appropriate management of butterfly habitats is thus
required in order to reverse this negative trend. The aim of
our study was to review the available literary information
concerning the effects of various types of management on
European butterflies of conservation concern, and to pro-
vide practical recommendations for the management of
butterfly habitats. Since vegetation succession is a major
threat to butterfly populations, there is a need for activities
to suppress this process. Extensive grazing and rotational
mowing, which imitate the traditional way of meadow use,
appear to be the most suitable management in this respect.
Both grazing and mowing should optimally be of low
intensity and follow a mosaic design, with different land
fragments being successively used at different times.
Habitat disturbance through trampling, either associated
with grazing or various sporting activities (hiking, biking,
horse riding), or through occasional small-area burning,
also prove to be beneficial for many butterflies. In the case
of woodland species, maintaining open habitats within
forests (glades, clearings, wide road verges) and thinning
forest stands is recommended. Among the unfavourable
management activities identified, the most harmful are
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afforestation of open lands and drainage works. Therefore,
such activities must be stopped at butterfly sites in order to
ensure the effective conservation of species of conservation
concern.

Keywords Agriculture - Biodiversity - Forestry - Habitat
management - Land use - Species conservation

Introduction

European landscapes and their use by agriculture and for-
estry have been undergoing considerable changes in recent
decades (Reidsma et al. 2006). These changes have typi-
cally led to the cessation of the traditional use of semi-
natural habitats, causing either the complete abandonment
of land or the introduction of intensive agriculture and
forestry (Balmer and Erhardt 2000; Young et al. 2005).
Both processes are considered prominent threats to biodi-
versity in Europe (Morris 2000; Benton et al. 2003;
Saarinen and Jantunen 2005; Young et al. 2005). They
have led to the destruction of many habitats as well as to
the deterioration of the quality of the remaining habitat
fragments (Begon et al. 2006). They have also affected the
spatial structure of habitats, usually increasing their frag-
mentation, which threatens the survival of numerous spe-
cies (Krauss et al. 2005; Poyry 2007). One of the main
groups of organisms negatively affected by these processes
are butterflies (Ockinger and Smith 2006; Wenzel et al.
2006; Kérosi et al. 2012).

On the other hand, through proper conservation-oriented
land management we are able to enhance the chances of
butterfly survival even in severely altered and fragmented
landscapes. Management activities may improve the quality
of habitat patches of individual species (Kruess and
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Tscharntke 2002; Sawchik et al. 2003; Wenzel et al. 2006).
This is particularly true for many endangered butterflies,
which have suffered from long-term land abandonment
leading to meadow succession and subsequent penetration
by shrubs and trees (Morris 2000; Hula et al. 2004; Poyry
et al. 2006).

However, high quality habitat patches do not always
foster species occurrence. Even if a patch fulfils all of the
species requirements, individuals will not occur there as
long as the patch is too isolated and far beyond their ability
to disperse (Schtickzelle et al. 2006). Therefore, it is
important to maintain well-connected networks of habitat
patches (Hanski et al. 1994, 1995; Thomas et al. 2001;
Schtickzelle and Baguette 2003; Ockinger and Smith
2007). Again, proper land management may help in this
respect by facilitating butterfly dispersal and thus reducing
the impact of fragmentation of their habitat patches. This
can be achieved either directly through creating corridors
and stepping stone habitats (Haddad 1999; Skérka et al.
2013) or indirectly through promoting dispersal behaviour
in butterflies (Begon et al. 2006). Dispersal distance and
individual willingness to emigrate are key traits for the
persistence of populations in fragmented landscapes
(Schtickzelle et al. 2005; Fric et al. 2010; Hambéck et al.
2010; Zimmermann et al. 2011).

In our paper we have compiled and reviewed available
information regarding the effects of different small-scale
land management practices on endangered European but-
terfly species. By doing so, we aim to drawing general
conclusions about their relative role, either positive or
negative, in shaping butterfly communities. We also
attempt to provide conservation recommendations based on
the outcome of our review.

We focused on management activities applicable at the
small-scale of nature reserves or Natura 2000 sites, because
we believe that such a scale is the most relevant for suc-
cessful butterfly conservation. First of all, populations of
most European butterflies typically exist in relatively small
local populations expanding over a few to few tens of
hectares (Warren 1992). Apart from this, small-scale con-
servation actions, following the principle of “think glob-
ally, act locally”, proved to be more effective for butterflies
(cf. Thomas et al. 2011), although obviously their appli-
cability (or preventing in the case of unfavourable man-
agement) is affected by large-scale environmental policies.

Review approach
We conducted a comprehensive search for research papers
dealing with the effects of various types of land manage-

ment on butterflies in Europe, using the Web-of-Knowledge
(http://apps.webofknowledge.com/) and Scopus (http://
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www.scopus.com/) databases. Wherever possible, we addi-
tionally supplemented the information gathered in this way
with the material from relevant ‘grey literature’ known to us.

We focused our review primarily on species of conser-
vation concern that are listed in the European Red List of
Butterflies, including those classified as Near Threatened
(van Swaay et al. 2010). There is a clear discrepancy in the
scientific literature dealing with the conservation of Euro-
pean butterflies, with many papers from Northern and
Western Europe, and much lower numbers of those from
other parts of the continent. We partly mitigated this
problem by including a large bulk of local literature or
even unpublished reports, mostly from Central and Eastern
Europe. Nevertheless, as many local publications are not
easily accessible and/or published in national languages
unknown to us, some biases in geographical coverage of
our review still remain. In particular, the amount of
information we have managed to collect for butterflies with
distribution ranges restricted to the Alpine and Mediter-
ranean regions is not as large as that available for species
from other regions. However, we strongly believe that the
material we have gathered is extensive and comprehensive
enough (>100 papers representing almost all European
countries) to allow drawing general conclusions about the
impacts of various types of habitat management.

We classified the management types into two categories:
favourable or unfavourable for butterflies. Their impacts on
butterflies of conservation concern have been summarised
in Tables I and 2. In turn, Fig. 1 presents the relative
importance of different management types for butterflies.
Below, we discuss their effects in a systematic way.

Favourable management
Rotational mowing

One of the most effective ways for the conservation for
endangered butterflies through meadow management is
rotational mosaic mowing, usually complemented by
extensive grazing as described below (Saarinen and Jan-
tunen 2005; Farruggia et al. 2012). Rotational mosaic
mowing implies successive mowing of different meadow
fragments (Morris and Rispin 1987; Saarinen and Jantunen
2005; Novak et al. 2007; Gaisler et al. 2011). This mowing
method resembles traditional meadow management (Poyry
2007), the abandonment of which has led to the decline of
numerous meadow specialists, including the endangered
Colias myrmidone (Esper, 1781) (Konvicka et al. 20082a) or
charismatic large blue butterflies of the genus Maculinea
(=Phengaris), which are flagships of grassland conserva-
tion in Europe (Thomas et al. 2009). The future survival of
the aforementioned species is dependent on the application
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Table 1 Positive effects of habitat management on European butterflies of conservation concern documented in the literature

Species Status  Favourable management type
Rotational Extensive Trampling Occasional Fallowing Maintenance of sparse forest
mowing grazing burning stands
Archon apollinus NT 80
Aricia anteros NT T2
Boloria chariclea NT 9
Boloria titania NT 13,73 13
Carcharodus flocciferus  NT 24,4 24
Carcharodus lavatherae  NT 86, 4 14, 86
Chazara briseis NT 35, 38, 39 26, 35
Coenonympha hero A8 11 10
Coenonympha oedippus ~ EN 62, 69 17
Coenonympha orientalis VU 50
Coenonympha phryne CR 85 86
Coenonympha tullia VU 94 85, 94 20 94
Colias chrysotheme VU 48 85,4
Colias hecla NT 85 85
Colias myrmidone EN 45 45, 78, 90
Cupido decoloratus NT 4,5
Erebia christi VU 52
Erebia claudina NT 85 85
Erebia epistygne NT 87 87
Erebia flavofasciara NT 15 50
Erebia sudetica vU 4,47, 51
Euphydryas desfontainii ~ NT 63, 63 64
Euphydryas iduna NT 49
Euphydryas maturna vuU 1, 19, 29, 93
Gonepteryx cleobule vU 50
Gonepteryx maderensis EN 85
Hipparchia bacchus VU 50
Hipparchia fagi NT 66 4 57
Hipparchia hermione NT 4 4 4, 66
Hipparchia statilinus NT 4 65 4
Hipparchia tilosi \468) 50
Iolana iolas NT 58 68 58
Leptidea morsei NT 4,18, 34
Lopinga achine VU 4 6,7, 46, 77
Lycaena helle EN 4,28, 30 3, 30, 31 75
Maniola halicarnassus NT 50
Melitaea aurelia NT 4 4,27 27, 40
Melitaea britomartis NT 4,12
Muschampia cribrellum  NT 41 22
Pararge xiphia EN 71 37
Parnassius apolio NT 8, 70 70
Parnassius mnemosyne NT 43,55, 84
Parnassius phoebus NT 85
Phengaris arion EN 74,76 76, 82 82
Phengaris nausithous NT 32, 36, 59 59 44 60
Phengaris teleius VU 36, 83 32,59,96,97 44 60
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Table 1 continued

Species Status  Favourable management type
Rotational Extensive Trampling Occasional Fallowing Maintenance of sparse forest
mowing grazing burning stands
Plebejus dardanus NT 50
Plebejus pylaon NT 58 4,58 58
Plebejus trappi NT 85
Plebejus zullichi EN 2
Polyommatus eros NT 95
Polyommatus galloi vU 23
Polyommatus humedasae EN 87, 89 87
Polyommatus NT 85 85
nephohiptamenos
Polyommatus damon NT 4 25 79
Polyommatus dorylas NT 86
Polyomimatus nivescens ~ NT 89
Polyommatus orphicus VU 42
Pseudochazara amymone VU 16 16 92
Pseudochazara CR 92
cingovskii
Pseudochazara euxina EN 50
Pseudochazara orestes vu 85
Pseudophilotes panoptes NT 61, 68 61
Pseudophilotes vicrama ~ NT 4,31, 86 4
Pyrgus cirsii vU 33 85
Thymelicus acteon NT 4, 81 56
Tomares nogelii vU 21 85
Turanana taygetica EN 89 89
Zerynthia cerisy NT 53, 54

The species conservation status follows the European Red List of Butterflies (van Swaay et al. 2010): CR critically endangered, EN endangered,
VU vulnerable, NT near threatened. Numbers in the table refer to the papers reporting the effects: (1) AOPK (2011); (2) Barea-Azcon et al.
(2014); (3) Bauerfeind et al. (2009); (4) Benes et al. (2002); (5) Benes et al. (2003); (6) Bergman (1999); (7) Bergman (2001); (8) Bohlin et al.
(2008); (9) Britten and Brussard (1992); (10) Cassel et al. (2001); (11) Cassel et al. (2008); (12) Cerrato et al. (2014); (13) Cozzi et al. (2008);
(14) Coutsis and Ghavalds (2001); (15) Cupedo (2000); (16) Cuvelier and Mglgaard (2015); (17) Celik et al. (2009); (18) Celik (2013); (19)
Cizek and Konvicka (2005); (20) Dennis and Eales (1997); (21) Dinca et al. (2009); (22) Dinci et al. (2010); (23) Dinca et al. (2013); (24) Dolek
and Geyer (1997); (25) Dolek and Geyer (2002); (26) Dover and Settele (2009); (27) Eichel and Fartmann (2008); (28) Fischer et al. (1999); (29)
Freese et al. (2006); (30) Goffart et al. (2010); (31) Grill and Cleary (2003); (32) Grill et al. (2008); (33) Guillaumin (1972); (34) Héttinger
(2004); (35) Johannesen et al. (1997); (36) Johst et al. (2006); (37) Jones and Lace (1992); (38) Kadlec et al. (2009); (39) Kadlec et al. (2010);
(40) Kleyer et al. (2007); (41) Kolev (2003); (42) Kolev (2005): (43) Konvicka and Kuras (1999); (44) Konvicka et al. (2005); (45) Konvic¢ka
et al. (2008a); (46) Konvicka et al. (2008b); (47) Konvicka et al. (2014); (48) Korb (1994); (49) Kozlov and Kullberg (2008); (50) Kudrna et al.
(2015); (51) Kuras et al. (2003); (52) Leigheb et al. (1998); (53) Lelo and Spasojevi¢ (2012); (54) Lelo (2000); (55) Luoto et al. (2001); (56)
Louy et al. (2007); (57) Méllenbeck et al. (2009); (58) Munguira and Martin (1993); (59) Novik et al. (2007); (60) Nowicki et al. (2015); (61)
Obregon et al. (2014); (62) Owéssy et al. (2013); (63) Pennekamp et al. (2013); (64) Pennekamp et al. (2014); (65) Pinzari (2009); (66) Pinzari
and Sbordoni (2013); (67) Rabasa et al. (2007); (68) Settele et al. (2008);(69) Settele (2010); (70) Schmeller et al. (2011); (71) Shreeve and Smith
(1992); (72) Schurian (1995); (73) Schweiger et al. (2008); (74) Sielezniew and Rutkowski (2012); (75) Skérka et al. (2007); (76) Spitzer et al.
(2009); (77) Streitberger et al. (2012); (78) Szentirmai et al. (2014); (79) Slancarové et al. (2012); (80) Slancarovi et al. (2015); (81) Thomas
et al. (1992); (82) Thomas (1995); (83) Thomas et al. (2009); (84) Vilimiki and Itimies (2003); (85) van Swaay and Warren (1999); (86) van
Swaay (2002); (87) van Swaay et al. (2010); (88) van Swaay et al. (2012); (89) van Swaay et al. (2011); (90) Verovnik et al. (2011); (91)
Verovnik et al. (2013); (92) Verovnik et al. (2014); (93) Vrabec (2001); (94) Weking et al. (2013); (95) Wiemers et al. (2010); (96) Witek et al.
(2010); (97) Witek et al. (2011)

of meadow management, which should follow the princi-  different fragments at different times in order to ensure
ples of rotational mosaic mowing. These principles involve  heterogeneous turf height within meadows (Morris 2000).

(i) relatively low mowing intensity, with a single fragment A higher mowing frequency may be beneficial for xer-
being mown no more than once per year, and (ii) mowing  ophilous species, which prefer short vegetation, e.g.,
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Table 2 Negative effects of habitat management on European butterflies of conservation concern documented in the literature

Species Status Unfavourable management type
Afforestation Drainage Intensive agriculture Intensive forestry
Aricia anteros NT 30, 70
Boloria chariclea NT 71
Boloria improba EN 80
Boloria polaris vu 47
Boloria titania NT 12
Carcharodus flocciferus NT 4, 20, 45
Carcharodus lavatherae NT 4, 81 81
Chazara briseis NT 31 34, 66
Coenonympha hero \'48) 10 9
Coenonympha oedippus EN 65, 79 56, 65, 79 13, 56
Coenonympha phryne CR 80 80, 85
Coenonympha tullia VU 16, 61, 90 16, 32, 33
Colias chrysotheme VU 4, 80 80
Colias myrmidone EN 41, 74 23,41
Cupido decoloratus NT 4
Erebia christi VU 84
Erebia claudina NT 80
Erebia epistvgne NT 15
Erebia sudetica vuU 43, 48 43
Euchloe bazae VU 80
Euphydryas desfontainii NT 57, 58 58
Euphydryas iduna NT 46 46
Euphydryas maturna VU 24, 40, 88 1, 80, 88
Gonepteryx cleobule vu 47
Gonepteryx maderensis EN 80 80
Hipparchia bacchus VU 47
Hipparchia fagi NT 53, 60, 68 53
Hipparchia hermione NT 4, 60
Hipparchia leighebi NT 47, 82
Hipparchia sbordonii NT 82
Hipparchia statilinus NT 59 4, 59
lolana iolas NT 62 62, 63
Leptidea morsei NT 14, 29 14, 80
Lopinga achine vu 5,42 36, 73
Lycaena helle EN 3,27 28 3, 25,27
Melitaea aurelia NT 21, 64 45
Melitaea britomartis NT 11, 44, 45 11 4
Muschampia cribrellum NT 18, 37
Oeneis norna NT 6
Pararge xiphia EN 69 69
Parnassius apollo NT 17, 50, 55 50
Parnassius mnemosyne NT 39, 78 39, 51, 52
Parnassius phoebus NT 80 80
Phengaris arion EN 8 72
Phengaris nausithous NT 22,35 91
Phengaris teleius vuU 22,35 91
Pieris cheiranthi EN 80
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Table 2 Negative effects of habitat management on European butterflies of conservation concern documented in the literature

Species Status Unfavourable management type
Afforestation Drainage Intensive agriculture Intensive forestry
Aricia anteros NT 30, 70
Boloria chariclea NT 71
Boloria improba EN 80
Boloria polaris vu 47
Boloria titania NT 12
Carcharodus flocciferus NT 4, 20, 45
Carcharodus lavatherae NT 4, 81 81
Chazara briseis NT 31 34, 66
Coenonympha hero \'48) 10 9
Coenonympha oedippus EN 65, 79 56, 65, 79 13, 56
Coenonympha phryne CR 80 80, 85
Coenonympha tullia VU 16, 61, 90 16, 32, 33
Colias chrysotheme VU 4, 80 80
Colias myrmidone EN 41, 74 23,41
Cupido decoloratus NT 4
Erebia christi VU 84
Erebia claudina NT 80
Erebia epistvgne NT 15
Erebia sudetica vuU 43, 48 43
Euchloe bazae VU 80
Euphydryas desfontainii NT 57, 58 58
Euphydryas iduna NT 46 46
Euphydryas maturna VU 24, 40, 88 1, 80, 88
Gonepteryx cleobule vu 47
Gonepteryx maderensis EN 80 80
Hipparchia bacchus VU 47
Hipparchia fagi NT 53, 60, 68 53
Hipparchia hermione NT 4, 60
Hipparchia leighebi NT 47, 82
Hipparchia sbordonii NT 82
Hipparchia statilinus NT 59 4, 59
lolana iolas NT 62 62, 63
Leptidea morsei NT 14, 29 14, 80
Lopinga achine vu 5,42 36, 73
Lycaena helle EN 3,27 28 3, 25,27
Melitaea aurelia NT 21, 64 45
Melitaea britomartis NT 11, 44, 45 11 4
Muschampia cribrellum NT 18, 37
Oeneis norna NT 6
Pararge xiphia EN 69 69
Parnassius apollo NT 17, 50, 55 50
Parnassius mnemosyne NT 39, 78 39, 51, 52
Parnassius phoebus NT 80 80
Phengaris arion EN 8 72
Phengaris nausithous NT 22,35 91
Phengaris teleius vuU 22,35 91
Pieris cheiranthi EN 80
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Table 2 continued

Species Status Unfavourable management type
Afforestation Drainage Intensive agriculture Intensive forestry
Pieris wollastoni CR 82
Plebejus dardanus NT 47
Plebejus pylaon NT 53
Plebejus trappi NT 80 80
Plebejus zullichi EN 53
Polyommatus eros NT 89 89
Polyommatus galloi vu 19
Polyommatus golgus vu 47, 89
Polyommatus humedasae EN 80
Polyommatus nephohiptamenos NT 80 80
Polyommatus damon NT 4,75 4 75
Polyomimatus dorylas NT 80
Polyommatus nivescens NT 82
Polyomimatus orphicus vu 38 38
Polyommatus violetae vu 47 47
Pseudochazara amymone vuU 87
Pseudochazara cingovskii CR 87
Pseudochazara euxina EN 47
Pseudophilotes panoptes NT 55 55, 82
Pseudophilotes vicrama NT 4, 26
Pyrgus cirsii VU 80 80
Thymelicus acteon NT 49, 77, 76 4
Tomares nogelii vu 17, 80 17 80
Turanana taygetica EN 82
Zegris eupheme NT 47
Zerynthia cerisy NT 2

The species conservation status follows the European Red List of Butterflies (van Swaay et al. 2010): CR critically endangered, EN endangered,
VU vulnerable, NT near threatened. Numbers in the table refer to the papers reporting the effects: (1) AOPK (2011); (2) Atay (2012); (3)
Bauerfeind et al. (2009); (4) Benes et al. (2002); (5) Bergman (1999); (6) Bolotov (2011); (7) Brommer and Fred (1999); (8) Casacci et al.
(2011); (9) Cassel and Tammaru (2003); (10) Cassel et al. (2008); (11) Cerrato et al. (2014); (12) Cozzi et al. (2008); (13) Celik et al. (2009); (14)
Celik (2013); (15) de Arce-Crespo et al. (2009); (16) Dennis and Eales (1997); (17) Dinca et al. (2009); (18) Dincad et al. (2010); (19) Dinca et al.
(2013); (20) Dolek and Geyer (1997); (21) Eichel and Fartmann (2008); (22) Elmes et al. (1998); (23) Freese et al. (2005); (24) Freese et al.
(2006); (25) Goffart et al. (2010); (26) Grill and Cleary (2003); (27) Habel et al. (2011a); (28) Habel et al. (2011b); (29) Hottinger (2004); (30)
Hiiseyinoglu (2013); (31) Johannesen et al. (1997); (32) Joy and Pullin (1997); (33) Joy and Pullin (1999); (34) Kadlec et al. (2009); (35) Kajzer-
Bonk et al. (2013); (36) Kodandaramaiah et al. (2012); (37) Kolev (2003); (38) Kolev (2005); (39) Konvicka and Kuras (1999); (40) Konvicka
et al. (2005); (41) Konvicka et al. (2008a); (42) Konvicka et al. (2008b); (43) Konvicka et al. (2014); (44) Koren et al. (2011); (45) Koren and
Jugovic (2012); (46) Kozlov and Kullberg (2008); (47) Kudrna et al. (2015); (48) Kuras et al. (2003); (49); Louy et al. (2007); (50) Lozowski
et al. (2014); (51) Luoto et al. (2001); (52) Meier et al. (2005); (53) Méllenbeck et al. (2009); (54) Munguira and Martin (1993); (55) Obregén
et al. (2014); (56) Orvéssy et al. (2013); (57) Pennekamp et al. (2013); (58) Pennekamp et al. (2014); (59) Pinzari (2009); (60) Pinzari and
Sbordoni (2013); (61) Pocewicz et al. (2009); (62) Rabasa et al. (2007); (63) Rabasa et al. (2008); (64) Sang et al. (2010); (65) Settele (2010);
(66) Seufert and Grosser (1996); (67) Schmeller et al. (2011); (68) Schmitt and Rakosy (2007); (69) Shreeve and Smith (1992); (70) Schurian
(1995); (71) Simonsen (2005); (72) Spitzer et al. (2009); (73) Streitberger et al. (2012); (74) Szentirmai et al. (2014); (75) Slancarovi et al.
(2012); (76) Thomas (1995); (77) Thomas et al. (2001); (78) Vilimiki and Itimies (2003); (79) van Halder et al. (2008); (80) van Swaay and
Warren (1999); (81) van Swaay (2002); (82) van Swaay et al. (2011); (83) van Swaay et al. (2010); (84) van Swaay et al. (2012); (85) Verovnik
et al. (2013); (86) Verovnik et al. (2013); (87) Verovnik et al. (2014); (88) Vrabec (2001); (89) Wiemers et al. (2010); (90) Weking et al. (2013);
(91) Wynhoff et al. (2011)

Coenonympha phryne (Pallas, 1771) (van Swaay and  availability of nectar sources for their imagoes, and a
Warren 1999). sufficient number of host plants for oviposition (Johst et al.

Mowing should optimally take place outside the flight ~ 2006; Mladek et al. 2006; Dover et al. 2010; Wynhoff et al.
periods of target butterfly species so as to maintain high ~ 2011). This may be a serious limitation if several target
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Rotational mowing
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species occur sympatrically at the same site, which is fre-
quently the case with Maculinea butterflies (Sliwinska
et al. 2006). In fact, mowing timing must be further
restricted in the case of Maculinea butterflies due to their
myrmecophilous lifestyle (Thomas 1995; Witek et al.
2011). Since the adoption of larvae by ants is a key process
for Maculinea survival (Thomas 1995; Witek et al. 2010;
Sielezniew and Rutkowski 2012), mowing should be con-
ducted only after adoption occurs, i.e., in the second half of
September at the earliest (Grill et al. 2008); this guideline
likely applies for the conservation of other myrme-
cophilous butterflies. Furthermore, strong association with
ants, which depend on microhabitat conditions in the soil
(Elmes et al. 1998), precludes the use of mulching mowers
for the management of sites inhabited by myrmecophilous
species (Marhoul and Turonova 2007). In general, mulch-
ing is the most devastating method of mowing meadows
(Humbert et al. 2010), and it should be discouraged. In
addition, Humbert et al. (2010), who investigated the
effects of different moving techniques on meadows, found
that using motor bar mowers is much better than utilizing
rotary mowers.

Extensive grazing

Historically, extensive grazing was applied in grasslands
and woodlands together with other types of management. It
constituted an effective way of suppressing vegetation
succession, thus improving the quality of habitats for
numerous butterfly species. In order to benefit butterfly
communities, grazing has to be appropriately planned
according to its load (i.e., number of livestock units per
area unit), types of grazing animals, and grazing period
(Morris 2000; Hakova et al. 2005; Poyry et al. 2006). A
generally accepted rule is that the optimal sampling
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intensity should be 0.2 livestock units per hectare, and it
should not exceed 0.5 livestock units; this was proved by
various studies, such as those on Colias myrmidone
(Konvicka et al. 2008a) Carcharodus flocciferus (Zeller,
1847) (Dolek and Geyer 1997), Euphydryas desfontainii
(Godart, 1819) (Pennekamp et al. 2013), Parnassius apollo
(Linneaus, 1758) (Schmeller et al. 2011).

The principle that grazing intensity needs to be limited
is well exemplified in the endangered Lycaena helle (Denis
& Schiffermiiller, 1775) (Habel et al. 2011b). The species
is a typical meadow specialist, inhabiting humid, semi-
natural meadows, which were historically maintained by
grazing and haymaking (Konvicka et al. 2005; Bauerfeind
et al. 2009). The introduction of intensive grazing or
mowing resulted in local extinctions of the species. Con-
versely, leaving such sites without any management leads
to meadow overgrowth and the disappearance of the spe-
cies habitats in the long term perspective (Hula et al. 2004,
Habel et al. 2010). An appropriate method of management
for Lycaena helle involves reducing the intensity of grazing
and introducing a mosaic mowing, thereby achieving an
imitation of traditional farming methods that used to
maintain fine-grained mosaic landscapes with different
managements (Skorka et al. 2007). This system is also
appropriate for other endangered butterflies, such as
Melitaea aurelia (Nickerl, 1850) (Kleyer et al. 2007). In
contrast, Eichel and Fartmann (2008) argued that intensive
grazing can also be beneficial for this species as long as it
is done once in a few years and some land fragments are
left ungrazed.

The type of farm animals kept is important due to the
different ways they graze. Sheep grazing has been shown to
have a negative impact on the near threatened species
Polyommatus damon (Dolek and Geyer 2002). In turn for
Pseudophilotes vicrama (Christoph, 1887) it is optimal to
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extensively graze goats and sheep within large fenced
enclosures, and to gradually move them over a wide area
(Benes et al. 2002; Grill and Cleary 2003). A related spe-
cis, Polyommatus dorylas (Denis & Schiffermiiller, 1775),
requires extensive grazing combined with the active
removal of bushes and tree seedlings; in contrast, intensive
grazing by sheep threatens the persistence of the species
(Benes et al. 2002; van Swaay 2002). The timing and
duration of grazing are also important factors (Morris
2000). At localities with endangered butterfly species
present it should not be applied during the late spring to
mid-summer period as it reduces the availability of larval
foodplants and nectar sources for adults. Conversely,
grazing is most appropriate during the autumn (September—
November) and spring (April) (Konvicka et al. 2005).

Trampling

Regular trampling can locally prevent the establishment of
vegetation and thus it can supress succession. Historically,
butterfly site trampling was caused by grazing animals
(Morris 2000; WallisDeVries and Reemakers 2001; Kruess
and Tscharntke 2002). Nowadays, artificial trampling by
horseback riding, biking or hiking offers a simple and
typically costless alternative, which helps to maintain
butterfly habitats in early successional stages (Konvicka
et al. 2005). One species that apparently benefits from
trampling is the near threatened Chazara briseis (Linnaeus,
1758), which inhabits steppe-like grasslands (Johannesen
et al. 1997). After the penetration of its sites by sheep
ceased, the species suffered a serious decline in the Czech
Republic, most likely due to the expansion of shrubs
(Kadlec et al. 2009). The trampling of habitat patches,
either through grazing or through various adventurous
sports, is also necessary for the near threatened species
Hipparchia statilinus (Hufnagel, 1766) (Benes et al. 2002;
Pinzari 2009). Contrarily, high intensity trampling can also
be detrimental for butterfly populations, as was shown in
the case of Erebia sudetica (Staudinger, 1861) (Kuras et al.
2003).

Occasional burning

Occasional burning may, in some cases, be beneficial for
butterfly populations (Mclver and Macke 2014). Burning
reduces the expansion of shrubs, and it is particularly
useful for vast and abandoned areas. As a disturbance
event, burning typically exerts long-term positive conse-
quences by suppressing succession, but it has a negative
impact on the affected populations in the short term (Wolf
2002). However, Nowicki et al. (2015) found absolutely no
short-term negative impacts of large-scale fires on the
metapopulations of Maculinea teleius and M. nausithous.
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In any case, two basic rules of the thumb should be fol-
lowed when applying burning as a conservation manage-
ment tool in order to minimalize possible negative short-
term effects. Firstly, small fragments of land should be left
unburnt to serve as refuges from which the neighbouring
burnt fragments of land can be recolonized (Konvicka et al.
2005; Nowicki et al. 2015). Apart from this, burning should
occur in seasons when it is likely to be least harmful, i.e., in
winter or early spring. Among other examples, burning in
winter months has already been successfully applied for the
management of sites occupied by Pseudophilotes vicrama
(Moore, 1865), Coenonympha tullia (Miller, 1764), or
Hipparchia fagi (Scopoli, 1763) (Dennis and Eales 1997;
Marttila et al. 1997; Mdllenbeck et al. 2009).

Fallowing

Although (as discussed previously) succession at grassland
habitats usually has a negative effect on butterfly com-
munities, there are cases in which vegetation succession
can be considered advantageous in its early stages (Skorka
et al. 2007; Schirmel and Fartmann 2014). This is partic-
ularly true for a relatively large group of butterflies that
benefit from the occurrence of high vegetation or shrubs
within their grassland habitats. For example, overgrown
localities with high grasses and abundant shrubs are opti-
mal sites for Lycaena helle (Skorka et al. 2007; Habel et al.
2011b), and Carcharodus lavatherae (Esper, 1783)
(Coutsis and Ghavalas 2001). Thymelicus acteon (Rot-
temburg, 1775) is another species that profits from suc-
cession in its early stages (Benes et al. 2002; Louy et al.
2007). In all such cases, fallowing may constitute a viable
management option; however, it can be utilized only for a
limited time period since the continuation of succession,
beyond a certain stage, inevitably results in habitat quality
deterioration (Skorka et al. 2007).

Maintenance of sparse forest stands

A majority of woodland butterflies are, in fact, restricted to
open habitats within woodlands, which in recent decades
have become rare. The reason for this is the abandonment
of traditional methods of forest utilization, such as regular
clearcuts, tree stand thinning, and forest grazing. The
absence of these activities has led to closing of tree cano-
pies and changes in forest vegetation (Kodandaramaiah
et al. 2012). Consequently, a number of woodland butterfly
species are now endangered in Europe. One such species is
Euphydryas maturna (Linnaeus, 1758), which requires
insulated glades, sunny spots with young ash trees, and a
high availability of nectar plants for its survival (Vrabec
2001; AOPK 2011). Similarly, vulnerable butterflies such
as Lopinga achine (Scopoli, 1763), Leptidea morsei
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(Fenton, 1882), and Parnassius mnemosyne (Linnaeus,
1758) need open and sunny habitats within forests,
including sparse stands, clearings or road margins (Kon-
vicka and Kuras 1999; Luoto et al. 2001; Vilimiki and
Itamies 2003; Hottinger 2004; Konvicka et al. 2008b;
Streitberger et al. 2012). Finally, open habitats are also
vital for woodland species with caterpillars using grasses as
host plants, for instance Hipparchia hermione (Linnaeus,
1764) (Benes et al. 2002; Pinzari and Sbordoni 2013) and
Erebia sudetica (Staudinger, 1861) (Kuras et al. 2001,
2003).

Prescribed forest management is therefore essential for
the conservation of most woodland butterflies. Recom-
mended measures should include opening canopies,
supressing the growth of tree seedlings within forest
glades, supporting forest grazing and promoting coppice
management (Slamova et al. 2013). Optimally, tree density
should be low enough to allow open spots, which are
spaced at least every 300 meters and interconnected with
forest roads and clearings (Marhoul and Turonova 2007).
Coppicing, i.e., forest use focused on the production of
relatively small diameter wood, for a range of uses
including firewood, together with grazing ensured a diverse
mosaic of forest microhabitats and created suitable sites for
woodland butterflies in the past (Bucek 2010). Since both
activities are no longer economically viable, financial
incentives may be needed to trigger them. Maintaining a
network of forest roads with wide margins and strips of
herb-rich grassland at forest edges is also recommended
(Marhoul and Turonova 2007).

Unfavourable management
Afforestation

The afforestation of formerly open habitats began at the
turn of the 18th and 19th centuries, along with the devel-
opment of modern forestry (Konvic¢ka et al. 2005). Cur-
rently, afforestation of grassland habitats poses one of the
biggest problems for butterflies in Europe, threatening
numerous species of conservation concern (van Swaay and
Warren 2006; Cassel et al. 2008; Augenstein et al. 2012;
Cerrato et al. 2014). It is thus highly regretful that this
process is often supported by land management authorities
through financial incentives in the form of afforestation
grants (MZE 2001). Apart from the direct loss of grassland
habitats (van Swaay and Warren 2006), the negative con-
sequences of afforestation stem from the increased frag-
mentation of remaining habitat patches. Because grassland
butterflies have difficulties dispersing through forested
landscapes (Nowicki et al. 2014), the effective isolation of
existing populations increases, causing overall declines of
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metapopulations (van Swaay and Warren 2006; Augenstein
et al. 2012). Parnassius apollo (Linnaeus, 1758) and
Pseudophilotes vicrama (Moore, 1865) are typical exam-
ples of butterfly species that suffer from afforestation (Grill
and Cleary 2003; Schmeller et al. 2011).

Drainage

Deliberate drainage or any other processes that drain soil,
such as construction works in the vicinity of wet habitats, is
a common problem for endangered butterfly conservation
(WallisDeVries and Ens 2010; Kati et al. 2012). Wet
meadow specialists, such as Melitaea britomartis (Ass-
mann, 1847) (Cerrato et al. 2014) or Coenonympha tullia,
are particularly threatened by drainage because their host
plants depend on adequate soil water levels (Dennis and
Eales 1997). The same is true for myrmecophilous species
such as Maculinea butterflies (Elmes et al. 1998). While
drainage in the past was primarily conducted in order to
increase the area of arable land, nowadays it is typically
imposed as a flood prevention measure, also within pro-
tected areas (Mladek et al. 2006). However, there is little
justification for such actions, at least from the conservation
point of view. A recent study by Kajzer-Bonk et al. (2013)
proved that a large-scale flood had absolutely no negative
impact on the metapopulations of Maculinea nausithous
and M. teleius, which provides a strong argument against
‘conservation-oriented’ drainage works.

Intensive agriculture

In many European countries, the current agriculture policy
focuses on the intensification of land use and the applica-
tion of modern agrotechnical methods in order to maximise
economic benefits (Mladek et al. 2006; Poyry 2007).
Obviously, any conversion of former grassland habitats to
cultivated farmlands will always imply habitat destruction
for grassland butterflies (Konvicka et al. 2005). Further-
more, the excessive use of insecticides within farmlands
has a negative impact on butterfly communities in neigh-
bouring areas (van Swaay and Warren 2006). Nevertheless,
even traditional meadow management in the form of
mowing and/or grazing may play a negative role if its
intensity is too high. Several studies have demonstrated
that intensive grazing and mowing lead to a decrease in
butterfly species abundance (Balmer and Erhardt 2000;
Hula et al. 2004; Saarinen and Jantunen 2005). This neg-
ative effect is caused by a significant reduction in the
availability of larval host plants. Therefore, meadow spe-
cialists with strict trophic requirements, e.g., Maculinea
arion (Casacci et al. 2011), M. nausithous, M. teleius
(Witek et al. 2010), and Coenonympha hero (Cassel and
Tammaru 2003), tend to suffer most. Intensive agriculture
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has a negative effect on other species as well, with Coe-
nonympha oedippus (Fabricius, 1787) (Orvéssy et al.
2013), Muschampia cribrellum (Eversmann, 1841) (Dinca
et al. 2010), and Plebejus pylaon (Fischer, 1832) (Mun-
guira and Martin 1993) serving as examples.

Intensive forestry

Just as farming intensification decimates the populations of
many grassland butterflies, forestry intensification can also
bring about negative consequences for their forest dwelling
counterparts. Intensive forestry has caused the abandon-
ment of traditional practices, such as forest grazing and
coppicing that benefited butterfly communities in the past
(Slamova et al. 2013). There are numerous species of
conservation concern among butterflies negatively affected
by forestry intensification, including Coenonympha tullia,
Erebia sudetica, Euphydryas maturna, Hipparchia her-
mione, Leptidea morsei, Lopinga achine and Parnassius
mnemosyne (Dennis and Eales 1997; Luoto et al. 2001;
Kodandaramaiah et al. 2012; Streitberger et al. 2012; Celik
2013; Pinzari and Sbordoni 2013; Konvicka et al. 2014).
To reverse the current negative trends for all these species,
changes in forestry management are highly desirable.
Forest management must not be focused exclusively on
maximising economic benefits from wood production.
Specifically, forest stands should be thinned and occasional
sunny enclaves should be created.

Discussion

Prior to any human land use, grasslands as well as open
places within forests, i.e., the habitats preferred by a
majority of European butterflies, used to be sustained by
large herbivore grazing, which prevented forest growth
(Konvicka et al. 2005; Poyry et al. 2005; Krauss et al.
2005; Stefanescu et al. 2009). The co-existence of various
herbivore species with varying feeding preferences and
abundances led to strong spatial heterogeneity in herbal
vegetation, while fluctuating grazer densities increased
temporal dynamics of habitats (Morris 2000; Saarinen and
Jantunen 2005; Ockinger et al. 2006; Rosch et al. 2013).
Trampling providing continuous disturbance and the pro-
vision of dung which fertilised soils were additional posi-
tive impacts. All the aforementioned factors resulted in
high plant species richness, which in turn benefited but-
terfly communities as well as various other insect taxa (Van
Klink et al. 2015).

With increasing human population in Europe, wild
grazers were decimated or even completely exterminated
(e.g., aurochs), but since ancient times their role in
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maintaining butterfly habitats in favourable state was
replaced by human activities (Bakker et al. 2004; Van
Klink et al. 2015). Traditional agriculture supported the
existence of a diverse mosaic of flower meadows mowed
with variable intensity and timing, extensively grazed
hillsides, and country roads (Balmer and Erhardt 2000;
Morris 2000; Konvicka et al. 2005). In turn, forest areas,
comprising the second most important butterfly habitat
(Warren and Bourn 2011), used to be cut frequently, which
provided sufficient amount of sunny places (Kodandara-
maiah et al. 2012; Fartmann et al. 2013; Slamova et al.
2013). During the twentieth century, mechanisation in both
agriculture and forestry brought the era of intensive land
use (Young et al. 2005; Wrbka et al. 2008; Kordsi et al.
2014), and the traditional land use practices were no longer
economically viable (Konvicka et al. 2005; Henle et al.
2008). Consequently, the land became either intensively
used or abandoned, which led to population declines in
numerous butterfly species (Dover et al. 2010; Horak et al.
2013; Loos et al. 2014).

In order to reverse the negative impacts of changes in
agriculture on biodiversity the European Union has
reformed its Common Agricultural Policy, focusing it on
achieving an optimal balance between food production and
sustaining biodiversity (Henle et al. 2008; Wrbka et al.
2008; EEA 2011). Currently, one of its most important
instruments are agri-environmental schemes, which sub-
sidise farmers for applying biodiversity-friendly agricul-
tural practices, often resembling the traditional ones
(Wiitzold et al. 2008; Wrbka et al. 2008). Nevertheless, the
pan-European mechanisms of Common Agricultural Policy
have so far failed to improve the situation for butterflies,
especially those of conservation concern (Henle et al. 2008;
Warren and Bourn 2011).

If no further actions are taken, it is most likely that
butterfly populations will keep declining and species
extinctions will continue. Therefore, it seems necessary
that butterfly persistence in semi-natural habitats of Europe
is supported with appropriate conservation-oriented man-
agement of their sites, e.g., within nature reserves or Natura
2000 areas (van Swaay and Warren 2006; Péyry 2007; van
Swaay et al. 2012). Our review offers some rule-of-thumb
recommendations in this respect.

The baseline should be stopping further destruction or
devastation of butterfly habitats through ill-conceived
management activities, such as afforestation of open lands
or drainage works. However, the elimination of unsuit-
able management alone is not enough to improve the status
of endangered butterfly species (van Swaay and Warren
2006; WallisDeVries and Ens 2010; van Swaay et al.
2012). If left abandoned, their habitats will gradually
deteriorate in quality, and eventually they will turn into
forest through vegetation succession (Bartel and Sexton
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2009). Consequently, it is necessary to implement practices
aimed at preventing succession processes.

Extensive grazing and rotational mowing have been
demonstrated to be the most suitable types of management
in this respect, benefiting various groups of endangered
butterflies (Dover et al. 2010). These types of management
imitate the traditional way of meadow use (Saarinen and
Jantunen 2005; Loos et al. 2014). D’ Aniello et al. (2011),
who compared the effects of grazing and mowing for
meadow butterflies, found that grazing is generally more
effective in maximising the number of butterfly species
occurring in meadows; however, low intensity mosaic
mowing provides almost equally positive results.

Trampling is an integral part of grazing, and it typically
supports butterfly communities as well (Morris 2000). In
areas lacking grazing, trampling can be achieved through
various sport activities, e.g., hiking, biking, or horseback
riding (Konvicka et al. 2005). It has also been found that
occasional small area burning is beneficial for a wide
spectrum of butterfly species (Mollenbeck et al. 2009;
Mclver and Macke 2014). In addition, the active removal
of shrubs and young trees may at times be necessary,
especially because even their minor expansion threatens
the populations of some butterfly species (Stefanescu et al.
2009). Conversely, certain species may actually profit from
the presence of bushes within their habitats; therefore, the
initial stages of succession should be allowed in such cases
(Stuhldreher and Fartmann 2014). Other specific manage-
ment types are suitable for butterflies associated with for-
ests. For a relatively large group of endangered woodland
species, maintaining (or, if necessary, establishing) forest
glades and other sunny enclaves, as well as thinning forest
stands, is recommended (Slamova et al. 2013; Maes et al.
2014).

It is also worth mentioning that apart from targeted
management actions as described above butterflies can also
benefit indirectly from various other human activities,
specifically those suppressing natural succession. A classic
example here are military training grounds, characterised
by relatively frequent disturbances caused by blasts or
heavy vehicles on one hand and the exclusion of intensive
agriculture and forestry on the other (Ferster and Vulinec
2010; Rivers et al. 2010). Such conditions result in the
formation of heterogeneous landscapes, which often sup-
port high diversity of butterflies with various habitat
requirements (Warren et al. 2007; Cizek et al. 2013).
Abandoned quarries are also known to provide a favour-
able, if atypical, environment for many animal and plant
species (Tropek et al. 2010; Verovnik et al. 2013).
Although quarry operations represent a dramatic land
degradation; shortly after their abandonment spontaneous
succession turns them into diverse habitat mosaics sup-
porting a rich butterfly fauna (Novik and Konvicka 2006;
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Tropek et al. 2010, Cermdkova et al. 2010). A similar
situation can be observed in other artificial environments
especially those created by infrastructure development,
such as road margins, railway embankments, gravel pits, or
ruderal habitats in suburbia (Van Geert et al. 2010; Lenda
et al. 2012; Moron et al. 2014; Nowicki et al. 2013).
Nevertheless, it must be underlined that such man-made
environments offer favourable conditions only in their
early successional stages, hence only in the short-term, and
later on they require management just like natural habitats
in order to prevent overgrowing.

In our paper, we primarily dealt with management types
that should be promoted or prevented at the local scale of
butterfly sites. Therefore, it is important to note that the
actions favouring butterfly populations at the small-scale,
will not necessarily be similarly favourable if applied at the
large-scale. The most obvious example is the case of pre-
scribed burning, but the same principle is true also for most
other management types discussed. Besides, it should be
kept in mind that many suitable management types are
interconnected and that there can be no general recom-
mendations on how to manage a particular habitat type.
Finding a clear solution concerning the most appropriate
management practice for any butterfly species depends on
its species-specific habitat requirements, and for this reason
it demands profound knowledge of the focal species ecol-
ogy. Hence deciding an optimal management may be dif-
ficult, especially for species with highly specialised
requirements (Schirmel and Fartmann 2014). Furthermore,
the management of a locality must take into account the
requirements of all of the species of conservation concern
inhabiting it. These species may in fact have conflicting
needs, and prioritising selected species would be essential
in such cases (cf. Schmeller et al. 2008).
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Abstract Many European butterfly species are currently
experiencing serious declines, and may be threatened with
extinction. Nevertheless, due to limited knowledge on
the species biology and ecology, detailed assessments of
endangerment level are not possible, and instead identify-
ing species of conservation concern has to rely on proxies.
Earlier studies suggested several characteristics, includ-
ing host plant specificity, overwintering stage, patch size
requirements or mobility, as potentially useful indicators of
butterfly species vulnerability, but the usefulness of adult
longevity in this respect has not been considered so far.
Based on the information gathered through an extensive
literature search we investigated the relationship between
adult life span, flight period length or the temporal frag-
mentation index calculated as the ratio of the two param-
eters, and conservation status of European butterflies. We
found that the species classified in one of the IUCN con-
servation concern categories (i.e. Endangered, Near Threat-
ened, or Vulnerable) lived shorter as adults and were char-
acterised by higher values of the temporal fragmentation
index. while there was no particular pattern concerning
flight period length. We believe that the apparent effects
detected reflect the fact that shorter adult life span, and thus
increased temporal fragmentation, in combination with pro-
tandry, i.e. earlier emergence of males, decrease individual
chances of finding mating partners. Such a situation leads
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to lower effective population size and reduced viability,
especially in the case of small populations. All concerned,
the investigated parameters reflecting adult longevity may
serve as ‘early warning’ indicators, helping to flag-up but-
terfly species possibly at risk.

Keywords Extinction risk - Flight period - Life span -
Species vulnerability - Temporal fragmentation - Threat
level

Introduction

Butterfly populations in Europe have declined drastically
in recent decades (Thomas et al. 2004; EEA 2011). These
negative trends have prompted the launching of numerous
programmes for butterfly conservation (Warren and Bourn
2011). However, for effective conservation, it is necessary
to properly identify species threatened with extinction,
and Red Lists are compiled for this purpose. Assessments
of species positions on such lists should ideally be based
on thorough knowledge of their biology and ecology and
how these affect the species vulnerability to threats (Mar-
gules and Pressey 2000; Mattila et al. 2006). Despite the
fact that butterflies comprise one of the most studied inver-
tebrate groups, such knowledge is nevertheless available for
only a very limited number of butterfly species (van Swaay
2002 Wenzel et al. 2006; Miiller et al. 2010). Therefore.
for their successful conservation. it is important to iden-
tify traits that predispose butterfly species to extinction
risk (Mattila et al. 2006). Life history traits and/or ecologi-
cal characteristics could be used as indicators of potential
vulnerability to threats as many of these characteristics are
common among species of conservation concern (Statzner
et al. 2001: Mattila et al. 2006: Nylin and Bergstrom 2009).
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Studies conducted to date have identified a wide range of
butterfly characteristics that can potentially act as proxies
for extinction risk. One of the most commonly addressed
aspects in this respect is the division into generalists and
specialists (Nylin and Bergstrom 2009: Ali and Agrawal
2012: Bartoniova et al. 2014). The latter group includes a
disproportionally high number of threatened species due
to their stricter habitat and host plant requirements (Hodg-
son 1993; Purvis et al. 2000; Fontaine et al. 2007). Another
well-established pattern relates to life history and voltin-
ism, where univoltine species and/or those overwintering
in the egg or larval stage are more susceptible to climate
change, which has recently become one of the most seri-
ous drivers of butterfly declines (Hodgson 1993: Conrad
et al. 2004: Mattila et al. 2006; Nylin and Bergstrom 2009).
In addition, low mobility was typically reported for threat-
ened butterflies (Kotiaho et al. 2005; Mattila et al. 20006;
Nylin and Bergstrom 2009; Habel et al. 2013). This is not
surprising. because less mobile species with low coloni-
zation success rates are more vulnerable to the effects of
habitat fragmentation, which is nowadays a crucial threat
for butterflies (Thomas 1995; Novacek and Cleland 2001;
Baguette and Schtickzelle 2006: Franzen and; Johannes-
son 2007). Also as a consequence of habitat fragmentation,
butterflies with greater patch size requirements are highly
represented among species of conservation concern (Cow-
ley et al. 1999; Kotiaho et al. 2005: Baguette and Stevens
2013).

It has recently been pointed out that the extinction risk
of butterfly populations is likely to depend not only upon
classic spatial fragmentation of their habitats, but also upon
their fragmentation over time (Nowicki et al. 20035b). The
latter derives from the fact that the individual life span
of the adult butterflies is usually much shorter than is the
length of adult occurrence season dubbed as the flight
period. Consequently, groups of individuals from different
parts of a season do not have the chance to mate with one
another. This problem is further exacerbated by protandry,
i.e. earlier emergence of males in the season as compared
with females. which is typical for butterflies (Wiklund and
Fagerstrom 1977). The extent of and a temporal fragmen-
tation (sensu Nowicki et al. 2005b) depends upon adult
life span and flight period length and so it is highly vari-
able among butterflies. Surprisingly, the effects of temporal
fragmentation on butterfly species extinction risk have not
been investigated so far.

In the present study we evaluated the relationships
between adult life span, flight period length, and a tem-
poral fragmentation index (defined as the ratio of flight
period length to adult life span) on one hand, and the spe-
cies conservation status, as reported in the European Red
List (van Swaay et al. 2010), on the other hand. Butterflies
that have short life spans and long flight season length will
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have fewer opportunities for males and females represent-
ing different daily cohorts to meet together (Nowicki et al.
2005b). Consequently, we hypothesised that a higher level
of threat should be associated with: (a) shorter adult life
span: (b) longer flight period length: and (c) higher values
of the temporal fragmentation index. We tested the above
hypotheses using the data gathered through an extensive lit-
erature review.

Methods
Literature search

In order to gather information on adult life span and flight
period length in butterflies. we searched for mark-recap-
ture studies (which typically assess both these param-
eters) within the following databases: ISIT Web of Science
(http://apps.webofknowledge.com/). Scopus (http://Awvww.
scopus.com/home.url), and Google Scholar (http://scholar.
google.com/). We used *(re)capture” and “butterfly/but-
terflies” or “Lepidoptera™ as the searched keyword combi-
nations. We restricted our search results to only European
species, because relatively little information was available
for all others, with the slight exception of a small number
of North American species. We also utilised relevant grey
literature on the subject, in particular academic theses or
reports known to us.

We considered only adult life span data originating from
field studies. and thus we excluded literature on adult life
span measured in controlled conditions, i.e. physiologi-
cal longevity. This is because when butterflies are raised
in enclosures or laboratories. their recorded longevity is
known to overestimate the life span actually achieved in
nature (Karlsson and Wiklund 2005: Nowicki et al. 2003b).
We likewise excluded mark-recapture estimates of butterfly
residence time assessed in clearly open populations, which
are subject to substantial emigration and thus considerably
underestimate butterfly longevity (Nowicki et al. 20035a).
An exception was made for the cases in which the emigra-
tion rate could be estimated and accounted for, e.g. using
the Virtual Migration model (Hanski et al. 2000). Conse-
quently, we believe that the life span estimates we used in
our study represent true adult longevities and not just adult
residence times within the surveyed populations.

Quite often the literature sources did not explicitly
report adult life span but instead they gave adult survival
rate estimates. In such cases we converted survival rate
(¢p) into adult life span (e) using the following formula:
e=(1—-¢) " —0.5 (Nowicki et al. 2003b). Whenever the
studies reported adult life span or survival estimates for
males and females separately, we used the mean of the two
values because they typically differed rather little, i.e. by
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less than 10%. It should be noted that adult life span val-
ues provided by mark-recapture studies are restricted to a
single season, and thus they do not account for the fact that
certain individuals flying during the season might also be
on the wing in the previous or in the following year in spe-
cies overwintering as adults. Nevertheless, due to the high
mortality of overwintering adults such individuals are rela-
tively few. Furthermore, their existence does not undermine
the usefulness of single-season data for our study, in which
adult life span is understood as the time during which an
adult flies and breeds within a single generation, and not
as its total life expectancy. including the period of inactive
overwintering.

Regarding flight period length, we calculated it as the
total number of days of adult occurrence inclusive of the
first and last day. Thus, for example, a fligcht period from
1 to 30 July corresponds to a length of 30 days (and not
29 days). We excluded the studies that did not cover the
entire flight period. which was either explicitly mentioned
by the authors or was clear from the reported results, with
relatively high daily numbers of individuals recorded at the
beginning or the end of the study period. In a few cases, we
also used information on flight period length from studies
other than mark-recapture surveys, e.g. behavioural obser-
vations conducted from the very start to the very end of the
season. On the other hand, we decided not to use the infor-
mation on flight period provided by several general books
on butterflies (e.g. Settele et al. 1999; Benes et al. 2002).
Even though such information was easily available for
most European species, it turned out to be too superficial
to be applicable in our analyses. Specifically. the informa-
tion was given in the form of general statements, mention-
ing that e.g. species X flies from early July to mid-August.
thus allowing only very coarse assessments of flight period
length with margins of error of as much as 10-15 days.

Data handling and analysis

The extent of temporal fragmentation was calculated as
the ratio between flight period length and average adult life
span, both measured in days. In the case of studies span-
ning several years (e.g. Schtickzelle et al. 2002; Nowicki
et al. 2009), we treated the data from each year separately.
In making the calculations, we endeavoured to use data
on life span and flight period length from the same pop-
ulation and year. This usually was possible because most
mark-recapture studies reported both. Otherwise. we paired
together data on adult life span and flight period from the
closest-lying locations, but in rare cases these locations
were quite distant from one another and represented dif-
ferent biogeographic regions. For multivoltine species, we
relied on information provided by studies conducted on
the first generation whenever possible. This is because the
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population size of the first generation is generally much
smaller than those of later generations and it is thus criti-
cal for species persistence, and furthermore the occurrence
of later generations is sometimes facultative (Franzen and
Johannesson 2007; Fric et al. 2010; Nabielec and Nowicki
2013).

For species with more than one record available, we
calculated median values of adult life span, flight period
length, and temporal fragmentation index and used them in
the subsequent analyses, since the distributions of records
were often non-normal (right-skewed). In turn, it is worth
noting that the distribution of median values among species
was normal for all of the three parameters considered.

For the purpose of the analyses. we adopted the Red
List status of European butterflies in accordance with van
Swaay et al. (2010). Despite our original expectations, the
sample sizes of species for which we were able to gather
data were small in the three conservation concern catego-
ries. i.e. Endangered (EN). Vulnerable (VU). and Near
Threatened (NT). We therefore decided to pool these into a
single ‘conservation concern’ category (CC) and analyse it
against the species categorized as Least Concern (LC).

We analysed the relationship between adult life span.
flight period length or temporal fragmentation index, and
conservation status (CC vs. LC, dichotomous dependent
variable) using logistic regression analysis. For each pre-
dictor, we conducted two separate analyses, using the full
data set gathered as well as what we term a ‘core data set’.
The core data set excluded species for which data quality
was problematic for various reasons. These included cases
of (a) species for which data on adult life span and flight
period length came from distant populations, representing
different biogeographic regions; (b) species for which only
the data for the second generation was available: and (c¢)
Maculinea alcon. the conservation status of which is ques-
tionable, apparently due to its uncertain systematic status,
with two distinct forms existing, namely M. alcon ‘alcon’
and M. alcon “rebeli’ (Als et al. 2004; Steiner et al. 2005
Pecsenye et al. 2007: Sielezniew et al. 2012). It is classified
as LC by van Swaay et al. (2010). however many authors
regard both forms to be under threat in Europe (Wallis-
DeVries 2004; Tartally et al. 2008: Czekes et al. 2014).

Obviously, a common problem with cross-species anal-
yses is that records for related species may not be fully
independent from one another. The standard solution in
such cases is controlling for phylogenetic autocorrelations
(Martins and Hansen 1996). However. this was not possible
in our study, because a full phylogenetic tree with scalable
inter-specific distances is not yet available for European
butterflies (cf. Cowley et al. 2001; Bartonova et al. 2014).
Therefore, in order to verify the risk of phylogenetic auto-
correlation biases, we instead applied the intraclass corre-
lation coefficients (Stanish and Taylor 1983: Lessells and
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Boag 1987) to test for potential repeatability of our records
within species as well as higher taxa, namely tribes, sub-
families. and families (but not at the genus level, because
we rarely had data for more than one species per genus).
The testing yielded significant results for species (life span:
r;=0.7379, P<0.0001; flight period length: r,=0.53513,
P<0.0001). but not for any higher taxa (life span:
r;=0.0339, P=0.6691 for tribes; r;=0.1166, P=0.4962
for subfamilies; #,=0.0408, P=0.6386 for families; flight
period length: r,=0.1922, P=0.2835 for tribes; r,=0.1401,
P=0.4468 for subfamilies: r,=0.1312, P=0.4213 for fam-
ilies). Such an outcome indicates that our data records were
highly repeatable within species, but fairly independent
among them. This. in combination with the fact that despite
a relatively small sample size we managed to gather data
for a wide range of European butterfly species, makes us
believe that the results of our analyses are not biased by
potential phylogenetic autocorrelations.

Results

We successfully gathered relevant information for 50 spe-
cies of European butterflies, including 4 classified as EN,
5 as VU, and 6 as NT, as well as 35 species classified as
LC (Table 1). The average adult life span of these species
ranged from ca. 2.5 to 15 days. The flight period length
was between 20 and 50 days in most cases, although some
clear outliers could also be noticed. The shortest adult
occurrence season was reported for Pseudophilotes bavius
(median value of 16.5 days), whereas in satyrid butterflies
it sometimes approached or exceeded 70 days (in Maniola
Jjurtina and Coenonympha pamphilus respectively). There
was no apparent correlation between flight period length
and adult life span (Pearson’s correlation: r=0.1794.
P=0.2125), and consequently the ratio of the two param-
eters, which we defined as the temporal fragmentation
index. varied greatly from ca. 2 to more than 12 (Table 1).

As indicated by Red List categories, extinction risk
generally increased with increasing adult life span
(Fig. 1a). Similarly, butterflies in the three categories col-
lectively characterized as CC had higher temporal frag-
mentation index values (Fig. I¢). On the other hand, there
was no clear pattern concerning flight period length,
which turned out to be slightly elevated among NT spe-
cies. The latter result was partly due to strong variation
within this particular group (Fig. 1b).

The logistic regression analyses confirmed the above
patterns, revealing significant relationships with species
conservation status (CC vs. LC) in the case of adult life
span and temporal fragmentation index, but no effect
whatsoever for flight period length (Table 2). It is note-
worthy that the effect of adult longevity and temporal
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fragmentation increased (despite considerably smaller
sample sizes) when the analyses were restricted to the
core data set, thus excluding species for which the qual-
ity of the data gathered was problematic. The threshold
value for adult life span at which a species had 50% prob-
ability of being listed in one of the CC categories was
3.53 days for the full data set and 4.31 days for the core
data set. In the case of temporal fragmentation index, the
respective thresholds were 9.19 and 8.01.

Discussion

The selection of species on which we based our investiga-
tion may not be fully representative for the whole spectrum
of European butterflies. In particular, an underrepresented
group are the species from Mediterranean region as well as
from northern Europe, the conservation status of which is
potentially less related to adult longevity and more to the
life history parameters beyond the scope of the present
study, such as wintering stage and voltinism (Mattila et al.
2006: Nylin and Bergstrom 2009). Another limitation of
our database is the fact that it lacked very common spe-
cies, mostly of Nymphalidae and Pieridae families, which
are neglected in mark-recapture studies, apparently because
of the lack of scientific and conservation interest in them.
Nevertheless, based on anecdotal information such species
are reported to have long-living adults (Settele et al. 1999,
Benes et al. 2002), and thus we believe that their inclu-
sion would have actually strengthened the outcome of our
analyses,

Our results indicated the existence of clear relationships
between adult life span and temporal fragmentation index
on one hand and conservation status of European butterflies
on the other. Moreover, the relationships proved to be sig-
nificant, regardless of whether the full data set or the core
data set was used, which increases our confidence in these
findings. In contrast, butterfly conservation status was not
linked in any way to flight period length as defined in our
study.

Butterfly adult life span is a part of an adaptive life his-
tory which involves mating and egg laying strategy (Carey
2001: Beck and Fiedler 2009). The average life span
reported in our study typically reached only a few days.
Such a short life span implies that the mating must take
place shortly after eclosion to minimise delay and allow
most of the females to oviposit their eggs before they die
(Scott 1973; Beck and Fiedler 2009). Hence. in species
with short life spans adult butterflies have a very narrow
time window to copulate. Adult life span also affects real-
ised fecundity. i.e. the number of eggs laid, which in turn
can have a critical impact on population viability (Fischer
et al. 2006; Pijpe 2007; Haeler et al. 2014). Low quantities
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Table 1 Summary information on adult life span, flight period length. and the temporal fragmentation index (i.e. ratio of flight period length to
adult life span) gathered for European butterflies

Species Status Life span (days) Flight period (days) Temporal fragmentation Sources

Colias myrmidone* EN 3.54(3.32-3.75) 26 (21-31) 7.47(5.60-9.34) Szentirmai et al. (2014)

Lycaena helle EN 7.19 (5.45-7.83) 39 (29-64) 5.87 (3.87-8.90) Fischer et al. (1999), Bauer-
feind et al. (2009), Reymond
(2014), Turlure et al, (2014),
Nabielec and Nowicki (2015)

Phengaris (=Maculinea) arion EN 3.53(3.07-4.26) 37(32-39) 10.28 (9.15-10.92) Bonelli et al. (2013)

Coenonympha oedippus EN 3.00 (2.50-4.20) 27.5(18-28) 7.98 (6.67-10.00) Orvossy etal, (2013)

Phengaris (=Maculinea) teleius VU 3.01(l.61-4.16) 38 (28-36) 12.01 (9.12-40.00) Nowicki et al. (20034, b, 2009,
2014), Voda et al. (2010)

Euphydryas maturna VU 6.33 (4.75-8.30) 42.5(36-49) 7.33(4.34-10.32) Wahlberg et al. (2002).
Konvicka et al. (2005)

Lopinga achine VU 6.30 (5.95-6.64) 28 (25-31) 4.43 (4.204.67) Bergman and Landin (2002),
Streitberger et al. (2012)

Coenonympha tullia VU 3.05 (2.80-3.30) 24.5(21-28) 7.99(7.50-8.48) Turner (1963). Warren (1992),
Komonen et al. (2004)

Erebia sudetica VU 4.00 29 7.25 Nowicki et al. (2003a)

Thymelicus acteon® NT 7.00 41 5.86 Thomas (1983). Buszko and
Mastowski (2008)

Parnassius mnemosyne NT 9.06 (5.05-11.13) 51(31-31) 3.66 (4.57-10.10) Schmidt (1989), Seufert
(1990), Konvicka and Kuras
(1999)

Parnassius apollo NT 3.73 (3.20-4.26) 29 (25-33) 8.08 (5.87-10.30) Brommer and Fred (1999),
Komonen et al. (2004), Fred
et al. (2006)

ITolana iolas NT 5.88 (3.63-8.12) 49.5 (49-50) 9.83 (6.16-13.50) Rabasa et al. (2003, 2007).
Heer et al. (2013)

Phengaris (=Maculinea) naustthous NT 2.84 (2.02-5.74) 40 (23-36) 12.64 (4.36-23.76) Pfeifer et al. (2000, 2007),
Nowicki et al. (20034, b,
2014), Voda et al. (2010)

Euphydryas desfontainii NT 5.55 36 6.49 Pennekamp et al. (2014)

Pyrgus sidae LC 9.20 25 272 Hernandes-Roldan et al, (2009)

Hesperia comma LCc 4.40 (3.00-10.30) 35(23-350) 7.95(2.23-15.63) Thomas (1983). Komonen
et al. (2004), Soulsby and
Thomas (2012)

Zerynthia polyxena LC 5.28 (4.40-6.17) 29 (20-38) 5.94(3.24-8.64) C)r\'t‘)ssy etal. (2003), Batdry
etal. (2008), Celik (2012)

Leptidea sinapis® LC 8.35 (6.50-10.20) 38.5(33-44) 5.00(3.24-6.77) Warren et al. (1986), Komonen
et al. (2004), Friberg et al.
(2008)

Leptidea reali* LC 7.60 44 5.79 Friberg et al. (2008)

Anthocharis cardamines LC 6.95 (5.60-8.30) 28.5(21-34) 4.30(2.533-6.07) Courtney and Duggan (1983),
Dempster (1997)

Lycaena virgaureae LC 6.43 (6.20-6.65) 31(29-33) 4.84 (4.36-5.32) Fjellstad (1998), Komonen
et al. (2004). Haaland (2015)

Lycaena hippothoe LC 9.60 (7.00-10.00) 28 (28-32) 2.92(2.80-4.57) Fischer (1998). Fischer and
Fiedler (2001), Komonen
etal, (2004)

Satyrium w-album® 1C 6.90 28 4.06 Warren (1992), Komonen et al.
(2004)

Cupido minimus® LC 15.00 31 2.07 Morton (1985), Komonen et al.
(2004)

Pseudophilotes bavius LC 2.80 (2.40-540) 16.5(12-28) 547 (2.50-11.67) Crigan et al. (2014)

Phengaris (=Maculinea) alcon® LC 2,44 (1.62-5.98) 29 (18-60) 11.88 (5.59-29.27) Seufert (1993), Nowicki et al.
(20034, 2009), Timus et al.
(2013)

Plebejus argus LC 3.35(3.20-3.50) 30 (20-40) 9.11 (5.71-12.50) Warren (1992), Lewis et al.

(1997), Cormont et al.
(2011)
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Table 1 (continued)

Species Status Life span (days) Flight period (days) Temporal fragmentation Sources

Aricia eumedon® 1C 3.59 19 3.30 Seufert (1993), Komonen et al.
(2004)

Polyommatus icarus® LC 4.40 (3.40-3.40) 26 (18-34) 5.80(5.29-6.30) Dowdeswell et al. (1940),
Scott (1973), Komonen et al.
(2004)

Polyommatus bellargus LC 9.10 (8.10-10.10) 26.5(24-29) 2.98(2.38-3.58) Davis et al. (1958)

Polyommatus coridon LC 5.52(3.70-8.70) 56.5 (24-63) 10.79 (4.21-14.86) Davis et al. (1938), Nowicki
etal. (2005a), Schmitt et al.
(20006)

Argynnis paphia® LC 11.50 38 3.30 Magnus (1954), Komonen
etal. (2004)

Argynnis aglaja LC 8.20 58 7.07 Zimmermann et al. (2009)

Brenthis ino LCc 9.74 (5.70-13.79) 40.5 (35-46) 5.30(2.54-8.07) Zimmermann et al. (2003).
Fric et al. (2010)

Boloria eunomia LC 8.23(3.00-11.55) 35.5(26-45) 4,32 (2.68-11.00) Schtickzelle et al. (2002),
Turlure et al. (2010)

Boloria euphrosyne LC 9.00 (3.97-11.10) 29(24-32) 3.39(2.61-4.02) Baguette and Neve (1994),

Komonen et al. (2004), Al
Dhaheri (2009)

Boloria aguilonaris LC 4.20 21 4.93 Turlure et al. (2010)

Euphydryas aurinia LC 6.40 (2.24-15.37) 31(15-42) 3.16(2.60-12.95) Munguira et al. (1997), Wahl-
berg et al. (2002), Anthes
etal. (2003), Komonen et al.
(2004), Schtickzelle et al.
(2005), Fric et al. (2010).
Zimmermann et al. (2011),
Casacci et al. (2015)

Melitaea cinxia LC 5.80 33 5.69 Wahlberg et al. (2002)

Meliraea Didyma LC 7.00 (5.50-8.00) 46 (30-31) 5.75(5.45-7.29) Vogel and Johannesen (1996)

Melitaea diamina LC 8.59 (6.35-10.61) 29 (29-51) 4.57 (3.38-4.81) Hanski et al. (2000), Wahlberg
et al. (2002). Fric et al.
(2010)

Melitaea athalia LC 10.00 (3.45-11.26) 35 (30-33) 4.88 (3.50-5.50) Warren (1987), Wahlberg et al.

(2002), Fric etal, (2010),
Cormont et al. (2011)

Pararge aegeria® LC 9.50 23 242 Warren (1992), Komonen et al.
(2004)

Lasiommata megera* LC 4.20 40 9.52 Parr et al. (1968). Harker and
Shreeve (2008)

Coenonympha pamphilus* LC 7.30 76 1041 Wickman (1985)

Aphantopus hyperantus LCc 3.95(3.60-4.29) 36.5 (35-38) 9.29 (8.86-9.72) Suteliffe et al. (1997). Soulsby
and Thomas (2012)

Maniola jurtina LC 6.55(6.51-10.83) 67 (51-78) 7.84(6.19-11.91) Tudor and Parkin (1979),

Brakefield (1982), Lértscher
etal. (1997), Cormont et al.

(2011)
Erebia aethiops LC 6.50 33 5.08 Sldmova et al. (2013)
Minois dryas LC 4.47 (3.50-6.74) 25.5(19-32) 5.17 (4.75-6.75) Pellet and Gander (2009).

Bilnicki (2013)

Whenever more than one record was available for a species, we present the median with the range (min-max) in parentheses. Conservation sta-
tus follows the European Red List of Butterflies (van Swaay et al. 2010): EN endangered, VU vulnerable, NT near threatened, LC least concern.
Superscripts indicate species which were excluded from the core data set used in the analyses for various reasons

“Data available only for the second or third generation

Data on adult life span and flight period length came from different regions

“Questionable conservation status—see Methods for the rationale
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Fig. 1 Adult life span (a). flight period length (b). and temporal frag-
mentation index (¢) in relation to the conservation status of European
butterflies (EN endangered, VU vulnerable, NT near threatened, LC
least concern), The values shown represent means (with their SEs)
across all the investigated species in each category. Different conser-
vation concern categories (EN, VU, NT) are treated separately only
for the graphic presentation. but they were pooled together in the
analyses (see Table 2)

of oviposited eggs over the long term are bound to result in
population decline. It is thus not surprising that the results
of our study confirmed that short life span corresponds to
higher threat level in European butterfly species.

51

Alternative hypotheses explaining the relationship
between adult life span or temporal fragmentation index
and conservation status involve mobility and predation.
Since both emigration probability and movement distance
are typically time-dependent (Hanski et al. 2000), short-
lived butterflies may be expected to emigrate in lower
numbers and move shorter distance throughout their adult
lifetime. Species with such characteristics are more likely
to experience the negative effects of habitat fragmenta-
tion, and hence be more prone to being threatened (Kotiaho
et al. 2005; Franzen and: Johannesson 2007; Habel et al.
2013). especially in the highly fragmented landscapes of
Europe. However, the plausibility of the above explanation
is undermined by empirical studies indicating that dispersal
capabilities and butterfly life span may be negatively cor-
related. since investing in mobility and longevity is subject
to a developmental trade-off (Hanski et al. 2006; Niitepold
and Hanski 2013).

Additionally. the better conservation status of spe-
cies with long-living adults might possibly be attrib-
uted to their lower mortality due to predation. It has been
reported that butterflies with anti-predator defence fea-
tures (such as aposematism, eye-spots, etc.) have longer
life spans, but it must be stressed that the effect of these
anti-predator defences on longevity was rather weak and
mostly restricted to tropical butterflies (Beck and Fiedler
2009). Furthermore, although predation on adult butterfiies
may sometimes be considerable, it is nonetheless of rela-
tively little importance for population dynamics as com-
pared with predation experienced at the egg, larval or pupal
stages (Dempster 1984; Warren 1992).

An increased level of temporal fragmentation was also
found to correspond to higher species vulnerability in
our study. A possible explanation is that if butterflies live
for only a limited part of the flight period then they may
have lower chances of finding mates. These low mating
opportunities are further decreased by the fact that males
emerge earlier in the season than females, usually by sev-
eral days, due to protandry (Pfeifer et al. 2000; Petit et al.
2001: Nowicki et al. 2005b). This phenomenon is common
in insects, particularly in species for which the flight season
is very long and the majority of the population occurs at
the beginning of the flight season, such as is the case of
the mayfly (Gibbs and Siebenmann 1996; Takemon 2000).
Protandry prevents inbreeding and ensures that only strong
males survive long enough to mate. Moreover, it also sup-
ports immediate female fertilisation. which minimises
the risk of females dying before mating (Fagerstrom and
Wiklund 1982; Zonneveld and Metz 1991; Zonneveld
1992: Morbey and Ydenberg 2001).

Although all the aforementioned effects are consid-
ered positive, some negative consequences of protandry
are also known. Since a fraction of males may not survive
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Table 2 Results of multiple

o X N Predictor Data set (with Parameter value (+SE) Model fit
logistic regression analyses of ) "
< AU e sample size) - 3 ~
factors affecting conservation Intercept Estimate Ve P R
status (conservation concern
vs. least concern) of European Life span Full (n=30) 1.29+0.91 -037+0.16 6.83 0.0089 0.27
butterflies Core (n=37) 1.82+1.10  -042+0.19 605 00138 033
Flight period length Full (n=30) -1.12+0.98 0.01+0.03 0.09 0.7685 0.01
Core (n=37) -1.18+1.20 0.02+0.03 0.25 0.6192 0.01
Temporal fragmentation Full (n=50) —3.18+0.99 0.35+£0.13 7.85 0.0051 0.29
Core (n=37) -3.85+1.31 0.48+0.18 9.44 0.0021 0.41

long enough to mate with the later-emerging females, some
females will consequently go unmated, and will thus be
unable to lay eggs. This lost reproductive potential can sig-
nificantly decrease population size and could also lead to
population extinctions. The protandry effect might there-
fore be evolutionarily advantageous at higher population
densities but, if the population density decreases, it can
be harmful (Calabrese and Fagan 2004). Additionally,
weather conditions could affect the proper timing of male
and female emergence by up to several days (Schtickzelle
et al. 2002; Robinet and Roques 2010). For instance, rainy
days at the beginning of the flight period in 1983 were
found to influence individual development in Euphydryas
editha bayensis, resulting in the first females emerging 14
days after males, which had a clear negative effect on the
population dynamics of the species (Dobkin et al. 1987;
Baughman 1991). Furthermore, a high level of temporal
fragmentation, namely short individual life span in relation
to long flight period, in combination with protandry seri-
ously reduced the effective population size (sensu Lande
and Barrowclough 1987; Hill 1972), thus accelerating the
loss of genetic variability in small populations.

In contrast to several earlier studies, which suggested
that extinction risk in butterflies decreases with lengthen-
ing flight period (Komonen et al. 2004 Kotiaho et al. 2003:
Franzen and:; Johannesson 2007), our analyses did not
reveal any link between flight period length alone and spe-
cies conservation status. The most straightforward expla-
nation for such a result could be that flight period length
per se is unimportant for species extinction risk, and it only
matters in combination with adult longevity. Nevertheless,
we hypothesise that the situation is more complex. namely
a longer time of adult occurrence has both positive and neg-
ative consequences for species viability, On the one hand,
as discussed above, it increases the temporal fragmentation
of butterfly populations and may reduce mating opportuni-
ties for both sexes. On the other hand, a longer flight period
allows for the compensation of the negative effects of sto-
chastic changes during the flight period such as unfavour-
able weather conditions, and inappropriate management
interventions, e.g. inappropriate timing of meadow mow-
ing (Cormont et al. 2011). An extended adult occurrence
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season improves the resilience of butterfly populations to
catastrophic events such as floods or fires (cf. Konvicka
et al. 2002; Kajzer-Bonk et al. 2013: Nowicki et al. 2013),
because only a small fraction of individuals is affected if a
short-term disturbance happens during the flight period.

Our findings demonstrate that both adult life span and
temporal fragmentation index may serve as useful ‘early
warning” indicators, helping to flag-up butterfly spe-
cies possibly at risk from among those for which detailed
information essential for evaluating threat level is lack-
ing. Regretfully, as our literature search implies, the esti-
mates of adult life span and flight period length (needed
for calculating temporal fragmentation index) are not read-
ily available for most butterflies either. However, they are
relatively easy to get through mark-recapture studies. These
are simple to plan and conduct, and they may be carried
out with the help of amateur naturalists. This gives the
longevity-related parameters analysed in the present study
a substantial advantage over the proxies for species vulner-
ability previously suggested by other authors (Kotiaho et al.
2005; Mattila et al. 2006; Nylin and Bergstrom 2009), such
as host plant specificity. overwintering stage. patch size
requirements or mobility (see Introduction for their ration-
ale), because assessing the latter characteristics typically
requires specialist expertise.

Obviously, the main drawback of mark-recapture studies
is their labour-intensity. Therefore, it would be highly desir-
able if the information on adult longevity and flight period
length could be extracted from the well-established but-
terfly monitoring schemes based on transect counts. Eval-
uating flight period length with transect counts requires
increased frequency of the transect surveys, because
biweekly counts, as currently adopted in most monitoring
schemes (van Swaay et al. 2008). are not enough for this
purpose. In turn, assessing adult longevity with transects
counts appears more difficult to accomplish. Zonneveld
(1991) developed a theoretical model for the estimation
of life span from transect count data, but its applicability
has so far been hampered by rigorous assumptions, which
are difficult to meet in real world situations (Nowicki et al.
2008). Nevertheless, more recent developments based
on this model. such as the Insect Count Analyzer (INCA)
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software (Longcore et al. 2003), are promising and give
some hope that transect counts can be reliably used to
derive butterfly life span estimates in the near future.
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[Vyhodnoceni u¢innosti aktivniho managementu na loukach s vyskytem modraski rodu
Phengaris]

V ¢lanku bylo provedeno vyhodnoceni ucinnosti managementovych zakroku, které mély vést
k podpoie populaci modraskia Phengaris teleius a P. nausithous na lokalit¢ Dé&Cin-Dolni Labe.
Monitoring probihal metodou ,,mark-release-recapture na celkem 17 lokalitach. Na téech z nich byl
aplikovan management (se¢ jednou ro¢n¢ ve vhodny termin, tzn. mimo letovou sezénu studovanych
druhti) po ¢étyti roky 2012-2015 a na dalSich tfech stanovistich po dobu dvou let 2014-2015. Na
zakladé¢ odhadu velikosti populaci na jednotlivych lokalitich se nepodafilo prokazat zvySeni
pocetnosti populace na zaddné ze studovanych lokalit s aplikovanym managementem. Na druhou
stranu je nutné fici, Ze kolonie motyll z ostatnich lokalit (bez Gdrzby) béhem téchto let stagnovaly.
Ukéazalo se, ze management lokality formou jedné sece za rok je pro modrasky rodu Phengaris

vyhovujici, nicméné efekt na populace neni okamzity.
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EVALUATION OF ACTIVE MANAGEMENT APPLIED TO
MEADOWS WITH PHENGARIS BUTTERFLIES OCCURRENCE"

T. Bubova, M. Kulma, V. Vrabec

Czech University of Life Sciences Prague, Faculty of Agrobiology, Food and Natural
Resources, Prague, Czech Republic

In recent decades, changes in meadows maintenance have reduced the populations of endangered butterfly species Phengaris
nausithous (Bergstrisser, 1779) and P. teleius (Bergstrisser, 1779). Currently, meadows are either abandoned or intensively
used. Unfortunately, both these managements are considered unfavourable for grassland butterfly species. In this study, the
effect of suitable meadow management on population sizes of both the above mentioned Phengaris species was investigated.
The experiment was performed at the locality Dolni Labe (Dé¢in, Czech Republic). The most suitable models, based on the
lowest values of Akaike’s information criterion corrected for small sample sizes, were selected using MARK statistical soft-
ware. The results were subsequently compared with data obtained from this locality prior to the management application. Un-
expectedly, no significant positive effects were found. To reach the desirable status, suitable management practices should be
applied for long-term. To verify the management effect on the population size, the meadows were divided into three groups:
(7) application of favourable management, (ii) mowing in inappropriate term, (iif) without management. Based on the statisti-

cal evaluation, the management application proved to be the most favourable option for both studied butterflies species.

Phengaris teleius, Phengaris nausithous, Dolni Labe, active protection, mowing, succession

[*]3 DE GRUYTER
OPEN

INTRODUCTION

The majority of European butterfly species are vi-
tally dependent on meadows and open grasslands with
large plant diversity (van Swaay,2002;Jansen
et al., 2012). The management methods of these lo-
calities belong among the most important factors af-
fecting the density of butterfly populations (Wallis
De Vries etal.,2007; D’ Aniello etal.,2011).
During the recent decade, changes of the management
have occurred — the meadows are used intensively.
Agricultural intensification causes the biodiversity
reduction, abandonment of traditional land-use types
(Kruess, Tscharntke, 2002; Benton et al.,
2003; Saarinen, Jantunen, 2005; Young et
al., 2005), and increased land fragmentation, which is
considered to be the main threat to reduce the number
of butterfly species (Krauss etal., 2005; Poyry,
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2007). On the other hand, the absence of agricultural
interventions leads to the onset of succession (Hula
etal., 2004; Skorka etal, 2007).

Active protection of the butterfly species consists in
the understanding of their requirements and demands,
such as the quantity and distribution of their neces-
sary resources (Dennis etal,2006;Jansen etal.,
2012). The blue butterflies of the genus Phengaris are
considered as European flagship species for butterfly
protection in open grasslands (Spitzer etal., 2009;
Thomas etal, 2009; van Swaay etal., 2010).
The Scarce large blue, Phengaris teleius (Bergstrisser,
1779) and the Dusky large blue, Phengaris nausithous
(Bergstrisser, 1779) are sympatric living species,
occurring in wet meadows (Kajzer-Bonk etal.,
2013). Their host plant is Great Burnet (Sanguisorba
officinalis) (e.g. Thomas, 1984) and both of these
species are also myrmecophilous (Elmes etal., 1998;

* Supported by the Internal Grant Agency of the Czech University of Life Sciences Prague (CIGA), Project No. 20152004,
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Wynhoff etal., 2011). According to the European
Red List of Butterflies (van Swaay etal., 2010)
and Red List of the Czech Republic (Farkac etal.,
2005), P. teleius belongs among vulnerable species
and P. nausithous among near threatened species.

To select favourable meadows management, it is
necessary to monitor many factors that affect the sur-
vivability and the size of butterfly populations (Van
Langevelde, Wynhoff, 2009). The establish-
ment of varied networks including grasslands, patch
and road edges, is also very important (Hanski et
al., 1994; Nowicki etal., 2013). These measures
reduce the fragmentation and support the metapo-
pulation density system (Nowicki etal., 2014).
The timing and quantity of blue butterfly meadows
interventions belong among essential factors as well.
The meadows should be ideally cut once a year, but it
is also possible to do the cut every two or three years
(Johst etal.,, 2006; Novak etal.,2007; Vrabec
et al., 2008). The negative impact on blue butterflies
was reported when meadows were cut twice a year
(Dierks, Fischer, 2009). According to Bene$§
etal. (2002) and Konvicka etal. (2005) the opti-
mal time for cutting meadows is May or September.
September is also reported by Kordsi etal. (2014) as
an ideal cutting time for P. teleius prosperity. Mowing
meadows amid the flying season is inconvenient,
because it causes not only the lack of nectar sources
and oviposition opportunities for adults, but it mainly
leads to egg destruction and larval mortality as well
(Johst etal.,2006;Dover etal., 2010). Therefore,
it is important to make the first mowing in a suitable
term providing the host plant sufficient time to restore
before the beginning of the flight season (Dierks,
Fischer, 2009). The proper mowing timing also
influences the host ants (Wynho ff et al.,, 2011;
Korosi etal,2014). When cutting in the second half
of September, abundance of Myrmica ants in meadows
increases (Grill etal.,2008). Bene§ etal. (2002)
and Konvic¢ka etal. (2005) considered mosaic
mowing as most suitable for blue butterflies. This cut-
ting method basically replaces traditional agriculture
(Pdyry, 2007) with the principle in combination
of both unmaintained and maintained vegetation —
mowing at different times per year (Morris, 2000;
Saarinen,Jantunen,2005;Farruggia etal.,
2012). However, using no management in meadows
is also unsuitable, because it causes succession onset,
consequently it leads to overgrowing of meadows by
woody plants (Provoost etal,201l;Schirmel,
Fartmann, 2014).

The populations of blue butterflies at the Dolni Labe
locality have been subjected to long-term monitoring.
A favourable meadow management was designed with
mowing mode supporting the growth of population
and applied in selected meadows in 2014 and 2015. To
evaluate the designed management, these hypotheses
were tested: (a) yearly mowing in a suitable term will

SCIENTIA AGRICULTURAE BOHEMICA, 47, 2016 (4)
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in long-term increase the blue butterfly populations; (b)
blue butterfly populations will not be able to survive
in meadows which are mown in inappropriate time or
in meadows without management.

MATERIAL AND METHODS

Study species

According to the European red list of butterflies
(van Swaay et al., 2010), Phengaris teleius and
P. nausithous belong to vulnerable and/or near-threat-
ened species categories. Both these butterflies belong
among particularly protected species in the Czech
Republic and P. nausithous being more distributed
(Benes etal., 2002).

The investigated species are both social parasites
with similar life cycles, however, some different as-
pects in their behaviour are known as well (Benes et
al., 2002). Both species are monophagous, their only
host plant is Great Burnet (Sanguisorba officinalis)
(e.g. Thomas, 1984). Females lay their eggs on
the host plant head, larvae hatch and live there till
L3 stadium. Immediately after ecdysis to L4, they
fall down to the ground, where they are subsequently
adopted by Myrmica ants (Thomas et al., 1989;
Pech etal., 2007). P. nausithous larvae could be
adopted only by M. rubra, while P. teleius larvae were
found mainly in anthills of M. scabrinodis, but also
in those of M. rubra, M. ruginodis or M. rugulosa
(Tartally, Varga, 2005; Witek et al., 2008,
2011; Wynhoff etal., 2011). Parasitic larvae live
for 10-22 months, until they pupate (Thomas, 1984;
Sliwinska etal., 2006). Flying season of adult but-
terflies is the same for both species — since the begin-
ning of July to the end of August. However, certain
variability within various regions has been described
(Batary et al., 2009). It is known that the choice
of location for oviposition is affected by host plants
developmental stages and the host ants presence. While
P. teleius females oviposit rather to young flower
heads, those of P. nausithous prefer older host plant
heads (Figurny, Woyciechowski, 1998). Both
species oviposit only to host plants near Myrmica
anthills (Van Dyck etal.,2000; Wynhoff etal.,
2008; Van Dyck, Regniers, 2010). Ensuring
the presence of all resources of vital importance to
the blue butterfly genus Phengaris is thus largely
influenced by meadows management.

Study area

The suitable meadows management research was
realized at the locality Dolni Labe (502.34°51°"'N,
1450.99°12°""E), which is a part of the Protected
Landscape Area (PLA) Labské piskovce, near the
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Table 1. Management methods applied to P. teleius and P. nausithous at the Dolni Labe locality in 2009-2015

Patch No. 2009 2010 2011 2012 2013 2014 2015
1 i it it jod ¢ i e
2 il iii it iii iii iii iii
3 iii iii it jad ¢ ibe [
4 il iif it jad [ i i
5 it i ii it ii ii it
6 ii i ii i i ii ii
7 ii i ii ii i ii ii
8 if i ii ir ii il i
9 fii iii i fii il jad e
10 il iii it iii i it i
11 il iif it il il "¢ ¢
12 ii i il i i ii ii
13 il iif it iii il e ¢
14 iif iif it fii i it iii
15 iii iif it iii iii it iii
16 il iit i il il iii i

(#) mowing 1x per year (mowing entire patch?, rotation®), applied in spring® or autumn?; (ii) mowing in inappropriate term (during flight season);

(iii) localities without management

town of Décin (Czech Republic). Population param-
eters research of the genus Phengaris in this area
started in 2008 when only 6 patches were monitored.
This flight season therefore was not included into
the calculations and statistical analyses. The area is
divided into 16 patches with confirmed occurrences of
blue butterflies (Fig. 1). The area of the investigated
patches ranges from 140 to 19 084 m? and maximum
distance between the patches is 5.21 km. To compare
the results of the management practices, all the patches
were divided into three groups/types: (i) mowed 1x
per year (mowing entire patch, rotation — applied in
spring or autumn), rotation mowing implies successive
mowing of different meadow fragments (Bubova et
al., 2015); (if) mowed in inappropriate term (during
the flight season); (iii) patches without any manage-
ment (Table 1).

Patches of type (i) (formerly belonging to types (ii)
and (#ii)) were firstly mowed in 2012. These patches
are mowed periodically once a year in the spring (May)
or autumn (September). The first patches mown were
the meadows near the Labe River. Depending on the
meadows condition, they were mowed once or twice per
year since 2012. Currently, six meadows are managed
in this way. Another five patches belonging to type
(ii) are mainly privately owned and uncoordinatedly
mown several times per year. The six remaining patches
of type (iii) are unkept and weed overgrown, vegeta-
tion at this places consists mainly of Urtica dioica,
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Impatiens glandulifera royle, Rubus idaeus or gone
wild fruit trees. Since the beginning of monitoring,
no management interventions were observed there.

During monitoring of the Dolni Labe locality in
2008-2011 (2008 excluded from calculations), no tar-
geted management interventions were applied there. In
autumn 2012, parts of selected meadows were mowed
in cooperation with PLA Labské piskovce. Since 2013,
other meadows have been involved in the suitable
management program. Therefore, they are mowed
once per year in spring or autumn, according to the
actual situation. In 2015, the Directorate of Waterways
of the Czech Republic started to support this project.
Currently, suitable management has been applied at
six patches, and enrolment of further patches in the
immediate vicinity of the Labe River is scheduled in
the following years. The owners of the meadows with
Phengaris butterfly occurrence outside the Labe River
valley, with lacking or inappropriate management, are
intended to be addressed, too.

Field methods

We used Mark-Release-Recapture method to find
out Phengaris butterflies population size at the inves-
tigated patches. The monitoring was carried out in the
following terms: 2009 (9/7-19/8), 2010 (9/7-12/8),
2011 (8/7-5/8), 2012 (14/7-10/8), 2013 (5/7-15/8),
2014 (3/7-18/8), and 2015 (6/7-14/8). During these
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days, all investigated patches were observed daily,
except continuous rain days. The blue butterflies were
captured with an entomological hand-held net. A wa-
terproof pen was used to identify the caught unmarked
specimens with a unique code on the ventral side of
hind-wings. Capture time, sex, wing wear, weather
conditions, butterfly behaviour, and patch were re-
corded. In case of recapturing marked individuals, we
enrolled aforementioned parameters to the recording
sheet as well.

Data analysis

Population estimates. To estimate the size of popu-
lation, all obtained data for both studied butterfly spe-
cies P. teleius and P. nausithous were evaluated in the
statistical program MARK, which is able to provide
information about population size using Capture-
Mark-Recapture method (White, Burnham,
1999; Cooch, White, 2007). Concretely, we
used Cormack-Jolly-Seber model (Live Recaptures),
whose principle is a live animal capturing (Schwarz,
Seber, 1999). Basic parameters of the models are
survival (¢i) and capture probability (pi). For each
parameter there exist different standard patterns as-
sumed, for example: (.) parameter constant over time
and equal for all groups; (g) parameter constant over
time, but varying among groups; (t) parameter changing
over time, but equal for all groups; (g*t) parameter
changing over time and varying among groups; (g+t)
parameter changing over time and varying among
groups too, but over time it is constant. There exist
25 different combination models. The selection of the
most appropriate model for each data set was based
on Akaike’s information criterion corrected for small
sample sizes (AICc) (Hurvich, Tsai, 1989). The
model with the lowest AICc is the one which best fits
the empirical data (Nowicki etal., 2005). The best
model for population estimation was selected after
parameters customization at two patches with the
highest density of investigated species. In the case
that selected models for these patches were different,
we preferred the model used for the patch with the
highest captured butterflies number and AICc, AAICc,
Estimate, Standard Error, 95% Confidence Interval
(CD-, 95% CI+ values as well (see Table 2). After we
had selected the most suitable model, the final value
of real (Nmml ) indicating the seasonal population size
was calculated (Nowicki etal., 2005).

Statistical analysis

To determine the efficiency of the management,
Nmm, values calculated in program MARK were
used. Subsequently, the Nmm, values were statisti-
cally analyzed. The significance level o = 0.05 was

selected for all tests.

SCIENTIA AGRICULTURAE BOHEMICA, 47, 2016 (4):

Population size comparison after the management
change. Verification of the first hypothesis (a — yearly
mowing in a suitable term will in long-term increase
the population of butterfly species P. teleius and P,
nausithous) was performed in two steps. The analysis
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Fig. 1. Locality Dolni Labe (50 51" 2.34"'N, 14 12" 50.99""E) near the
town of Dé¢in, dislocation patches 1-16
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Table 2. The best models calculated by MARK software and the individual parameters for P. teleius and P. nausithous during flight seasons at
Dolni Labe locality in 2009-2015

Selected model Estimate Standard error 95% CI
warvival | CPIE Awm p]:;:* AlCe | AAICe | ‘ _ | e | oeswar
(v0) Pfol;all’ﬂlty (i) | (pi) | (o) | (pi) i ‘ P P
i)
2009
P teleius () (.) 368 4 91.42 0.00 0.85 | 0.28 | 0.06 | 0.08 | 0.69 | 0.15 | 0.93 | 0.47
P. nausithous () () 1370 13 381.14 | 2424 | 0.60 | 0.44 | 0.04 | 0.06 | 0.52 | 0.33 | 0.67 | 0.55
2010
P teleius () () 889 4 138.48 | 0.00 0.75 | 0.21 | 0.06 | 0.06 | 0.60 | 0.12 | 0.86 | 0.35
P. nausithous (t) (t) 1952 4 376.85 | 19.95 | 0.87 | 0.73 | 0.00 | 0.22 | 0.86 | 0.24 | 0.86 | 0.96
2011
P. teleius 8] 8 196 4 69.86 | 0.00 | 0.84 | 0.62 | 0,08 | 0.11 | 0.61 | 039 | 0.95 | 0.80
P. nausithous () () 273 6 191.50 | 0.00 0.83 | 0.53 | 0.04 | 0.07 | 0.74 | 0.41 | 0.89 | 0.66
2012
P teleius () () 233 4 67.21 0.00 0.60 | 046 | 0.13 | 0.16 | 0.35 | 0.19 | 0.81 | 0.76
P. nausithous | (g)** () 298 4 119.14 | 1.57 ?)8531/ 0.36 %511/ 0.09 %ZZ/ 0.21 ?)?/]B/ 0.55
2013
P teleius () () 406 15 59.86 2.93 0.81 | 0.12 | 0.13 | 0.08 | 0.45 | 0.03 | 0.96 | 0.36
P. nausithous () () 952 4 514.08 1.89 0.77 | 0.28 | 0.03 | 0.04 | 0.70 | 0.21 | 0.82 | 0.36
2014
P teleius ) (.) 391 13 159.13 1.74 0.70 | 0.55 | 0.06 0.08 0.58 | 0.39 | 0.80 | 0.71
P. nausithous () (t) 1486 6 1883.98 | 0.66 0.81 | 0.89 | 0.01 | 0.01 0.78 | 0.54 | 0.83 | 0.98
2015
P teleius () () 371 3 467.51 | 0.00 0.87 | 0.30 | 0.02 | 0.03 | 0.81 | 0.24 | 091 | 0.37
P. nausithous () (.) 602 3 946.55 1.48 0.81 | 046 | 0.18 | 0.03 | 0.77 | 0.41 | 0.84 | 0.52
[{fmmr =real population size, AICc = Akaike’s information criterion corrected for small sample sizes, CI = confidence interval

*patch with the highest number of captured butterflies, which was essential in the final model selection; the following parameters are provided

for this patch; the population estimation was evaluated using data from this locality

**estimate, standard error, and CI values are presented both for males and females

principle was a comparison between flight seasons
with management and those without any management.
Firstly, we statistically evaluated (independent two-
sample 7-test) data from the patches under management
since 2012 (No. 1, 3, and 4 in Table 1). In the next
step, patches managed since 2014 (No. 9, 11, and 13)
were evaluated in the same way.

Comparison of targeted management efficiency.
To verify the second hypothesis (b — the blue butter-
flies populations will not be able to survive in mead-
ows mowed in inappropriate time or in those without
management), we compared the population sizes at
patches which were divided into three groups from the
management viewpoint: (i) suitable management, (/i)
inappropriate management, and (i/7/) no management
(see Table 1). The data were subjected to the analysis
of variance (ANOVA) test. We used one-way ANOVA
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and Scheffé’s test (for patches comparison) and main
effect ANOVA, Fisher’s LSD test, and confirmation
Scheffé’s test for dependence verification of popula-
tion size in the management types (i); (ii); (iii) and
flight season.

RESULTS

Population estimates

Using the MARK program, the most suitable models
were selected (Table 2) and Nmmx values for studied
butterfly species and flight seasons calculated. For the
survival parameter (¢) and the capture probability (p),

the model (.)(.) was the most suitable. This model is
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Table 3. Statistical analyses for verification of two hypotheses regarding flight seasons 2009-2015 of P. teleius and P. nausithous at Dolni Labe
locality. The calculations were performed using two-sample /-tests and the analysis of variance (one-way and the main effects; significance

level o = 0.05)
| r | P [Peidedr] P

(a) Comparison of population size after management changes®
After 2012
Phengaris teleius 2.887 0.119 >0.05
Phengaris nausithous 2.295 0.202 >0.05
After 2014
Phengaris teleius 5.118 0.082 >0.05
Phengaris nausithous 18.310 0.005 0.229* > 0.05
(b) Comparison of targeted management efficiency
Comparison of type management on patches®
Phengaris teleius 10.727 0.000 <0.05
Phengaris nausithous 5.750 0.004 <0.05
Comparison of population size, depending on management type and flight season®
Phengaris teleius
Year 0.497 0.799 >0.05
Type of management 2.469 0.126 >0.05
Phengaris nausithous
Year 0.766 0.610 >0.05
Type of management 0.733 0.500 >0.05

Ytwo-sample r-test, independent
PANOVA one-way and Scheffé’s test
*ANOVA main effects and Fisher’s LSD test

*newly calculated level of significance for the case of inhomogencous variances

constant over time and equal for all groups, with equal
daily survival and capture probability. It was selected
for populations of both investigated butterfly species in
2009, 2011, 2013, and 2015 and for P. teleius in 2010,
2012, and 2014. Three other models were applied to
P. nausithous. For the flight season 2010, model (t)
(t) with both daily survival and capture probability
varying among sampling days was applied. This model
varies over time, but for all groups. Model (.)(g),
i.e. the model constant over time and varying for the
group, was selected for the season 2012. Finally, (.)(t)
model was selected as the most suitable for 2014, with
equal daily survival and capture probability varying
among sampling days. This model varies over time
but equally for all groups. Using the selected models,
the Nmr value (real population size) was calculated
for all patches and individual flight seasons. These
values have been subsequently used to verify the sug-
gested hypotheses.

Statistical analysis

The results of the statistical analyses are shown
in Table 3.

SCIENTIA AGRICULTURAE BOHEMICA, 47, 2016 (4): 164-173

Population size comparison after the management
change. In the first step of the hypotheses verification,
data obtained at patches No. 1, 3, and 4 were analyzed.
Statistical analyses were performed separately for
both investigated species and no significant effects of
management on the investigated patches were found
(P. teleius and P. nausithous: P > 0.05). Significant
differences between flight seasons before and after
management changes were not found in the next step
(patches No. 9, 11, and 13) as well (P. teleius and P.
nausithous: P > 0.05). However, the population size
comparison between the patches with management
onset in 2012 and in 2014 reveals certain differences
(see Table 3). Meadows managed since 2012 are more
successful (P-value) than the patches managed since
2014. The trend of differences between population
sizes is displayed in Fig. 2.

Comparison of targeted management efficiency.
Statistical analyses used for the comparison of man-
agement types efficiency (Scheffé’s test) demonstrated
statistically significant differences (P > 0.05) between
the management method (/) — yearly mowing, and
methods (i7) and (iii) (unsuitable mowing period and
no mowing, respectively). The suitable management
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(i) was found most effective for P. teleius, on the other
hand, method (ii) appeared to be the worst one. For
P. nausithous, significant differences (P> 0.05) were
found between methods (i) and (iif). The worst for this
species is when the meadows are unmanaged (iii). The
analyses performed in order to demonstrate the inves-
tigated butterfly population dependence on manage-
ment type and flight season did not show significant
differences. Even though Fisher’s LSD test showed
some deviations during flight season in methods (i7)
and (ii7), Scheffé’s test and homogeneity of variance
test found out no significant differences.

DISCUSSION

In terms of increasing long-term viability of studied
butterflies at the locality Dolni Labe, the results of
our study showed that timing monitoring and suitable
mowing management selection are necessary for the
long term. We also verified years mowing efficiency
but, unfortunately, no significant effects were found
during our four-year-long observation. This fact is in
contradiction with results reported by Kér6si etal.
(2014), who found out positive effects of management
on Phengaris teleius population during just a three-year
period. The same authors also recommended mowing
in September as the most suitable management. On the
contrary, Novak et al. (2007), after three years of
investigation, did not find clear effects of management
on the blue butterfly population sizes. In our study, we
determined noticeable differences between meadows
managed since 2012 and those managed since 2014. The
positive influence of long-term appropriate meadows
mowing is shown in Fig. 2. The patches, which were
involved in management only since 2014, had been
unkempt and weed overgrown, so the transformation
to an optimum condition is still in progress (PSyry
et al., 2005; Stefanescu et al., 2009). However,

leui
"
8
g

2012 P teleius 2012 P. nausithous 2014 P. teleius 2014 P. nausithous

Fig. 2. Graphical comparison of management application success
rates at localities mown since 2012 and those managed since 2014.
The data shown are for P. teleius and P. nausithous at the locality
Dolni Labe
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low population sizes in 2015 could play a significant
role in the unclear effect of management which had
been firstly applied the previous year 2014. For P.
nausithous, the ]([mml value was more than half lower
tl}an in 2014 (see Table 1 —2014: Now ™= 1486; 2015:
N, = 602). For P. teleius the values were similar. The
population size may be reduced even due to climatic
change, which has currently been highly discussed
(Cormont etal., 2013; Kajzer-Bonk et al.,
2013;Nieto-Sanchez etal., 2015), however this
factor has not been investigated at the Dolni Labe
locality. To detect a climate change would require a
several-year local monitoring. Although the effect on
the population size of the investigated butterflies was
not statistically confirmed, the host plants number in-
creased noticeably using management. The Sanguisorba
officinalis presence is essential for the studied species
development (Figurny, Woyciechowski, 1998;
Batary etal., 2009; Dierks, Fischer, 2009),
however, according to Nowicki et al. (2005) the
correlation between the host plant density and the
blue butterfly populations size does not exist, which
is also demonstrated by our results. Myrmica ants are
the other essential factor, which could be influenced
by meadows management practices (Elmes et al.,
1998; Johst et al, 2006; Wynho ff etal., 2011).
Positive effects were found out by Dauber et al.
(2006). On the other hand, no effect of management
is reported by Dahms et al. (2005).

The present research revealed that patches with
active suitable management are highly sought for by
the studied butterflies. The lowest occurrence of P.
teleius individuals was found at meadows mowed in
the middle of flight season while meadows without
management were evaluated as worst patches for P.
nausithous survival. For P. teleius, our results corre-
spond with those reported by Skorka etal. (2007),
who did not consider succession as a serious threat.
No significant influence of primary succession on blue
butterfly populations was also reportedby Dover etal.
(2010). On the other hand, period without management
longer than three years could have fatal consequences
for blue butterflies (Bergman etal.,,2004; Kérdsi
et al., 2014). The hypothesis (b) — butterfly species
P. nausithous and P. teleius are unable to survive in a
long-term at patches with inappropriate or no manage-
ment — was confirmed.

CONCLUSION

To protect the butterflies of meadow habitats, the
natural environment must be maintained. There is a
need to replace the intensive mowing regime and ensure
a return of traditional land-use practices. Butterfly
populations of P. teleius and P. nausithous are de-
creasing due to inadequate mowing regime changes.
Their meadows are either mowed in inappropriate
terms (in the middle of flight season) or even not
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mowed at all. Unfortunately, meadows abandonment
is usually connected with successional changes and
landscape fragmentation increase. To determine a man-
agement favourable for blue butterflies, it is necessary
to take into account all landscape requirements and
the mowing regime selection should be realized on
total compromises basis, which reflects the character
of a particular locality.

P. teleius and P. nausithous population parameters
have been monitored on 16 patches at Dolni Labe
locality since 2008. To increase the studied butterfly
populations, targeted management was applied to
selected localities. Since 2012, three patches near
the Labe River have been annually mowed (mowing
entire patch, rotation) in spring or in autumn. In 2014,
other three patches, which are located off the Labe
River shores, were involved into the management.
The population sizes were analyzed using program
MARK, which allowed us to compare the population
success at the patches before and after the mowing
application. The effects of both applied managements
(since 2012 and since 2014) on the population size
were not significant. However, butterfly population
increases were evident in patches mowed since 2012
compared to those mowed since 2014. These results
showed that the long-term management at investigated
localities is essential and its effect will be apparent
in a time horizon longer than four years. To com-
prehensively compare all the investigated meadows
at the Dolni Labe locality, the patches were divided
from the management viewpoint into three groups: (i)
application of favourable management, (/i) mowing
in inappropriate term, (i/i) without management. The
statistical analyses results confirmed the (i) variant
as the most favourable option for both butterfly spe-
cies studied.

For protection and enhancing the number of blue
butterflies on the area of Dolni Labe, it is also necessary
to properly set the mowing term. Therefore, it will be
important to verify the mowing effect in spring and in
autumn to determine more appropriate management
methods. Several new localities, mainly near the Labe
River, are planned to be involved into the mowing
regime in the next flight season. Also negotiations
with the owners of meadows mowed during the flight
season or left without management will be continued.
Similarly, we will extend the cooperation with the PLA
Labské piskovce and the Directorate of Waterways of
the Czech Republic, which should follow our common
objective — to increase the size of investigated butterfly
populations by suitable management application and
mowing optimization.
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[Dlouhodoby monitoring modraska rodu Phengaris (Lepidoptera: Lycanidae) v okoli Pfelouce:
Je splavnéni Labe vaznou hrozbou?]

Monitoring modraskt Phengaris teleius a P. nausithous byl u Ptrelouce zahajen na zacatku stoleti
Vv souvislosti se stavbou vodniho kanalu na fece Labe. Do roku 2010 probihal monitoring pouze na
10 stanovistich na pravém biehu, které dle planu stavby mély byt z velké Casti poniCeny. V roce 2011
vSak byly objeveny dalS$i populace na opacném biehu tfeky. V této praci byly zvetejnény a
vyhodnoceny vysledky monitoringu téchto motyld metodou ,,mark-release-recapture” z let
2011-2015. Praimérna metapopulacni velikost za toto obdobi 2800 jedincu P. teleius a 1400 pro
P. nausithous byla rovnomérné rozloZena po obou biezich feky véetné lokalit, kterych by se stavba
priplavu neméla dotknout. Misto pivodné odhadované ztraty 40,1 - 64,3 % populace P. teleius a
20,2 - 47,4 % P. nausithous se tak novy odhad potencialnich ztrat dasledkt zaniku patchti na pravém
biehu teky snizil na 13,9 — 25,7 % pro P. teleius a 8,5 — 20,0 % pro P. nausithous. Pii aplikaci
vhodného managementu na plochach na levém biehu tak prognoza pro celkovou mistni metapopulaci

vypada v porovnani s pfedchozim odhadem ptiznive.
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Abstract The monitoring of sympatrically occurring
Phengaris teleius and P. nausithous metapopulations in the
surroundings of Pielou¢. Czech Republic. was launched
over a decade ago in connection with the planned waterway
construction on the Elbe river. The mark-recapture surveys
were initially restricted to 10 habitat patches on the right
river bank, but in 2010 three new patches were discov-
ered on the opposite bank. We use the monitoring results
for 2011-20135 to assess how the discovery of additional
populations alters the impact evaluation of the prospec-
tive construction. The overall abundance of P. teleius in the
recently discovered populations was about twice as high as
on the right bank (ca. 2,800 vs. 1,400 adults on average),
while the numbers of P. nausithous on both banks proved
to be balanced (at ca. 600 adults on average). Furthermore,
we confirmed a substantial exchange of butterflies between
population representing both banks, which indicates a well-
integrated metapopulation in both species. Since the water-
way would partly destroy the two largest populations on the
right bank, the potential loss due to its construction is esti-
mated at 40.1-64.3% P. teleius individuals and 20.2-47.4%
P. nausithous individuals occurring there. Nevertheless.
concerning the entire metapopulation, the predicted decline
is considerably smaller, reaching 13.9-25.7% in P. teleius
and 8.5-20.0% in P. nausithous. Consequently, a long-
term survival of the species is likely even in the case of the
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waterway construction, as long as appropriate management
is applied on the unaffected habitat patches.

Keywords Extinction risk - Phengaris teleius - Phengaris
nausithous - Population size - Natura 2000 - Threat
assessment - Waterway construction

Introduction

Large-scale land use changes have resulted in serious
declines of many European butterflies in recent decades
(Thomas et al. 2004). Two species of the genus Phen-
garis Doherty 1891 (syn. Maculinea Van Eecke 1915):
P. nausithous (Bergstisser 1779) and P. teleius (Berg-
stisser 1779) are among endangered butterfly species in
Europe (Settele et al. 2005). In the European Red List
of Butterflies both species are considered ‘Vulnerable/
Near Threatened’ (van Swaay et al. 2010). they are also
listed in the Annex of the Habitats Directive. Due to their
unique life cycle. including social parasitism in Myrmica
ants, sedentary larval stages that feed exclusively on the
single host plant Sanguisorba officinalis, and their short
adult life span, these species are considered to be grass-
land biodiversity indicators as well as the flagships for
nature conservation (Settele et al. 2005; Thomas et al.
2009). The Phengaris butterflies typically live as meta-
population systems formed by spatially separated local
populations within mosaic landscapes (Nowicki et al.
2005, 2007, 2014: Bonelli et al. 2013). The landscape
capacity to support a viable metapopulation depends on
the number and sizes of local habitat patches as well as
on their spatial locations, which affect habitat connec-
tivity (Hanski and Ovaskainen 2000). Therefore, each
local habitat loss could act as a threat for metapopulation
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stability, and thus also for the persistence of these butter-
fly species in a wider region.

A significant impact of human activities on butterfly
populations and their biotopes is well known. The con-
structions of roads. quarries or human settlements are
some of the most common reasons for the destruction of
habitats of endangered species (van Swaay et al. 2006).
All of the aforementioned constructions also lead to habi-
tat fragmentation at the landscape scale, which is consid-
ered the most significant reason for butterfly population
declines (Kotiaho et al. 2003). Accordingly, the diversity
of butterfly species in many European regions is nega-
tively influenced by urban sprawl (Lizeé et al. 2011: Con-
cepcidn et al. 2016) and modern agricultural practices
(Stefanescu et al. 2004). Phengaris butterflies constitute
one of the most spectacular examples of species retreat
due to large-scale land-use changes, although in some
regions they have been reintroduced recently (Wynhoff
2001: Wynhoff et al. 2011).

In the surroundings of the town of Pfelou¢, the Czech
Republic, the monitoring of Phengaris populations was
initiated over a decade ago in relation to the construction
of the navigable waterway that leads to the city of Pardu-
bice. The continuous research there is focused mainly on
identification of new localities of Phengaris butterflies
(Vrabec and Rychlikova 2006: Horédk et al. 2008; Vrabec
and Hanyk{tova 2011; Vrabec and Sebkovd 201 1). Moreo-
ver, several valuable ecological studies into the function-
ing of Phengaris metapopulations were based on the data
obtained in the region (Witek et al. 2008; Nowicki and Vra-
bec 2011; Bonelli et al. 2013; Nowicki et al. 2014).

The preliminary mark-recapture survey in 2002 was
performed on only one main habitat patch at the Slavik-
ovy ostrovy locality on the right (north) bank of the Elbe
river, even though several other Phengaris populations
were known in the Prelou¢ surroundings at that time (cf.
Vrabec et al. 2003). In 2004, the monitoring was extended
to eight closely lying patches within the same locality, and
two other patches there were included in the monitoring
in 2005, Thus, between 2005 and 2010, the research area
comprised 10 patches (Nowicki and Vrabec 2011). This
extension allowed the initial assessment of the metapopula-
tion size. as well as of the possible impact of the waterway
construction. Moreover, appropriate management, although
irregular and with varying intensity, was set up on a few
patches (see Table 1). In 2010 we confirmed the occur-
rence of Phengaris butterflies on the opposite (left) bank
of the Elbe (Vrabec et al. 2005; see Fig. 1), and from the
following year, our monitoring programme was extended
to these newly discovered localities. Taking into account
the left bank populations, the imminent threat to the entire
metapopulation represented by the waterway construction
should not be as serious as initially expected, although
this is dependent on the size of these populations and their
integration, through butterfly dispersal, with the rest of the
metapopulation.

Therefore. in the present study we aim at assessing the
current status of both Phengaris species in the region,
with a special focus on how it is affected by the recently
discovered additional populations. We also evaluate how
the existence of these populations alters the level of threat
to the metapopulation caused by the planned waterway

Table 1 Management of the

. N . Year  Right bank patches Left bank patches

habitat patches of Phengaris

butterflies in the Slavikovy 1 2 3 4 5 6 7 8 9 10 11 12 13

ostrovy locality on both banks

of the Elbe river 2004 AP AP AP No No IN IN No No IN* IN IN No
2005 AP AP*  AP/IN  AP* AP* IN IN No AP* IN* IN IN No
2006 AP AP* APY AP*  AP* IN IN No AP* IN* IN IN No
2007  AP*  AP' AP AP* No IN IN No AP* IN* IN IN No
2008 AP AP AP AP* No  AP* AP* No AP IN* IN IN No
2009  AP*  AP* AP AP* No IN IN No IN IN' IN IN No
2010  IN*  AP* AP? AP* No IN IN No AP* IN* IN IN No
2011 No No No No No IN IN No No IN®IN® IN No
2012 AP*  AP* No AP No IN IN No AP* IN*  AP/IN IN  AP*
2013 AP* IN*  No AP IN* O IN IN No AP IN*  AP/IN IN No
2014  AP*  No IN* IN No IN IN No AP IN*  AP/IN IN  AP*
2015 AP* AP No AP No IN IN No AP/IN IN* AP IN AP*

AP appropriate management, concerning the requirements of the investigated Phengaris butterflies, i.e.
mowing either in spring or in autumn. with occasional removal of shrubs and tree seedlings, IN inappro-
priate management. i.e. mowing during the butterfly flight period in summer season. AP/IN appropriate
and inappropriate management applied in different fragments of a patch, No no management, i.e. meadow

abandonment

“Cases in which management was applied only in a part of a patch
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Fig. 1 Map of the study area with the locations of the habitat patches
of Phengaris butterflies marked in yellow. The blue line delimits the
fragment of the meadow complex to be destroyed by the planned
waterway and associated constructions. The background satellite
image is freely available from http://www.mapy.cz. (Color figure
online)

construction in the near future. In a broader context, we
thus answer the question of how the assessments of habitat
destruction impact on metapopulation persistence depend
on defining the spatial extent of a focal metapopulation.
Finally. we provide recommendations for the conservation
actions needed in the light of this prospective construction.

Methods

The study area is located in the Czech Republic, Eastern
Bohemia, in the surroundings of the town of Pfelou¢ in the
Pardubice district (GPS 30°03'N 15°34E, 207 m a.s.l).
The locations of all the investigated patches are shown
in Fig. 1. The long-term monitoring of the sympatrically
occurring P. teleius and P. nausithous is based on intensive
mark-recapture performed at the selected localities. The
results concerning the metapopulation dynamics and dis-
persal among the local populations based on the data col-
lected for the ten initially known habitat on patches (num-
bered 1-10) on the right bank of the Elbe were published
by Nowicki and Vrabec (2011). In the present study, we
analyse the data provided by the surveys conducted since
2011. which included all the previously known populations
as well as the three additional ones (numbered 11-13), dis-
covered on the opposite bank of the river.

The mark-recapture sampling evaluated in this paper
was conducted from 6 July to 13 August 2011, 10 July to
4 August 2013, 3 July to 11 August 2014, and 8 July to 13
August 2015, The sampling was typically conducted on a
daily basis, with few gaps due to unfavourable weather. Each
capture day was performed approximately between 09:00 and
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17:00. Every specimen captured was marked with a unique
code on the right back wing. Data obtained for the 2012 sea-
son, when the survey intensity was very low due to the lack
of manpower available, were not used, because their quality
was insufficient for the envisaged analyses.

For the purpose of this study, population sizes of both spe-
cies for patches 1-10 (on the right bank of the Elbe river)
and patches 11-13 (on the left bank) were estimated indi-
vidually for years 2011 and 2013-20135. In addition, we esti-
mated the size of the fraction of the metapopulation present
on each bank, based on the mark-recapture data pooled for
both groups of populations. Whenever possible. the seasonal
population size estimates (N,,,) were derived together with
their standard errors (SE), using Jolly—Seber models (Arna-
son and Schwarz 1999) in MARK 8.1 software and the
approach described by Nowicki and Vrabec (2011). For small
populations, in which the sample size of capture records was
too small for applying Jolly-Seber models (typically below
ten individuals)., we approximated the seasonal population
size through dividing the total number of captured butterflies
by the average seasonal proportion of individuals captured in
large populations estimated with Jolly—Seber models.

In addition, we investigated the distribution of adult but-
terfly movements among the investigated populations. Due to
relatively low numbers of inter-patch movements recorded,
and the fact that their directions were consistent between
years, we analysed the movements jointly for the whole
period of our study. However, we distinguished between
movements among patches 1-10 or among patches 11-13,
i.e. the flights performed between populations on the same
river bank, and movements between the two aforementioned
aroups of patches, which must have involved flights across
the Elbe.

Based on the waterway project documentation, its con-
struction would destroy 60% of the area of patch 1, 20% of
patch 8, and 25% of patch 9. These data were subsequently
used to assess potential declines of the metapopulations of
both investigated Phengaris species caused by the construc-
tion. The potential decline was calculated as the proportion
of the metapopulation present within the area to be destroyed:
the calculations were done separately for each year to account
for possible inter-annual variability of population sizes,
which is typical for the focal butterflies (Nowicki et al. 2009).
We considered two scenarios. In the first one (A), only the
fraction of the metapopulation on the right bank was taken
into consideration, and the potential decline was calculated,
based on the fractions of populations 1 and 9 to be lost. as:

% Decline(A) = (0.6 X Ny +0.25 X Nyo) /Nuowat 110 X 100%

In the second scenario (B)., the metapopulation was
assumed to include also the left bank populations. and the
potential decline was defined as:
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% Decline(B) = (0.6 X Ny + 0.25 X Ny )/
(Neotat 1==10 * Neogat 11--13) X 100%

It should be explained that patch 8 was not included in
the numerator of the above formulas even though it is going
to be partly lost. because it is mostly overgrown with shrubs
and the number of butterflies recorded there over the last
5 years was always close to zero. Furthermore, to simplify
the calculations, the densities of the focal butterflies at the
investigated patches were considered to be uniform within
for the entire area of any given patch. We thus disregarded
the possible preferences of Phengaris butterflies for patch
edges (Korosi et al. 2012: Nowicki et al. 2013), however,
the resulting bias in our calculations is negligible, because
the patch fragments to be destroyed by the waterway con-
struction contain their margins and core areas alike. Finally,
by using the sum of the metapopulation fractions on both
banks in the denominator (for the scenario B), we probably
slightly overestimate the size of the entire metapopulation.
because the individuals dispersing between both banks are
included twice in the calculations. Nevertheless, the over-
estimation should be minor, because the numbers of flights
across the Elbe were relatively low as compared with those
among populations located on the same river bank (see
“Results™ section). and the estimation of the entire metap-
opulation size based on pooled data would be problematic
due to the occasional differences in surveys on both bank
(e.g. different sampling days were used sometimes).

Results

The population sizes of Phengaris butterflies at individ-
ual habitat patches on both banks of the Elbe river are
presented in Tables 2 and 3. Based on these results, the

highest population sizes of Phengaris teleius on the right
bank were found on patch 1 (Table 2), which would be
mostly destroyed, as well as on patch 9, which would
be also significantly affected by the waterway construc-
tion. i.e. partially destroyed and transformed into an
island. For P. nausithous, the butterflies on the right bank
were more or less equally distributed among all patches
(Table 3). but the highest abundances were again found
on patches 1 and 9 as well.

The comparison of the sizes of metapopulation frac-
tions present on the right and left bank is shown in Figs. 2
and 3. In the case of P. teleius. it is evident that its overall
abundance on the left bank (i.e. within the recently dis-
covered patches) predominates over the right bank (i.e.
within the previously known patches), with ca. 2,800 vs.
1,400 adults per year on average. In turn, the abundance
of P. nausithous is roughly similar on both banks (ca. 600
adults per year on average in each case). Moreover, the
exchange of individuals between the populations on both
banks was confirmed (Figs. 4, 3). For both investigated
species, we recorded a substantial number of flights over
the Elbe (more than 150 cases in P. teleius and nearly
40 cases in P. nausithous). Although their frequencies
were relatively low as compared with those of the flights
among patches located on the same river bank, this fact
apparently reflects the decrease in dispersal probability
with increasing movement distance.

The hypothetical butterfly loss due to the waterway
construction, caused by the partial destruction of patches
1 and 9, is shown in Table 4. Assuming a uniform pop-
ulation density within both aforementioned patches,
40.1-64.3% of P. teleius and 20.2-47.4% of P. nausithous
occurring on the right bank would be sacrificed. On the
other hand, the inclusion of the left bank populations
into the calculations revealed that the potential butterfly

Table 2 The numbers of the

S Patch  Area (ha) 2011 2013 2014 2015
individuals captured (n) and the
estimated sizes of Phengaris n Nigw (£SE) n N (£8E)  n Nyt (£8E)  n Nl (£SE)
teleius populations (N
whenever possible presented 1 1.57 430 884 (x185) 307 1188(x225) 426 957(+£90) 255 929 (x143)
with their standard errors) on 2 0.29 2 3 3 10 4 9 5 14
bqth banks of the E.lhe river 3 0.28 5 13 00 3 7 5 14
(right bank populations: 1-10; - ) -
left bank populations: 11-13) 4 0.54 1 00 1431 19 54
5 0.43 9 23 1 3 8 18 0 0
6 1.24 4 10 13 2 4 4 11
7 0.52 4 10 2 7 12 27 10 29
8 0.21 13 33 2 7 0 0 13
9 1.13 83 296 (£33) 152 386 (+54) 296 746 (+73) 294 754 (£92)
10 1.51 23 0 0 0 0 0 0
11 4.01 195 695 (+73) 321 2259 (+383) 939 3214 (£283) 1209 2768 (x£365)
12 0.90 127 366 (£56) 162 662 (£220) 341 1308 (£232) 381 736(x107)
13 0.31 5 10 11 55 50 265 (£17) 2 4
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Table 3 The numbers of the

SO Patch  Area (ha) 2011 2013 2014 2015
individuals captured (n) and the
estimated sizes of Phengaris n N (£SE)  n N (£SE)  n Nyw (£SE)  n N (£SE)
nausithous populations (N,
whenever possible presented 1 1.57 48 262 (x44) 28 107 (54 74 186 (x81) 75 143(£33)
with their standard errors) on 2 0.29 4 20 3 11 7 13 4 7
both banks of the Elbe river 3 0.28 16 80 39 13050 4 57(216) 34 51(8)
(right bank populations: 1-10; - ) )
left bank populations: 11-13) 4 0.54 00 U 44107 (£47) 22 36(x6)
5 0.45 2 10 37 7 13 0 0
6 1.24 5 25 7 16 18 33 (=14 1220
7 0.52 25 125 48 117 (x44) 23 42(x19) 1118
8 0.21 313 0 0 0 0 0 0
9 1.13 200 100 76 221 (£50) 202 440(=137) 115 216 (=x30)
10 1.51 4 20 0 0 0 0 0 0
11 4.01 64 362 (x106) 28 140 54 148 (=74 126 310 (=79)
12 0.90 23100 (£72) 111 689 (£239) 93 444 (x145) 49 104 (£22)
13 0.31 7 35 13 65 2460 6 13
5000
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4000 1000
3500 800
3000 g
= 600
.‘5 2500 =
z
2000 400
1500 200
1000
0
500 2011 2013 2014 2015
Year
0
2011 2013 2014 2015
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Fig. 2 The estimated sizes of Phengaris teleius metapopulation frac-
tions present on both banks on the Elbe river (grey bars left bank
patches: black bars right bank patches; whiskers represent standard
errors of the estimates). It should be noted that the estimates were
derived independently of the sums of the population size estimates
given in Table 2 and are usually considerably lower, because of a
number of dispersing individuals, which are included in the popula-
tion sizes for more than 1 patch. The estimates for 2012 are not avail-
able due to inadequate quality of the mark-recapture data gathered.
The estimate for the left bank metapopulation fraction in 2013 is less
reliable. as indicated by its relatively large standard error, due to rela-
tively poor fit of the best performing Jolly—Seber model

losses may represent only 13.9-25.7% of the entire meta-
population for P. teleius and 8.5-20.0% for P. nausithous.
Discussion

The knowledge of the actual metapopulation size and
its functional structure (i.e. local populations linked
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Fig. 3 The estimated sizes of Phengaris nausithous metapopulation
fractions present on both banks on the Elbe river (grey bars left bank
patches: black bars right bank patches; whiskers represent standard
errors of the estimates). It should be noted that the estimates were
derived independently of the sums of the population size estimates
given in Table 2 and are usually considerably lower, because of a
number of dispersing individuals, which are included in the popu-
lation sizes for more than one patch. The estimates for 2012 are not
available due to inadequate quality of the mark-recapture data gath-
ered

with dispersal or isolated) is substantial for assessing the
chances of species persistence in fragmented landscapes
and its vulnerability to threats. In our specific case. the esti-
mates of population sizes in individual patches combined
with the information on butterfly movements enable us to
predict the potential decline in metapopulation size that
could happen if some of the patches are impacted by the
construction of the waterway.

The waterway construction project is routed directly
through patch | and it will partially disrupt patch 9 as well.
If the metapopulation was restricted only to the right bank
of the Elbe, then the planned construction would imply a
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Fig. 4 Frequency of Phengaris teleius dispersal events among habitat
patches located on the same bank of the Elbe river (black bars) and
between patches on the opposite banks, which must have involved
flights across the Elbe (grey bars)
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Fig. 5 Frequency of Phengaris nausithous dispersal events among
habitat patches located on the same bank of the Elbe river (black
bars) and between patches on the opposite banks, which must have
involved flights across the Elbe (grey bars)

significant risk of the local extinctions of both butterflies.
because patches 1 and 9 host the majority of the individu-
als in both investigated species present on the right bank.

Table 4 Comparison of the overall abundances of Phengaris butter-
flies within the area to be spared by the planned waterway construc-
tion (unaffected N,,)) and the hypothetical decline in metapopulation

The destruction of large fragments of these patches would
mean the loss of about half the overall of the population
on the right bank in the case of P. feleius, and around one-
third in the case of P. nausithous. Such a substantial decline
might lead to a subsequent collapse of the entire system
as a result of stochastic processes at the remaining smaller
populations (Cormont et al. 2011: Bouhours and Lewis
2016). To our knowledge. no study describing minimal
abundance necessary for maintaining genetic variability is
available for the Phengaris butterflies; however, it is gener-
ally known that population decline causes the gene loss due
to genetic drift and inbreeding. increasing the risk of nega-
tive genetic impacts on the population survival (Reed et al.
2003; McLaughlin et al. 2002a, b; Hellmann et al. 2003).
The loss of genetic variability should therefore be consid-
ered highly likely in the substantially reduced metapopula-
tions of Phengaris butterflies.

The recent discovery of additional populations on the
left bank of the Elbe completely change the impact evalu-
ation for the waterway construction project. Our observa-
tions show that the river does not represent an obstacle for
dispersal (see Figs. 4, 3). In the present study we have not
considered dispersal among patches located on the same
river bank, but it was the subject of detailed analyses in
our earlier papers (Nowicki and Vrabec 2011; Nowicki
et al. 2014). which documented a substantial exchange of
individuals. The gene flow is therefore ensured, and with
the inclusion of the left bank patches the metapopula-
tions of Phengaris butterflies appear to be at least twice
larger than initially expected. It is worth noting that these
recently discovered patches should not be affected by the
waterway construction. Moreover, their appropriate man-
agement could lead to an increase in local abundances of
both species, which would compensate for the losses in the
populations on the right bank. In the light of these facts. the
prospective patch 1 destruction as well as the partial dev-
astation of patch 9 do not appear as much of a tragedy for
the metapopulations of both investigated species. The pre-
dicted decline for the entire metapopulation should not be
higher than ca. one-fourth for P. teleius and ca. one-fifth for
P. nausithous.

size caused the construction (% decline) under the two scenarios con-
sidered: A =metapopulation restricted to the right bank populations;
B =metapopulation comprising the populations on both banks

Scenario Species 2011 2013 2014 2015
Unaffected N, % decline Unaffected N, % decline Unaffected N, % decline Unaffected N, % decline
A P. teleius 874 40.1 430 64.3 848 47.3 644 33.6
P. nausithous 202 7 469 20.2 459 32.6 412 254
B F. teleius 1746 25 3291 19.7 4716 13.9 3398 18.0
P. nausithous 728 2 1284 8.5 1051 17.4 999 12.3
@ Springer
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On the other hand, if the waterway construction is
launched, proper management of all the remaining patches,
unaffected by construction, will play a crucial role in the
the conservation of Phengaris butterflies in the region. This
is especially true for patches 11-13 on the left bank of the
Elbe. In the ideal case, appropriate management should be
implemented also in the neighbouring localities with Phen-
garis butterflies situated several kilometres apart, such as
Labistata, Lohenice, and Semin-Polabek (authors’™ unpubl.
data), which were not included in the present study, but
are within the maximum dispersal distance of both species
(Nowicki et al. 2014).

From a wider landscape perspective, such a comprehen-
sive approach proves to be a necessity, because the water-
way construction is not the only threat to the blue butter-
flies. The availability and quality of patches with enough
resources will always be the limit for Phengaris butterflies.
Small and isolated populations of the Sanguisorba offici-
nalis host plant are vulnerable to environmental stochastic-
ity and sudden management changes. whereas larger ones
are more stable (Wirner et al. 2014). Therefore, the same
effects could be expected for the studied butterflies. which
are completely dependent on their host plants.

Furthermore, granting the construction permission
should be accompanied by the declaration of the preserved
sites with Phengaris butterflies in the Pfelou¢ surroundings
as a Site of Community Importance (SCI). The SCI status
will allow us to influence the land use at a wider spatial
scale and will also provide us with legal means of manage-
ment control on the relevant habitat patches. regardless of
when the waterway construction is finalized.

Conclusions

Assessment of the potential impact of the planned water-
way construction on Phengaris butterflies, restricted to the
ten previously known habitat patches on the right bank of
the Elbe, indicated that such a limited system would be
prone to extinction in the case of a partial destruction of its
main populations. occupying patches 1 and 9. The discov-
ery of additional patches inhabited by Phengaris butterflies
on the left bank of the Elbe. and proving that they are well
integrated in the metapopulation through butterfly disper-
sal across the river, changed the evaluation of the waterway
construction impact on the locality. Concerning the entire
metapopulation in a broader area (i.e. all 13 patches), a
long-term survival of the butterflies is likely even in the
case of the waterway construction, as long as appropriate
management is applied on the unaffected habitat patches.
Furthermore, the declaration of a Site of Community
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Importance. including a sufficiently large area outside of
the construction zone, seems an optimal solution.
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[Prvni etablované populace invazni rybenky Ctenolepisma longicaudata (Escherich) v Ceské
republice]

V textu je popsan prvonalez a nalezové okolnosti invazni rybenky Ctenolepisma longicaudata na
tizemi Ceské republiky. Tato rybenka pivodem ze Stfedni Ameriky se v podatku 21. stoleti rychle
§iti Evropou. Na rozdil od ptivodnich druhii nema specialni naroky na teplotu a vlhkost. Navic dokéaze
dlouho hladovét, a ma proto do budoucna potencidl stat se dominantni synantropni rybenkou. Na
zakladé hlaseni typickych Skod byli zastupci tohoto druhu objeveni ve skladu a ptilehlych kancelafich
soukromé firmy v Praze. Vzhledem k masivni infestaci a pfitomnosti ve v§ech stadiich byla populace
povazovana za etablovanou a byla doporucena eradikace. Rybenky byly na toto misto zavleceny
v kartonovych obalech se zbozim. Tato publikace také naznacuje, Ze takovéto sklady by se do

budoucna mohly stat primarnim habitatem tohoto druhu.
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Abstract

The silverfish Ctenolepisma longicaudata (Escherich) (Zygentoma, Lepismatidae) is an invasive, synanthropic, warehouse,
and economic pest, probably of Central American origin. During recent decades, its occasional occurrence has been recorded
from some European countries. Here, we report the first established population of C. longicaudata within the territory of the
Czech Republic. In the autumn 2017, the population was discovered in a warehouse and surrounding office buildings in
Prague. Since this species causes damage to starch components and fabrics as well as food contamination, we strongly
recommend further monitoring and possibly eradication.

Key words: Lepismatidae, insect, invasive species, biological invasion, Prague

Introduction continents excluding Antarctica. In Europe, the first
individual was captured in France in 1914 (Paclt
Ctenolepisma longicaudata (Escherich), also known 1967). However, the nocturnal and hidden way of
under the common names giant silverfish, long-tailed life probably caused C. longicaudata to remain under-
silverfish, and paperfish, is strictly synanthropic and recorded and the establishment of this silverfish in
a successful invasive insect species belonging to the several European countries was only confirmed in
order Zygentoma, family Lepismatidae. Since C. lon- recent decades. For instance, in the Netherlands, where
gicaudata is of no serious medical importance apart C. longicaudata is currently the dominant species in
from the potential for food contamination, it is the modern household environment (Schoelitsz and
considered to be an economic pest (Smith 2017), Brooks 2014), this invasive species was first identified
especially due to its ability to feed on cellulose and in 1989 (Nierop and Hakbijl 2002). Subsequently, it
starchy materials (Van der Weijden et al. 2007), was reported in Austria (Zimmermann 2016), Belgium
including wallpapers, books, photo albums, and (Lock 2007), Germany (Meineke and Menge 2014),
archives. Moreover, they can also cause damage to Italy (Molero-Baltanas et al. 2000), Sweden (Pape and
cotton or silk (Mallis et al. 1958). Wahlstedt 2002), and the United Kingdom (Goddard
Although first described in South Aftrica (Escherich et al. 2016). Considering relatively intensive trade
1905), its native range and origin is unclear. This among the aforementioned countries and the Czech
species may originate from central parts of America Republic, the introduction of these cardboard package
(Zettel 2010) while Wygodzinsky (1972) marked it inhabitants was rather a question of time. In the
as non-native in this region. From there it has been summer 2017, several local Czech online mass media
introduced indirectly by human activities, especially (idnes.cz or euro.cz) even informed about potential
as a contaminant of transported commodities, to all risks associated with an invasion of this species.
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Figure 1. Location of the established population of invasive Ctenolepisma longicaudata in Prague, Czech Republic.

Methods
Site

On 18 October 2017, a private company contacted
the Department for Vector Control of the National
Institute of Public Health (Czech Republic) to report
the occurrence of an unusual silverfish species in
their offices, archive, and the adjacent warehouse
located in the suburb of Prague (Staré¢ Bohnice district,
GPS: 50.1346N, 14.4154E, Figures 1 and 2A), where
it was causing damage by feeding on documents.
Afterwards, the area was visited by the authors, who
detected dozens of silverfish, collected some indivi-
duals using an aspirator, and preserved them in plastic
vials with 70% ethanol for further identification.

Species identification

The collected individuals were examined with an
Olympus SZ61 stereomicroscope, and measurements
were taken with an ocular grid. Photos were taken
using Canon MP-E 65mm/2.8 1-5x macrolens on
bellows attached to a Canon EOS 550D camera.
Partially focused images of each specimen were
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stacked using Helicon Focus 3.20.2 Pro software.
All individuals were morphologically identified using
recent keys (Theron 1963; Wygodzinsky 1972). The
species identification was then confirmed by Patrizia
Visentin (Entostudio s.r.l., Italy) and Fabrizio Montarsi
(Istituto Zooprofilattico Sperimentale delle Venezie,
Italy). The voucher specimens are deposited at the
National Institute of Public Health in Prague, Czech
Republic and in the collection of the Czech University
of Life Sciences, Prague, Czech Republic.

Results

During the onsite inspection in the warehouse, we
captured 14 individuals (six adults and eight
juveniles). Based on the morphological features, all
captured silverfish were identified with certainty as
Ctenolepisma longicaudata. The highest density of
C. longicaudata was found in the warchouse, on
shelves with empty paper boxes (Figure 2A). Addi-
tionally, species-specific damage (Figure 2B, C) was
observed throughout the entire area of the company,
including administrative offices. During the collection
of the samples, the humidity in the warehouse was 35%
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Figure 2. (A) A warchouse as the habitat of Ctenolepisma longicaudata; (B, C), damage caused by silverfish feeding in a neighbouring
office building. Photo: J. Patoka (A), J. Dvorakova (B, C).

and air temperature was 23 °C. The captured adult
individuals had a body length of more than 12 mm
(Figure 3A), with a dark grey dorsal abdomen, uni-
form in color, antennae, and tails (cerci) longer than
the body. The head bore numerous setae on the front
margin (Figure 3B), and the last abdominal segment
was truncate with slightly emarginate posterior
margin. Unlike the other local silverfish species,
every collected individual had 3+3 bristle combs of
macrosetaec on the II-VI urotergites. Finally, nine
sensory papillae on the terminal segment of the labial
palpus (Figure 3C) supported the identification as
C. longicaudata.

Discussion

In the Czech Republic, four silverfish species have
been reported to date: Atelura formicaria Heyden,
Ctenolepisma lineata Fabricius, Lepisma saccharina
L., and Thermobia domestica Packard (Rusek 1977).
While L. saccharina is very common in households
throughout the country, the other species mentioned
above are quite rare. Thermobia domestica Packard
occurs only in warmer artificial habitats, such as
bakeries, boiler rooms, hot-water heaters, or heating
plants, and is also commercially reared for use as
live prey for small insectivorous pets. Ctenolepisma
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lineata, which was confirmed in the South Moravian
Region (Stys and Rozkosny 1996; Kral and Davidova-
Vilimova 2001), is very rare and is listed as a critically
endangered species (Rusek 2005). The last silverfish
species, 4. formicaria (family Nicoletiidae), lives in
ant colonies, especially of the genus Lasius (Parmentier
et al. 2013). Here, we record for the first time the
occurrence of C. longicaudata in the Czech Republic.
Given the observed abundance and presence of all
developmental stages of C. longicaudata including
small nymphs, the species is considered established.
In the past, households, libraries, and museums
used to be the main habitats for C. longicaudata.
Unlike other European anthropophilic Zygentoma
species, C. longicaudata does not necessarily need
high air humidity and temperature for its develop-
ment. The temperature optimum lies at around 24 °C;
however, Ctenolepisma longicaudata might also
survive in temperatures as low as 1 °C for several
months (Lock 2007). This species feeds mainly on
cellulose (paper) or starch including glue (Van der
Weijden et al. 2007) and has also been reported to be
attracted by food residues (Goddard et al. 2016).
Additionally, it can survive long periods of starvation
(Lindsay 1940). Therefore, it is able to spread easily
with the aid of parcel and post services and, conse-
quently, readily colonizes new areas. Its introduction
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Figure 3. A captured specimen
of Ctenolepisma longicaudata:
(A) dorsal view; (B) head,
ventral view; (C) terminal
segment of the labial palpus.
Photo: R. Sehnal (A), M. Petrtyl
(B), P. Visentin (C).

into the rest of Europe, where offices and warehouses
may become its primary habitat, is thus expected in
the years to come. Now, the risk is re-emerging for
archives, museum collections, and libraries, naturally
involved in exchanges, in the remaining European
countries as well as in the Czech Republic. We
strongly recommend that further monitoring and
possibly eradication should be conducted and the
awareness of conservationists, wild life managers,
and other stakeholders should be raised about these
risks.
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[Nutri¢ni hodnota tii druhii §vabii pouZivanych jako krmivo pro zvirata]

Studie je zaméfena na rozbor obsahu zivin u béZzné komeréné dostupnych $vaba Blaptica dubia,
Blaberus discoidalis a Blatta lateralis. Od kazdého druhu byli analyzovani dospélci a subadultni
jedinci. Analyzy nutri¢nich hodnot prokazaly, ze se jedna o zdroj pomérné kvalitnich bilkovin.
Zajimavé bylo zjisténi, ze dospélci vSech tii testovanych druhti méli v porovnani se subadulty vyssi
obsah bilkovin (602 — 678 g/kg susiny > 489 — 547 g/ kg suSiny) a popelovin (42 — 51 g/kg suSiny >
36 — 40 g/kg susiny), ale naopak niz§i mnozstvi tuku (145 — 214 g/ kg < 236 — 363 g/kg). Majoritnimi
mastnymi kyselinami byly u vSech skupin kyselina olejova (38,0 — 44,2 %), palmitova (21,6 — 26,8
%) a linoleova (8,5 — 15,3 %). Index esencialnich aminokyselin byl 0,4 - 0,9. Vysledky pokusu
indikuji, Ze kvantita Zivin se v zavislosti na vyvojovém stadiu 1isi, zatimco jejich kvalita se pfili§

nemeéni.
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Introduction

* Department of Quality of Agricultural Products
Kamycka 129, 165 00 Praha-Suchdol, Czech Republic

ABSTRACT. Nutrient contents of subadult and adult Blaptica dubia, Blaberus
discoidalis and Blatta lateralis roaches, commonly used as feed source for
insectivorous animals in captivity, were determined. Contents of crude pro-
tein, fat, ash, chitin, carbohydrates, calcium and phosphorus were analysed.
Adults of all species contained more crude protein (602-678 g - kg™ DM >
489-547 g -kg™' DM) and ash (42-51 ¢ -kg™' DM > 36-40 ¢ -kg™' DM) but less
fat (145-214 g -kg™ DM < 236-363 g - kg™' DM) than subadults. Chitin content
ranged 53-86 g - kg™ DM and the calcium to phosphorus ratio was 1:1.9-23.5.
Amino and fatty acid profiles were also determined. Very high levels of glycine
(66.4-166.2 g - kg™' DM) and alanine (81.5-118.4 g - kg™' DM) were found in
all examined samples. On the other hand, the lowest amino acid levels were
determined in such sulphuric amino acids as cysteine (0.5-2.1 g - kg™' DM)
and methionine (4.0-17.2 g - kg™ DM). Regarding essential amino acids, very
high lysine (48.6-94.0 g - kg™ DM) and valine (53.3-84.0 g - kg™' DM) levels
were determined. Essential amino acid index was found at the level of 0.4-0.9. In
analysed cockroaches high oleic (38.0-44.2%), linoleic (8.5-15.3%) and palmitic
(21.6-26.8%) fatty acids levels were determined. The obtained results indicate
that quantity of protein and lipids varied between subadult and adult cockroaches
within the species, while quality of these nutrients remained stable.

it’s composition is known only for a few insect spe-
cies. Yi et al. (2013) reported insect protein quality

Unlike the past when insects were primarily
used as feed for companion animals, today the us-
age of insects as an alternative source of nutrients in
farm animal diets is also considered. The insects are
generally known to be a sufficient source of protein
and lipids. However, the nufritional requirements
of animals are specified not only by nutrients quan-
tity but also quality. Although the amino acid pro-
file is the decisive characteristic of protein quality,

to be higher than soyabean and lower than casein
proteins. Barroso et al. (2014) stated that amino acid
profile of some Diptera is superior to soyabean meal.

From this point of view, the insect protein qual-
ity could also be compared with some conventional
feed protein sources. On the other hand, Bosch et al.
(2014) found that in vitro digestibility of insect pro-
tein is lower than that of commercially available
protein feedstuffs. The quality of lipids depends on
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their fatty acid profiles and therefore the determina-
tion of lipids composition in insects is also impor-
tant. Fatty acid composition of insects was analysed
by several authors, e.g., Finke (2002), Barroso et al.
(2014) and Oonincex et al. (2015). It is also known,
that fatty acid profile could vary significantly, be-
cause it reflects the fatty acid composition of animal
diet (Sanchez-Muros et al., 2014).

Carbohydrates in insects are present basi-
cally in the form of chitin, usually indigestible for
monogastric animals, in very low quantities (Finke,
2002). On the other hand, this long chain polymer of
N-acetyl glucosamine may exert positive effect on
the immune system (van Huis et al., 2013) and its
antioxidative, hypocholesterolaemic and prebiotic
effects are also known (Halder et al., 2013).

Insects are also a relatively good source of min-
erals, such as phosphorus, magnesium, sodium or
chloride, and trace elements (Finke, 2002). Never-
theless, certain vital element levels are insufficient
for the nutritional requirements of vertebrates. One
of such elements is calcium (Barker et al., 1998;
Finke, 2013).

There are many insects that are suitable for ani-
mal feeding. Sanchez-Muros et al. (2014) summa-
rized that there are currently more than 150 com-
mercially available species, whose nutrient content
is species-dependent. Furthermore, not only vari-
ous species, but also different developmental stages
could be used as feed according to individual re-
quirements. Despite the fact that nutritional value
of more than 60 insect species is currently known
(Sanchez-Muros et al., 2014), the information regard-
ing the differences in insect chemical composition
between several stages is only available for a limited
number of species. Acheta domestica is one of such
species — as an adult it contains more fat and protein
but less ash than the nymphs (Barker et al., 1998,
Finke, 2002). Regarding Blattodea, Oonincx and
Dierenfeld (2012) found in Eublaberus distanti adults
higher contents of ash and protein and lower levels
of fat than their nymph counterparts, and in adults of
Gromphadorhina portentosa approximately the same
levels of fat and crude protein as the nymphs.

The investigated cockroaches varied in size,
weight, sexual dimorphism and reproduction. In
comparison to adults, subadult nymphs are smaller
and their wings are not yet fully developed. Adult
males of Blatta lateralis are 19-22 mm long and
winged, whereas adult females are 22-25 mm
long, oviparous and brachypterous. Blaptica dubia
adults can reach 40 mm in length. Adult males of
this species have long wings that cover the abdo-
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men entirely, whereas ovoviviparous females have
strongly reduced wings. Finally, Blaberus discoi-
dalis are ovoviviparous and their winged adults
can reach the length up to 55 mm. They all are con-
sidered as suitable feed for animals and are com-
mercially available. Additionally, they are unable
to fly or climb on smooth surfaces, which makes
them significantly easier to manipulate and pre-
vents from their accidental escape or contamina-
tion. Till this time, the information regarding nu-
tritional values of above-mentioned species was
either unavailable or concerned only adults, which
made the comparison among different develop-
mental stages impossible.

Due to the limited information, this study pre-
sents the nutritional value of subadults and adults
of three cockroach species (B. dubia, B. lateralis,
B. discoidalis) and compares the differences be-
tween their last two developmental stages from the
perspective of nutritional composition. This knowl-
edge will also allow to better understand the dietary
habits of insectivorous animals or possibly to meet
the requirements of animals, whose nutritional de-
mands have already been standardized.

Material and methods

Sampling

All cockroaches were kept in plastic boxes (di-
mensions: 59 x 39 x 28 cm = 45 litres for B. dubia
and 39 x 28 x 28 cm = 22 litres for B. discoidalis
and B. lateralis) filled with flat egg trays. The boxes
were covered by a lid equipped with aluminium in-
sect mesh and no substrate was used. Heating foils
were used to maintain a constant temperature of
27 °C, which was thermostatically controlled. All
the cockroach colonies were fed dog granules (Brit
Care Medium Adult Breed, Vafo, Chrastany, Czech
Republic) and old bread ad libitum. Slices of fresh
vegetables and fruits (i.e. carrot, cucumber, turnip
and apple) were provided daily. The vegetable and
fruits scraps were constantly removed to prevent the
occurrence of mildew. A water source was present in
each of the breeding containers. Approximate popu-
lations of the colonies were as follows: B. discoida-
lis — 700 specimens, B. dubia — 1500 specimens and
B. lateralis — 1700 specimens (all stages were kept
together). Randomly selected subadults and adults
(20-40 insects) of all investigated species were in-
dividually weighed to determine average weight per
insect. Due to the difference in the weight of males
and females, these values are reported separately ac-
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cording to sex. Subsequently, samples (about 300 g)
were removed from each colony and frozen alive (at
—18 °C). The samples were then lyophilized and ho-
mogenized.

Analysis of proximate composition

All investigated parameters were determined us-
ing the methods of European Commission Regula-
tion (EC) No. 152/2009. The dry matter (DM) con-
tent was determined after 5 h of drying at 103 °C.
The total amount of nitrogen was evaluated by the
Kjeldahlmethod (ISO 5983-1:2005)using the Kjeltec
2400 analyzer unit (Foss, Hilleroed, Denmark) and
crude protein (CP) level was then calculated (6.25 x
total nitrogen). Crude fat (petroleum ecther extract;
EE) content was determined gravimetrically after
extraction with petroleum ether using Soxhlet ap-
paratus SER 146 (Velp, Usmate, Italy). The samples
were then mineralized in a muffle furnace at 550 °C
and the total amount of ash was measured. Addition-
ally, chitin content was analysed according to Liu
et al. (2012) using hydrolysis with 1M hydrochlo-
ric acid and 1M sodium hydroxide. Because chitin
is a nitrogenous polysaccharide, the nitrogen con-
tent was also analysed in these hydrolysed samples
to refine total crude protein content. Nitrogen-free
extract (NFE) was calculated as:

NFE = 100 — (moisture + CP + EE + ash + chitin).

Finally, the energy content was evaluated using
the standard calculation used by other authors such
as Finke (2002):

Energy content, kJ- kg ' =
= (CP x 17) + (EE x 37) + (NFE x 17).

Analysis of amino acid composition

To describe the protein quality, the amino acid
profile was analysed performing acid oxidation in
Amino Acid Analyser 400 (INGOS, Prague, Czech
Republic). Subsequently, protein quality was evalu-
ated by the essential amino acid index (EAAI),
which is based on the content of all essential amino
acids except tryptophan in comparison to the refer-
ence (eggwhite) protein:

EAA-10|_me of lysine in 1 g of test protein

"I mgof lysinein 1 g of eggwhite protein

x (etc. for other determined amino acids).

The determined amino acids were: valine, leu-
cine, isoleucine, tyrosine, phenylalanine, histidine,
lysine, arginine, cysteine and methionine.

Analysis of fatty acids

To determine the lipid quality, the fatty acid
profile was analysed by gas chromatography-mass
spectrometry technique (GC-MS). Prior to that, the
Soxhlet extraction of lipids from samples was per-
formed for 4 h, using petroleum ether. The base es-
terification method by 0.5M methanolic KOH and
BF ,-methanol was used for fatty acids derivatiza-
tion (ISO 12966-2:2011). Methyl esters of fatty
acids were analysed by GC-MS using Agilent 7890A
GC (Agilent, Wilmington, DE, USA) equipped
with a Restek Rt-2560 column (length — 100 m;
ID — 0.25 mm; film — 0.25 um; Restek Corporation,
Bellefonte, PA, USA) and coupled to Agilent 5975C
single-quadrupole mass detector (Agilent, Wilming-
ton, DE, USA). Hexane was used as a solvent and
the sample volume of 1 ul was injected in split mode
(ratio 50:1) into the injector heated to 225 °C. The
initial oven temperature was 70 °C (hold 2 min),
rampl was up to 225 °C at 5 °C - min™' (hold 9 min)
and ramp2 was up to 240 °C at 5 °C - min' (hold
25 min). Helium was used as a carrier gas with the
flow rate of 1.2 ml - min™'. The mass spectrome-
try analysis was carried out in full scan mode, the
clectron ionization energy was set at 70 eV. Methyl-
ated fatty acids were identified using a Restek Food
Industry FAME mix (cat no. 35077; Bellefonte, PA,
USA) and by the comparison of their mass spectra
with the National Institute of Standards and Tech-
nology Library (NIST, Gaithersburg, MD, USA).
The proportions of fatty acids were calculated by
arca normalization method.

Results

As expected, the weight of roaches was proved to
be species-specific. In all examined species the adult
females weighed more than the subadult females,
while weights of adult males were always lower than
those of the subadults. The DM content amounted
307422 g - kg™ of the specimen fresh weight. In all
adults it was found more crude protein but less crude
fat and ash than in the subadults of respective species
(Table 1). On the other hand, chitin levels showed
some species-specific differences: whereas in adult
roaches of B. discoidalis less chitin content was found
than in their subadult counterparts, concentrations
were higher in adults of B. lateralis. The difference
between chitin levels in B. dubia adults and their
subadult counterparts was less than 1 g - kg™ DM.
Concentration of calcium and phosphorus (Table 2)
was lower than 50 g -+ kg'' DM. In the investigated
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Table 1. Nutrient content of three cockroaches (Blattodea) in adult and subadult stages

Average weight Nutrients content
, " Energy,

Species  SW® e male  moiswe DM EE  Nx625 ;rr'(')‘t'gm CP  chin ash NFE  MJ-kg'DM
mg per insect g kg™ g -kg'DM

Blaptica subadult 2034 1659 578 422 328 547 22 525 65 40 42 22

dubia adult 2213 1279 626 374 214 650 20 630 64 49 43 19

Blaberus ~ subadult 3290 2612 659 341 236 536 33 503 86 36 139 20

discoidalis  adult 3612 2212 657 343 203 678 26 652 66 2 37 19

Blatta subadult 398 290 640 360 363 489 18 470 53 37 M7 23

lateralis adult 552 267 693 307 145 602 18 584 59 51 161 18

DM - dry matter; EE — petroleum ether extract of crude fat; N x 6.25 - total nitrogen amount; CP — crude protein; NFE — nitrogen-free extract

Table 2. Calcium and phosphorus content and their ratio of three
cockroaches (Blatfodea) in adult and subadult stages

Content,g -kg'DM  Ca:P

Species Stage Ca P ratio
Blaptica dubia subadult 2 43 1:21.5
adult 2 47 1:23.5
Blaberus discoidalis ~ subadult 7 20 1:2.9
adult 8 30 1:3.8
Blatta lateralis subadult 7 12 1:1.8
adult 9 25 1:1.9
Table 3. Non-essential amino acid content of three cockroaches
(Blattodea) in adult and subadult stages
Non-essential amino acid content, g -kg™'DM
Amino acid Blap_tjca B(abe_rus_ Blat!av
dubia discoidalis lateralis
subadult adult subadult adult subadult adult
Asparticacid 263  28.0 330 253 224 393
Threonine 16.5 16.5 214 139 136 238
Serine 212 17.7 261 139 170 27.9
Glutamic acid 47.4  48.0 577 483 434 722
Proline 383 393 493 284 343 45.7
Glycine 984 1662 1161 692 664 1286
Alanine 1000 1089 1401 815 838 1184

roaches more phosphorus than calcium was detected
and the lowest Ca:P ratio was found in B. dubia.

In the examined cockroaches high levels of
such non-essential amino acids as glycine and
alanine were found (Table 3). In comparison to
eggwhite, calculated EAAI values ranged from
0.4 to 0.9, and the highest EAAI was found in
adult and subadult B. discoidalis roaches (Table 4).

87

Table 4. Essential amino acid content and essential amino acid index
of three cockroaches (Blattodea) in adult and subadult stages

Essential amino acid content, g - kg™ DM

Amino acid Elap_tjca B_Iabe_rus_ Blatta _

dubia discoidalis lateralis

subadult adult subadult adult subadult adult
Valine 58.8 66.3 84.0 544 533 81.3
Isoleucine  68.3 372 8941 346 572 101.3
Leucine 36.0 646 266 61.5 189 97
Tyrosine 58.5 469 622 422 473 59.9
Phenylalanine 31.2 319 389 306 266 46.7
Histidine 348 366 507 308 296 4717
Lysine 571.7 628 735 604 486 94.0
Arginine 53.8 561 713 572 449 89.8
Cysteine 2.1 1.7 14 20 0.5 09
Methionine 172 136 134 155 4.0 7.8
EAAI 0.4 07 09 09 07 0.6

EAAI — essential amino acid index

Conversely, contents of methionine and cysteine
were the lowest.

In all cockroaches the oleic acid (C18:1cis-9)
content was the highest among fatty acids, and
ranged from 38.0 to 44.2% of total fatty acids
(Table 5). Only in B. lateralis species more
saturated (SFA) than monounsaturated (MUFA)
fatty acids were determined. In the remaining
two species there were more MUFA. The lowest
polyunsaturated fatty acids (PUFA) levels (9.5%
and 9.6% for adult and subadult stage, respectively)
were found in B. lateralis. On the other hand, the
highest PUFA amount (20.9%) was found in adults
of B. discoidalis.
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Table 5. Fatty acid profile of three cockroaches (Blattodea) in adult
and subadult stages

Fatty acid profile, % of total fatty acids
) Blaptica Blaberus Blatta

Fatyacd g0 discoidalis ateralis

subadult adult subadult adult subadult adult
C4:0 ND ND ND ND ND ND
C6:0 <0.1 <01 <01 <0.1 <041 <0.1
C8:0 <0.1 <01 <0.1 <01 <041 <0.1
Cc10:0 <0.1 <01 <0.1 <0.1 <041 <0.1
Cc12:0 0.3 03 01 0.1 0.2 0.1
C14:0 26 22 12 13 19 1.3
C141cis-9 041 01 <041 <0.1 <041 <0.1
C15.0 0.2 02 02 03 041 0.2
C16:0 22.8 216 234 229 268 247
C16:1 trans-9 0.4 05 07 07 02 0.3
C16:1cis-9 98 77 44 26 33 45
C17.0 0.5 06 03 06 04 05
C17:1cis-10 0.3 05 02 03 0.1 0.2
C18.0 78 89 68 89 18.1 17.9
C18:1 trans-9 0.1 01 02 05 02 0.2
C181cis-9 403 425 442 402 380 39.1
C19:0 0.1 0.1 ND 0.1 0.1 0.1
C18:2cis-9,12 10.6 19 153 179 87 85
C20:0 0.2 03 03 03 06 0.9
C20:1 cis-11 0.3 03 03 03 02 0.3
C18:3 cis-

912,15 3.2 18 17 19 07 0.7
C22:0 0.1 0.1 ND ND <0.1 0.1
C20:4 cis-

581114 0.2 03 05 1.0 0.2 04
C24:0 0.1 <01 <01 <01 <01 <0.1
SFA 347 343 324 346 483 45.8
MUFA 51.3 516 50.1 446 422 447
PUFA 14.0 141 175 209 9.6 9.5

ND - not detected; SFA - saturated fatty acids; MUFA — mono-
unsaturated fatty acids; PUFA — polyunsaturated fatty acids

Discussion

Proximal composition. Information concern-
ing the nutrient content of the investigated spe-
cies is only available for the adults of B. dubia (Yi
et al., 2013; Bosch et al., 2014) and young nymphs
of B. lateralis (Oonincx and Dierenfeld, 2012).
Therefore, the results should be compared mainly
with other cockroaches or insect species. In all of
the examined cockroaches high concentrations of
crude protein (470-652 g - kg™ DM) as well as high
levels of crude fat (145-363 g - kg™! DM) were de-
termined. This means that both subadult and adult
cockroaches used in our study are a similar source of
protein and lipids like other species of cockroaches
(Oonincx and Dierenfeld, 2012; Bosch et al., 2014),

house cricket (Acheta domesticus) (Barker et al.,
1998; Finke, 2002) and other insects.

The ash content was 36-51 g - kg”! DM, which
also corresponds with the findings of other authors
(Barker et al.,, 1998; Finke, 2002; Oonincx and
Dierenfeld, 2012). Additionally, we found rather low
Ca:P ratios that are insufficient for the vertebrate di-
ets (NRC, 1995, 2003; Finke, 2002); but these ratios
are similar to those reported for most insect spe-
cies (Barker et al., 1998; Finke, 2002; Oonincx and
Dierenfeld, 2012). The above-mentioned results
confirm the need for calcium supplements in the
insectivore diets. In order to better serve the nutri-
tional requirements of vertebrates, further research
should be focused on possibilities of increasing Ca
content in insects (such as gut loading, etc.) to be
able to influence the unfavourable Ca:P ratio as well
as the calcium accumulation in the body of insects.

The chitin content (53-86 g - kg™! DM) was simi-
lar to that of crickets (Gryllus testaceus) (Wang et al.,
2005) and grasshoppers (Acrida cinerea) (Wang
et al., 2007). Significantly lower chitinin contents
were reported by Finke (2013). However, these dif-
ferences may result from different methodologies
used. Additionally, crude protein content in chitin
was 18-33 g - kg! DM, which is clearly more than
4 g - kg'' DM reported by Bernard and Allen (1997).

Amino acid profile. In all tested samples con-
tents of glycine (66.4-166.2 g - kg'! DM) and ala-
nine (81.5-118.4 g - kg™' DM) were very high. It is
more than in other studies focused on the protein
quality in cockroaches, e.g., Yi et al. (2013) and
Bosch et al. (2014). These differences were prob-
ably caused by feed residues in the cockroach diges-
tive tract.

The examined cockroaches, especially B. dis-
coidalis, also seem to be a good source of essential
amino acids (EAA). The EEAI without trypto-
phan was 0.4-0.9, mainly because of high lysine
level (48.6-94.0 g - kg™! DM). On the other hand,
the lowest levels of sulphuric amino acids: cys-
teine (0.5-2.1 g - kg' DM) and methionine
(4-17.2 g - kg'' DM) were found. These findings
are more or less in line with the results published by
other authors. For adult females of the same species,
Bosch et al. (2014) reported high contents of valine,
leucine, histidine, lysine and arginine, which is con-
sistent with the levels found in B. dubia in this study.
Moreover, Jozefiak et al. (2016) studied the EAA
composition of B. lateralis subadult nymphs and
found that tyrosine, arginine, valine and lysine were
among the first five EAAs, which corresponds to
the results obtained in this study. On the other hand,
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the main EAA reported by Jozefiak et al. (2016) was
leucine, while in this paper the most abundant EAA
is isoleucine (101.3 g - kg™ DM for adult stage of
B. lateralis).

Fatty acid profile. Finke (2002) and Oonincx
et al. (2015) analysed the fatty acid profile of cock-
roaches and determined the same major fatty acids
(mainly the oleic acid) in B. lateralis and B. dubia.
Moreover, the presented fatty acids profiles were very
similar to those obtained in our study. With a few ex-
ceptions, the dominant values of oleic, palmitic and
linoleic fatty acids presented in this paper also corre-
spond with the results of other authors (Finke, 2002;
Barroso et al., 2014), who investigated fat composi-
tion of other terrestrical insect species. In line with
these authors, no contents of omega-3 fatty acids such
as eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA) were detected. In this work, some differ-
ences in lipids composition were observed between
the investigated species, but values within the one
species varied only marginally. The results indicate
that the fat of tested insects contained high proportion
of SFA and MUFA. From this point of view, its nutri-
tional quality is not so high and close to other animal
fats. On the other hand, the proportion of PUFA is
comparable to commonly used oils such as the olive,
sunflower or rapeseed oil (Velisek, 2014). Moreover,
it could even be optimalized or improved during the
rearing process by adding suitable supplements to the
feeding mixtures for insects.

Comparison of developmental stages. Oonincx
and Dierenfeld (2012) comparing two consecutive
developmental stages of Turkestan roaches (B. late-
ralis) found that younger nymphs (2" instar) con-
tained more crude protein (760.5>628.5 g - kg™ DM),
more ash (78.8 > 68.9 g - kg™' DM) and less crude
fat (144.5 < 265.0 g - kg'' DM) than older nymphs
(3* instar). In our study less crude protein (470 <
584 g - kg' DM), less ash (37 <51 g - kg'' DM) and
more crude fat (363 > 145 g - kg™' DM) were found
in younger subadult nymphs than in adults. How-
ever, Oonincx and Dierenfeld (2012) did not deter-
mine these concentrations for adult roaches. There-
fore, their presumption that earlier developmental
stages contain more protein and less fat than older
specimens of the same species seems dubious in the
light of our findings. Nonetheless, further research is
needed. We assume that the nutrient content might be
significantly influenced by the various diets of the in-
sects (e.g., total fat concentrations correlate with the
energy value of the feed), ecdysis and the timing of
the analysis.
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In the dry matter of adults B. dubia roaches
630 g of crude protein and 214 g of crude fat per kg
of DM were found, and these concentrations are
similar to those reported by Yi et al. (2013) for this
species (592 g of crude protein and 214 g of total
fat per kg of DM) and Tzompa-Sosa et al. (2014)
who reported 7.6 g of total fat from 100 g of fresh
samples. The nutritional composition of roaches
at the subadult developmental stage has been un-
known until now.

This study was the first to determine the nu-
trient content of B. discoidalis. This content can
be compared with that of E. distanti, which was
selected mainly because it belongs to the same
family (Blaberidae) and similar dimorphism (all
adults are winged). The chemical composition of
this species was reported by Oonincx et Dierenfeld
(2012), whose findings partly correspond with our
results, £. distanti adults contained more crude pro-
tein and ash but less fat than 4-5 cm long nymphs.
However, most of the nutrient concentrations deter-
mined in this study (especially crude fat and crude
protein) differed from those of E. distanti.

Conclusions

The obtained results showed differences in nu-
tritional value among three studied species (Blapti-
ca dubia, Blaberus discoidalis and Blatta lateralis).
However, they were not as clear as the differences
between adult and subadult cockroaches of the same
respective species. All adults were better source of
crude protein, ash and calcium, but contained less
fat, than the subadults. On the other hand, it was
determined that the quality (unlike the quantity) of
lipids and proteins remained essentially the same.
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[Vliv pohlavi na nutri¢ni hodnotu cvréka domaciho, Acheta domestica L.]

Clanek popisuje na piikladu cvréka doméciho rozdil v kvantité a kvalité zédkladnich Zivin u hmyzu.
Na zakladé zjisténé nutri¢ni hodnoty bylo stanoveno, ze bez ohledu na pohlavi je tento druh hmyzu
bohatym zdrojen bilkovin a tuki. Kvalita téchto Zivin je pak srovnatelna s konvenénimi zdroji.
Nutri¢ni hodnota se ukazala byt ovlivnéna pohlavim, kdy samice obsahovaly vV porovnani se samci
méng¢ bilkovin (61,2 — 64,9 vs. 66,3 — 69,6 g/100 g susiny, p = 0.0001) a chitinu, ale vice tuku (18,3
— 21,7 vs. 12,9 — 16,1 g/100 g susiny, p = 0,0001). Co se tyce kvality bilkovin a tuku, vyjadiené
indexy esencialnich aminokyselin (72,3 — 77,1), atherogenicity (1,22 — 1,45) a thrombogenecity (0,53

—0,58) se v zavislosti na pohlavi nelisily. Limitujici aminokyselinou byl pro ob¢& pohlavi methionin.
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Since January 2018, insects have been recognised as novel foods in the EU, but their nutritional value varies, and
factors affecting their nutritional composition have been debated. We investigated the effect of sex on the nu-
tritional value and chemical composition of the house cricket (Acheta domestica L.). Both sexes were rich in
protein and lipids. The proximate composition was partly influenced by sex; females contained a significantly
higher amount of lipids (18.3-21.7 vs 12.9-16.1 g/100 g dry matter, p = 0.0001) and fewer proteins than males
(61.2-64.9 vs 66.3-69.6 /100 g dry matter, p = 0.0001). Males contained more chitin (p = 0.0015) and ni-
trogen chains (p = 0.0003) than females. Only the ash (p = 0.4314) and nitrogen-free extract (p = 0.4871) were

uninfluenced by sex. Furthermore, nutrient quality expressed as essential amino acid (72.3-77.1), thrombo-
genicity (1.22-1.45), and atherogenicity indices (0.53-0.58) did not differ between sexes (p > 0.05).

1. Introduction

The growing global population, hand in hand with increasing per
capita consumption and changes in dietary habits, poses a higher than
ever demand on available resources to meet the nutrient needs of both
animals as well as for humans (Van Huis et al., 2013). Livestock pro-
duction is currently one of the most important factors influencing the
global climate. This industrial sector is one of the largest sources of
greenhouse gases, a major driver of the use and pollution of freshwater,
and a contributor to the loss of biodiversity (Sakadevan & Nguyen,
2017). In the light of the limited and exploited resources, livestock
farming thus will have to become more sustainable. To provide suffi-
cient high-quality protein and minimise the environmental footprint of
livestock production, its optimisation is undoubtedly a critical strategy
and has become a major challenge to humans.

Insects, consumed either as human food or as insect meal, were
believed to be able do their share in easing the problem of world protein
shortage since 1975 (Meyer-Rochow, 1975). Recently, they have fre-
quently been reported to be a potential alternative protein source
(Sanchez-Murds, Barroso, & Manzano-Agugliaro, 2014). This species-
rich class of arthropods contains more than a million described species
and represents more than 50% of all living organisms on the Earth.
Insects also play an important role in the nutrition of many animals as
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well as people. Totally, 1745 insect species have been documented to be
part of the human diets in 113 countries of the world, particularly in
Asia and the Pacific, Africa and Latin America (Durst, Johnson, Leslie, &
Shono, 2010). Several hundred of such species are known to be reared
(Sanchez-Murés et al., 2014), but only a few are suitable for large-scale
breeding for use as food or animal feed (Payne, Scarborough, Rayner, &
Nonaka, 2016).

The insects, especially those with short life cycle and high re-
production rate, are generally considered to be ecologically and en-
vironmentally friendly food or feed alternatives, especially because of
their low greenhouse gas emissions (Ooninex et al., 2010). In addition,
they can be reared on low-cost by-products of the food industry, expired
food (Finke, Rojo, Roos, van Huis, & Yen, 2015; Oonincx, Van
Broekhoven, Van Huis, & van Loon, 2015), or even organic waste
(Ci¢kova, Newton, Lacy, & Kozanek, 2015). As insects are poiki-
lothermic animals, they do not require energy for thermoregulation and
their feed conversion rate might thus be very high. Moreover, their
requirements on water and space are lower than in the livestock
(Akhtar & Isman, 2018). Finally, their nutritional value is reported to be
comparable to that of conventional protein sources (Payne et al., 2016;
Yi et al., 2013). On the other hand, their chemical composition is
known not to be constant and, so, it varies significantly among different
species and within the same insect species.
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The house cricket (Acheta domestica L.) has been used as feed for
insectivores worldwide for a very long time and; therefore, its large-
scale breeding system is well described. The house cricket belongs to
the order Orthoptera, which includes species that are reported to be
among the best insect-based protein sources (Sanchez-Murds et al,,
2014). Specifically, they are rich in protein content, which can reach up
to 70 g/100 g dry matter (DM) and their lipid level is usually not much
higher than 20g/100g DM (Barroso et al, 2014; Bosch, Zhang,
Oonincx, & Hendriks, 2014; Chakravorty, Ghosh, Jung, & Meyer-
Rochow, 2014; Finke, 2002; Ghosh, Lee, Jung, & Meyer-Rochow,
2017). Therefore, crickets have been studied as supplementary material
in the experimental feed for animals (Nakagaki, Sunde, & DeFoliart,
1987). Recently, house crickets have been also associated with en-
tomophagy (Caparros Megido et al., 2017; Grabowski, Nowak, & Klein,
2008). In countries with long traditions of eating insects such as
Thailand, crickets have also been commonly and commercially mass-
produced for food purposes (Halloran, Roos, & Hanboonsong, 2017).
Although insect-based foods have generally not been well accepted in
developed countries, the willingness to adopt dietary insect products
under certain circumstances has been reported in North American and
European countries (Caparros Megido et al., 2017; Hartmann, Shi,
Giusto, & Siegrist, 2015; House, 2016; Ruby, Rozin, & Chan, 2015).
Moreover, at the beginning of 2018, the new Regulation (EU) No 2015/
2283 was introduced. The document updated the categories of food
which constitute novel foods and included the whole insects and their
parts there. Interestingly, the bread including cricket meal is commer-
cially available in some of European supermarket chains nowadays.
Therefore, increased interest in this commodity can be expected in the
near future, which prompted the present investigation. The nutritional
value of insects depends on their feed (Oonincx & Van der Poel, 2011),
developmental stage (Kulma et al., 2016), and how they are reared,
prepared and processed (Akhtar & Isman, 2018). However, many other
factors could play a role in determining the nutritional value of insects.
Recent research (Naseema Begum, Rakesh, Sudhakara Rao & Mamatha,
2014; Ademolu et al., 2017) indicates, that quantity of basic nutrients,
some vitamins and micronutrients in insects could be affected by the
gender. However, more data are needed to confirm that phenomenon.
For this reason, the objective of this study was to reveal effect of sex on
the macronutrients of the insects as potential novel protein-rich food
sources. Therefore, we investigated this phenomenon using the house
cricket (A. domestica L.), which was recommended by European Union
as one of the novel food edible insect species, to be the experimental
model.

2. Materials and methods
2.1. Experimental model and grouping

For the purpose of this study, the house cricket (A. domestica) was
selected as an appropriate species. In the Czech Republic, house crickets
belong to the most accessible insect species with well-known tech-
nology of rearing at household level as well as large scale conditions.
Moreover, females and males can be easily recognized according to the
ovipositor presence in females. The adults of A. domestica, used for the
experiment were purchased in three batches (1-3) from local com-
mercial sources (Scorpion Export-Import s.r.o., Novosedly nad
Nezédrkou, Czech Republic) at approximately 3-month intervals in
January, April, and June 2016. The insects were euthanised by freezing
(—38°C) and then divided into two groups (males and females). As
females were kept together with males before the experiment, they
were considered to be gravid. Each group was further subdivided into
four parallel repetitions and, finally, 24 samples were analysed. Twenty
randomly selected specimens of each sex were individually weighed to
determine the difference in fresh weight. Then, the samples were lyo-
philised, homogenised, and stored in the refrigerator until the analysis.
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2.2. Methods

All the prespecified parameters were determined using the methods
of the European Commission Regulation (EC) No 152/2009. The DM
content was determined after lyophilisation by drying for 5h at 103 °C.
The nitrogen content (N) was evaluated using the Kjeldahl method
(International Organization for Standardization [ISO] 5983-1:2005)
with the Kjeltec 2400 analyser unit (FOSS, Hilleroed, Denmark), and
the crude protein (CP) level was subsequently calculated using a ni-
trogen-to-protein conversion factor of 6.25. The total fat content (TFC,
petroleum ether extract) was determined using the Soxhlet method with
the Gerhardt Soxtherm SOX414 (C. Gerhardt GmbH and Co. KG,
Konigswinter, Germany). Briefly, Dried and homogenised samples (5 g)
were cold-water extracted with petroleum ether (program: 70°C for
120 min). The extracted samples were then dried at 103°C and
weighted until a constant sample weight was achieved. To determine
the ash content, the samples were mineralised in a muffle furnace LAC
(Verkon, Praha, Czech Republic) at 550 °C. The chitin content was
analysed according to the method of Liu et al. (2012) involving hy-
drolysis with 1 M hydrochloric acid (HCI) and 1 M sodium hydroxide
(NaOH). To determine the digestible protein content (DPC), the chitin-
bound nitrogen content of the hydrolysed sample was also analysed
using the Kjeldahl method. To evaluate the nitrogen-free extract (NFE)
and energy value (E), standard calculations were performed using the
following formulas (Finke, 2002).

NFE = 100—(crude protein + lipids + ash + chitin)

E (Mi-kg—1) = [(DPC x 17) + (TFC x 37) + (NFE x 17)]/100

The amino acid profile was determined by acidic and oxidative
hydrolysis of the samples, followed by evaluation using an Amino Acid
Analyser 400 (INGOS, Prague, Czech Republic) with Na-citrate buffers
and ninhydrin detection. Tryptophan was not determined because it
was completely destroyed during the classical acid hydrolysis with 6 M
HCL. To evaluate the protein quality, the essential amino acid index
(EAAI) was calculated (Velisek, 2013) to determine the following es-
sential amino acids: valine, leucine, isoleucine, threonine, phenylala-
nine, methionine, and lysine (Voet & Voet, 2010). This index is based
on the determined content of all the above-mentioned amino acids
compared with those of a reference protein, which was whole egg
protein in this study.

r= 2“\‘ g of lysine in 100g of analysed protein x 100

\‘I

X (etc. for other 6 EAA)

g of lysine in 100 g of reference protein

The base esterification method using 0.5M methanolic potassium
hydroxide (KOH) and boron trifluoride (BFs)-methanol was used for
fatty acid derivatisation. Methyl esters of the fatty acids were then
analysed using gas chromatography-mass spectrometry (GC-MS) using
an Agilent 7890A GC coupled to Agilent 5975C single-quadrupole mass
detector equipped with an Rt-2560 column (100 m x 0.25mm ID,
0.25 pm film, Restek Corporation, Bellefonte, USA). Hexane was used as
the solvent and 1 pL of the sample was injected in the split mode (ratio
50:1) into the injector, which was heated to 225 °C. Starting at 70 °C for
2min, the oven temperature was increased at a rate of 5°C/min to
225 °C where it was kept constant for 9 min, and then subsequently
increased at a rate of 5°C/min to a maximum of 240 °C where it was
maintained for 25 min. Helium was used as the carrier gas at a flow rate
of 1.2 mL/min. The MS analysis was carried out in full scan mode with a
mass range of 40-400 m/z, and the electron ionization energy was set at
70 eV. The methylated fatty acids were identified using a Restek Food
Industry FAME mix (cat#35077) and by comparing their mass spectra
with those reported in the National Institute of Standards and
Technology Library (NIST, USA). The proportions of the fatty acids
were calculated using the area normalisation method and expressed as



M. Kulma et al.

relative percentage of all fatty acids.

The data from the fatty acid identification was used to calculate the
atherogenicity (IA) and thrombogenicity (IT) indices according to the
following formulas.

= C12: 0 + 4 X C14: 0 + C16: 0
" Y MUFA+ Y, PUFA n—6+ Y, PUFA n—3

C14: 0 4+ C16: 0 + C18: 0

IT=
053 MUFA + 0.5, PUFA n—6 + 3 Y PUFA n—3+ ¥, (”'3)

n—6

1A indicates the relationship between the sum of the main saturated
fatty acids and that of the main classes of unsaturated fatty acids. TI is
defined as the relationship between the pro-thrombogenic (saturated)
and anti-thrombogenic fatty acids (Ulbricht & Southgate, 1991). These
indexes were then used to compare the fatty acid profiles of analysed
insects and conventional lipid sources.

The results are expressed as the arithmetical means (%) and standard
deviations (SD). The fatty acid profiles showed SD < 0.01 and,
therefore, they are not displayed in Table 2. The data were statistically
evaluated using the Statistica 13.2 software (StatSoft, Inc., Tulsa, OK,
USA) using a factorial analysis of variance (ANOVA) and Tukey’s post-
hoc analyses with a significance level of o = 0.05.

3. Results

As could be expected, the average fresh weight of adult females was
significantly (p = 0.0001) higher than that of males (354.4-408.7 vs
245.1-260.0mg). The proximate composition of male and female A.
domestica specimens was determined in lyophilised samples and re-
calculated on a DM basis. The DM of the tested fresh samples before
lyophilisation was in the range of 31.9-37.9g/100¢g, and females
contained lesser water than the males did (p = 0.0001). Regarding
basic nutrients, males contained significantly higher protein (66.3-69.6
vs 61.2-64.9g/100g, p = 0.0001) and lower lipid (12.9-16.1 vs
18.3-21.7g/100 g, p = 0.0001) content than females (Table 1). In
contrast, no significant sex effects were found in the quality of these
nutrients represented as the amino acid and fatty acid profiles and
expressed as EAAI (72.3-77.1, p = 0.6149), 1A (p = 0.1170). The IT
ranged was 1.2-1.5, and a difference was found only between males
and females in the third trial (Tables 2 and 3, p = 0.0003). Methionine
and cysteine (1.09-1.15 and 1.02-1.27 g/100 g DM, respectively) were
determined to be the limiting amino acids in all the samples. The fatty
acid linoleic, oleic, palmitic, and stearic fatty acids were detected as
dominant in both males and females. For the other proximate compo-
nents, sex did not influence ash (p = 0.4314) and NFE (p = 0.4871)
levels. Males contained more chitin (p = 0.0015) with more nitrogen
chains than females (p = 0.0003). Finally, females showed slightly
higher energy value than the males did (18.7-19.2 vs 17.4-17.6 MJ/kg
DM, p = 0.0001). Moreover, the experiment showed some differences
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Table 2
Gas chromatography-mass spectrometry determination of fatty acid profile of
males and females of the house cricket (Acheta domestica).

Fatty acid Trial 1 Trial 2 Trial 3

Females Males Females Males Females Males

% of total fatty acids
C12:0 0.12 0.07  0.15 0.08  0.21 0.08
C14:0 0.90 095  0.80 0.75 113 1.11
C15:0 0.24 0.22 0.19 0.16 0.22 0.20
C16:0 26.45 26.38 26.76 27.66 26.05 26.28
C16:1 (cis-9) 1.35 1.13 1.16 0.79 1.44 1.03
C17:0 0.50 0.44 0.46 0.43 0.58 0.50
C18:0 13.58 1410 14.01 1525 17.24 17.35
C18:1 (cis-9) 2472 24.39 2412 2243 2252 21.67
C18:2 (trans-9,12) 0.02 0.09 0.09 0.12 0.11 0.11
C18:2 (cis-9,12) 28.84 29.04 29.37 30.13  26.26 26.74
€20:0 0.79 070  0.61 0.69  0.87 0.76
C20:1 (cis-11) 0.27 020  0.05 0.29  0.14 0.36
C18:3 (cis-9,12,15) 1.14 1.35 1.57 1.08 1.54 1.21
C20:2 (cis-11.14) 0.13 0.14 0.08 0.12 0.11 0.13
C22:0 0.19 015 036 0.00  0.20 0.12
C20:4 (cis-5,8,11,14) 0.09 0.15 0.17 0.02 0.34 0.51
C20:5 (cis-5,8,11,14,17)  0.47 049  0.00 0.00 052 0.54
ISFA 42.88 43.02 43.34 45.03 46.50 46.39
XIMUFA 26.34 2573 2533 2351 24.62 24.36
XPUFA 31.09 31.25 31.28 31.34 28.88 29.25
Al 0.53 0.53 0.53 0.56 0.58 0.57
TI 1.22 1.25 1.29 1.45 1.39 1.43

SFA — saturated fatty acids; MUFA — monounsaturated fatty acids; PUFA poly-
unsaturated fatty acids; IA - index of atherogenicity; IT — index of thrombo-
genicity

Results are presented as arithmetic means (n = 4).

among the tested batches (1, 2 and 3), which varied in levels of protein
(p1,2 = 0.0001; py,3 = 0.0001), lipid (p1,2 = 0.0001, p; 3 = 0.0001), IT
(p1,2 = 0.0001; py,3 = 0.0001) and IA (p;,3 = 0.0002; p, 5 = 0.0007).
On the other hand, no differences of ash, NFE and EAAI were observed
Table 4.

4. Discussion

Although the house crickets analysed in this study were obtained
from the same source during a 1-year period, the nutrient contents
varied slightly in the repeat experiments. Some significant differences
were observed among the three test groups for many of the investigated
chemical parameters including the protein, lipids, IA, and IT. Even
though conditions in large scale commercial farming were expected to
be more or less constant, specific changes in the breeding program such
as temperature, age of harvested adults or diet (used vegetable could
vary seasonally) probably caused these differences. For instance,

Table 1
Proximate composition of adult males and females of house cricket (Acheta domestica).
Trial Sample  Weight per fresh insect DM cP TFC Ash Chitin CHCP DPC NFE Energy
mg 8/100 g fresh weight g/100g DM MJ/kg DM
1 Females 408.7 + 101.0 319 + 1.2 631 +04 217 06 40=+02 54+04 19 =*05 61.2+08 57 03 192+ 0.1
Males 2485 *+ 386 330 = 1.1 699 + 04 161 =04 43 01 62 *02 36 *11 663 *12 36 =02 17.6 * 0.2
2 Females 403.3 + 65.8 35.0 = 0.8 666 + 05 185+ 02 39+03 55=*03 16 *01 649+ 05 56+ 06 188 + 0.1
Males 260.0 + 39.5 313 + 15 708 + 06 132 * 05 35+08 61 +03 34=*10 675+ 09 64 +12 174 + 0.2
3 Females 354.5 = 90.2 379 + 0.2 657 £ 01 183 02 4301 55x01 18 =01 639 *01 62*04 187 = 0.1
Males 245.1 + 36.4 317 = 0.2 719 £ 03 12901 3902 6.0=x07 2406 696=07 57 08 175 x0.1

DM - dry matter; TFC - total fat content; CP — crude protein (N x 6.25); CHCP - crude protein in chitin (chitin-bound nitrogen content x 6.25), DPC — digestable

protein content (CP — CHCP), NFE — nitrogen free extract.

Results are presented as arithmetic means (n = 4). Methods used: CP and CHCP- Kjeldahl method, TFC - Soxhlet method, ash — mineralisation, chitin — hydrolysis,
NFE were calculated as NFE = 100 — (CP + TFC + ash + chitin), energy was calculated as E = [(DCP x 17) + (TFC x 37) + (NFE x 17)]/100.
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Table 3
Non-essential amino acid content in males and females of the house cricket (Acheta domestica) analysed by Amino Acid Analyser.
Trial Sample  Asp Ser Glu Pro Gly Ala His Tyr Arg Cys
8/100g of N x 6.25
1 Females 595 * 0.12 4.02 = 0.13 546 * 0.11 425 + 0.15 560 *+ 0.08 843 *= 0.07 1.55 + 0.08 248 +* 0.16 3.22 = 0.08 1.03 * 0.04
Males 5.88 + 0.18 3.57 + 0.14 588 + 0.47 4.89 * 0.21 695 + 043 1013 + 0.32 1.60 + 0.05 237 + 0.02 3.44 + 003 116 * 0.11
2 Females 5.76 + 1.08 4.04 + 0.70 517 + 0.73 4.39 + 095 560 = 0.76 834 * 1.18 1.52 £ 0.32 232 = 045 293 = 0.73 096 + 0.07
Males 461 + 070 3.02 + 045 473 = 0.55 4.30 + 062 594 + 0.60 877 + 0.92 1.35 + 0.20 194 = 0.31 268 * 0.37 1.14 + 0.04
3 Females ©6.37 £ 0.99 445 + 0.68 548 + 0.71 493 = 098 588 = 0.73 878 £ 0.23 1.68 £ 0.32 252 £ 045 335 £ 072 099 £ 0.04
Males 5.68 = 0.58 3.39 £ 0.28 578 = 0.56 548 = 0.60 6.88 = 045 9.98 £ 0.52 1.70 £ 0.15 2.39 £ 0.26 3.54 £ 0.37 120 £ 0.14
Results are presented as arithmetic means + SD (n = 4).
Table 4
Essential amino acid content in males and females of the house cricket (Acheta domestica) analysed by Amino Acid Analyser.
Trial Sample Thr Ile Leu Phe Val Lys Met EAAI %
g/100g of N X 6.25
1 Female 273 = 0.03 2.84 = 0.12 476 + 0.13 1.91 = 0.08 4.61 = 0.16 3.62 + 0.08 1.06 = 0.18 741 = 2.44
Male 2.84 + 0.01 291 = 0.15 4.96 + 0.26 1.84 + 0.04 4.83 = 0.23 3.68 + 0.20 1.03 = 0.07 75.9 + 2.38
2 Female 275 = 0.08 2,80 = 0.07 4.54 + 0.28 2.00 = 0.25 4.50 £ 0.12 3.62 £ 0.32 1.05 £ 0.05 73.6 £ 2.98
Male 2.88 = 0.12 2.89 = 0.10 4.63 £ 0.06 1.72 £ 0.18 475 = 0.14 312 + 0.34 1.07 = 0.02 72.3 = 2.87
3 Female 275 *+ 0.08 2.78 = 0.07 4.54 + 0.28 215 *+ 0.28 4.49 = 0.12 3.73 + 0.32 1.10 + 0.03 75.1 + 3.72
Male 3.01 = 0.09 3.16 = 0.14 4.99 + 0.16 1.93 + 0.10 4.56 = 0.41 3.62 + 0.15 1.08 £ 0.04 77.1 £ 2.28

EAAI - essential amino acid index.
Results are presented as arithmetic means = SD (n = 4).

Qonincx and van der Poel (2011) proved, that inclusion of wheat bran
and carrot into the diet of migratory locusts increased fat content and
decreased protein level. An influence of the diet on the fatty acid profile
of insects is also known, where it most likely reflects the fatty acid
composition of their feed (Barroso et al., 2014). This finding indicates
that the nutritional value of insects from the same producer may not be
consistent and should be considered when calculating and making
claims about the nutritional information of edible insect products. In
contrast, the EAAI and NFE values did not vary significantly.

The nutrient analysis confirmed that both male and female house
crickets are a potentially excellent source of protein and lipids.
Furthermore, sexual dimorphism and assumption of gravidity enable
the females to reached significantly higher weight than the males did.
The average weight of 349 mg per insect reported by Finke (2002) is
very similar to that obtained in this investigation (320 mg) and not
affected by gender. However, the differences between both groups were
evident where the fresh weight of only very few sampled crickets was
close to the arithmetic mean of the entire population.

The nutritional value of the house crickets in this study was in ac-
cordance with those determined by other studies (Barroso et al., 2014;
Bosch et al., 2014; Finke, 2002). The protein and lipid contents (20-25
and 4-7 g/100 g fresh weight, respectively) were also comparable to
those of conventional animal sources such as beef (beef, production
meat, H2, raw: protein and fat, 20.0 and 6.8 g/100 g, respectively) or
chicken (chicken, breast trimmings: protein and fat, 20.6 and 5.6 g/
100 g, respectively) (CFCD, 2018; Velisek, 2013). These results indicate
that both protein and lipid concentrations were significantly affected by
sex. In all the experimental repetitions, the sampled male house crickets
contained significantly more protein and fewer lipids than the female
did. This effect may be attributed to the differences in their nutritional
requirements for optimal performance and fitness maximisation, which
are known to be sex-specific (Reddiex, Gosden, Bonduriansky, &
Chenoweth, 2013). In crickets, the fecundity of the females depends
mainly on ingestion of protein, which is necessary for egg development.
Thus, adult females prefer protein-rich diets, whereas males prefer
carbohydrate-rich diet to meet the energy demands of their vigorous
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courtship behaviour (Maklakov et al., 2008).

As quality is the decisive factor for utilisation of proteins and lipids,
this study aimed to describe the amino and fatty acid composition of
male and female house crickets. The proteins and lipids showed no
significant differences in their quality. The only significant sex-related
differences were found in the non-essential amino acid profiles. These
findings also differed from the results of other studies such as those of
Yi et al. (2013), who reported phenyl-alanine and tyrosine complex
contents that were almost two times higher than our present results.
Furthermore, aspartic acid and alanine were also detected as major
amino acids (in males and females). However, because non-essential
amino acids are hardly influenced by the diet composition, their values
are very likely related to differences in food preferences and provided
feed.

In the essential amino acid profiles, tryptophan seems to be a minor
amino acid in all insects including the house cricket (Yi et al., 2013).
However, since we did not analyse tryptophan in this study because of
the methodology used, the sulphur-containing amino acid methionine
was identified as the limiting amino acid as seen in studies by Ghosh
et al. (2017) as well. This finding agrees with the data previously re-
ported in the literature, where lack of tryptophan analysis was ob-
viously not unusual (Sanchez-Murés et al., 2014). Leucine was then
determined to be the major essential amino acid. Additionally, high
lysine, valine, and arginine contents were also discovered (Table 2).
These findings are in line with the published profiles of house cricket
available in the literature (Barroso et al., 2014; Bosch et al., 2014;
Finke, 2002). Moreover, the EAAI was calculated for all the samples and
based on this index it was obvious that the protein quality was not sex-
dependent. Furthermore, the results (EAAI ranged 72.3-77.1) indicate
that the protein quality of both male and female house crickets was
slightly lower than that of traditional livestock products, where the
index is approximately 80% (chicken, 78%; fish, 82%; pork, 84%; and
beef, 82%). However, the protein composition of the house crickets
could be considered comparable to or even better than that of some
conventional plant protein sources, such as rice (72%) or legumes
(68%) (Velisek, 2013). This finding is in agreement with that of Yi et al.
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(2013), who also consider insect protein quality to be better than that of
soybean, but lower than that of casein.

Generally, proteins and fats are two major components of insects.
Compared with conventional animal lipids such as lard, tallow, and
milk fat, insects have a higher proportion of unsaturated fatty acids
including essential polyunsaturated fatty acids (PUFA). The results of
the fatty acid analysis of the tested samples are in line with those of
Ooninex et al. (2015) who also reported linoleic, oleic, palmitic, and
stearic acids as major fatty acids in A. domestica. The same dominant
fatty acids were determined in other Orthoptera by Chakravorty et al.
(2014) as well. Studies on the fat and fatty acids in A. domestica
(Tzompa-Sosa, Yi, van Valenberg, van Boekel, & Lakemond, 2014) were
not focused on sex-related differences in the fat content and fatty acid
profile. Our results show that although there were differences between
males and females in total fat content, the proportions of fatty acids in
both sexes were identical.

Indices based on the functional properties of different fatty acids
provide a better evaluation of the nutritional quality of foods, than only
the sums of all SFA, MUFA and PUFA and their ration. On the other
hand, due to best of author’s knowledge, this is the first determination
of IA and IT in insects, these values have been unknown for any of
insect species since and comparison is thus not possible. The IA, which
indicates the relationship between the sum of the main saturated fatty
acids and that of the main classes of unsaturated fatty acids, was within
the range 0.51-0.60, which is comparable to that of pork lard (0.55) or
fish oil (0.52). The IT, which shows the tendency to induce clot for-
mation in the blood vessels, was calculated as 1.17-2.66, which is
comparable to that of pork lard (1.42), palm oil (1.98), and beef tallow
(2.26) The IA and IT, which were calculated based on the fatty acids
profiles reported by Woodgate and van der Veen (2014), are considered
indices of cardiovascular disease risks and, thus, low values are desir-
able.

Owing to the extremely diverse life cycles of various insects, their
nutritional value is undoubtedly species-dependent (Sanchez-Muros
et al., 2014). Currently, diet is also considered to be an important
factor, which can influence both quantity and quality of the insects
nutrients (Barroso et al., 2014; Oonincx and Van der Poel, 2011;
Oonincx et al., 2015). Additionally, the developmental stage is known
to affect the nutritional quality although this has not been clearly de-
fined. According to the results published by Finke (2002), differences
between the chemical composition of juvenile and adult house crickets
indicate the possible effect of developmental stage on protein, fat,
amino acid, and finally, fatty acid composition. Furthermore, Kulma
et al. (2016) obtained similar results of lipid and protein quality, unlike
their very different quantity compared with the nutritional values of
subadult and adult roaches. Unfortunately, these results were not sta-
tistically evaluated and, so, the accurate effect of the developmental
stage has still not been demonstrated. Similarly, the effect of sex, which
is generally regarded as a factor affecting the nutritional value of in-
sects, has not been previously evaluated. The present results indicate
that protein and lipid amounts in adult crickets are sex-dependent,
whereas the other profiles did not vary between males and females.

Among the proximate components, the ash level was not sig-
nificantly different between males and female house crickets. NFE is
probably formed mainly by feed residues and, thus, was expectedly not
affected by sex. Chitin is the major carbohydrate present in insects and
its level was clearly affected by sex, with males containing significantly
higher amounts than females. Considering significant differences found
in their weight, this could be simply explained by the presence of more
males in 1kg DM. Although Paoletti, Norberto, Damini, & Musumeci
(2007) demonstrated, that humans are able to digest chitin, it is gen-
erally regarded as indigestible for the majority of the global population.
On the other hand, its benefits to the immune system and antioxidative,
hypocholesterolaemic, and prebiotic effects are known (Halder et al.,
2013; Van Huis et al., 2013). Therefore, higher chitin content should be
strictly not regarded as a negative attribute. Since chitin is a

271

96

Food Chemistry 272 (2019) 267-272

nitrogenous polysaccharide and protein content is usually calculated
from total nitrogen using 6.25 as the nitrogen to protein conversion
factor, values could be overestimated and misleading. Hence, Janssen,
Vincken, van den Broek, Fogliano, & Lakemond (2017) proposed cal-
culating protein amounts using species-dependent factors such as 4.75,
4.86, and 4.67 for the mealworm, lesser mealworm, and black soldier
fly, respectively. In this study, the chitin nitrogen content was de-
termined to be slightly higher in the males than in females, but it did
not exceed 1g/100 g DM in all the samples. Therefore, other novel or
unknown factors could lead to total crude protein underestimation. This
observation is in line with that of Finke et al. (2015) who estimated that
chitin nitrogen represents only a fairly small fraction, and thus the 6.25
factor might not be unrealistic. However, further research focusing on
this topic including the possible effects of other nitrogen-containing
complexes such as excretion products, need to be conducted.

Considering that the present investigated sex-related effect probably
occurs in the entire Insecta class, these results and novel approach to
determining the nutritional value of insects could be applicable to other
species of insects that are collected, captured, prepared, and eaten in-
dividually (especially in species showing significant sexual di-
morphism). However, this phenomenon also could play an important
role in assessing the nutrient content of harvested insects, when the
proportion of males and females would influence nutritional composi-
tion of the biomass.

5. Conclusion

The results of the present study showed significant differences in the
proximate composition of male and female house crickets, and thus
confirmed our hypothesis that sex should be included among factors
that can influence the nutritional values of insects. Females proved to
be of a higher energy value and contained significantly more lipids and
less protein than males did. However, the quality of nutrients as ex-
pressed by the EAAI IT, and IA were similar. These findings may
contribute to improving the evaluation of the nutritional value of in-
sects as a novel food.
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[Nutri¢ni hodnota jedlého hmyzu z iadu Coleoptera (Tenebrio molitor, Zophobas morio a
Alphitobius diaperinus) odchovaného v Ceské republice]

Jednim z faktord, které ovliviiuji nutri¢ni hodnotu, je vyziva hmyzu. Vzhledem k tomu, Ze zdroje pro
krmeni hmyzu se mezi jednotlivymi staty lisi, da se predpokladat, Ze i misto, kde byl hmyz odchovan
bude hrat urcitou roli ve vysledné nutri¢ni hodnoté. Tato publikace popisuje nutriéni hodnotu larev
tii nejéastéji chovanych krmnych broukt, odkrmenych na zeleninové dieté skladajici se z mrkve, zeli,
¢inského zeli, rajéat a brambor. Larvy potemnika moucného (Tenebrio molitor) a potemnika
stajového (Alphitobius diaperinus) byly dobrym zdrojem bilkovin (630 g/kg susiny a 600 g/kg susiny

respektive) a nijak vyrazné se neliSily od nutri¢nich hodnot zjisténych v jinych ¢astech svéta. Naopak

wev

4

s mensim obsahem bilkovin. Co se tyce profilu mastnych kyselin, nejptiznivéjsi pomér n-6 : n-3 byl

zjistén u Z. morio.
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NUTRITIONAL VALUES OF EDIBLE COLEOPTERA (TENEBRIO MOLITOR,
ZOPHOBAS MORIO AND ALPHITOBIUS DIAPERINUS) REARED IN THE
CZECH REPUBLIC

Anna Addmkovd, Lenka Kouv¥imskda, Marie Borkovcovd, Martin Kulma, Jii Ml¢ek

ABSTRACT

Edible insects have gained the status of highly nutritious food with high protein and fat content. However, nutritional value
of insects is not constant. It could be affected by species, developmental stage, rearing technology, nutrition or sex. This
study’s goal is to determine the protein and fat contents of three edible beetle species (giant mealworm — larvae of Zophobas
morio, mealworm — larvae of Tenebrio molitor and, lesser mealworm — larvae of Alphifobius diaperinus) bred in the Czech
Republic. Based on the obtained results, all investigated species could be considered as a reasonable source of lipids and two
of them (mealworm and lesser mealworm) are also an excellent source of protein. Crude protein content of mealworm
(630 g. kg'! DM) was found to be higher than in other studies. The investigated species of lesser mealworm contained 600 g
of crude protein/kg DM, which was equal to the results of other authors. Most authors report a higher content of nitrogen in
the giant mealworm than were the values measured by this experiment (390 g.kg' DM). The lipid content in the tested
samples was found in a range of 170 — 390 g.kg! DM. The highest lipid content was found in the larvae of giant mealworm
and the lowest lipid content was found in the larvae of mealworm. The determined fat content of lesser mealworms was
290 g.kg'. The fatty acid profiles of all samples were also determined.

Keywords: edible insects; nutrition; protein, fat; fatty acid; Coleoptera

INTRODUCTION human food. A list of edible insects (including mealworm,
Edible insects form a common part of the human diet in giant mealworm, and lesser mealworm) was published by
many parts of the world (van Huis et al., 2013; Vantomme EFSA (2015) together with the risk related to production
et al., 2012). They are also being considered an extra food and consumption of insects as food and feed. Although
source in countries where people have limited access to entomophagy is considered to be safe due to its long history,
sufficient, safe and nutritious food to maintain a healthy and manipulation with and consumption of edible insect may
active life (Kampmeier and Irwin, 2009; van Huis et al., involve some risks (EFSA, 2015). These risks are usually
2013; Vantomme et al., 2012). represented by collecting the insects in dangerous areas
Edible insects are seen as an interesting alternative source without protective equipment, consuming inappropriate
of proteins and lipids (Zielinska et al., 2015). They are also developmental stages or inadequate culinary treatment
believed to be an ideal option for the space agriculture (Ramos-Elorduy, 2005; Belluco et al., 2013; MI&ek et al.,
(Katayama et al., 2008). In the developing countries, 2014). The toxic substances content or allergic reactions
edible insects may serve as a potential animal protein source (mostly to chitin) are among other potential risks of edible
because of its better digestibility and utilization than insect consumption (Park, Kim and Yang, 2009).
vegetable protein (Hoffman and Falvo, 2004). They could Available data about nutritional values of insect species
also help the children suffering from malnutrition bred in Europe are not sufficient. The mealworm is probably
(Brazdova, 2011). the most-studied species (Bernard, Allen and Ullrey,
Some species of insects could serve as an important source 1997; Oonincx and Dierenfeld, 2012; Bednafova et al.,
of lipids. Fatty profile of insects varies among different 2013 and van Broekhoven et al., 2015). It could be
species as well as among the developmental stages within considered as a good source of protein and lipids, although
one species (Finke, 2004). It may also be easily affected by the nutritional composition varies among individual

the feed composition (Schaefer, 1968; Bukkens, 1997; developmental stages. The highest protein content
Mariod, Abdel-Whab and Ain, 2011). Fatty acid (637.0 - 676.5 gkg' DM) and the lowest fat content
composition of insect is reported to be similar to that of (148.8 — 184.0 gkg' DM) were found in adult beetles.

poultry or fish (DeFoliart, 1992). However, adult beetles are not very suitable for human
Entomophagy is not very common in Europe. Insects are consumption because of the high anti-nutritional substances

usually considered a delicacy or a means to diversify one’s content (wings, exoskeleton, legs etc.).

diet. Although the amount of information about the insects” From the nutritional point of view the larvae (protein:

nutritional composition and the potential risks has been 477.6 — 527.0 kg' DM, fat 189.0 — 382.9 kg' DM) and

recently increased, insects are still not considered a standard pupae (protein: 531.3 - 546.0 kg! DM, fat
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308.0 -366.5 g.kg'! DM) seem to be more interesting. The
nutrient content of hormonally modified mealworm form
("super mealworm") is known as well. These mealworms
with artificially delayed pupation have the protein content
comparable to other mealworms (471.8 g.kg”' DM) but the
fat content differs significantly (430.8 gkg!' DM)
(calculated from Finke, 2002).

Giant mealworm, whose larvae could reach 55 mm
(Friedrich and Volland, 2004), is also considered to be
a good source of quality protein and lipids. The nutritional
composition of this species was determined by various
authors (Barker, Fitzpatrick and Dierenfeld, 1998;
Finke, 2002; Bednaiova et al.,, 2013; Yi et al., 2013;
Bosch et al., 2014; van Broekhoven et al., 2015). The
protein content of giant mealworm larvae was
431.3 — 5162 gkg' DM, the fat content was
328.0 — 435.4 g.kg'! DM. Oonincx and Dierenfeld (2012)
evaluated the nutrient content of giant mealworms adults
and determined the protein level to be 680.5 g.kg”' DM and
lipid content 142.5 g.kg' DM.

The nutrient content of lesser mealworm is only available
for larvae stages. Bosch et al. (2014) reported 648 g.kg!
DM of protein and 222 g.kg! DM of fat. Yi et al. (2013)
determined 580.3 g.kg! DM of protein and 239.5 g.kg' DM
of fat. Van Broekhoven et al. (2015) found protein content
to be 617 — 650 g.kg'! DM and fat content 134 — 243 g kg
DM.

Besides the factor of the above-mentioned development
stage, the nutrient content of insects is also affected by feed
composition, microclimate, environment, sex and other
factors (Oonincx and van der Poel, 2011). Van
Broekhoven et al. (2015) reported that the feeding mixture
change caused differences in content of both fat and protein
(by 8 % and 11 % respectively). This research is therefore
focused on the determination of basic nutrient contents of
three edible insect species reared under defined farming
conditions in the Czech Republic and the comparison of the
obtained data with results from other countries and wild
species.

MATERIAL AND METHODOLOGY
Material

The insect samples tested for the purposes of this study
were larvae of darkling beetles (Zophobas morio, Fabricius,
1776), which are known by the common name superworm
or giant mealworm, mealworm (larvae of Tenebrio molitor,
Linnacus, 1758) and lesser mealworm (larvae of
Alphitobius diaperinus, Panzer, 1797). All of them are
common warehouse pests and can be easily kept and bred
in the European climate conditions. The samples were
purchased in the ultimate or penultimate instars (most
suitable to culinary purposes) from a private company
Radek Fryzelka, Brno. The insect species were fed by a
mixture of plant material (carrots, cabbage, Chinese
cabbage, tomatoes, and potatoes). Prior to the analysis, the
insects were fasted for 48 hours to minimize the effects of
food retained in the gut, then killed in boiling water
(100 °C) and finally dried at 105 °C for 12 h. The obtained
samples were then homogenized for | minute by the coffee
grinder Scarlett Silver Line SL-1545 (ARIMA, UK) and
stored at
4 -7 °C. All sample analyses were done at least in triplicate.

The used chemicals were of the p.a. grade and were
purchased from the Sigma Aldrich company.

Methods

Nitrogen and crude protein content determination

The nitrogen and crude protein were analysed using the
Kjeldahl’s method (ISO 1871:2009). The samples (1 g) and
blank runs were mineralised at 420 °C for 105 min. The
distillation was performed on Kjeltec™ 2200 (FOSS,
Denmark) for 4 minutes. The protein content was calculated
using nitrogen-to-protein conversion factor of 6.25.

Fat content determination

The fat content determination was performed by extraction
using Soxhlet method (Soxhlet, 1879) on the Gerhardt
Soxtherm SOX414 (C. Gerhardt GmbH & Co. KG,
Germany). Approximately 5 g of dried and homogenized
samples (with the accuracy of 0.0001 g) were put into
extraction thimbles and extracted by 150 ml of petroleum
ether via cold water extraction (program: 70 °C for
120 minutes). The extraction flask was then dried at 103 °C
and weighed until a constant sample weight was attained.

Fatty acid profile determination

The esterification of lipids extracted form samples of
insects via the Soxhlet extraction was performed according
to the ISO 12966-2:2011 standard using 0.25 M methanolic
KOH (test weight of fat for esterification was 0.5 g). Methyl
esters of fatty acids were analysed by GC Agilent 7890
(Agilent Technologies, USA) with a flame ionization
detector (detector temperature: 250 °C) equipped with
a RestekRt®-2560 column (100 m x 0.25 mm ID x 0.2 pm
film) from Restek Corporation. Hexane was used as
a solvent and the sample volume of 1 uL was injected in
split mode (ratio 20:1) into the injector heated to 225 °C.
The initial oven temperature was 70 °C (hold 2 min), ramp
to 225 °C at 5 °C/min (hold 9 min), ramp2 to 240 °C at
5 °C/min (hold 15 min). Helium was used as carrier gas with
the flow rate of 1.2 ml/min. The methylated fatty acids
were identified using a Restek Food Industry FAME mix
(cat#35077). Real chromatogram of Restek Food Industry
FAME mix is shown in Figure 1. The proportions of fatty
acids were calculated using the area normalisation method.

Statistical analysis

The data were analysed using Excel 2013 (Microsoft
Corporation, USA) and the results were expressed by means
+standard deviations.

RESULTS AND DISCUSSION

Crude protein and fat contents of the three investigated
edible insect species are shown in Table 1. The obtained
values of crude protein in tested insects ranged from 390 to
630 g.kg' DM. The protein content of Tenebrio molitor was
found to be higher than in the studies of Bernard, Allen
and Ullrey (1997); Finke (2002); Ramos-Elorduy (2006);
Oonincx and Dierenfeld (2012); Yi et al. (2013) or van
Broekhoven et al. (2015). It was also higher than the levels
reported by Bednafova et al. (2013) who measured the
nutrient content of insects bought from a local Czech
supplier. The protein content of Alphitobius diaperinusis
found in this study were consistent with the results reported
by Yi et al. (2013); Bosch et al. (2014) and van
Broekhoven et al. (2015).
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Table 1 Lipid and crude protein contents of three edible insect species.

. crude protein lipids
species
g.kg! DM £SD
Giant mealworm (Zophobas morio) 390 1 390 +4
Mealworm (Tenebrio molitor) 630 +4 170 =1
Lesser mealworm (Alphitobius diaperinus) 600 +5 290 +3
Table 2 Fatty acid profile of analysed samples.
Fatty acid composition ™ M AD
(%) (%) (%)
SFA
C8:0 <0.1 1.8 <0.1
C10:0 <0.1 04 <0.1
C12:0 0.2 0.1 0.1
C13:0 0.1 <0.1 <0.1
C14:0 35 1.7 1.4
C15:0 0.2 0.4 0.3
C16:0 18.4 30.2 264
C17:0 0.3 0.7 0.7
C18:0 6.6 8.8 10.9
C19:0 0.1 0.1 0.2
C20:0 0.3 0.2 0.6
C22:0 0.1 0.1 <0.1
Sum of SFA 29.7 44.6 40.6
MUFA
Cl4:1,cis- 11 0.1 <0.1 <0.1
C16:1, trans - 11 0.1 <0.1 <0.1
Cl16:1,cis -9 1.4 0.7 1.1
C17:1, cis - 10 0.1 0.2 0.2
C18:1, trans - 9 <0.1 <0.1 0.2
C18:1,cis -9 36.5 31.1 35.9
C20:1, cis - 11 0.1 0.1 0.4
Sum of MUFA 384 32.1 37.8
PUFA
C16:2, trans - 7,10 0.3 1.1 0.3
C 18:2, trans - 9,12 <0.1 <0.1 0.2
C18:2,cis -9,12 30.5 21.2 20.2
C20:2,cis-11,14 <0.1 <0.1 0.2
C18:3,cis - 9,12,15 1.1 0.9 0.4
C20:4,cis-5,8,11,14 <0.1 <0.1 0.4
Sum of PUFA 31.8 232 21.6
Note: TM - larvae of Tenebrio molitor, ZM - larvae of Zophobas morio, AD - larvae of Alphitobius diaperinus.
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Figure 5 Giant mealworm (Zophobas morio) (Karwath, 2005).

Figure 7 Lesser mealworm (Alphitobius diaperinus) (USDA-ARS-GMPRC, 2016).
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Information about this species reared in the Czech
Republic is not available. Compared to traditional protein
sources in human nutrition, the content of proteins of both
above mentioned species T. molitor and A. diaperinus are
comparable to beef loin (640 g.kg! DM) or beef flank
(640 g.kg' DM) (Pipek, 1995; Steinhauser, 1995). Crude
protein content of the giant mealworm (390 g.kg”! DM) was
lower than the contents reported by Barker, Fitzpatrick
and Dierenfeld (1998); Finke (2002); Yi et al. (2013);
Bosch et al. (2014) and also the only known Czech author
dealing with this issue Bedndfova et al. (2013). On the
other hand, the protein content was similar to that
determined by van Broekhoven et al. (2015). In
comparison with the conventional food, this species could
be considered similar to roast pork (410 g.kg”! DM) (Pipek,
1995; Steinhauser, 1995). The differences between
obtained results and other studies could probably be caused
by using different feeding mixtures or analysing different
developmental stages of the sampled larvae.

While the protein contents of the investigated insects
varied significantly, the lipid content (Table 1) was found
in a range of 170 — 390 g kg' DM. The highest lipid content
was found in the larvae of the giant mealworm. The
analysed lipid content of the giant mealworm was similar to
the findings of other papers (Finke, 2004; Bednaiova et
al., 2013; van Broekhoven et al., 2015). The fat content of
T. molitor was lower than previously published works
suggested. Higher values were reported by Finke (2004);
Bednaiova et al. (2013); Yi et al. (2013) and van
Broekhoven et al. (2015). The samples of lesser mealworm
contained about fifty grams more lipids than van
Broekhoven et al. (2015) reported. They discovered the
possibility of changes in fat content (up to 10 %) to be
caused by feed mixture changes. Therefore, the differences
between results of this study and other reported values could
be caused by the variety of used feed. In terms of lipid
content, all tested species are comparable to a number of
traditional foods such as eel meat (300 g.kg' DM), pork
rump (320 g.kg"' DM) or young goose meat (360 g.kg”' DM)
(Pipek, 1995; Steinhauser, 1995).

From a nutritional point of view, fatty acid content is very
important. Our results in Table 2 show the fatty acid profiles
of the fat extracted from the giant mealworm — larvae of
Zophobas morio, mealworm - larvae of Tenebrio molitor
and lesser mealworm - larvae of Alphitobius diaperinus.
Real chromatogram samples of fatty acids composition for
all selected insect species are shown in Figure 2, Figure 3
and Figure 4. The recommended ratio of fatty acids for
human nutrition is SFA : MUFA : PUFA 1.25:1.5: 1, but
the ratio found in Zophobas morio is 1.9:1.4:1. The
determined MUFA : PUFA ratio meets the requirements for
human consumption (1.4 : 1), but the amount of SFA is
significantly higher. Similar ratio is reported by Bednafova
(2013) and Jabir (2012) — 2.2:19:1 and 2.1:1.1:1.
However, Barroso (2014) described a lower ratio. Higher
SFA content was also determined in the case of lesser
mealworms. On the other hand, Tzompa-Sosa (2014)
presents a lower ratio (1.4 : 1.6 : 1) in case of these species.

In contrast to these species, the amount of SFA in
mealworm was significantly lower. Similar results were
published by Zielinska (2015) and Barroso (2014).
Tzompa-Sosa (2014) reported a significant content of
MUFA (1.1:23:1), but on the contrary Bednaiova
(2013) measured a greater amount of PUFA (0.7 : 0.8 : 1).

These differences can be caused by a different type of feed
and breeding conditions, which were not fully specified by
the authors.

Professional and general public pays considerable
attention to the ratio of fatty acids n-6 : n-3, which WHO
recommends to be 5: 1 for human nutrition (Dostalova,
Dlouhy and Tlaskal, 2012). This ratio has a protective
effect against non-infectious civilization diseases. The
content of n-6 fatty acids in all species, that we analysed,
was significantly higher (the ratios of n-6 : n-3 were 26 : 1
for TM, 22:1 for ZM, and 53 :1 for AD). The giant
mealworms were the closest to this requirement. On the
other hand, lesser mealworms had the highest ratio from the
analysed samples. Therefore, the lesser mealworm does not
seem to be a perfect primary nutritional source for a long-
term human consumption. However, the fatty acids
proportions could be affected by changing the insects’ feed
composition. Balanced diet of people eating insects is also
important.

A higher content of unsaturated (n-9) oleic acid was
measured in all samples. The amount of this acid is
comparable to the traditional sources such as beef tallow (26
— 50 %), and sheep tallow (30 — 42 %), but DeFoliart
(1992) reported that composition of fatty acids is similar to
poultry and fish. The second most represented fatty acid in
giant mealworm and lesser mealworm was palmitic acid
(31.1 % and 26.4 %). A similar content of this acid is to be
found in rabbit lard (32 %) (Velisek, 2002). Linoleic acid
was the third most abundant fatty acid in these samples
(21.2 % and 20.2 %). However, in case of mealworm, the
second most represented acid was the essential linoleic acid
(30.5 %) and the third was palmitic acid (18.4 %). The
highest content of essential o-linolenic acid was also
measured in mealworm. Therefore, mealworm could be the
most suitable insect of the analysed species for human
consumption.

The descending order of the first four minor fatty acids for
giant mealworm is the same as reported by Bednafova et
al. (2013). However, the ratios found differed slightly. Also,
some fatty acids not detected by Bednaiova et al. (2013)
were determined. An example of such is the a-linolenic
acid, whose content was measured to be twice the amount
of the arachidic acid. Unfortunately, Bednafova (2013) did
not mention the composition of the feed mixture. Our results
are also in line with the data reported by van Broekhoven
et al. (2015). The order of the first four acids is identical,
while the mutual ratio varied in dependence on feed (i.e.
when insects were fed by feed with high starch and low
protein content, the ratio between linoleic and oleic acid was
0.22 : 1; when they were fed by high-protein and low-starch
feed this ratio changed to 0.94 : 1).
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CONCLUSION Faet  Sheet 3: p. 1-7. Retrieved from the web:

This work was focused on the nutritional composition
determination of three edible insect species reared in the
Czech Republic. Based on the obtained results, all
investigated species (Zophobas morio, Tenebrio molitor
and Alphitobius diaperinus) could be considered as a
reasonable source of lipids and two of them (mealworm and
lesser meal worm) are also an excellent source of proteins.
The results of fatty acids profile of the giant mealworm and
lesser mealworm showed that they are not very suitable as
the main food ingredient due to a high SFA content and an
inappropriate n-6 and n-3 ratio. Out of all measured
samples, mealworm has the highest content of linoleic and
o-linolenic acid, which are among essential components of
human nutrition.
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5 Diskuze

Globalni biodiverzita Celi na prahu 21. stoleti n¢kolika vdznym hrozbam. Hmyz je nejvétsi
skupinou zivocichti a jeho ¢innost je pro fungovani celého ekosystému klicova (Balvanera et al.
2006). V poslednich letech se pocetnost hmyzu v Evropé dramaticky snizuje (Hambler & Speigh
2004) a hledani strategie k zvraceni tohoto negativniho trendu je aktualnim problémem pro celou
planetu. Zakladnim pozadavkem pro G¢innou ochranu organismu, véetné hmyzu, je komplexni
porozuméni mechanismu ztraty biodiverzity, pottebam jednotlivych druha (Purvis & Hector 2000) a

také tomu, jak tyto druhy reaguji na nastavajici zmény (Gilman et al. 2010).

5.1 Ochrana stanovisté

Za ptedpokladu znalosti vySe uvedenych piredpokladii Ize nésledné pomoci riznych
managementovych opatfeni pozitivné piisobit na populace cilovych druhti. Obecné se ochranaiské
managementy zamétuji na zachovani co nejvyssi mozné heterogenity krajiny, sniZzeni kontrastu mezi
stanoviStém a okolni krajinou, tsporu vyuziti pidy mimo chranéné uzemi, simulaci pfirodnich jevi
¢i disturbanci a propojovani stanovist’ podobného typu (Samways 2007). Toto schéma specifikuje a
rozviji studie shrnujici vhodné typy managementi pro ohrozené druhy evropskych motyld,
prezentovanych v Bubova et al. (2015). Nejvhodnéjsim managementem je mozaikova (rotacni) se¢
(celkem vhodna pro 27 ohrozenych druht motyld) a pastva (41 druhii ohrozenych motylt). Oba tyto
typy managementu svym zplsobem napodobuji tradi¢ni hospodateni, po jehoz opusténi doslo
k poklesu pocetnosti druhti vazanych na extenzivné vyuzivané louky, jako jsou napiiklad modrasci
rodu Phengaris (Thomas et al. 2009), Zlutasek barvoménny Colias myrmidone (Konvicka et al. 2008)
a mnoho dalsich. Aby vsak byl tento typ Gprav pro motyly opravdu prospésny, musi byt dodrzena
urcitd pravidla vychazejici z pozadavku cilovych organismil. Se¢ musi byt provedena ve vhodném
terminu tak, aby nedoSlo k poSkozeni zakladenych zivnych rostlin. Pastva by neméla byt piilis
intenzivni, aby vegetace vcetn¢ zivnych rostlin stihla dortstat. Podle studii zamétenych na tuto
problematiku u rtiznych druhtt motylt jako napi. Colias myrmidone (Konvic¢ka et al. 2008),
Carcharodus flocciferus (Dolek & Geyer 1997), Euphydryas desfontainii (Pennekamp et al. 2013) ¢i
Parnassius apollo (Schmeller et al. 2011) 1ze usuzovat, Ze maximalni zatizeni pastvou by nemélo
piesahnout 0.5 dobytCich jednotek na hektar. Dilezité je téZ naCasovani pastvy a druh pasenych
zvitat. Pastva by, stejn¢ jako v ptipad¢ sece, neméla byt provozovana v obdobi pozdniho jara a léta,
aby nedoslo ke ztraté zdrojt pro larvalni stadia i dospélce motyli. Podzim a ¢asné jaro (duben) je pak
naopak obdobi pro pastvu za timto ucelem velice vhodné (Benes et al. 2002). Pastva ovci se ukéazala

byt nevhodna pro modrasky stepni (Polyommatus damon) (NT) (Dolek & Geyer 2002), protoZe ovce
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cilené vyziraji Zivnou rostlinu druhu. Pro jiné druhy jako je napf. modrasek Pseudophilotes vicrama
je pastva ovci a koz doporucend (Benes et al. 2002).

Aplikace vhodného managementu na populace modrasku P. nausithous a P. teleius byla
experimentalné ovéfovana na lokalité Dolni Labe. Velikost populaci na sledovanych plochach
s vhodnym managementem se béhem 4 let monitoringu vyznamné nezvétsila (Bubova et al. 2016a).
Neprokazani vhodného vlivu pravdépodobné souvisi s populacni fluktuaci, ktera byla u téchto motylt
pii dlouhodobém MRR monitoringu v minulosti prokazana (Nowicki & Vrabec 2011). Naopak
(Korosi et al. 2014) pozorovali u P. teleius béhem tii let signifikantni populacni narust. Co se tyce
ploch bez managementu (nebo s managementem nevhodnym) na lokalité Dolni Labe, jejich populace
béhem monitoringu na rozdil od udrzovanych ploch poklesly, coz je v souladu s autory (Bergman et
al. 2004; Korosi et al. 2014), ktefi popisuji, Ze upusténi od managementu ma pro metapopulace
modraski fatalni nasledky.

Fatalni nasledky pro P. teleius a P. nausithous ma, vzhledem k jejich nizkym migra¢nim
schopnostem, také ztrata stanovisté. Takovymto pripadem se teoreticky zabyvaji Vrabec et al. (2017).
V ramci stavby plavebniho kanalu ur¢eného ke splavnéni feky Labe do Pardubic by bylo ¢asteéné
ohrozZeno ¢i Gplné zni¢eno ne€kolik luk s modrasky véetné téch s nejveétsi pocetnosti. Zniceni ¢asti
lokality maze zptsobit nejprve drastické snizeni abundance motyll a nasledné vlivem stochastickych
zmén také kolaps celé metapopulace (Bouhours & Lewis 2016). Béhem monitoringu v okoli
planované stavby byly zjiStény dalsi populace na opa¢ném biehu Labe. Diky naleziim téchto populaci
vypada situace pro preziti P. teleius a P. nausithous 1épe, protoze studie prokazala jejich propojeni
prelety motyli v jediné metapopulaci. V okoli byly také nalezeny dalsi vlhké louky s potencidlem pro
osidleni studovanymi motyly. V soucasné dobé jsou ale tyto louky koseny povétSinou intenzivné a
béhem Iéta. Proto je, navzdory pfitomnosti hostitelskych rostlin i mravencd, jejich kolonizace
modrasky rodu Phengaris nizka ¢i viibec zadna. Pokud by opravdu doslo k stavbé kanalu, bylo by
tedy vhodné nastavit na téchto loukach vhodny management, podpofit tak celou populaci a do
budoucna jimi nahradit poni¢ené lokality. Na ptikladu modraska se potvrzuje, Ze ztrata stanovisté, at’
uZ je pri¢inou zanik v disledku jiného vyuziti, sukcese nebo intenzivniho hospodafeni, miize mit pro
hmyz fatalni dasledky, ale v populacnim systému ji 1ze do zna¢né miry predikovat a piipadné
Vv urcitém casovém obdobi kompenzovat. Potvrdilo se také, ze aplikace ochranaiského managementu
na stanovistich ma vliv na stabilizaci populace, nicméné k dlouhodobému zvySeni pocetnosti je
zapotiebi opakovand intervence ve prospéch chranénych druhti v del§im ¢asovém obdobi (v fadu
nekolika let).

Aby bylo mozné ucinné hmyz chranit, je tfeba znat atributy, které nekteré druhy cini
zranitelnéjSimi ve srovnani s druhy jinymi. Nejvice chranéni jsou zivocichové, jejichZ pocetnost je
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faktory z tohoto pohledu jsou pak napiiklad persistence a Cetnost (unikatnost) ¢i ubytek habitatu
(Abellan et al. 2005). V publikaci Bubova et al. (2016b) jsme se zamé&fili na vztah mezi délkou
letového obdobi druhti a casovym rozpétim Zivota dospélct u evropskych ohrozenych motyla a jejich
ochranafskym statusem. Ze souboru dat shromazdénych studii zpétného odchytu znacenych jedinci
tykajicich se 50 ohrozenych druhti motyla dle evropského ¢erveného listu, vysel statisticky vyznamny
vztah mezi délkou Zivota v dospélosti a statusem ochrany, kdy vice ohrozeni jsou ti motyli, ktefi jako
dospélci ziji kratsi dobu. Tento fenomén Ize vysvétlit napiiklad tim, ze samice takovych druh motyla
maji krat$i ¢as na vyhledani partnera a snisku vaji¢ek (Haeler et al. 2014). Disperzni schopnosti resp.
mobilita téchto druht jsou navic vzhledem ke kratkému pieziti dosp€lce omezené, a tudiz jsou takové
druhy nachylngjsi k tstupu v dusledku fragmentace stanovist’ a hlife se vyrovnavaji s nasledky ztraty
jakéhokoliv stanovisté (Hanski et al. 2000; Schmeller et al. 2011). Na rozdil od pfedchozich studii
autor Komonen et al. (2004) a Franzén & Johannesson (2007), prezentované vysledky neprokazuji
hypotézu, ze délka letového obdobi motyli piimo souvisi s jejich rizikem vyhynuti. Jev mize byt
vysvétlen tim, Ze dlouhd i kratka letovd obdobi maji sva pozitivni i negativni specifika. Behem dlouhé
letové sezdny je vyssi riziko fragmentace a izolace. Na druhou stranu se na zivoté motyll tolik
nepodepisuji stochastické faktory typu nepiizné pocasi ¢i nevhodnych zakrokii managementu
(Cormont et al. 2011). Dosazené vysledky zduraznuji nutnost zvazit délku zivota motylt, potazmo
jiného druhu hmyzu, v rdmci zafazovani do ochranéiskych programii a pfifazovani ochrannych

statusu.

5.2 Biologické invaze

Dalsim faktorem, ktery muize zptisobit imbalanci piivodnich spolecenstev i pies zdanlive
pozitivni podminky na stanovisti, jsou biologické invaze. B&hem cCtyf let sbirani informaci a
monitoringu vyskytu a §ifeni invaznich druhti na izemi Ceské republiky byl v 1ét& 2016 zaznamenéan
prvni vyskyt kudlanky Ameles spallanzania (Kulma et al. 2016a), ktera byla ziejmé dovezena za
ucelem hobby chovu. Druh se sice aktualné vyskytuje hojné hlavné v subtropické oblasti Evropy,
nicméné vzhledem k prokazané schopnosti piezimovat v severni Casti Italie (Pezzi 2011), ma do
budoucna potencial usidlit se 1 ve stfedni Evropé.
dopravou po Cechach (Kulma & Rettich 2018; Rettich & Kulma 2018). Mimo invaze hmyzu bylo
autorem prace na tizemi Ceské republiky také zaznamenano $ifeni dalich subtropickych ¢lenovci
jako napf. strasnika dalmatského na podzim roku 2017 (Scutigera coleoptrata) (Kulma & Rettich
2017) ¢i tropického klistéte Hyalomma marginatum (Kulma, nepublikovano) v Rakovniku v 1été
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2018. Tyto prace nejsou soucasti disertacni prace, nicméné jsou k ni ptilozeny. DalS$im druhem, jehoz
populace se podaiilo v Ceské republice lokalizovat jsou rybenky Ctenolepisma longicaudata (Kulma
et al. 2018), které se tak staly patym Geskym zastupcem fadu Zygentoma (Stys & Rozkosny 1996;
Kral & Davidova-Vilimova 2001). Kromé prvniho nalezu v ramci Ceské republiky se jednd také o
jednu z prvnich zminek o tom, Ze tento druh se pozvolna piemistuje z muzei a knihoven, kde byl
vV minulosti vaznou hrozbou pro vystavené ¢i ulozené exponaty (Mallis et al. 1958; Smith 2017), do
skladd a spole¢né s papirovymi krabicemi pak i do domacnosti. Jeji potravou mutize byt jak skrob ¢i
celuloza (Van der Weijden et al. 2007), tak v podstaté jakakoli jina hmota organického ptivodu
(Goddard et al. 2016). Navic tento zivo€ich vydrzi velmi dlouho hladovét (Lindsay 1940) a ma tak
potencial stat se dominantnim synantropnim druhem i v nasich podminkach. Prvni nalez této rybenky
byl u¢inén v aredlu firmy, ktera se zabyva prodejem elektroniky. Rybenky se nachéazely ostriivkovité
po celé plose, nejvétsi infestace byla pak pozorovéana ve skladu v kartonovych krabicich. Vzhledem
Kk pfitomnosti vSech stadii na velké ploSe byla populace prohlaSena za etablovanou a doporucena
dezinsekce aredlu, aby se predeslo dalSimu Sifeni. V 1ét¢ 2018 byla autorem prace rybenka C.
longicaudata identifikovana jako puvodce $kod na exponatech v Narodni galerii v Praze (Kulma
2018). Stejn¢ jako v prvnim ptipadé, byla doporuéena eliminace $kidcu. Bohuzel, pfestoze v obou
ptipadech doslo k insekticidnimu postiiku, rybenky se dle tdzanych zaméstnanct v obou arealech

objevuji stale a mohou tak byt zdrojem dalsiho ifeni v ramci Ceské republiky i mimo ni.

5.3 Hmyz jako alternativni zdroj Zivin

Hmyz je povazovan za alternativni zdroj kvalitniho proteinu, ktery by v porovnani
s intenzivnim zemé&dé€lstvim byl Setrnéjsi k Zivotnimu prostiedi. KliCovou znalosti v tomto ohledu je
nutri¢ni hodnota, kterd je nejen informativni hodnotou pro spotiebitele, ale také vypovida o potiebach
Zivin pro hmyz a ma tudiZz vyznam z hlediska vyZzivy hmyzu za ucelem optimalizace technologie
chovu. Ve studii Kulma et al. (2016b) byl definovan obsah Zivin u tii druhti §vabi, které jsou bézné
komeréné dostupné v Ceské republice, prozatim hlavné za tcelem krmiva pro terarijni zvifata.
Piestoze §vabi jsou v evropské kultufe obecné povazovani spise za sktidce &i symbol neéistoty, v Ciné
se tradi¢né chovaji jako komponent pro biomedicinu (Li et al. 2018), v Brazilii byla moucka vyrobena
ze $vabu Nauphotea cinerea vyuzita v pecivu (De Oliveira et al. 2017) a Niaz et al. (2018) povazuji
tekutinu vylu¢ovanou samicemi rusa teckovaného Diplotera functata, nékdy oznacovanou jako
»entomléko®, dokonce za potencialni superpotravinu budoucnosti. Recentné jsou znamy i prvni
pokusy o zaclenéni Svabu Blatta (=Shellfordella) lateralis do vyzivy pst (Kieronczyk et al. 2018) a
zkrmovani diety s pfimési §vabu americkych (Periplaneta americana) potkanim (Boateng et al.
2018). Znalost nutri¢ni hodnoty je tak esencialni z hlediska dalsiho mozného pouziti této skupiny
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hmyzu v potravinafstvi ¢i krmivarstvi. Publikované vysledky (Kulma et al. 2016b) ukazuji, ze
testované druhy $vabl obsahuji vysoké mnozstvi bilkovin (az 652 g/kg suSiny) a tuku (az 363 g/kg
susiny), coz prakticky odpovida dal§im druhtim §vabd, jejich nutriéni hodnota je znama (Oonincx &
Dierenfeld 2012; Bosch et al. 2014; De Oliveira et al. 2017) a viceméné odpovida i schématu této
hodnoty u ostatnich skupin hmyzu (Makkar et al. 2014; Sanchez-Muros et al. 2014; Payne et al.
2016). Co se tyce kvality bilkovin, index esencialnich aminokyselin se hlavné diky vysoké hladiné
lysinu pohyboval od 0,4 — 0,9 coZ potvrzuje, Ze se jedna o komponent lepsi ¢i srovnatelny se sojou,
ale o néco malo hors$i nez zivoc¢isna bilkovina (Yi et al. 2013). Za limitujici aminokyseliny bylo mozné
oznacit methionin a cystein. Také toto méteni je v souladu s literaturou. Napiiklad Bosch et al. (2014)
zjistili u $vabu argentinskych (B. dubia) vysokou hladinu valinu, leucinu, lysinu a argininu, coz
odpovida stanoveni v prezentované praci. Stejné tak Kieronczyk et al. (2018) uvadi pro B. lateralis
stejnych pét dominantnich aminokyselin, jako byly pro tyto §vaby detekovany v této praci. Kvalita
tuku téz odpovidala zjisténim jinych autort. Nejvyssi hladiny mastnych kyselin byly zjistény pro
kyselinu olejovou, stejné jako uvadi pro Svaby B. lateralis a B. dubia (Finke 2002; VVan Broekhoven
et al. 2015). Dominantni kyseliny olejova, palmitova a linolenova jsou pak s vyjimkami shodné i
s ostatnimi druhy hmyzu (Finke 2002; Barroso et al. 2014). Stejné jako u ostatnich zivoc¢isnych tukd,
vysoké hodnoty nasycenych a mononenasycenych kyselin vypovidaji o horsi kvalité tuku z pohledu
lidského zdravi.

Vzhledem k tomu, Ze pokus byl proveden na dospé€lcich a subadultech od kazdého druhu, bylo
téZ mozné provést urcité srovnani nutricnich hodnot v zavislosti na vyvojovém stadiu. Vsichni
dospélci obsahovali vice bilkovin a méné tuku nez subadultni §vabi stejného druhu. Kvalita tuku a
bilkovin se vSak liSila minimalné. Stejné rozdily Vv obsahu zakladnich Zivin mezi rGznymi stadii
zaznamenal u $vabu B. dubia také Yee et al. (2018). Naopak Oonincx & Dierenfeld (2012) sice nasli
rozdily mezi jednotlivymi stadii $vabili, nicméné bez pozorovatelné pravidelnosti. Vysledky této prace
tudiz indikuji nutnost pfifadit vyvojové staddium k dal$im faktortim, které maji prokazatelny a
vyznamny VIiv na nutri¢ni hodnotu, jako je napf. druh hmyzu (Payne et al. 2016; Nongonierma &
FitzGerald 2017) ¢i krmna smés (Oonincx & Van der Poel 2011; Barroso et al. 2014).

Dal$im atributem, ktery by mohl ovlivnit nutriéni hodnotu je pohlavi hmyzu. Na tento jev se
zamétil Kulma et al. (2019), podle kterého byly obé skupiny cvrckt (Acheta domestica) dobrym
zdrojem bilkovin a tukt. V tom se publikace shoduje s ostatnimi publikacemi (Finke 2002; Barroso
et al. 2014; Bosch et al. 2014). Samci cvrcka domaciho obsahovali v porovnani se samicemi stejného
druhu vice bilkovin a méné tuku. Tyto rozdily mohou byt zpiisobeny rozdily Vv piijmu potravy
a potravnich preferencich, které jsou v dospélosti rozdilné (Reddiex et al. 2013). Zatimco dospélé

samice se specializuji na stravu s vysokym obsahem bilkovin a tuku, aby mohli investovat do
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potomstva, samci potiebuji dostatek energie na stridulaci a pareni, prot davaji prednost potravé bohaté
na cukry (Maklakov et al. 2008). Z pohledu kvality hlavnich Zivin, bilkovin a tukd, se faktor pohlavi
projevil pouze u neesencialnich aminokyselin, coz miize souviset s rozdilnymi fyziologickymi
pozadavky mezi samci a samicemi (Reddiex et al. 2013). Na druhou stranu, rozdil v kvalité bilkovin
a tukl, vyjadieny indexy esencialnich aminokyselin, thrombogenicity a atherogenecity, nebyl
Vv zavislosti na pohlavi potvrzen. Index esencialnich aminokyselin byl diky vysokému obsahu leucinu,
lysinu, argininu a valinu vys§i nez v s6ji (Yi et al. 2013), srovnatelné s kufecim masem, a dokonce
jenom o néco malo nizsi nez u vepiového, hovéziho a rybiho masa (Velisek 2013). Ocekavana
vyuzitelnost bilkovin se ale ocekava niz§i nez u jinych zdrojli a to z divodu, Ze limitujici
aminokyselinou byl ur€en methionin, coz je spolecné s tryptofanem (tryptofan v publikacich
prezentovanych v této praci nebyl stanoven z metodologickych diivodil) nejcastéji zmiflovana
minoritni aminokyselina (Sanchez-Muros et al. 2014; Ghosh et al. 2017). Co se ty¢e kvality tukd,
cvréci méli Vv porovnani s konvenénimi potravinami typu sadla ¢i mléka vysoké mnozstvi
polynenasycenych mastnych kyselin (Velisek 2013). Jako majoritni byly uréeny linoleova, olejova,
pamitova a stearova kyselina. Coz je shodné s hodnotami, které pro A. domestica publikoval (van
Broekhoven et al. 2015) i s jinymi druhy rovnokiidlého hmyzu (Chakravorty et al. 2014; Paul et al.
2017).

Jako dobry zdroj proteinu a tuku se dle o¢ekavani ukazali také potemnikoviti brouci Tenebrio
molitor a Alphitobius diaperinus, ktefi dfive byli povazovani hlavné za rychle se mnozici skladi$tni
Skiidce, a pravé proto jsou s touto problematikou od zacatku spojovéani. Stanoveni jejich nutri¢ni
hodnoty bylo publikovano v ¢lanku Adamkova et al. (2016). Ma-li se hmyz stat alternativnim
zdrojem proteinu, je vhodné jej odchovavat na lokélnich, dobfe dostupnych surovinach. Protoze
nutriéni hodnota je uzce spjata s potravou hmyzu, 1ze tak predpokladat, Ze nutricni hodnota hmyzu se
bude pro stejny druh lisit v navaznosti na jeho geograficky piivod. To se potvrdilo i v této studii, kdy
v dobé& publikace obsah bilkovin byl u T. molitor vyssi a obsah tuku naopak nizsi nez v publikacich
nékterych autort (napt. Barker et al. 1998; Finke 2002; Yi et al. 2013; Bosch et al. 2014). Intenzivni
vyzkum v poslednich letech, zapti¢inény hlavné povolenim hmyzu jako krmiva v akvakultute, ovSem
pfinesl velké mnozstvi dalSich hodnot a rozpéti znamého obsahu bilkovin pro larvy potemnika
mouc¢ného se pohybuje od 58 az do 65 % (Rumbos et al. 2018). Naopak hodnoty proteinu a tuku pro
mensiho z potemnikt A. diaperinus nebyly jiz v dob& pokusu vyrazné odlisné od zahrani¢ni literatury
(Bosch et al. 2014; VVan Broekhoven et al. 2015).

Vsechny druhy hmyzu, u kterych v ramci této prace byla stanovena nutri¢ni hodnota, snad
s vyjimkou velkého a tu¢ného potemnika brazilského, 1ze povazovat za dobry zdroj bilkovin, které

obycejné vychazeji z méteni celkového dusiku a jeho vynasobeni indexem 6,25 (bilkoviny obsahuji
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16 % dusiku). V pfipadé hmyzu je ovSem cast dusiku vazana v chitinu, ktery je pro vétSinu
monogastri nestravitelny. Proto se Janssen et al. (2017) pokusili navrhnout nové, druhové specifické
indexy, které by mély zpiesnit vypocet (napi. 4,75 pro moucné Cervy), coz by celkovou hodnotu
bilkovin ponizilo o vice nez 10 %. Proto jsme v publikacich Kulma et al. (2016b, 2019) stanovili
mnozstvi dusiku, vazaného v chitinu a tento pak odecetli od celkového mnozstvi proteinu. Takto
stanovena hodnota proteinu vazaného v chitinu se pohybovala v rozmezi od 2 do 4 %. Z pohledu
toho, zZe nutri¢ni hodnota je lehce ovlivnitelna mnoha faktory, navrhujeme tuto metodu jako vhodné;si
a presnéjsi alternativu k vySe uvedenym indextim, které¢ se z pohledu naSich vysledka zdaji byt

naopak vyrazné podhodnocené a paradoxn¢ vice odchylené od skutecnosti nez piivodni faktor 6,25.
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6 Zavéry

Ptedlozena disertacni prace predstavuje soubor zvetejnénych studii zaméfenych na tii témata,
ktera spolu uzce souvisi, a kterym se na zacatku 21. stoleti v souvislosti s hmyzem dostava nejvétsi
pozornosti. Pokles biodiverzity v kontextu globalnich zmén krajiny je potvrzenym fenoménem, jenz
by v budoucnosti mohl ohrozit fungovani celého svétového ekosystému. Je proto potiebné piijmout
urcitd opatieni, ktera povedou k odvraceni tohoto trendu. Prvnim takovym opatfenim je ochrana
stanovist” hmyzu. Je akutné zapotiebi definovat a rozpracovat nejvhodné&jsi managementy lokalit
nutnych pro pteziti bezobratlych, v ptipad¢ disertace byli motyli pouziti jakozto modelové druhy.
Nasledné je potieba v praxi ovéfovat, ze aplikace zvolené udrzby stanovist’ ma na velikost populace
motylli pozadovany vliv. Prokézali jsme, ze vliv se nemusi projevit v kratkodobém casovém
horizontu. V ramci studie jsme také zjistili, Ze motyli druhy s kratkou dobou zivota jsou nachylnéjsi
k vyhynuti, zatimco délka letového obdobi tento faktor nijak neovliviiuje, piestoze se vyrazné lisi.
Dal$im atributem, ktery musi pfispivat ke stabilizaci biodiverzity, je véasna detekce invaznich druht
a jejich regulace. Z hlediska $ifeni invaznich druht tak bylo v ramci doktorského studia ¢i disertace
zdokumentovéno $ifeni nékolika invaznich druh hmyzu na uzemi Ceské republiky. V neposledni
fad¢ je nutné pristupovat ke vSem ptirodnim zdrojim jako k alternativné vyuZzitelnym v budoucnosti
a Vv ramci principu piedbézné opatrnosti o nich shromazd’'ovat co nejuplnéjsi informace. Vhodnym
piikladem je hledani alternativnich zdroji potravy a krmiva. V posledni ¢asti disertace se tak
potvrdilo, Ze i hmyz, béZné dostupny v Ceské republice miZe byt z nutriéniho pohledu povaZzovan za
alternativni zdroj Zivin, srovnatelny s konven¢nimi potravinami ¢i krmivy pro zvifata. Bylo také
potvrzeno, Ze se obsah Zivin méni v zavislosti na pohlavi, vyvojovém stadiu a pfedkladaném krmivu.
Tyto poznatky jsou klicové k vytvofeni optimalni technologie chovu hmyzu, ktera by mohla byt
alternativou k souc¢asnym zdrojim a ktera by mohla zajistit do budoucna dostateéné potravinové

zabezpedeni lidské populace bez nasledkt v podobé ztraty biologicky cennych habitatu.
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