UNIVERZITA PALACKEHO V OLOMOUCI
Ptirodovédecka fakulta
Katedra ekologie a zivotniho prostiedi

Ekologie herbivornich a saproxylickych
brouki (Coleoptera)

Filip Trnka

Dizertacni prace
predlozena
na Katedfe ekologie a Zivotniho prostiedi

Prirodovédecké fakulty Univerzity Palackého v Olomouci
jako soucast pozadavkn

na ziskani titulu Ph.D. v oboru

Ekologie

Skolitel: prof. MVDr. Emil Tkadlec, CSc.
Konzultant: RNDr. Tomas Kuras, Ph.D.

Olomouc 2019



© Filip Trnka, 2019

snimek na titulnim listu: Coniocleonus nigrosuturatus (Goeze, 1777)



Trnka F. (2019): Ekologie herbivornich a saproxylickych brouki (Coleoptera)

[dizertacni prace]. Univerzita Palackého, Olomouc, 20 s., 6 piiloh, v ¢esting.

ABSTRAKT

Trend poklesu biodiverzity je v soucasné dobé nezvratné dokazanym faktem.
Abychom byli schopni tento pokles zastavit nebo alespon zpomalit, je nezbytn€ nutné
znat podrobné jak biologii a ekologii druhti, tak na zakladé relevantnich informaci
potom umét tvofit modely, které ndm mohou pomoci pfedvidat, které druhy mohou byt
V budoucnu nachylnéjsi k vymfeni.

Prvni cast této prace si klade za cil predikovat ohrozeni herbivornich broukti na
skupiné¢ nosatcovitych (Curculionoidea) na zéklad¢ jejich life history a také
ekologickych vlastnosti jejich zivnych rostlin. Analyza odhalila, Ze mezi nejvice
ohrozené patfi monofagni, nelétavé, teplomilné, svétlomilné, suchomilné a hygrofilni
druhy s vazbou na oteviené biotopy. Obdobn¢ je to i s vlastnostmi zivnych rostlin, které
vysvétluji ohroZeni nosatcovitych. Tyto rostliny 1ze charakterizovat jako xerotermofilni
a hygrofilni vyskytujici se na biotopech s minimem dusiku. Z analyzy dale vyplyva, ze
nosatci, jejichz zivné rostliny jsou obecné na ustupu a maji nizkou abundanci na
stanovisti, jsou vice nachylni k vyhynuti. A v neposledni fad€ jsou ohrozenéjsi nosatci
s vazbou na vodni rostliny a kefickovitou vegetaci. Life history charakteristiky nosatcti
ekologické vlastnosti rostlin. Nicmén¢ vlastnosti zivnych rostlin se zdaji byt dilezité a
mély by byt pouzity pro predikéni modely herbivornich skupin Zivocichii (Ptiloha I).

Druhé ¢ast prace se zaméfila na zakladni vyzkum a odhaluje bionomii n¢kolika
druhti nosatcu, jejich zivné rostliny, larvalni stadia, stanovistni preference, ekologické a
morfologické adaptace. Tyto vysledky vyznamné prispivaji k zakladnimu vyzkumu, ale
budou mit i praktické disledky pro ochranaifskou biologii a mohou byt vyuzity k

biologické kontrole invaznich druht rostlin (Ptiloha 1I-V).

Kli¢ova slova: Coleoptera, Curculionoidea, larvalni stadia, life history, morfologie,

nosatci, ochrana pfirody, riziko vyhynuti, zivné rostliny
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ABSTRACT

Nowadays biodiversity decline is the indisputable fact. To stop or at least slow
down this trend a detailed knowledge of species biology and ecology is essential.
Consequently, the relevant biological information may help us create models for
prediction of species extinction risk in the future.

First part of this doctoral thesis is focused on the prediction of the extinction risk
of the herbivorous beetles from the weevil group (Curculionoidea) based on their life
history traits and the ecological traits of their host plants. Our analysis revealed the most
endangered species are the monophagous and flightless ones that belong to the
thermophilic, heliophile, xerophilous or hygrophilous species of open habitats. For the
ecological host plant traits explaining the extinction risk of the weevils the situation is
almost the same. Those plants could be ranked among xerothermophilous and
hygrophilous species occuring on the low nitrogen biotopes. According to our analysis
weevils whose host plants are declining and have low abundances at their biotopes are
more vulnerable to the extinction risk. Also the weevils connected to aquatic plants and
shrubby vegetation are more vulnerable. Weevil life history traits were proved to be
more imporant factor for the prediction of the extinction risk than the ecological host
plant traits. Nevertheless, the ecological host plant traits are also important and should
be used for the prediction models of the herbivore species groups (Appendix I).

Second part of this doctoral thesis is focused on the basic research of the bionomy
of a few weevil species, their host plants, larval stages, habitat preferences and
morphological and ecological adaptations. The results significantly contribute to the
basic knowledge about these species but they may also have a practical use in

conservation biology and biological control of invasive plants (Appendices 11-V).

Key words: Coleoptera, Curculionoidea, extinction risk, host plants, immature stages,

life history, morphology, nature conservation, weevils
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Uvob

Celosvétovy pokles biodiverzity je uz po desitky let aktudlnim tématem
(Thomas & Abery 1995, Pimm & Raven 2000). Teprve Vv poslednich letech je ale
diskutovan i1 vyznamny pokles biodiverzity bezobratlych a obzvlasté hmyzu (Sanchez-
Bayo & Wyckhuys 2019). Ochrana biologické rozmanitosti na Zemi je mezinarodnim
zajmem (Convention on Biological Diversity; CBD 2014). Tuto tmluvu podepsali
zastupci vSech stati svéta, pro které je nasledné ochrana vSech zivych organismt a
jejich prostfedi zavazujici. Masivni ubytek druhové diverzity, ktery ve 21. stoleti
zazivame (Butchart et al. 2010, Sanchez-Bayo & Wyckhuys 2019), se neprojevuje
pouze poklesem ¢i ztratou populaci vzacnych a ohrozenych druht, ale také rychlym
ochuzovanim diverzity regionalni a lokalni (Sax & Gaines 2003, Edgar & Samson
2004) a snizovanim abundanci béznych druhi (Hallmann et al. 2017).

Bezobratli obecné jsou jako skupina z hlediska ohrozenosti prozkouméani mnohem
mén¢ (McKinney 1999, Donaldson 2016) a jsou mnohem vice ohrozeni nez obratlovci
(Thomas et al. 2004). Ptitomnost hmyzu v ekosystémech je pfitom klicova nejen pro
Clovéka, protoze poskytuji jedny =z nejzdkladnéjSich ekosystémovych sluzeb
(Jankielsohn 2018) jako je napi. opylovani, management Skudct nebo rozklad
organické hmoty (Losey & Vaughan 2006). Pravé skupiny herbivornich a
saproxylickych druhii hmyzu patii k tém, které se téchto procesi ucastni a hraji
v ekosystémech 1 dalsi dileZité role jako predatofi ¢i paraziti (Fonseca 2009). Pro
zachovani téchto ekosystémovych sluzeb je ochrana biodiverzity klicova.

Jen ve Spojenych Statech bylo vycisleno, Ze pokud by doSlo k odstranéni Ctyt
zakladnich ekosystémovych sluZzeb od volné zijiciho hmyzu (rozklad organické hmoty,
kontrola $kidctl, obohacovani pudy organickou hmotou, opylovani), doslo by K ro¢ni
Skodé okolo 57 biliont dolart (Losey & Vaughan 2006). Dle autorti to vyznamné
ospravedlnuje naklady na vyzkum a ochranu téchto druhti a jejich prostiedi.

Vztahy mezi organismy a jejich Zivotnim prostfedim se zabyva véda nazyvana
obecn¢ ekologie. Podle zaméfeni se vénuje jedincum, populacim, celym
spolecCenstviim a ekosystémim. Pravé pochopeni co nejvice vztahli v ekosystémech a
dikladna znalost biologie a ekologie jednotlivych druhti, populaci a spoleCenstev je
klicovd pro ochranu a management druhii a biotopl, a tudiz pro Uspé€Snou ochranu

ptirody obecné (Pickett et al. 1994, Cardoso et al. 2011).
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OHROZENI A OCHRANA HMYZU

Hlavnimi pfi¢inami ohroZeni hmyzu je izolace, fragmentace a destrukce biotopt
(Fischer & Lindenmayer 2007), také jejich znecisténi (Dudley & Alexander 2017) a
vV mensi mife také globalni zména klimatu (Thomas et al. 2004, Urban 2015). Tyto
priCiny jsou bezprostiedné zplisobovany ristem lidské populace a jeji Cinnosti,
pfedevS§im intenzivnim hospodaienim, které se Vv poslednich desetiletich nasobné
stupiiuje (Krebs et al. 1999). Vyjma samotné intenzifikace zemédé€lstvi a lesnictvi je
velkym problémem upousténi od tradi¢nich forem hospodateni, a tim paddem ztrata
heterogenni krajiny (Benton et al. 2003). Zejména v ptipadé nelétavych druhi je
homogenni krajina s izolovanymi a fragmentovanymi biotopy neprostupné a snizuje se
Sance na rekolonizovani vhodnych biotopti (Thomas et al. 2001). Upousténim od
extenzivni seCe a pastevectvi se stdvaji velmi ohrozené rizné typy piirozenych a
poloptirozenych otevienych biotopt (Fischer et al. 1996, Dover et al. 2003). Také
pastva V lesich nebo vymladkové hospodafeni vytvari vhodné podminky pro dnes
ohrozené druhy (Saarinen et al. 2005, Vodka et al. 2009, Horak et al. 2012). Fakticky
tedy Casto vymiraji i specializované druhy, které jsou naopak zavislé na extenzivni nebo
specifické hospodarské ¢innosti ¢lovéka, kterou vznikaji typické mikro a makrohabitaty
(Roslin et al. 2009, Thomas et al. 2009).

Dle autorii Sanchez-Bayo & Wyckhuys (2019) dochézi v poslednich letech k tak
dramatickému poklesu biodiverzity hmyzu, zZe by to podle odhadi mohlo v dalSich
n¢kolika pftistich desitkach let zpisobit vyhynuti az 40 % vSech druhi hmyzu. V
suchozemskych ekosystémech povazuji za nejohrozengjsi skupiny motyly, blanoktidlé a
brouky. Resenim je podle nich hlavné piehodnoceni souasnych zemédélskych praktik -
hlavn€ snizeni spotieby syntetickych pesticidii a jejich nahrazeni vice udrzitelnymi,
ekologickymi praktikami. V poslednich letech publikoval Hallmann et al. (2017)
vysledky 27leté studie, kterd odhalila aZz 76% pokles biomasy létajictho hmyzu v
nékolika némeckych chranénych tzemich. To znamena primérnou ztratu 2,8 % hmyzu
za rok, a to jeSté v uzemich, kterd by méla byt zachovalej$i a pred lidskymi aktivitami
chranénéjsi. Tyto klesajici trendy vyskytu jak biomasy, tak po¢tu druht hmyzu v
posledni dob€ naznacuji, ze jsme mozna svédky dalSiho mozného velkého vymirani

(Thomas et al. 2004).



Brouci jako nejpocetnéjsi fad ze skupiny hmyzu zajistuji v ekosystémech mnoho
zakladnich ekosystémovych sluzeb, jako napt. kontrola sktidcti nebo kolobéh organické
hmoty. Napt. pro Celed’ stfevlikovitych se uvadi jako nejvaznéjsi pfi¢iny ubytku zanik
biotoptli, zvySend eutrofizace prostiedi diky intenzifikaci v zeméd¢€lstvi a urbanizace
krajiny (Koivula 2011, Nolte et al. 2019). Saproxylicky hmyz je v ekosystémech
dulezity pro svou schopnost rozkladat dfevni hmotu, a tak vracet Ziviny opét do ob&hu
(Grove 2002). N¢které z téchto taxont jsou zaroven vyznamnymi opylovaci (Stefanescu
et al. 2018).

Pokles poctii hmyzu se zda byt podobny v tropickych i temperatnich oblastech
(Sanchez-Bayo & Wyckhuys 2019). Co se tyCe temperatnich oblasti, nejvic
zdokumentovanych ptipada poklesu poctu hmyzu se tyka Velké Britanie (60 % druht),
nasleduje Severni Amerika (51 % druhi) a Evropa (44 % druhti). Neméné
znepokojujicim faktem také je to, Ze neklesaji jen pocty vzacnych druhit hmyzu s uzkou
ekologickou nikou, ale klesaji i pocetnosti druht, které jest¢ neddvno byly rozsitené
velmi Siroce. To ukazuje na skute¢nost, Ze poklesy poc¢tu hmyzu nesouvisi jen s nicenim
konkrétnich biotopti, ale celd skupina je ovlivnéna spoleénymi poklesovymi trendy
(Gaston & Fuller 2007).

Antropogenni vlivy zptsobuji zmény hmyzich spolecenstev k tém na druhy
chudsim a s ptevladajicimi generalisty (White & Kerr 2007). Zatimco nespocetné druhi
vymird, n¢kolik dalSich postupné obsazuje volné niky a za€ina svilij vyskyt rozsifovat.
To miiZze sice pomoct zachovat nékteré ekosystémové sluzby, ale neni jasné, jak do
budoucna budou spolecenstva reagovat. Postupné se totiz stavaji vice uniformnimi a
méné rozmanitymi (Memmott et al. 2004).

K feSeni této situace s neustale nariistajicim Ubytkem hmyzu navrhuje Samways
(2007) Sest zakladnich principt: 1) udrZzovat rezervace, ptredevsim jako zdrojové biotopy
pro specialisty, ii) udrzovat krajinnou rozmanitost co nejvice, ii1) zmensSit rozdily mezi
zbytkovymi pfirodnimi misty a t€émi zni¢enymi, iv) mimo rezervace Setiit ptdu, dale ji
nenicit, v) simulovat pfirodni pfirozené podminky a disturbance a vi) propojovat mezi
sebou zbylé kvalitni plochy biotopli. Téchto Sest principii poskytuje hruby néstin
ochrany hmyzich spolecenstev. Pak se musi zaroven pridat i jemng&j$i principy konkrétni
druhové ochrany.

Snahy identifikovat a nasledné vyhodnotit oblasti s vysokym rizikem vymirani
hmyzu jsou €asto podkopany praveé zésadnim nedostatkem informaci o druzich hmyzu

(Bossart et al. 2002). Hmyzi druhy mohou oproti jinym skupindm fungovat jako
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vyborné ekologické indikatory ¢i se ucastnit procesti environmentalni degradace. Je to
skupina velmi pocetna a oproti rostlindm nebo ostatnim zivo¢iSnym skupinam se na
skladbé biodiverzity podili velmi zna¢n€. Hmyz je Siroce rozsifeny, reprezentuje pestrou
Skalu zivotnich strategii, vyskytuje se témei ve vSech ekologickych nikach, napliuje

Siroké spektrum funk¢nich roli, je kliCcovy pro udrzitelnost ekosystémii.

PREDIKCE OHROZENI

Pochopenim hlavnich pfi¢in ubytku biodiverzity je nezbytné predem predikovat,
jaké druhy budou v budoucnu ohrozeny. Na pochopeni téchto mechanizmi stojicimi za
snizovanim diverzity je zapojeno mnoho faktort (Fischer et al. 2003), jak vngjsich
(napft. ztrata biotopd, zména klimatu), tak vnitinich (life history). Druhy, které maji
podobné life history, maji také pravdépodobné podobnou citlivost vi¢i zménam
Vv prostiedi a také maji podobnou Sanci na riziko vymieni (Moretti et al. 2017).

Vétsina studii se soustfedi na predikci ohrozeni analyzami ¢ervenych seznamt a
vlastnosti druhti a jsou zaméfeny piedev§im na obratlovce (cf. Purvis et al. 2000,
Kriiger & Radford 2008) nebo pomérné¢ dobie prostudované ¢i charismatické skupiny
hmyzu jako jsou denni motyli, vazky, motylice, saproxylicti brouci nebo stevlici
(Kotiaho et al. 2005, Clausnitzer et al. 2009, Seibold et al. 2015, Nolte et al. 2019). Tyto
vysledky jsou proto jen Casteéné prenosné na dal§i skupiny hmyzu a mohou byt
zkreslené, proto je tedy nutné studovat i1 dalsi skupiny bezobratlych.

Mezi typické vlastnosti predikce ohrozenych druhti dennich a nocnich motylt
patii tizka potravni nika, mala mobilita, omezena distribuce zdrojt, kratka doba letu,
nizka reprodukce a vazba na oteviena stanovisté nebo svétlé lesy (Kotiaho et al. 2005,
Matilla et al. 2006, Ockinger et al. 2010, Pavlikova & Konvicka 2012). Kotiaho et al.
(2005) ptekvapivé zjistili, ze populace ohrozenych druhd maji vétsi hustotu populaci
nez druhy povazované za bézné a neohrozené, a také uvadi, ze vétSina ohrozenych
druhd dennich motyli ve Finsku ma sice malo populaci, ale ty jsou zaroven relativné
pocetné a zivotaschopné. Model autorti Seibold et al. (2015) predikuje vlastnosti
ohroZeni u saproxylickych druhil, nejvétsi extinkéni riziko maji druhy niZin s vétSim
télem, Svazbou na vétSi priméry mrtvych nebo odumirajicich stromti ve svétlych
listnatych lesich. U predikce ohrozeni stfevlikovitych hraje nejvétsi roli Gzka vazba na

stanovisteé, maly aredl rozsifeni, vétsi velikost téla a vazba na oteviené biotopy (Nolte et



al. 2019). Lze tedy fici, Ze vétSina ohrozenych herbivornich nebo saproxylickych druha
¢i druhy, kterym je ohrozeni v budoucnu predikovano, ma uzkou vazbu na stanoviste,
kterym jsou piedevs§im oteviené biotopy nebo svétlé lesy.

Az dosud se studie zaméiovaly na porovnani life history ohrozenych i
neohrozenych druhti hmyzu smérem k propojeni jejich Kklasifikace v ¢erveném seznamu
s jejich life history. Ale mezi faktory, které ovliviwji riziko vyhynuti a ohrozenost, by
mély byt zapojeny i dalSi parametry prostiedi, jako napt. zivné rostliny u herbivornich
druhti. Herbivorni druhy funguji v ramci spolecenstev jako vyznamny prvek, ktery
ovlivituje cely potravni systém (Polis & Winemiller 1996), coz bylo zatim ve studiich
zabyvajicich se predikci ohrozenosti pfevazné ignorovano.

V ramci nasi studie K predikci ohrozeni herbivornich skupin hmyzu (Ptiloha I.)
jsme jako vhodnou skupinu vybrali nosatcovité brouky (Curculionoidea), kteti jsou
povazovani za indikatory zachovalosti prostiedi (Benedikt et al. 2010) a jedna se
zdaleka o nejvétsi skupinu herbivort (Oberprieler et al. 2014). Ve studii jsme testovali
nejen life history témét 1 000 druhd nosatcovitych ale také ekologické vlastnosti jejich
zivnych rostlin (Ellenberg et al. 1992) spole¢né s analyzou ¢erveného seznamu nosatcti
(Benedikt & Strejcek 2005). Fylogeneticky upravena analyza (Felsenstein 1985, Harvey
& Pagel 1991) nam umoznila identifikovat life history charakteristiky, které vedou
k poklesu populaci a predikuji, které druhy mohou byt potencialné ohrozeny.

NaSe analyza odhalila, Ze mezi herbivornimi druhy nosatcli patii k nejvice
ohroZzenym skupindm ty druhy, které jsou monofagni, nelétavé, teplomilné, svétlomilné,
suchomilné a vlhkomilné a zijici na otevienych stanovistich. Z zivnych rostlin nejlépe
vystihuji ohrozenost druhi nosatci ty, které jsou suchomilné a teplomilné nebo
mokiadni svazbou na oteviené biotopy. Z analyzy dale vyplyva, ze nosatci, jejichz
zivné rostliny jsou obecné na Ustupu, jsou vzacné a maji nizkou abundanci na stanovisti,
jsou vice nachylni k vyhynuti. A nakonec hydrofyty (vodni rostliny) a chamaefyty
(polokete) piedurcuji vice ohroZzené nosatce. V celkové analyze vSech pouZzivanych
charakteristik se ukazalo, ze life history charakteristiky druhii nosatct jsou pro predikci
ohroZeni vice dllezité nez ekologické vlastnosti jejich Zivnych rostlin. Zaroven jsou ale
ekologické charakteristiky zivnych rostlin dilezité a mély by v modelech predikce
ohrozeni herbivornich druht byt jednoznaéné pouzivany dohromady s charakteristikami
herbivort.

Studie predikce rizika vyhynuti jsou nékdy kritizovany pro nedostatek propojeni
svych vysledku s praktickou ochranou druhii (Cardillo & Meijaard 2012). Ke zptesnéni
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vysledkii studii predikce V praktické ochran¢ druhi je navrhovano omezeni
geografického a taxonomického zaméfeni a vypracovani jasnych zavéra (Cardillo &
Meijaard 2012). K vypracovani jasnych zavéru je tieba znat presné méfitko studie a
konkrétni detaily predikovanych druhti. Tudiz pro druhy ohrozené antropogennimi
zdroje, na kterych jsou tyto druhy zavislé. To miize pomoci identifikovat omezeni
téchto zdroju, které zvysSuji jejich riziko vyhynuti (Gossner et al. 2013).

Jeden z nejzakladnéjSich problémii v ohroZeni a nasledné ochrané hmyzu je mala
nebo uplna neznalost bionomie druhti (Bossart & Carlton 2002). Pro pomérné mnoho
druhti nejsou nanestésti k dispozici ani zakladni ekologicka data. Nedostatek téchto dat
muze plynout ztoho, Ze dneSni biologické védy preferuji studium teorii spi§ nez
zakladni ekologické studie (Mattila et al. 2006). Proto je i pro predikci ohrozeni hmyzu
naprosto zasadnim krokem co nejpfesnéjsi znalost bionomie jednotlivych druht (Ptiloha

11-V), z jejichz ekologickych charakteristik predikce nasledné vychazeji.

NOSATCOVITi BROUCI

Nadceled’ nosatcovitych broukt (Curculionoidea) je celosvétové nejpocetnéjsi a
nejdiverzifikovanéjsi skupinou broukd, pravdépodobné i veskerého hmyzu (Oberprieler
et al. 2014). Pocet popsanych taxont je odhadovan na 100 000 (Astrin et al. 2012),
celkové odhady jsou okolo 220 000 druhd (Oberprieler et al. 2007). Diverzita nad¢eledi
bude pravdépodobné i nasobné vétsi, jelikoz v posledni dobé bylo popsano nékolik
velmi diverzifikovanych kryptickych rodt s desitkami druht (cf. Anderson 2010, Riedel
2010). V modernich fylogenetickych klasifikacich se nad¢eled” sklada ze sedmi ¢eledi —
Nemonychidae, Anthribidae, Belidae, Attelabidae, Caridae, Brentidae a nejvétsi Celedi,
do které nalezi vétsina druhd, Curculionidae (Oberprieler et al. 2007, McKenna et al.
2009). Dle nékterych autorti je rozlisovano i vice ¢eledi (Thompson 1992, Bouchard et
al. 2011). Svoji pocetnosti jsou nosatcoviti povazovani za evoluéné nejvyspélejsi
skupinu broukti (Crowson 1967). Skupina je celosvétove rozsifena a obyva vétsinu typ
suchozemskych a sladkovodnich biotopii od arktické zony po tropické lesy, kde
diverzita dosahuje maxima (Oberprieler et al. 2007).

Nosatcoviti jsou témét vyluéné herbivorni brouci c¢asto s monofagni nebo

oligofagni vazbou piedevsim na krytosemenné rostliny (Magnoliophyta), mén¢ ¢asto na



nahosemenné (Pinophyta). Cast druhti je saproxylickych ¢&i fungivornich (Anthribidae,
Cossoninae, Cryptorhynchinae, Scolytinae) s vazbou na odumirajici dievni hmotu nebo
listovy opad (Oberprieler et al. 2014). Odlisny vyvoj maji vétevnicci rodu Anthribus,
respektive jejich larvy (Hoebeke & Wheeler 1991), kteti jsou predatofi puklicovitych
(Coccidae) a msicosavych (Sternorrhyncha). Larvy australskych nosatci rodu Tentegia
poziraji klokani trus (Wassel 1966) a brazilsky nosatec Ludovix fasciatus je predatorem
saranCich vajicek (Zwolfer & Bennett 1969). Nékteré druhy ze skupin Brentidae a
Curculionidae jsou myrmekofilni (Marshall 1946, Sforzi & Bartolozzi 2004). U &asti
smotky jinych druhti zobonosek a kladou do nich vaji¢ka (Dieckmann 1974, Hamilton
1998). Ne¢ktefi nosatcoviti jsou také vyznamnymi opylovac¢i cykast, palem a
primitivnich krytosemennych rostlin a sehravaji hlavni roli v pteziti téchto ohroZzenych
druht (Oberprieler 2004).

Vyvoj nosatcovitych probiha v kofenech, stoncich, listech, trouchnivéjicim dieve,
kvétech nebo v plodech. Vetsi ¢ast druhti je oligofagnich s vazbou na rod nebo celed’
rostlin, mensi ¢ast tvoii monofagni a polyfagni druhy. Jednu Zivnou rostlinu dokaze
obsadit n¢kolik druht, napi. na bé&zné pumpavé obecné (Erodium cicutarium) probiha
larvalni vyvoj étyf druhii nosatcovitych — na kvétnich pupenech se vyviji Limobius
borealis, na listech Brachypera dauci, v kotfeni Lixus vilis a v pidé v blizkosti fapikt
listd Coniocleonus nigrosuturatus (Koch 1992, Ptiloha II). Vyvoj jednotlivych druhii na
jedné zivné rostlin€ neni oddélen pouze prostorove, ale v nékterych ptipadech 1 asove
do ruznych obdobi roku (cf. Freude et al. 1981, 1983).

Mnoho druhii je ve stfedni Evropé povazovano za vyznamné bioindikétory
zachovalosti biotopll (Benedikt et al. 2010) a velka ¢ast z téchto taxont je celoevropsky
ohrozenych (napt. Geiser 1998, Sprick et al. 2003, Stejskal et al. 2017). Podobné jako u
jinych herbivornich bezobratlych je vzacnost ¢i ohroZeni dand uzkou vazbou na
zachovalé biotopy, respektive specifické sekundarni biotopy (Stejskal & Trnka 2013,
Priloha II, III, IV) nebo vzacnosti ¢i lokalnim vyskytem zivnych rostlin (Mattila et al.
2008). Prevazujici nejohrozenéjsi skupinou nosatcovitych jsou druhy teplomilné,
suchomilné a také hygrofilni s vazbou na oteviena stanovisté (Ptiloha I).

Nekteré skupiny nosatcovitych, pfevazné monofagi az tzkych oligofagh, jsou
povazovany jako vhodné pro biologickou kontrolu neptivodnich a ¢asto velmi invaznich

rostlin patii tribus Tanysphyrini (Oberprieler 2014). Asi nejznaméj$im piipadem je
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pouziti dvou druhd nosatci Neochetina eichhorniae a N. bruchi pro potlaceni
jihoamerické tokozelky nadmuté (Eichhornia crassipes), tzv. vodniho hyacintu, ktery
patii k nejinvazivnéj$im rostlindm v tropickych oblastech. Tito nosatci jsou schopni
velmi dobie redukovat kvéty, semena a celkové efektivné oslabovat populace této
rostliny (De Groote et al. 2003). Dalsim velmi zajimavym piikladem je i potlatovani
severoamerické vodni kapradiny azoly americké (Azolla filiculoides) nosatcem
prikladii v historii biologické kontroly, kdy nosatec kapradinu totalné potlacil béhem 10
let od jeho vysazeni na invadovana stanovisté (Hill & McConnachie 2009).

Je tfeba zminit, ze ne vSechny biologické kontroly s vyuzitim nosatci byly
uspésné. Bézny evropsky nosatec Rhinocyllus conicus byl do severni Ameriky
introdukovan za ucelem potlaceni invaznich bodlaku (Carduus spp.) a pchaca (Cirsium
spp.). Nanestésti R. conicus zacal potlatovat neptivodni druhy, ale také pivodni pchace
jako je Cirsium canescens, C. hillii, C. pitcheri nebo C. undulatum (Sauer & Bradley
2008). U pchace C. canescens je nosatec schopny zredukovat produkci semen az o 85 %
a byla vyslovena hypotéza, Ze by tento dosud bézny druh pchace mohl v brzké dobé
vyhynout (Rand & Louda 2006). Na téchto pchacich Zije také nékolik ptivodnich druhd
hmyzu z riznych tadia a nékteré tento nosatec zacal postupné vytlatovat a negativné

ovlivnil jejich populace (Louda et al. 2003).

EKOLOGIE LARVALNICH STADIi NOSATCOVITYCH

Nejbéznéjsi typ larvy nosatcovitych broukd je slabé pigmentovany a
sklerotizovany, bez koncetin a tvaru pismene C (Scherf 1964). Larvy nosatcovitych Ziji
jak endofytnim, tak endofignim zplsobem Zivota, ale koncepty endo/ektofytni a
endo/ektofagni nejsou identické a je tieba je spravné rozliSovat. Endofytni druhy Ziji
uvniti rostlinnych pletiv, kdeZto oznaceni endofagni odkazuje na Zir uvnitt jakéhokoli
substratu (Oberprieler et al. 2014). Pouze nékolik taxontt ma oba typy larev - jak
endofytni, tak ektofytni, napt. zir larev prvnich instar probihd uvniti stonkl a pozdéji
se larva pfesouva ze stonku do pudy, kde si tvofi hlinénou komuirku napojenou na
stonek nebo koten (Oberprieler et al. 2014).

Endofytni (a také endofagni) je vétSina larev nosatcovitych broukd, ale nékteré

cey

skupiny jsou i ektofytni. Ektofytni a také endofagni larvy typicky Zijici v pidé maji



napi. Entiminae (12 000 druhti v 1 370 rodech), pro n¢ je typicka strategie Zivota larev
mimo zivnou rostlinu v blizkosti jejich kofent, kterymi se zivi (Marvaldi et al. 2014).
Ektofagni (a také ektofytni) jsou larvy Zijici volné na exponovanych, vnéjsich ¢astech
rostlin, a jsou tak adaptovany K pohybu na rostliné. Pro pohyb slouzi rudimentové
hrudni vybézky nebo panozkovité vybézky, které nese poslednich Sest zadeCkovych
¢lankd (Oberprieler et al. 2014, Piiloha V). Mezi tyto skupiny patii napft.
Nemonychidae, Ectemnorhinini, vétsina Cionini, Gonipterini, Hyperini a také néktefi
Cyclominae a Ceutorhynchini (Oberprieler et al. 2014). N¢které druhy maji i larvy
endo/ektofytni a tyto strategie dokazi b&éhem larvalniho vyvoje stfidat (cf. Hill &
McConnachie 2009). U taxont s endofytnimi larvami samicky obvykle nakousavaji
rostlinna pletiva a tvofi jamku, do které kladou vajicka, naopak druhy s ektofytnimi
larvami kladou vajicka do ptidy nebo do poskozenych ¢asti rostlin (Oberprieler 2010).
Kukleni probiha pfimo uvnitf Zivnych rostlin, v hlinéné komtrce v pidé a napt. u
Hyperini ve specifickém kokonu piipevnéném nejcastéji z vnéjsku zivné rostliny (cf.
Oberprieler et al. 2014).

Larvy Nemonychidae jsou bionomicky ptfevazné vazany na jehlicnany a Zivi se
jejich pylem a sporofyly, menSina druht s vazbou na byliny se zivi plody, ve kterych
vyziraji semena a kukli se v kulovitych kokonech (Kuschel 1993). Pro Anthribidae je
typicky larvalni vyvoj v kiife nebo dfevé napadeném dfevokaznymi houbami. Nekteré
druhy jsou pfimo fungivorni, zZijici v plodnicich hub (Kuschel 1995). U rodu Anthribus
jsou larvy predatoti Coccidae a Sternorrhyncha (Hoebeke & Wheeler 1991). Larvy
novozélandského druhu Lichenobius littoralis se vyvijeji v liSejnicich, které jsou
ostiikovany vodopady (Holloway 1982). Urodonidae jsou herbivorni a jejich vyvoj
probiha nejcast&ji v semenech bylin (Kuschel 1995). Nékteré skupiny jsou vaznymi
sktdci skladovanych semen a obili (Valentine 1999). Pro Belidae jsou typické endofytni
et al. 2006). Attelabidae maji vazbu na dvoudé€lozné rostliny, V jejich zasychajicich
tkanich se larvy vyvijeji a Casto jsou infikovany houbami nebo plisnémi. Samice
zobonosek misto k nakladeni vajicek pfedem pfipravuji, bud’ smotavaji listy nebo
vykousou otvor napi. do letorostu, pupenu ¢i kvétu (cf. Oberprieler et al. 2014).
Nejmensi celed” nosatcovitych Caridae méa vazbu na jehli€nany, vyvijeji se ve
sporofylech a Sisticich, larvy se kukli v padé (Oberprieler et al. 2007). Nejvétsi skupiny
Brentidae a Curculionidae maji larvy prevazné endofytni zijici ve vSech rostlinnych

¢astech od kotentll az po pupeny, kvéty a semena. Nékteré larvy tvoii halky nebo minuji
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v listech. Nicmén¢ nékolik skupin zije ektofytné volné na listech nebo v pidé na
kofenech zivnych rostlin (cf. Oberprieler et al. 2014).

Pokusili jsme se zjistit nebo doplnit biologii a ekologii n¢kolika druhti, pfedev§im
Vv podceledi Lixinae, které mély malo nebo naprosto nezndmou bionomii a ve stiedni
Evropé jsou vzacni nebo v CR dokonce vyhynuli (cf. Stejskal et al. 2017). V prvni fadé
se podaftilo zjistit podrobnou ekologii druhu Coniocleonus nigrosuturatus, ktery zije
pravdépodobné monofagné na pumpavé obecné (Erodium cicutarium), jeho larvy Zziji
endofytné mimo Zivnou rostlinu v hlinéné komurce, odkud probiha zir stonku a tapikt.
Tento zplsob zivota je v radmci Lixinae ojedin€ly a zatim jesté¢ nebyl u zadného druhu
pozorovan (Ptiloha Il). Dale se povedlo potvrdit jiz znamé zivné rostliny velmi
vzéacného druhu Adosomus roridus a zjistit, ze larvy ziji endofytné v kofenovém krcku a
Vv kofenech. A také podrobné popsat vyvoj a ekologii tohoto druhu (Piiloha III).
V posledni fazi jsme se zaméfili na velmi vzacné druhy Lixus bituberculatus a L.
neglectus, ktefi maji spolecné, ze ziji v malych arealech a jsou to ryze evropské druhy.
Podafilo se nam zjistit detailni ekologii - u obou druhti jsou larvy endofytni a jsou to
pravdépodobné monofagové nebo oligofagové. Lixus bituberculatus Zije na ¢ekance
obecné (Cichorium intybus) a vyvoj L. neglectus probiha ve s§toviku rozvétveném
(Rumex thyrsiflorus) (Pfiloha IV). Poslednim studovanym taxonem byl Eucoeliodes
mirabilis z pod¢eledi Ceutorhynchinae, u kterého jsme potvrdili uz znamou ekologii a
navic se podafilo objevit ektofytni larvy, které jsou v ramci nosatcovitych vyjimecné,
protoze na svém téle nesou fekalni stit, ktery je k télu pfichycen mikrotrichiemi. Tato
naprosto jedinecna antipredacni strategie je u nosatcovitych popsana zcela prvné a byla
znama pouze u mandelinkovitych (Vencl & Morton 1999, Ptiloha V).

Imaturnim stadiim nebyla v minulosti vénovana velka pozornost a jejich znalost je
stale pomérné slaba, protoze se vyzkum soustiedil pfedevs§im na dospélce (Marvaldi
1997). V soucasné dob¢ ale zajem pomérné stoupa a bylo popsano mnoho larvalnich
stadii napt. z podceledi Ceutorhynchinae (Skuhrovec et al. 2017, Pfiloha V), Entiminae
(cf. Sprick & Gosik 2014, Gosik et al. 2016, 2017, 2019) nebo Lixinae (cf. Nikulina &
Giltekin 2011, Gosik & Wanat 2014, Ptiloha II, III, IV).

Diky vzrlstajicimu poznani larvalnich stadii mohou byt 1épe a efektivnéji
chranény vzacné druhy, u kterych nebyla znama bionomie. Popisy larev a kukel
jednotlivych druhli a jejich srovnani s druhy jiz znamymi dokazuje, Ze je mozné
identifikovat jiz nedospéla stadia piesné tak, jak se to déla v jinych skupinach. V praxi

je identifikace druhu podle chaetotaxie pomérné¢ snadnd a je rozhodné€ levnéjSi nez
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pouziti molekularnich metod (Hirsch et al. 2010). Bohuzel je stale jesté k dispozici
velmi malo popsanych nedospélych stadii nosatcti v porovnani s velkym poctem druhti
popsanych dospélcti. Hlavnim problémem je, Ze nejsme schopni rozdélit morfologické
charakteristiky v této skupiné na charakteristiky uzivané ve fylogenetice a
charakteristiky uzivané pro ur¢ovani druht. Jakmile bude tato kategorizace dokoncena,

bude mozné pouzit ji pro fylogenetické studie.

ZAVER

Hlavni pfi¢iny ubytku biodiverzity je nezbytné predem predikovat. Na pochopeni
téchto mechanizmt stojicimi za sniZzovanim diverzity je potieba zvazovat mnoho
faktort (Fischer et al. 2003). Abychom mohli spolehlivé predikovat ohrozeni hmyzu
(Ptiloha I), je nutné co nejpiesnéji znat bionomii jednotlivych druhi (Ptiloha II-V). Bez
této znalosti jsou predikce neuplné a ochrana druhi je minimalni, pokud nezname jejich
zivné rostliny a presné life history (Bossart & Carlton 2002, Mattila et al. 2006). Dosud
se studie zamétfovaly na porovnani life history ohrozenych i neohroZenych druht
herbivori smérem k propojeni jejich klasifikace v ¢erveném seznamu s jejich life
history (cf. Kotiaho et al. 2005, Nolte et al. 2019). Mezi faktory, které ovliviwuji riziko
vyhynuti a ohroZenost, by mély byt zapojeny 1 dal$i parametry prostiedi, jako napf.
zivné rostliny u herbivornich druhti. V ramci spoleenstev jsou herbivoii velmi
vyznamni a ovliviiuji cely potravni systém (Polis & Winemiller 1996), coz bylo zatim
ve studiich zabyvajicich se predikci ohrozenosti ptevazné ignorovano.

V nasi studii k predikci ohroZeni herbivornich skupin hmyzu jsme si vybrali jako
modelovou skupinu nosatcovité brouky (Curculionoidea), ktefi jsou povazovani za
indikatory zachovalosti prostfedi (Benedikt et al. 2010) a jedna se zdaleka o nejvétsi
skupinu herbivort (Oberprieler et al. 2014). Predikci jsme testovali na zaklad¢ life
history nosatcti a také ekologickych vlastnosti jejich zivnych rostlin. Analyza odhalila,
ze nejvesi riziko vyhynuti maji druhy monofagni, nelétavé, teplomilné, svétlomilné,
suchomilné a hygrofilni druhy svazbou na oteviené biotopy. Obdobné je to i
s vlastnostmi zivnych rostlin, které vysvétluji ohroZeni nosatcovitych. Zivné rostliny Ize
charakterizovat jako xerotermofilni a hygrofilni vyskytujici se na biotopech s minimem
dusiku. Nosatci, jejichz zivné rostliny jsou obecné na Ustupu a maji nizkou abundanci

na stanovisti, jsou vice nachylni k vyhynuti. A v neposledni fad€¢ jsou ohrozengjsi
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nosatci s vazbou na vodni rostliny a kefickovitou vegetaci. Ze vSech studovanych
ekologické vlastnosti rostlin. Nicméné vlastnosti zivnych rostlin se zdaji byt diilezité a
mély by byt pouzity pro predikéni modely herbivornich skupin Zivocichii.

Déle jsme se zaméfili na odhaleni biologie né€kolika druhi, u kterych byla
bionomie bud’ malo znama (Ptiloha III, V) nebo uplné neznama (Ptiloha II, IV). Nasimi
sledovanymi druhy byli pfedevs§im nosatci z podc¢eledi Lixinae, kde je stale u n¢kolika
druhti témef neznama bionomie a predevsim Zivné rostliny. U druhtt Adosomus roridus,
Coniocleonus nigrosuturatus, Lixus bituberculatus a Lixus neglectus se nam biologii a
ekologii podatilo objasnit. V dal$im piipad¢ jsme se zabyvali detailni bionomii nosatce
z podceledi Ceutorhynchinae, konkrétné Eucoeliodes mirabilis, u kterého se kromé
upfesnéni biologie podafilo objevit i zajimavou adaptaci proti predatorim. Larva na
svém tele nese tzv. fekalni Stit, ktery byl do t¢ doby zndm pouze u broukl z Celedi
mandelinkovitych (Chrysomelidae).

Budouci detailni vyzkumy biologie a morfologie jednotlivych druhtt mohou
poskytnout zasadni informace pro efektivnéjsi planovani biologické kontroly
invazivnich druhl rostlin. Téma pouziti druhii hmyzu jako biologickych agentl je
klicové jak v zdkladnim, tak v aplikovaném vyzkumu. Nase vysledky vyznamné
ptispivaji k zakladnimu vyzkumu, ale budou mit i praktické disledky pro ochranaiskou

biologii druhu.
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Abstract: One of the most important issues in conservation biology is to reveal and
understand the causal mechanisms which determine that particular species will be
endangered. We focused on herbivores, the most diverse group of organisms in the world. The
application of species life history traits and the ecological traits of their host plants could be
good approach to quantify vulnerability more precisely. Until recently, researchers focused
only on the life history traits of the studied taxon but not on ecological traits of their host
plants. Here we compare life history of endangered and non-endangered species to link the
species red-list classification with their life history traits. Phylogenetically corrected analysis
allows us to assess the life history and ecological traits leading to population declines and to
predict which species could be potentially endangered. We have analyzed the life history
traits of nearly 1,000 species of weevils (44% in the Red List) and of their host plants. Our
analysis revealed that monophagous, flightless, thermophilic, heliophile, xerophilous and
hygrophilous species living in open habitats belong to the most endangered groups among
herbivorous weevils. Host plants that prefer xerothermophilous and wetland habitats with low
nitrogen content in the soil are mostly linked to the vulnerability of weevils. According to our
analysis weevils whose host plants are declining and have low abundance at their biotopes are
more vulnerable to the extinction risk and they are connected mainly with aquatic plants or
shrubby vegetation. In the complex analysis of all studied characteristics, the life history traits
of beetles appear to be more important for predicting threats than the ecological traits of their
host plants. However, the traits of weevil host plants are very important and should be used in
predictive models together with the herbivore traits.

Key words: conservation, host plants, life history traits, phylogeny, Red List

1. Introduction

Human activities are generally the main causes of the decline of biodiversity in the world
(Baillie et al. 2004, Cardinale et al. 2012). Biodiversity is threatened primarily by direct
destruction, degradation and fragmentation of habitats (Butchart et al. 2010). There are
countless official efforts to prevent biodiversity decline (e.g. CBD 2014), but their success is
questionable (Novacek and Cleland 2001, Thomas et al. 2004a, Hooper et al. 2005). The
specific causes of species and their populations extinction often remain unknown (e.g. Chapco
and Litzenberger 2004) although they are crucial for their appropriate protection and thus for
the maintaining of overall biodiversity. Also common species are threatened by the extinction
risk, not only the rare or endangered ones (Thomas et al. 2004b, Lindenmayer et al. 2011,
Hallmann et al. 2017).

Despite the increasing conservation effort in the last decade, biodiversity is still
declining (Kleijn et al. 2011, Sanchez-Bayo and Wyckhuys 2019). Thus there is urgent
demand to quantify and predict which characteristic predeterminate species to be endangered
in the future. Thus it is in great importance to determine life history traits that are linked with
species extinction. All Red Lists based on the IUCN criteria in general are recently studied to
predict the extinction risk of different animal species. Furthermore, most of the studies
focusing on the predicting extinction risk are devoted mainly to well studied or charismatic



groups of invertebrates such as butterflies, dragonflies and damselflies, saproxylic beetles or
carabids (cf. Kotiaho et al. 2005, Clausnitzer et al. 2009, Seibold et al. 2015, Nolte et al.
2019). These results are thus only marginally transferable on the other taxons or guilds of
arthropod.

Factors that affect extinction risk are not only connected with the particular
endangered taxa but also with their environs, especially host plants, concerning herbivores.
Herbivorous insect is an important component of the food webs that depict the structure of the
ecological communities (Polis and Winemiller 1996). In addition, trophic interaction between
consumers and primary producers plays an important role in structuring communities. This
highlights how such interaction plays crucial role in the evolutionary and ecological processes
shaping species ecological traits and life history. Trophic interactions have been largely
ignored in traditional research focusing on extinction risk prediction. The model predicting
extinction risk thus should be based also on the ecological traits of the species host plants.

In this study, we have focused on herbivores that are considered as the most
diversified group of animals in the world. Weevils are our study group, i.e., beetles of the
superfamily Curculionoidea, they belong to the most numerous and most diverse groups of all
invertebrates (Oberprieler et al. 2014). This group includes more than 100,000 described
species (Astrin et al. 2012) and it is assumed that the real number of species will be around
220,000 or more (Thompson 1992, Oberprieler et al. 2007). Weevils inhabit almost all types
of terrestrial and freshwater habitats from arctic zones, high mountains, deserts to tropical
forests, where their diversity is maximal (Oberprieler et al. 2014). The larvae and adults of
these beetles are mostly phytophagous with negliglible exceptions. Their ability to colonize
almost all plants and their different parts (roots, leaves, flowers, fruits and seeds) at different
periods of the year gives this group evolutionary advantage. Many weevil species in the
Central Europe are considered to be endangered species (e.g. Geiser 1998, Sprick et al. 2003,
Benedikt and Strejéek 2005). Rarity, threats or local prevalence are often conditioned by strict
binding to indigenous natural habitats, respectively specific secondary habitats (e.g. Stejskal
and Trnka 2013), but also the rare or local occurrence of their host plants (Mattila et al. 2008).

The decline of biodiversity across wide range of ecosystems is not only due to
increasing intensity of disturbance, but also by the abandonment of traditional management in
the landscape (coppicing, mowing and pastoral farming) and following loss of the landscape
heterogeneity (Benton et al. 2003). Especially European open habitats which are source of
diversity (steppe, forest-steppe, pastures and wetlands) are turned to forest-like habitats. It is
acknowledged that trophic specialists are more prone to extinction (Kotiaho et al. 2005,
Fonseca 2010). Therefore, an accurate prediction of the extinction risk should be based on
insect-plant interactions. Changes in open landscape have negatively influenced many
threatened species. These species can be characterized by the life history traits that are causes
of their population declining.

Therefore, the main objectives of this study are to: i) identify which life history traits
indicate extinction risk of the species; ii) describe the relationships between species extinction
risk and their life history traits and iii) determine if and how ecological traits of the host plants
explain extinction risk of their weevil species.

2. Material and methods

2.1. Phylogeny

Phylogenetic tree branching indicates that species can not appear in statistical analysis as
independent values (Felsenstein 1985; Harvey and Pagel 1991). This is because each taxon
has evolved from the common lineage and shared evolutionary history which leads to
phylogenetic similarity among species (Felsenstein 1985). Reciprocal relationship among



species which evolved from mutation and genetic drift depends on phylogenetic distance
between species (Harvey and Pagel 1991). Correlation among species data means that linear
regression using least squares method cannot be used. Method using generalized least squares
(GLS) is appropriate method solving problems with potential heteroskedasticity and
autocorrelation of residuals (Garland and Ives 2000). Therefore, we used GLS method to
select explanatory variables explaining the largest percentage of deviance in dependent
variables.

2.2. Red List classification

Red List of the invertebrates of the Czech Republic (Farkac et al. 2005) was used to assess
vulnerability to extinction (independent variable). The degree of the vulnerability of the
respective species was classified by categories following the criteria of IUCN. Red List
covers all Curculionoidea families. Almost 44% of all species are in the Red List (Benedikt
and Strejcek 2005).

2.3. Herbivores life history traits

We used the following environmental characteristics: light, heat and moisture requirements of
species, ability to fly and the number of host plants (Tab. 1). Data for these traits were
obtained from the studies listed in Supporting Information. Some data regarding the habitat
requirements have not been published, and in this case, we asked weevil specialists. Analyses
of light, temperature and humidity requirements were classified as ordinal variables. For the
flying species, we considered those that have wings and that can fly, for the flightless species
wings are entirely missing or they have vestigial wings, unable of the flight. Populations of
some species may contain both flying and flightless individuals (e.g., Pseudostyphlus
pillumus, Hypera contaminata or Sitona inops). We considered these species as flying.

Table 1. List of variables for life history traits of weevils

Variable Dependent/Explanatory Unit Range or definition

Red List dependent variable numerical LC-0toRE-5
thermophilous, mesophilous, indifferent,

Heat requirements explanatory variable categorical .
psychrophilous

. . . . avoiding light, preferring partial shadow,
Light requirements explanatory variable categorical indifferent, preferring full light
Moisture requirements explanatory variable categorical hydrophilous, mesop_h tlous, indifferent,

xerophilous
Flying ability explanatory variable categorical flying, flightless
. . polyphagous, oligophagous,

Degree of polyfagy explanatory variable categorical monophagous

2.4. Ecological traits of host plants

All traits of host plants (Tab. 2.) were based on the study of Ellenberg et al. (1992), only plant
life-forms (Raunkier life-forms) data were based on the study by Jurko (1990) and also traits
of some plants because some pannonic species were not included in Ellenberg 's study. Data
were classified as ordinal variables. If there was just the host plant genus available from the
literature then just one or few plant species from this genus living in the same habitat as the
particular weevil were chosen with the botanist. From their values the average was calculated.
Complete data are placed in the Supporting Information.



Table 2. List of explanatory variables for ecological traits of weevils host plants.

Variable Unit Range or definition

A —aquatics (hydrophytes), T — therophytes, H —
hemicryptophytes, G — geophytes, Cy, — herbaceous
Raunkieer plant life-form categorical chamaephytes
Cq4 — shrubby chamaephytes, Fy — shrubby phanerophytes, F
— tree phanerophytes
Frequency and

: numerical 1 — extremely rare to 9 — nearly everywhere.
endangering
Plant flowering numerical 1 — before spring to 5 — summer.
Tendency of spread numerical 1 — disappeared or almost dl_sappeared to 6 — rapidly
expanding.

Light figure numerical 1 — plants preferring deep shade to 9 — plants in full light.

I . 1 — sites with poor in available nitrogen to 5 — indicator of
Tendency to soil nitrogen numerical A

extremely rich situations.
Tendency to soil moisture numerical 1 — very dry soils to 5 — wet soils.
Tendency to air . 1 — cold-indicator plant to 5 — indicator of extremely warm
numerical -

temperature conditions.
Plant dominancy numerical 1 — very isolated to 6 — nearly always dominating or in the

large stands.

2.5. Data analysis

The most parsimonious combination of explanatory factors was selected based on lowest
Akaike information criterion (AIC) by combining both forward and backward selection
(Burnham and Anderson 2002). Generalized linear model (GLM) with Poisson error
distribution and log link function was used as null model in stepwise procedure. The most
parsimonious model was then refit with generalized least square technique (GLS). . We used
GLS method, because it fixes phylogenetic correlation among species using covariance matrix
to weight data (Garland and Ives 2000). Phylogenetic covariance matrix was calculated under
the Brownian motion model in which variance is accumulated by the time separating species
lineages (Martins and Hansen 1997, Revell et al. 2008). We used this type of evolution model
because we expect that evolution was random for each species and that particular species trait
values could evolve independently on the existing evolutionary history (Revell et al. 2008).
Therefore, covariance among species in GLS method was computed by multiplying the
variance of Brownian motion and the branch lengths lying between root and the common
ancestor (Paradis 2006). For computing branch lengths we created phylogenetic tree for
Curculionoidea based on hierarchical taxonomy. The phylogenetic categories used in the
analysis were: family, subfamily, genus and species. Data were analysed using the statistical
program R (R Development Core Team, 2009).

2.6. Extinction risk prediction: Analytical approach

We used GLM to enable comparison testing by stepwise selection, as well as the estimation of
explained variability of the model (R? coefficient). Two GLM models were applied: first
(Model 1) was used to explain degree of vulnerability by using life history traits of weevils
and second (Model I1) explained degree of vulnerability of weevils by using ecological traits
of their host plants. For the Model | we incorporated dataset based on 990 weevil species (also
the extinct ones, Supporting Information) that live or have estimated distribution in the Czech
Republic or Central Europe includes families Anthribidae, Nemonychidae, Attlabidae,
Brentidae, Curculionidae excepting Scolytinae and Platypodinae according to Benedikt et al.
(2010). In the Model I1 analysis 941 weevil species were used whose at least one host plant is
known. Ecological traits of host plants were based on Ellenberg et al. (1992) and Jurko



(1990). All traits are given in Tab. 1, 2. In each model degree of vulnerability (base on IUCN
criteria) of weevils was used as dependent variable. We then performed stepwise regression
combining both forward and backward selection to choose the most parsimonious explanation
of the data. In the step-wise regression, each quantitative variable occurred in linear, quadratic
and cubic form. Finally, the most parsimonious models (Model | and Model 1) were then
used to calculate explained variability and were also refit by GLS for correct estimation of
model parameters and test statistic.

3. Results

Relevance of life history traits of herbivores and their host plants were tested by two different
models (Model I and Il). Model | was focused only on life history traits of weevils; using
Model 11 we tested ecological traits of their host plants.

3.1. Herbivores

Using Model | we tested life history traits of the weevils in relation to the risk of the
extinction. The best life history traits of weevils were in combination: Heat requirements +
Light requirements + Moisture requirements + Flying ability + Degree of polyfagy (Tab. 3).
Model I explained 19.63% of the threat of weevils. Analysis revealed heliophile, thermophilic
and xerophilic/hygrophilous species connected to open xerothermophilous and/or wetland
habitats as the most endangered ones. In addition, monophagous species had a greater risk of
extinction than species oligophagous or polyphagous. Mobility of species was also correlated
to their extinction risk. Flightless species were vulnerable to extinction more than a flying
ones (Fig. 1).

Table 3. Results of the ANOVA of generalized least squares method (GLS) of Model | with phylogenetic correction. Model |
explains the vulnerability of weevils by their life history traits. Step-wise procedure was used for choosing explanatory
variables for the GLS model. The table shows the most parsimonious combination of explanatory variables explaining the
greatest amount of the variability in weevils vulnerability.

Num DF F P
(Intercept) 1 0.45448 0.5004
Heat requirements 3 33.06246 <0.001
Light requirements 3 11.53104 <0.001
Moisture requirements 3 17.44201 <0.001
Flying ability 1 12.12548 <0.001
Degree of polyfagy 1 40.71046 <0.001
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Figure 1. Plots showing the relationship between the heat requirements; light requirements; moisture requirements; flying
ability and degree of polyphagy of the weevils and red list category of weevils. Squares represent the mean value and
whiskers 95% confidence interval.

\yonadet
iy

3.2. Host plants

In the Model 11 we tested ecological traits of weevils host plants against extinction risk of
weevils. The most parsimonious combinations of environmental traits of host plants were:
Tendency to soil moisture + Flowering phenophase + Tendency to spread + Tendency to soil
nitrogen + Plant dominancy + Raunkier plant life-forms (Tab. 4). This combination of
variables explained 12.49 % of the threat of weevils based on their host plants. Host plant trait
“moisture” explained the most variability of weevil s extinction risk. Host plants preferring
dry and wet habitats on the contrary, were correlated with the higher risk of weevil extinction.
Plant requirements for nitrogen also clearly explained the higher risk of herbivore extinction.
Endangered species of herbivores were more vulnerable at the host plants that prefer a soil
with a low content of nitrogen. Higher risk of weevil extinction was connected with the
tendency of spread and plant dominancy that means weevils whose host plants were plants
that are declining and have low abundance at their habitats were more vulnerable to the
extinction risk. Finally, herbivores linked to aquatics and chamaephytes had the higher risk of
extinction at all (Fig. 2).

Table 4. Results of the ANOVA of generalized least squares method of Model Il with phylogenetic correction. Model 11
explains the vulnerability of weevils by ecological traits of their host plants. Step-wise procedure was used for choosing
explanatory variables for the GLS model. The table shows the most parsimonious combination of explanatory variables
explaining the greatest amount of the variability in weevils vulnerability.

Num DF F P
(Intercept) 1 0.441922 0.5064
Tendency to soil moisture 3 14.785967 <0.001
Plant flowering 1 3.206618 0.0737
Tendency of spread 1 27.008805 <0.001
Tendency to soil nitrogen 1 15.777111 <0.001
Plant dominancy 1 12.138629 <0.001
Raunkieer plant life-form 1 28.592239 <0.001
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4. Discussion

Most studies focusing on the extinction risk predictions incorporate only life history traits of
the herbivores and do not include the ecological traits of their host plants (e.g. Kotiaho et al.
2005, Mattila et al. 2006, Mattila et al. 2008, Pavlikova and Konvicka 2012, Potocky et al.
2018), This may leads to: i) misidentification of the key factors causing the extinction risk; ii)
misinterpretation causes of the species vulnerability; and iii) biased prediction of the red-list
statut (Nylin and Bergstrém 2009). Therefore, we assumed that integrating ecological traits of
host plants is important to improve the accuracy and reliability of the prediction of actual
herbivore extinction risk.

4.1. Life history traits of herbivores

According to our results, factors directly related to the life history traits of herbivores better
estimate their risk of extinction than factors related only to the host plant. Based on our results
we can state that the most endangered individuals are monophagous species with low
dispersal ability and that inhabit open and xerothermic or waterlogged habitats. Similar
conclusions were found for butterflies and moths (Kotiaho et al. 2005, Mattila et al. 2006).
Monophagous herbivore species are confirmed to be more susceptible to extinction, because
they have a narrow food niche and often reduced ability to spread (Mattila et al. 2008,
Friedmann 2009). Especially in the case of flightless species with limited distribution, they
are at risk of isolation and fragmentation of habitats. Due to the fragmentation of habitats
species have a reduced chance to re-colonize suitable habitats (Zera and Denno 1997, Thomas
et al. 2001, Buse 2012).

Correlation between ecological traits and species vulnerability indicate that the high
extinction risk of weevils is associated with thermophilous, heliophilous and xerothermous
habitats, inhabited by: e.g. subfamily Lixinae, genera Baris, Hypera, Minyops, Mogulones or
Trachyphloeus. The same link between species vulnerability and habitat types was reported
by Sprick et al. (2003) or Stejskal and Trnka (2012, 2013). According to these studies higher



percentage of the endangered weevils were recorded in groups of heliophilous and
thermophilous species. These habitats (i.e. steppes, sands, alpine grasslands, rocks, bogs) can
include “man-made” secondary habitats like dry grasslands, meadows, pastures, fallows, field
margins, groves, coppice woods etc. (van Helsdingen et al. 1996). These types of habitats are
declining nowadays in European landscape (Blaxter and Robertson 1995). Therefore, the
greatest threat for these species is decline of traditional methods of landscape managements
(i.e., coppicing, grazing, woodland pasture, pastoral farming, mowing of meadows) (Vera
2000, Benton et al. 2003, Horak et al. 2014) or use of synthetic pesticides on these habitats
(Dudley and Alexander 2017).

High degree of extinction risk was not only predicted for herbivores living in dry and
hot habitats, but also for hydrophilous herbivores (e.g. Apoderus erytropterus, Bagoopsis
globicollis, Bagous spp., Chlorophanus spp., Hypera arundinis, Icaris sparganii, Lixus
paraplecticus, Poophagus hopffgarteni or Sphenophorus abbreviatus). The risk of extinction
of herbivores feeding on wetland plants is given by their low dispersal ability, host plant
specialization and high sensitivity to environmental pollution (Sprick 2003). Gradual
pollution, changes in water regime and destruction of littoral of aquatic habitats lead to rapid
disappearance of these species (Strejcek 2001, Sprick 2003).

Another main determinant of extinction risk predicted by our model was geografical
distribution of the species (Cowley et al. 2001, Péivinen et al. 2005). It is assumed that
suitable patches on the edge of species distribution are more isolated than those in core
localities (Pdivinen et al. 2005). Populations at the range edge alone lead to significantly
lower population sizes and they are more stenotopic on habitats and host plants in the
periphery of the range than in the core (Bahn et al. 2006, Fourcade and Ockinger 2017).
Lower population sizes mean higher extinction risks (Bourn and Thomas 2002, Berggren
2009). Some species are naturally rare and Central Europe is the edge of their natural area
such as the Mediterranean and Pontic region (e.g. Benedikt et al. 2010). Thus there is a high
risk of their extinction due to the very specific demands on habitats and host plants (e.g. Apsis
albolineata, Bothynoderes declivis or Brachycerus foveicollis).

4.2. Ecological traits of host plants

The proportion of explained variance in model using only ecological traits of host plants
(12.49%) was lower than in the model using only ecological traits of herbivores (19.63%).
Moisture requirements of the host plants best explain the risk of extinction of herbivores. This
fact correlates strictly with life history traits of herbivores themselves, which belongs to
endangered species if they are linked to dry or wetland habitats. Correlation of host plants
with dry and sunny habitats shows that herbivores living on these plants are threatened by
extinction the most. Similar results can be found in the study of Sprick et al. (2003), who
showed that majority of endangered weevils lives in open habitats like steppe grasslands and
sands where heliophilous and xerothermophilous plants grow. A large number of specialist
species is tied to these habitats (Willems et al. 1993). Declining abundance of these species is
probably caused by the abandonment of traditional landscape management, as mentioned
above.

Our results show that herbivores with a link to the open habitats have a greater risk of
extinction than species with connection to forest habitats. According to our analysis,
endangered weevil species are also connected to the host plants that prefer nitrogen-poor
soils. Such habitats include steppe grasslands, sands, salt marshes or peat bogs. Plant species
adapted to nutrient-poor soils suffered highest rates of extinction in all habitat types also
according to Stehlik et al. (2007). Vegetation overgrowing of these habitats accumulates
humus, which puts relict species to the disadvantage because they require only a thin layer of
heated dried humus, otherwise they recede these habitats (Strejéek 2001). Eutrophication



affects the heat, light and moisture conditions of habitat. Increase of the availability of
nitrogen causes shifts in species composition, overall reduction of biodiversity and changes in
the structure of food webs in ecosystems (Erisman et al. 2013). Also the ecological traits
tendency of spread and plant dominancy were connected with the higher extinction risk of
weevils. Host plants that have tendency to decline or have low abundances on habitats were
more vulnerable. It is well known that the distribution of host plants limits the distribution of
species living at these plants (Mattila et al. 2008). The connection of weevils with aquatics
and chamaephytes plant life-forms caused that they are threatened by extinction risk more. In
Central Europe aquatics and chamaephytes were the least frequent forms of plants (Kaplan
2012). Aquatics were prone to be vulnerable to the extinction risk the most of all of the plant
life-forms (Stehlik et al. 2007). Regarding chamaephytes, for example genus Calluna,
Cytisus, Genista or Helianthemum were typical for open or semi-open habitats and only these
four genera were the host plants for 31 weevil species of which 16 ones are in Red List (cf.
Supporting Information).

4.3. Conclusions

The models showed that the life history traits of the studied herbivores prevailed influence of
the ecological traits of their host plants in predicting of their extinction risk. The percentage of
explained variability in weevil vulnerability explained only by host plants ecological traits
was not negligible. Therefore, information about the host plants should be included in the
prediction models assessing the risks of extinction and threats to herbivores.

Generally, the analysis revealed that the potentially endangered species include those that live
in open habitats and are monophagous and flightless. These are mainly open
xerothermophilous communities and wetland habitats. Weevils whose host plants are plants
that are declining and have low abundances at their habitats were more vulnerable to the
extinction risk. Within these habitats endangered weevils were linked to aquatics or
chamaephytes (shrubby vegetation). Threats to these habitats and their host plants probably lie
in the fragmentation, degradation and direct loss of these habitats, but also in abandoning the
traditional type of management, such as grazing, mowing or burning.
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Abstract. Mature larvae and pupae of Coniocleonus (Plagiographus) nigrosutura-
tus (Goeze, 1777) (Curculionidae: Lixinae: Cleonini) are described and compared
with three other cleonine taxa with known larvae. The biology of the species was
studied in Romania, Hungary and Slovakia. Common Stork’s-bill (Erodium cicu-
tarium) (Geraniaceae) is identified as a host plant of both larvae and adults of this
weevil. The weevil is very likely monophagous, and previous records of thyme
(Thymus sp., Lamiaceae) as the host plant hence appear incorrect. Coniocleonus
nigrosuturatus prefers dry, sunny places in grassland habitats, with sparse vegeta-
tion, bare ground and patchily growing host plants. Overwintering beetles emerge
in early spring (March), feed and mate on the host plants. The highest activity of
adults was observed from mid-April to mid-May. Larvae live in the soil in a vertical
tunnel near the host plant and feed externally on the base of the stem. Usually, a
single larva was observed at an attacked plant, however, sometimes up to 3 larvae
were found. At the beginning of July, the larvae pupate in a closed earthen cell. A
reared adult emerged in the laboratory at the end of July. We suppose that part of
the population overwinters in pupation cells, although some adults leave the cells
at the end of summer. They then most likely spend some time feeding on the host
plants and look for suitable shelters in which to overwinter later.

Key words. Coleoptera, Curculionidae, Lixinae, Coniocleonus nigrosuturatus,
mature larva, pupa, morphology, host plant, Erodium cicutarium, Geraniaceae,
larval development, life history, central Europe, Palaearctic Region
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Introduction

Weevils of the subfamily Lixinae (Coleoptera: Curculionidae) are medium to large-sized
beetles distributed mainly in Palaearctic and Afrotropic Regions. The subfamily includes ap-
proximately 1,200 species (TER-MiNasiaN 1967). Although generally accepted as a separate
subfamily (e.g., LoBL & SMETANA 2013), the group is occasionally treated as a part of the
Molytinae (OBERPRIELER et al. 2007) or Curculioninae (LAWRENCE & NEwTON 1995). Lixinae
is considered a rather derived weevil group standing close to the Hyperinae Marseul, 1863
and Mesoptiliinae Lacordaire, 1863, and is divided into two tribes: Cleonini Schonherr, 1826
and Lixini Schonherr, 1823 (LoBL & SMETANA 2013). Although a preliminary phylogenetic
analysis is only available for Mediterranean and Afrotropical taxa, a general analysis of the
whole tribe is now in progress (MEREGALLI & SILVESTRO 2008, unpubl. data).

Until recently, the immature stages of the Lixinae were largely unknown and unstudied
(ANDERSON 1987). The situation has slightly changed within the last 10 years, but this mainly
concerns the tribe Lixini, for which several studies describing the morphology of immature
stages have been published (Nikurina 2001, 2007; NikuLina & GULTEKIN 2011; Gosik &
SkunrovEC 2011; Gosik & Wanar 2014). The knowledge of the immature stages of the
Cleonini remains very limited, as immature stages of only three species have been described
by ScHERF (1964).

The genus Coniocleonus Motschulsky, 1860, belongs to the tribe Cleonini. It comprises
27 known species classified in five subgenera (MEREGALLI & FrRemuTH 2013). All species are
known from the Palaearctic Region, two of them also reach the Nearctic Region. Seventeen
species are known from Europe, occurring mainly in the Mediterranean area (MEREGALLI &
FremuTH 2013).

Data on the biology of the species of Coniocleonus are very scarce. They prefer warm and
dry habitats in steppe or semidesert regions (TER-MINASIAN 1967, 1988; DIECKMANN 1983;
Koch 1992). Host plants are unknown for the majority of species. For a few species, only
data on refuge plants are available, which are used as shelter for adults and in some cases
may be food sources. Coniocleonus cicatricosus (Hoppe, 1795) and C. nebulosus (Linnaeus,
1758) were collected under stands of Calluna vulgaris or Erica spp. (Ericaceae) (Kocn 1992).
Coniocleonus hollbergi (Fahraeus, 1842) and C. turbatus (Féhraeus, 1842), both of which
occasionally feed on some woody plants (e.g., Pinus sylvestris, Quercus spp.), are supposed
to develop on Rumex acetosella (Polygonaceae) (DIECKMANN 1983, BAYER & WINKELMANN
2005, RHEINHEIMER & HASSLER 2010).

Larval development has been observed only for two species: Coniocleonus astragali Ter-
Minasian & Korotyaev, 1977, which developed on the roots of Astragalus sp. and Oxytropis
sp. (both Fabaceae) with larvae and pupae hidden in chambers made of plant debris and
excrements (TER-MNasIAN 1988). Ectophagous larvae are also known for Coniocleonus
excoriatus (Gyllenhal, 1834), which is associated with Emex spinosa (Polygonaceae) (JULIEN
1980, ScotT & YEOH 1996). Nevertheless, descriptions of the immature stages of these weevils
have not been published.

One of the species with very poorly known biology is Coniocleonus nigrosuturatus. The
species belongs to the subgenus Plagiographus Chevrolat, 1869 (MEREGALLI & FREMUTH 2013)
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which is regarded as a separate genus by some authors (e.g., ARzanov 2006). The species’ range
includes North Africa, a large part of Asia to western Siberia and most of Europe except the
northern part and British Isles (MEREGALLI & FrReEmuTH 2013). In central Europe, the species
is regarded as a xerothermic stenotopic species inhabiting sandy habitats, heathlands, dry
grasslands and pastures (Kocn 1992). In several central European countries, C. nigrosuturatus
is an endangered species (e.g., GEISER 1998, BENEDIKT & STREJCEK 2005, STEISKAL & TRNKA
2013), and this species is only known from historical records in many regions (Lonsg 1983).
Thus far, only thyme (Thymus sp.) was reported as host plant of adults, without mentioning
other details of the biology of the species, likely first reported by KLEINE (1910). Later authors
either only repeated his data (FLeiscHErR 1927-1930, FRemuTH 1982, TER-MINASIAN 1988,
Arzanov 2006) or regarded C. nigrosuturatus as a species with an unknown host plant (e.g.,
DieckManN 1983, Lonse 1983). TutronD (1976) listed the findings of C. nigrosuturatus on
Limonium sp. (Plumbaginaceae) in France. The immature stages of C. nigrosuturatus have
never been observed. In this paper, we describe immature stages of the species and provide
details on its life history based on our observations obtained during field work in Romania,
Hungary and Slovakia.

Material and methods

The material used to describe immature stages was collected, and field observations were
conducted, in the following localities:

ROMANIA: Caras-SEVERIN County: Sfanta Elena env., 44°40'42"N, 21°43'14"E. Visit dates: 26.iv.—1.v.2010,
28.iv.—1.v.2011, 24.-28.vii.2011, 4-9.vi.2012, 18.-24.v.2013, 4.vii.2013. Habitats: pastures (cow, sheep, goats),
road margins and dry grasslands. Bedrock: limestone. Altitude: 400 m a. s. 1. (see Figs 5SD—E).

HUNGARY: BAcs-Kiskun County: Petofiszallas env., 46°36'33"N, 19°50'19"E. Visit dates: 18.v.2013. Habitat:
closely cut lawn around a petrol station. Bedrock: sand. Altitude: 90 m a. s. L.

SLOVAKIA: TrNava REGION: Dolné Zelenice env., 48°22'6"N, 17°45"2"E. Visit dates: 9.v.2013 and 16.vi.2013.
Habitats: dry grasslands and road margins. Bedrock: alluvial sediments (sandy gravel). Altitude: 130 m a. s. 1. Ni1-
RA RecION: Kolinany env., 48°20'35"N 18°11'15"E. Visit dates: 26.v.2012. Habitats: military area with disturbed
grasslands and free sand. Bedrock: tertiary deposits (loess), sand. Altitude: 300 m a. s. 1. (see Fig. 5F).

Rearing and life cycle observations were conducted during the vegetation seasons of
2012-2013. Laboratory observations were conducted in Sfanta Elena, Romania, in Znojmo,
Czech Republic (48°51°31”N, 16°2°40”E) and in Olomouc, Czech Republic (49°35'36"N,
17°15'3"E) using larvae from Sfanta Elena, Romania, and Dolné Zelenice, Slovakia. Host
plant associations were studied by direct observation in the field and by testing selected
plants in the laboratory.

Larvae were collected by R. Stejskal and F. Trnka in the soil within the vicinity of the host
plant (Erodium cicutarium) and maintained in the laboratory using the following two rearing
techniques: (1) Some larvae were excavated using a garden trowel along with the complete
host plant including its root ball and soil. The plant was then cultivated in a common flower-
pot. (2) Some larvae were first removed from their soil tunnels and then placed in a prepared
flowerpot with the host plant. In these cases, the host plants were cultivated in soil sifted in
advance to remove unwanted materials and organisms (e.g., carnivorous beetle larvae).
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The flowerpots containing the host plants and larvae were placed in a sunny place at room
temperature and moistened approximately once every 3—5 days. Moulding or dead plants
were replaced with new plants.

Part of the material of the larvae and pupae was preserved in Pampel fixation liquid (4 parts
glacial acetic acid, 6 parts 4% formaldehyde, 15 parts 95% ethylalcohol and 30 parts distilled
water) and used for the morphological descriptions. These specimens are now deposited in
the Group Function of invertebrate and plant biodiversity in agro-ecosystems of the Crop
Research Institute (Prague, Czech Republic). Plants were identified by the collectors and the
identification was reviewed by a botanist.

Slides were prepared as follows (for details see May 1994): a larva was decapitated, and
its head was rinsed in distilled water and cleaned in a 10% solution of potassium hydroxide
(KOH). Then, the mouthparts were separated from the head capsule. All body parts were then
mounted on temporary microscope slides in 10% glycerin.

The specimens were examined and measurements were made using a light microscope with
ocular scale (Olympus SZ60 and SZX16). The following characteristics were measured for
each larva (head width; length of the body [larvae fixed in C-shape were measured by segment],
width of the body in the widest place [abdominal segments]) and pupa (length and width). The
thorax and abdomen are not sclerotised and their proportions may be affected by the fixation
process, thus measurements of these parts are only given for comparison purposes.

Drawings were made using a drawing tube attached to the light microscope and processed
by computer (GIMP 2). The thoracic spiracle is placed on the boundary of the prothorax and
mesothorax, as shown in the drawings (see Fig. 2B); however, it is in fact of mesothoracic
origin (MarvaLp1 et al. 2002, MarvaLpl 2003). Drawings of the thoracic and abdominal
spiracles are schematic (see Figs. 2B—D). Terms and abbreviations regarding the setae of the
mature larva and pupa follow ScHERF (1964), May (1977, 1994) and MaRrvaLDI (1998).

Morphology of mature larva and pupa

Coniocleonus nigrosuturatus (Goeze, 1777)

Material examined. ROMANIA: Sfanta Elena: 24.v.2013 (1 larva), 4.vii.2013 (1 larva, 1 pupa) (all F. Trnka leg.),
7.vi.2012 (1 larva), 10.vii.2012 (1 pupa reared, partly damaged), 19.v.2013 (2 larvae), 7.vii.2013 (1 pupa reared
from larva from v.2013 (partly dried-up)) (all R. Stejskal leg.). SLOVAKIA: Dolné Zelenice, 16.vi.2013 (2 larvae),
R. Stejskal leg.

Description of mature larva. Colouration. Head light brown or brown. All thoracic and
abdominal segments white (Fig. 4A). Cuticle finely spiculate.

Head capsule and mouth parts. Head width: 1.5-1.7 mm (mean 1.6 mm), suboval, flat-
tened laterally, endocarinal line absent. Frontal sutures on head distinct, Y-shaped, extended
to stemmata. Single stemma (st), in the form of a dark pigmented spot, located on each side
anterolaterlly. Des/ near to frontal suture, des2 and des3 located in the central part of epicra-
nium, des4 located anterially near to frontal suture, des5 located anterolaterally; des/-2 and
des4-5 long, equal in length, des3 distinctly shorter (Fig. 1A). Fs/ and fs2 placed medially,
/53 located anteriomedially, fs4 located anteriolaterally, and fs5 located laterally, close to the
epistoma; all setae relatively long, fs3 and fs4 shorter than the remaining three setae (Fig. 1A).
LesI-2 as long as des1; and ves—2 as long as des3. Epicranial area without pores. Antennae
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0.5 mm 0.2 mm

Fig. 1. Coniocleonus nigrosuturatus (Goeze, 1777), mature larva head, antenna and mouth parts: A — dorsal view (des
— dorsal epicranial seta(e), f§ — frontal s., les — lateral epicranial s., st — stemmata, at — antenna); B — right maxilla and
labium (both ventral view) (dms — dorsal malae s., vins — ventral malae s., mpxs — maxillary palps s., mbs —basiventral
s., pfs — palpiferal s., stps — stipal s., plbs — prelabial s., pslbs — postlabial s., ligs — ligular s.); C — right mandible
(mds — mandible dorsal s.); D — antenna; E — labrum and clypeus (c/s — clypeal s., /rms — labral s.); F — epipharynx
(ams — anteromedial s., als — anteriolateral s., mes — median s., Ir — labral rods).
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Fig. 2. Coniocleonus nigrosuturatus (Goeze, 1777), mature larva habitus: A— shape of the body (lateral view), B —late-
ral view of thoracic segments, C — lateral view of abdominal segment II., D — lateral view of abdominal segments
VII-X (prns — pronotal seta(e), prs — prodorsal s., pds — postdorsal s., as —alar s., ss — spiracular s., dpls — dorsopleural
s., vpls — ventropleural s., pda — pedal s., dls — dorsolateral s., Ists — laterosternal s., msts — mesosternal s., ds — dorsal
s., Is — lateral s., sts — sternal s., ts — terminal s.; Th1-3, Ab1-10 — number of thoracic or abdominal segment).

located at the end of the frontal suture on each side, membranous and slightly convex basal
article bearing conical triangular sensorium, relatively long; basal membranous article with
3 sensillae different in both shape and length (Fig. 1D).

Labrum (Fig. 1E) approximately 2 times as wide as long, with 3 pairs of hairform /rms,
of different length; /rms3 and /rmsl distinctly shorter than /rms2; lrmsl placed close to
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the margin with clypeus, /rms2 located anteriomedially and /rms3 located anteriolaterally;
anterior margin double sinuate. Clypeus (Fig. 1E) approx. 2.5 times as wide as long with 2
relatively short c/s, unequal in length, localized posteriolaterally; anterior margin rounded to
the inside; median part covered by thorn-shaped cuticular processes. Epipharynx (Fig. 1F)
with 4 pairs of blunt, finger-like als, of almost equal length; 2 pairs of ams, ams1 distinctly
shorter than ams?2; 2 pairs of short, blunt mes; labral rods (Ir) elongated, converging anteri-
ally. Mandibles (Fig. 1C) relatively broad, bifid, tooth of unequal height; slightly truncate;
mds relatively long, hairform. Maxilla (Fig. 1B) stipes with 1 stps, 2 pfs and 1 mbs, stps
and pfsI-2 long, equal in length, mbs very short; mala with 6 bacilliform dms of different
length; 4 vms short, almost equal in length; vms distinctly shorter than dms. Maxillary
palpi with two palpomeres; basal palpomere with 1 mxps and two pores; length ratio of
basal and distal palpomeres: 1:0.7; distal palpomere with one pore and a group of conical,
cuticular apical processes. Praelabium (Fig. 1B) heart-shaped and distinctly elongated,
with 1 pair of plbs; ligula with sinuate margin and 3 pairs of hairform micro /igs, equal
in length; premental sclerite well visible. Labial palpi with two palpomeres; length ratio
of basal and distal palpomeres: 1:0.6; distal palpomere with one pore and short, cuticular
apical processes; basal palpomere with 1 dorsal pore. Postlabium (Fig. 1B) with 3 ps/bs,
pslbs1 located anterially, remaining two pairs laterally; different in length, ps/bs3 distinctly
shorter than ps/bsi and pslbs2.

Thorax and abdomen. Body length: 11.0-13.5 mm (mean 12.0 mm) stocky, slightly

curved, rounded in cross section (Fig. 2A). The widest place in the body (abdominal segments
V—VI) measuring up to 4.5 mm. Prothorax distinctly smaller than meso- and metathorax.
Metathorax and abdominal segments I-III of almost equal length, next abdominal segments
increasing gradually to abdominal segments V-VI (the largest) and then decreasing to the
terminal parts of the body. Abdominal segment X reduced to four anal lobes of unequal size,
the dorsal being distinctly the largest, the lateral pair equal in size, and the ventral lobe very
small. Anus located terminally. Spiracles (9 pairs) bicameral, the first placed between the
pro- and mesothorax (see Material and methods), the abdominal spiracles located laterally,
close to the anterior margin of abdominal segments I-VIII.
Chaetotaxy of mature larva. Slightly reduced, but in some parts with more than the most
frequent number of setae in weevils (e.g., meso- and metathorax with 2(3) pds, and abdominal
segments [-VII with 5 pds; the state in C. nigrosuturatus see below). Setae thin, long, light
yellow or orange. Thorax. Prothorax (Fig. 2B) with 10 prns unequal in length, 2 vpls and 1
msts. Mesothorax (Fig. 2B) with 1 prs, 4 pds (pds2 distinctly shorter than the three remaining
setae), 1 very short as, 2 short ss, 1 dpls, 2 vpls of different length and 1 short msts. Chaetotaxy
of metathorax (Fig. 2B) identical to mesothoracal. Each pedal area of thoracic segments well
separated, with 6-8 pda unequal in length. Abdomen. Abdominal segments I-VII (Figs 2C-D)
with 1 prs, 6 pds (pdsl, pds3 and pds5 very short), 1 dis, 1 very short ss, 2 dpls of different
length, 2 vpls, 1 very short Ists and 1 micro msts. Abdominal segment VIII (Fig. 2D) with
1 prs, 3 very short pds, 1 very short ss, 2 dpls of different length, 2 short vpls, 1 very short
Ists and 1 micro msts. Abdominal segment IX (Fig. 2D) with 3 ds (ds2 relatively long, ds/
and ds3 microsetae); 1 short Is and 2 sts of different length (szs/ very short, sts2 microsetae).
Each anal lobe on abdominal segment X (Fig. 2D) with 1 microseta (zs).
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Fig. 3. Coniocleonus nigrosuturatus (Goeze, 1777), pupa habitus: A — ventral view, B — dorsal view, C — lateral
view (vs — vertical seta(e), sos — superorbital s., os — orbital s., pas — postantennal s., s — rostral s., as — apical s.,
Is — lateral s., ds — discal s., pls — posterolateral s., fes — femoral s., d — dorsal s., / — lateral s., v — ventral s.; Th1-3,
Ab1-10 — number of thotacic and abdominal segment; pc — pseudocerci).
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Description of pupa. Morphology (Figs 3A—C, 4C). Body length: 11.0-11.6 mm, at the
widest region: 4.5-5.3 mm. The widest place in the body is commonly between the apex of
the meso- or metafemora. Body stocky, elongated, white or yellowish. Cuticle smooth. Ros-
trum relatively short, approximately 1.8 times as long as wide, extended beyond procoxae.
Antennae relatively long and stout. Pronotum almost 1.7 times as wide as long. Mesonotum
and metanotum of almost equal length. Abdominal segments [-V of almost equal length;
abdominal segment VI semicircular, next abdominal segments diminish gradually to the end
of the body. Abdominal segments VII-IX distinctly smaller than other abdominal segments.
Gonotheca (abdominal segment IX) of all three specimens divided. Sexual dimorphism in
weevils is visible mainly in the length of rostrum and in the structure of abdominal segment
IX: gonotheca of & undivided, of @ divided (Gosik & Sprick 2012a,b, 2013; Gosik & WANAT
2014).

Chaetotaxy (Figs 3A—C). Setae relatively long, unequal in length, light yellow or orange,
some setae on abdominal segments II-VIII distinctly get stronger and located on protube-
rances. Setae well visible. Head capsule includes 1 vs, 3 sos, 1 os and 4 pas. Rostrum with 1
rs, located on the anterior margin. Setae on head capsule and rostrum straight, »s and pas/—3
distinctly shorter than the remaining setae on head, thoracic and abdominal segments.

Pronotum with 2 as, 2 ds, 2 Is and 4 pls. Dorsal parts of mesothorax with 1 pair of setae
located posteromedially and 5 pairs located along its anterior margin. Chaetotaxy of metathorax
identical to mesothoracal. Each apex of femora with groups of 3 fes. Dorsal parts of abdomi-
nal segments [-VIII each with 2 pairs of setae located posteriorly (d/, d9) and 7 pairs (d2-8)
located along theirs anterior margins. Seta d4 (on abdominal segment II) and setae d2-5 (on
abdominal segments III-VII) short, thorn-like, located on protuberances. Remaining setae
long, hair-like. Abdominal segments [-VII with groups of 2 lateral setae and 4 pairs of ventral
setae. Dorsal part of abdominal segment VIII with 2 pairs of setae located posteriorlly (d1,
d9) and 3 pairs (d2, d3 and d8) located along its anterior margin; d2-—3 thorn-like, located on
protuberances; remaining setae elongated. Abdominal segment VIII with groups of 2 lateral
setae and 3 pairs of short ventral setae. Abdominal segment [X with 2 pairs of ventral micro-
setae and 1 pair of short, thin setae. Pseudocerci short, triangular.

Comparison with larvae of other Cleonini. Larvae of three cleonine taxa have been de-
scribed so far (ScHERF 1964): Cleonis pigra (Scopoli, 1763), Cyphocleonus dealbatus (Gmelin,
1790) (as Cyphocleonus tigrinus (Panzer, 1789)), and ?Pachycerus segnis (Germar, 1824)
(as Pachycerus scabrosus Brullé, 1832, but identification is probaly incorrect, see below).
The comparison of the larva of Coniocleonus nigrosuturatus with those decribed by SCHERF
(1964) is somewhat problematic due to the use of differing terminology for morphology and
chaetotaxy and/or an absence of good quality drawings. Despite these problems, we were
able to compare the morphology of all four taxa (Table 1). However, the identity of the larva
described as Pachycerus segnis by SCHERF (1964) is unclear and it likely represents a genus
other than Pachycerus. According to extensive surveys by Brun et al. (1993) conducted in
France, Greece and Turkey, larvae of P. segnis were always found within earthen cells at-
tached to the taproot, but not in gall-like swellings as reported by ScHERF (1964). Descriptions
by ScHERF (1964) perfectly fit the larval development of some species of the cleonine genus
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Table 1. Differential diagnosis of mature larvae and pupae of 4 species from the tribe Cleonini.

Coniocleonus Cleonis nigra Cyphocleonus ‘Pachycerus
nigrosuturatus dealbatus scabrosus’ sensu
ScHERF (1964)*

Larva
Endocarina absent present absent absent
Number of stemmata 1 2 1 1
Number of des 5 4 5 5
Number of fs 5 4 5 5
Number of /es 2 not presented 3 3
Number of ves 2 not presented not presented not presented
Number of cls 2 2 2 3
Position of /rmsi-3 in a triangle in a triangle in a triangle in a line
Number of als 4 4 6 3
Number of mds 1 2 2 2
Number of /igs 3 3 2 3
Number of mbs 1 0 1 1
Number of pds on 6 7 not presented 5
abominal segments I-VII
Pupa
Number of setae on 6 4 unknown 4
mesonotum
Number of fes 3 2 unknown not presented
Number of setae on dorsum of 9 7 unknown 5-7

abdominal segments [-VII

* This larva was probably misidentified by Scuerr (1964) and more likely belongs to the genus Rhabdorrhnychus
(see the text for details).

Rhabdorrhnychus, which takes place in a root gall-like swelling (DiIECkMANN 1983, STEISKAL
& TrNKA, unpubl. data).

May (1993) considered the increased number of pds on meso- and metathorax and abdomi-
nal segments [-VII and the increased number of epipharyngeal lining setae (als) (i.e. higher
than the most frequent number of setae in weevils [for details see Chaetotaxy of mature larva
of C. nigrosuturatus]) as diagnostic for the mature larva of the subfamily Lixinae. Descrip-
tions of mature larvae from the tribe Lixini (Larinus species: Gosik & SKUHROVEC 2011; Lixus
species: SCHERF 1964, May 1994, NikuriNa 2001, 2007, NikuLiNa & GULTEKIN 2011, Gosik
& Wanart 2014; Rhinocyllus conicus: May 1994) fit this diagnosis, as do all known species
from the tribe Cleonini (see Table 1). The comparison of both tribes is recently not possible
because our knowledge of immature stages in Cleonini is very scarce.
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Fig. 4. Immature stages and feeding marks of Coniocleonus nigrosuturatus (Goeze, 1777). A — mature larva; B
— earthen cell with mature larva; C — pupa (removed from the earthen cell); D — opening of larval tunnel in the soil;
E — opening of the larval tunnel and feeding marks; F — detail of larval feeding marks.
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Fig. 5. Adult, host plant and habitats of Coniocleonus nigrosuturatus (Goeze, 1777). A — adult beetle; B — host plant
Erodium cicutarium (L.) L’Hér.; C — an excavated host plant with larval feeding marks; D—E: habitats in Romania
(Sfanta Elena); F — habitat in Slovakia (Kolifany).

Biology of Coniocleonus nigrosuturatus

Habitat. Based on our observations, C. nigrosuturatus prefers dry, sunny places in grassland
habitats with sparse vegetation, bare ground and patchily growing host plants. The weevil
often inhabits road margins, pastures and dykes along rivers and requires a special habitat
structure originating from a proper disturbation regime. Heterogeneous patches of properly



Acta Entomologica Musei Nationalis Pragae, 54(1), 2014 349

disturbed sites occur for instance due to vehicle traffic (Figs SE-F) or the grazing of domestic
animals (Fig. 5D). The adults avoid places with compact and overgrown vegetation, where
we suppose the soil is not sufficiently warm for larval development. Regarding bedrock, the
weevil is quite flexible, occurring on a wide range of substrata, such as limestone and various
sediments (sand, sandy gravel and loess).

Adult behaviour. The weevils are diurnal and can be very agile during sunny weather,
however, during cold weather, they remain motionless. We usually observed adults (Fig.
5A) on the ground or on host plants, where they spend most of their time sitting on the top
or underside of the host plant rosette (Fig. 5B). An attacked plant was usually occupied by
14 beetles. The adults were not observed in flight but are fully winged (ANGELoOV 1963).
Specimens examined by us for this character (in total 3 specimens from Hungary, Romania
and Slovakia) were all macropterous. Adults can be observed from March onwards, with peak
activity from mid-April to mid-May. Single adults can be observed at the end of summer
or during autumn (August/October). We also observed beetles mating on the host plants. A
mating male tightly embraces the female and repeatedly stimulates her with his mid-legs by
knocking very rapidly on her metathorax.

Host plant. Both adults and larvae were observed feeding exclusively on Common Stork’s-
bill (Erodium cicutarium (L.) L’Hér.) (Geraniaceae, Figs SB—C). Adults feed on leaves,
whereas larval development occurs underground on the stem base. We also tested feeding on
thyme (Thymus sp.), which was mentioned as a host plant by several authors (KLEINE 1910,
FLEISCHER 19271930, FREMUTH 1982, TER- MINASIAN 1988, ArRzANOV 2006). The adults com-
pletely avoided feeding on thyme, both in the laboratory and in the field, and we thus consider
thyme solely as an occasional refuge plant. Other plant species were not tested. Based on our
observations and experiments, Coniocleonus nigrosuturatus hence appears to be most likely
monophagous, feeding exclusively on Erodium cicutarium.

Life cycle. Coniocleonus nigrosuturatus is a univoltine species. We did not find the site of
egg deposition, but we suppose that females lay eggs in the soil near the root neck. Mature
larvae live ectophagously near the host plant root and construct a vertical tunnel in the soil
up to several centimeters long. The larval tunnel, which has a circular to oval shape in cross
section with diameter of 4-5 mm, opens onto the soil surface, where the larvae feed externally
on the stem base (Figs. 14D—F). We have not observed younger instar larvae, but we suppose
that they most likely also live ectophagously, like the mature larvae. Their development insi-
de roots/stems could be excluded because we did not find any elongated tunnels inside the
plants despite exhaustive searching. No feeding marks were found on roots. At an attacked
plant, a single larva was usually observed; however, sometimes up to 3 larvae were found.
The host plant infestation rate may reach 50—75% according to our estimation. We observed
higher larval feeding activity during the morning hours (before 10 a.m.), in the evening (after
7 p.m.) and in cloudy weather. During midday under warm and sunny conditions, larvae hid
deeper in the tunnels. From the beginning of July, larvae pupate in oval, closed earthen cells,
25-30 mm long and 10—15 mm wide (Fig. 4B), located several centimeters below the soil
surface under the host plant. The inner diameter of the earthen cell is approximately 5 mm,
and its inner length is approximately 20 mm. The only reared adult emerged in the laboratory
at the end of July. Further details of the life cycle were not observed. However, we suppose
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that a part of the population overwinters in the pupation cells, and some adults leave the cells
at the end of summer, resulting in the records of adults in August to October (DIECKMANN
1983, Stejskal & Trnka, unpubl.). Most likely, the weevils then spend some time feeding on
the host plants and look for suitable shelters to overwinter in later.

Rearing of the larvae. In general, rearing of the larvae proved very difficult. We observed
high larval mortality particularly due to the drying or decay of host plants. Only three larvae
(of 25) pupated in the laboratory, of which one dried out, and another one was destroyed
accidentally while examined. A fresh, not fully coloured adult was found in the earthen cell
on July 22", After emergence, it remained in its pupation cell for at least a few days. The
reared beetle was kept alive for observation but died on August 13", The rearing of larvae
on specially prepared host plants (technique 2 as described in Material and methods) was
more succesfull because it prevented predation of the weevil larvae by carabid larvae taken
accidentally from the field with the host plants.

Discussion

Erodium cicutarium, i.e. the exclusive host plant of Coniocleonus nigrosuturatus recorded in
our study, is a very variable herbaceous annual or biennial plant, often regarded as a complex
of taxa (Sravik 1997). This plant is supposed to be native to the Mediterranean, partially to
western and northern Europe, and reaching central Asia (Sravik 1997). In central Europe,
E. cicutarium is an archeophyte species. Recently, it has an almost worldwide distribution
(Sravik 1997). It is frequently an important weed of cereal and other crops, particularly in
semi-arid ranges (Francis et al. 2012). Using the weevil Coniocleonus nigrosuturatus as a
potential biological control agent would be less effective, in our opinion, compared to some
other Cleonini, such as Cyphocleonus achates (Fahraeus, 1842) which feeds on invasive
spotted knapweed (Centaurea maculosa Lam.) and diffuse knapweed (Centaurea diffusa
Lam.) (Stinson et al. 1994). The larvae of Cyphocleonus achates mine the roots, causing
extensive root damage, reduced shoot biomass or even death of attacked plants (STEINGER
& MULLER-SCHARER 1992, Corn et al. 2006). However, the larvae of C. nigrosuturatus live
ectophagously on the underparts of stems and cause only negligible damage to the host plants,
which appear perfectly adapted to disturbances, such as grazing, trampling or the feeding of
larvae/adults. Erodium cicutarium also hosts other weevils in Europe, such as the root borer
Lixus vilis (Rossi, 1790), the leaf-eating Brachypera dauci (Olivier, 1807), and Limobius
borealis (Paykull, 1792) whose larvae feed on flower buds (Kocn 1992). In studied localities,
we often found Coniocleonus nigrosuturatus, Lixus vilis and Brachypera dauci sharing the
same habitat and plant.

External larval feeding of Coniocleonus nigrosuturatus on the base of the stem is quite
unique within Cleonini. A similar feeding place is known only for the larvae of C. excoriatus
that feed at the junction of the stem and the upper taproot of Emex spinosa (Polygonaceae)
(Yeon et al. 2012). Cleonine larvae more typically feed on the exterior of roots (known for the
genera Asproparthenis, Pachycerus and Mecaspis) or are endophagous inside the root/root
neck (reported for Cleonis, Cyphocleonus, Pseudocleonus and Rhabdorrhynchus) (SCHERF
1964; Koch 1992; Stejskal & Trnka, unpubl. data).
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C. nigrosuturatus appears to be a characteristic species of grazed or even overgrazed habi-
tats (Fappa et al. 2008). For example, this weevil was one of the dominant species of beetle
communities in the plain of La Crau (southern France), which has had steppe-like vegetation
managed by extensive sheep grazing since the Neolithic period with a high coverage of stones
(Fapbpa et al. 2007, 2008). The weevil occurred only in dry grassland of the original steppe
and was absent on formerly cultivated fields, which were used for the cultivation of melons
and cereals until the 1970s. The abundance of C. nigrosuturatus was positively correlated with
very short vegetation (< 5 cm), bare ground percentage cover and plant species richness. This
is consistent with our data from Romania, where C. nigrosuturatus prefered heavily grazed
and trampled places. However, C. nigrosuturatus is very sensitive to grazing abandonment,
as reported by Fappa et al. (2008), based on long-term experiments on the effects of grazing
abandonment on beetle communities in southern France. The authors documented that the
abundance of C. nigrosuturatus was drastically decreased after only four years of grazing
abandonment, and was very low after 23 years of abandonment. Although it is not mentioned
in the paper, in our opinion, this may be connected with a change in the abundance of Erodium,
which also tends to decrease after grazing abandonment (Fappa et al. 2008). We guess that
grazing abandonment in warm areas with xerothermophilous steppe grasslands is the main
cause of the sharp decline of C. nigrosuturatus in the Czech Republic, where this weevil is
considered a critically endangered species (BENEDIKT & STREICEK 2005, STEISKAL & TRNKA
2013). Nevertheless, our findings in Slovakia (a grassy parking place on a river bank) and
Hungary (a closely cut lawn around a petrol station) demonstrate that this weevil can also
survive, at least for some time, in ungrazed habitats, both semi-natural and secondary ones.
We guess that a proper regime of disturbances that retain sufficient bare ground in the habitat
is essential for both C. nigrosuturatus and its host plant.

Knowledge of immature stages and life histories can help more effectively protect endan-
gered species (including the species presented here). The detailed description of the larva and
pupa and its comparison with known descriptions reported here, demonstrates the possibility
of identifying immatures in these species, as has been done in other groups (Hyperini: SKuH-
ROVEC 2006, 2007; Bagous: Gosik 2008; Ceutorhynchinae: Gosik 2010; Lixinae: NIKULINA
2001, 2007, NikuLINA & GULTEKIN 2011, Gosik & SkuHrROVEC 2011, Gosik & WaNat 2014;
Entiminae: Gosik & Sprick 2012a,b, 2013, Tychiini: SKUHROVEC et al. in press). In practice,
species identification of larvae with chaetotaxy is relatively easy, and is generally much less
expensive than identification using molecular methods (Hirsch et al. 2010). Unfortunately,
the relatively low number of available descriptions in comparison to the great number of
known adult weevil species represents a current problem in the taxonomic use of the imma-
ture stages.
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Abstract

Mature larva and pupa of Adosomus (s. str.) roridus (Pallas, 1781) (Curculionidae: Lixinae: Cleonini) are described and
compared with ten other taxa of Cleonini with known larvae. This weevil is an oligophagous species on the Asteraceae
family. From our observations in Slovakia, we found active adults from April to September in dry sunny places within
extensively used or fallow vineyards and in ruderal vegetation with host plants. The weevil is a root borer - larvae, pupae
and fresh adults were collected from the root necks and roots of Common Tansy (7anacetum vulgare L.) and rarely from
Mugwort (Artemisia vulgaris L.). Each plant was usually occupied by one larva, or more rarely with two or three larvae.
The new generation of adult individuals appeared from early summer to autumn. Both larvae and some of the adults over-
winter, which is quite unique within Cleonini.

Key words: mature larva, pupa, host plant, Asteraceae, Artemisia, Tanacetum, life history, central Europe, Palaearctic re-
gion

Introduction

Weevils from the subfamily Lixinae Schoenherr, 1823 (Coleoptera, Curculionidae) are medium or large-sized
beetles mainly found in the Palaearctic region, especially in Asia. The subfamily contains approximately 1,500
species (Meregalli 2014). Lixinae is sometimes regarded as part of Molytinae (Oberprieler et al. 2007) or
Curculioninae (Lawrence & Newton 1995), but more often, Lixinae is considered a separate subfamily (e.g.,
Alonso-Zarazaga & Lyal 1999, Lobl & Smetana 2013). Lixinae belong to fairly derived weevil groups, and in
general, they are separated into two tribes: Cleonini Schoennherr, 1826 and Lixini Schoenherr, 1823 (Lbl &
Smetana 2013); Meregalli (2014) divides the groups into three tribes, with the third tribe being Rhinocyllini
Lacordaire, 1863. Although general phylogenetic analysis of the entire tribe is still in progress (Meregalli 2014,
Meregalli & Silvestro unpubl.), there are some preliminary results for Mediterranean and Afrotropical taxa
(Meregalli & Silvestro 2008). Until recently, the immature stages of Lixinae were largely unknown and
understudied (Anderson 1987). Current knowledge mainly focuses on the Lixini, for which several studies
describing the morphology of immature stages have been published (Larinus Dejean species: Zotov 2009a, 2010;
Gosik & Skuhrovec 2011; Lixus F. species: Scherf 1964; Lee & Morimoto 1988; Nikulina 2001, 2007; Zotov
2009a, b; Nikulina & Giltekin 2011; Gosik & Wanat 2014; Skuhrovec & Volovnik in press; Rhinocyllus conicus
(Frolich, 1792): May 1994). Knowledge of the immature stages of Cleonini remains limited because the immature
stages of only 10 species have been described in detail, by Hoffmann (1950), Scherf (1964), Zotov (2011) and
Stejskal et al. (2014).

The Palaearctic genus Adosomus Faust, 1904 belongs to the Cleonini tribe and comprises 9 known species
(Meregalli & Fremuth 2013). This genus is classified into three subgenera: Adosomus Faust, 1904 (2 species),
Pseudoadosomus Arzanov, 2005 (4 sp.) and Xeradosomus Arzanov, 2005 (3 sp.). The only European species is A.
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roridus (Pallas, 1781), belonging to the subgenus Adosomus and distributed from south Sweden through central
Europe, Slovenia, and Italy to Eastern Europe and Kazakhstan. Other species can be found in central Asia, Siberia,
Mongolia and China (Meregalli & Fremuth 2013).

Data regarding host plants of 4dosomus species are limited. For some species, the only information about the
refuge plants is their hiding or feeding location. Larvae of an Adosomus species from China were found in the
stems and roots of Artemisia ordosica Krasch. (as 4. ordosoca) and A. sphaerocephala Krasch. (Wang et al. 2009).
Adosomus roridus is a very rare and endangered species in central Europe, and there is very little information on its
bionomy (Stejskal & Trnka 2013). This species prefers xerothermic steppes and disturbed sites with Artemisia L.
and Tanacetum L. (Wirmli 1976, Koch 1992, Mazur 2002). Immature stages of an unidentified Adosomus species
from China are known (Wang et al. 2009) but are not described. The immature stages of 4. roridus have never been
observed. In this paper, we describe the immature stages of the species and provide details on their life history
based on observations made during field work in Slovakia.

Materials and methods

The material used to describe immature stages was collected, and field observations were conducted, in the
following locality:

Material examined. SLOVAKIA: Bratislava region: Pezinok-Grinava env., 48°16'9.66"N, 17°13'52.95"E.
Visit dates: 6.xi.2012, 15.v.2014. Bratislava region: Svity Jur env., 48°14'36.72"N, 17°11'55.34"E. Visit dates:
15.v.2014, 13.vii.2014. Habitats: Vineyards and road margins. Bedrock: quaternary alluvial sediments (sandy
gravel). Altitude: 175 m a.s.l. (see Fig. 5C-E).

Rearing and life cycle observations were conducted during the 2012-2013 and 2014-2015 vegetation seasons.
Laboratory observations were conducted in Olomouc, Czech Republic (49°35'36"N, 17°15'3"E). Field work
consisted of larva collection (performed by F. Trnka) and the study of host plant associations. Root necks or roots
inhabited by one or more larvae were collected and then cultivated in a common flowerpot. The plants were placed
into a sandy substrate and moisturised once a week.

Part of the larval and pupal material was preserved in Pampel fixation liquid (4 parts glacial acetic acid, 6 parts
4% formaldehyde, 15 parts 95% ethyl alcohol and 30 parts distilled water) and used for the morphological
descriptions. These specimens are now deposited in the Group Function of Invertebrate and Plant Biodiversity in
Agrosystems of the Crop Research Institute (Prague, Czech Republic). Plants were identified by the collectors.

To prepare slides (for details, see May (1994)), a larva was decapitated, and its head was rinsed in distilled
water and cleared in a 10% potassium hydroxide (KOH) solution. After clearing, the mouth parts were separated
from the head capsule. The head capsule and all mouth parts were mounted on permanent microscope slides in
Euparal. All other body parts were mounted on temporary microscope slides in 10% glycerine.

The observations and measurements were made using a light microscope with calibrated oculars (Olympus BX
40 and Nikon Eclipse 80i). The following characteristics were measured for each larva (head width, length of the
body (larvae fixed in a C-shape were measured in segments), width of the body in the widest place (metathorax or
abdominal segments [-1V)), and pupa (length and width at the widest place). The thorax and abdomen are not
sclerotised, and it was unlikely that the fixation process altered the weevils’ proportions; measurements of these
parts are given for comparison purposes only.

Drawings were made with a drawing tube on a light microscope and processed by a computer (Adobe
Photoshop, Corel Photo-Paint 11, GIMP 2). The thoracic spiracle is placed on the prothorax near the boundary of
the prothorax and mesothorax, as shown in the drawing (see Fig. 2A), but it is of mesothoracic origin (Marvaldi et
al. 2002; Marvaldi 2003). The drawings show the thoracic and abdominal spiracles (see Figs. 2A-C). The numbers
of setae of the bilateral structures are given for one side.

We used the terms and abbreviations for the setae of the mature larva and pupa studied in Scherf (1964), May
(1977, 1994) and Marvaldi (1998, 1999).

The naming (and hence count) of some setae on the epipharynx (especially ams and mes) is not completely in
agreement among authors. According to May (1994: 376) and Marvaldi (1998, 1999) the standard state for the
epipharynx in weevils is 2 ams and 3 mes, but the position of the distal pair of mes is often very close or in line with
the ams and its apical shape identical with ams. Consequently some authors interpret and count the former as being
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ams. The decision was finally made to add this problematic seta to the latter group (ams). The position of this seta
is still not resolved in our view, and despite it being almost absolutely identical as in Coniocleonus Motschulsky or
Tychius Germar, we have not followed Stejskal et al. (2014) and Skuhrovec et al. (2014), who accepted the
standard status in weevils and counts it as a mes seta.

Morphology of mature larva and pupa
Adosomus (s.str.) roridus (Pallas, 1781)

Material examined. SLOVAKIA: Bratislava region: Pezinok-Grinava env., (48°16'9.66"N, 17°13'52.95"E).
27.v.2012 (1 pupa (3)), 15.v.2014 (4 larvae, 1 pupa (?)), 13.vii.2014 (1 pupa (2)), all leg. F. Trnka.

Description of mature larva. COLOURATION. Brown or dark brown head with a distinct pale pattern around
the frontal suture and lateral sides (Fig. 4C). All thoracic and abdominal segments white; only dorsum of pronotum
with elongated light brown stripe (Figs. 4C-D).

HEAD CAPSULE AND MOUTH PARTS. Head width: 2.5-3.0 mm (mean 2.8 mm), suboval, flattened laterally,
endocarinal line long exceeded almost to the half of frons. Frontal sutures on head distinct, extended to antennae.
Single stemma (st), in the form of a dark pigmented spot, located on each side anterolaterally. Des/ and des?2
located in upper part of the central part of epicranium, des/ near to the middle part of epicranium, and des2 near to
side of epicranium, des3 located anterially near to frontal suture, des4 located in the central part of epicranium,
des5 located anterolaterally; all des long, almost all equal in length (Fig. 1A). Fs/ and f52 placed medially, fs3
located anteriomedially, fs4 located anteriolaterally, and fs5 located laterally, close to the epistoma; all setae
relatively long, fs5 slightly longer than the remaining four setae (Fig. 1A). Les/—2 as long as des!; and ves/-3
short. Epicranial area without pores. Antennae located at the end of the frontal suture on each side, membranous
and slightly convex basal article bearing conical triangular sensorium, relatively long; basal membranous article
with 3 sensillae different in both shape and length (Fig. 1D).

Clypeus (Fig. 1E) approx. 2.2 times as wide as long with 2 relatively long cls, almost equal in length, localized
posteriolaterally and 1 sensillum; anterior margin rounded to the inside; median part covered by thorn-shaped
cuticular processes. Labrum (Fig. 1E) approximately 4 times as wide as long, with 3 pairs of hairform /ms, of
different length; /ms3 distinctly shorter than very long /ms!I and Ims2; Ims1 placed close to the margin with clypeus,
Ims2 located anteriomedially and /ms3 located anteriolaterally; anterior margin double sinuate. Epipharynx (Fig.
1F) with 4 blunt, finger-like als, unequal in length, 2 laterally als distinctly shorter than 2 medially als; 3 very
short. blunt, finger-like ams, amsi and ams2 distinctly larger than ams3; 2 pairs of short, blunt mes, unequal in
length; labral rods (Ir) rather broad, sub-triangular, approximating towards base. Mandibles (Fig. 1C) distinctly
broad, bifid, tooth of unequal height; slightly truncate; both mds relatively long, hairform, located in distinct holes.
Maxilla (Fig. 1B) stipes with 1 stps, 2 pfs and 1 mbs, stps and pfsI-2 very long, equal in length, mbs very short;
mala with 12 bacilliform dms in two different lengths (6 very long and 6 relatively long); 5 short vms, almost equal
in length; vms distinctly shorter than dms. Maxillary palpi with two palpomeres; basal palpomere with 1 very short
mxps and two sensilla; length ratio of basal and distal palpomeres: 1:0.9; distal palpomere with one sensillum and a
group of conical, cuticular apical processes. Praelabium (Fig. 1B) heart-shaped and distinctly elongated, with 1
very long prms; ligula with sinuate margin and 3 hairform short /igs, unequal in length; premental sclerite well
visible. Labial palpi with two palpomeres; length ratio of basal and distal palpomeres: 1:0.8; distal palpomere with
one sensillum and short, cuticular apical processes; basal palpomere with 1 dorsal sensillum. Postlabium (Fig. 1B)
with 3 pms, pmslI located anterially, remaining two pairs laterally; pms! and pms2 very long, pms3 distinctly
shorter; surface of postlabium partly covered by distinct cuticular processes.

THORAX AND ABDOMEN. Body length: 12.0-16.4 mm (mean 14.5 mm) stocky, slightly curved, rounded in
cross section (Fig. 2A). The widest place in the body (metathorax and abdominal segments [-1V) measuring up to
6.0 mm. Prothorax distinctly smaller than meso- and metathorax. Metathorax and abdominal segments I-IV of
almost equal length, next abdominal segments decreasing gradually to the terminal parts of the body. Abdominal
segment X reduced to four anal lobes of unequal size, the dorsal being distinctly the largest, the lateral pair equal in
size, and the ventral lobe very small. Anus located terminally. Spiracles (9 pairs) unicameral, the first placed
between the pro- and mesothorax (see Material and methods), the abdominal spiracles located laterally, close to the
anterior margin of abdominal segments [-VIII.
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Chaetotaxy of mature larva. Setae thin, short to relatively long, light yellow or orange. Thorax. Prothorax
(Fig. 2B) with 11 prns unequal in length, 8 of them on weakly pigmented dorsal sclerite, this sclerite subdivided in
two triangular plates medially, 3 of them closely to spiracle; 2 relatively long ps and 1 eus. Mesothorax (Fig. 2B)
with 1 prs; 5 pds unequal in length, pds/—3 and pds5 long, pds4 very short; 1 relatively long as; 3 ss unequal in
length, ss/ and ss2 short, ss3 very short; 1 relatively long eps; 1 relatively long ps and 1 short eus. Chaetotaxy of
metathorax (Fig. 2B) almost identical to mesothoracal, metathorax with only 2 ss almost equal in length, both
short. Each pedal area of thoracic segments well separated, with 6 relatively long pda, 3 of them on pigmented
pedal area, unequal in length. Abdomen. Abdominal segments [-VII (Figs 2C—D) with 1 short prs; 6 relatively
long pds, pds5—6 the longest one, pds3 the shortest; 2 ss of unequal length, ss/ very short, ss2 long as pds6; 2
relatively long eps of almost equal length; 2 relatively long ps of equal length; 1 short Ists and 2 short eus.
Abdominal segment VIII (Fig. 2D) with 1 short prs; 5 pds, pds6 lacking, pds3 less than half of length of the four
relatively long remaining setae; 2 ss of unequal length, ss/ very short, ss2 long as pds5; 2 relatively long eps of
almost equal length, 2 relatively long ps of equal length, 1 short /szs and 2 short eus. Abdominal segment X (Fig.
2D) with 5 ds (ds1,3,5 long, ds2,4 short); 3 ps of unequal length, psi very short, ps2—3 almost long as ds/ and 2
very short sts. Ventral anal lobe on abdominal segment X (Fig. 2D) with 2-3 short seta (zs).

Description of pupa. COLOURATION. Body whitish to yellowish.

MORPHOLOGY (Figs. 3A—C, 4F). Body length: 13.0-17.5 mm (& 13.5-17.5 mm; @ 13.0 mm), at the widest
region: 4.8-6.0 mm. The widest place in the body is commonly between the apex of the meso- or metafemora.
Body stocky. Cuticle smooth. Rostrum short and wide, approximately 1.5 times as long as wide, extended to
procoxae. Antennae relatively long and stout. Pronotum from 1.3 to 1.4 times as wide as long. Mesonotum and
metanotum of almost equal length. Abdominal segments -1V of almost equal length; abdominal segment V
semicircular, next abdominal segments diminish gradually to the end of the body. Abdominal segments VI-1X
distinctly smaller than other abdominal segments. Gonotheca (abdominal segment 1X) in females (1 specimen)
divided. Sexual dimorphism in weevils is visible mainly in the length of rostrum and in the structure of abdominal
segment IX: gonotheca of & undivided, of @ divided.

CHAETOTAXY (Figs. 3A—C). Setae short to very short, unequal in length, light yellow or orange, some setae on
abdominal segments I-VIII distinctly get stronger and located on protuberances. Setae well visible. Head capsule
includes only 1 vs, 3 sos and 4 pas. Rostrum with 2 rs. Setae on head capsule straight, as short as the remaining
setae on thoracic and abdominal segments. Pronotum with 2 as, 2 ds, 2 Is and 4 pls, ds1 distinctly shorter than the
remaining setae. Dorsal parts of mesothorax with 1 seta located posteromedially, 1 seta posterolaterally and 4(5)
setae located along its anterior margin. Dorsal parts of metathorax with 4 setae located along its anterior margin.
Each apex of femora with groups of 2 fes. Dorsal parts of abdominal segments [-VIII each with 2 setae located
posteriorly (d1, d10) and 8 pairs (d2—9) located along theirs anterior margins. Setae d2—4 (on abdominal segment
I), d2—6 and d8 (on abdominal segment II), d2—8 (on abdominal segment I1I-VII) short, thorn-like, located on
protuberances. Remaining setae short, hair-like. Abdominal segments [-VII with groups of 2 lateral setae and 5
ventral setae (4 setae on abdominal segment VII). Dorsal part of abdominal segment VIII with 2 setae located
posteriorlly (dI, d10) and 8 (d2-9) located along its anterior margin; d2, and d3 thorn-like, located on
protuberances; remaining setae short. Abdominal segment VIII with groups of 2 lateral setae and 4 short ventral
setae. Abdominal segment IX with 2 ventral microsetae and 1 short, thin seta. Pseudocerci short, triangular, with 2
spines, and 3 ventral very short and 2 micro, thin setae.

Comparison with larvae of other Cleonini. The larvae of ten cleonine taxa have already been described
(Hoffmann 1950, Scherf 1964, Zotov 2011, Stejskal et al. 2014). The detailed description of the pupa is similar for
nine cleonine taxa (Scherf 1964, Zotov 2011, Stejskal et al. 2014). The comparison of the larva and pupa of
Adosomus roridus with those described by Scherf (1964) was somewhat difficult due to the use of different
terminology for morphology and chaetotaxy and/or the absence of good quality drawings (more in Stejskal ef al.
2014). The comparison of the larva with Leucomigus tesselatus (Fairmaire, 1849) described/ drawn by Hoffmann
(1950) is somewhat challenging due to the existence of only a few drawings, and some positions of setae are
suspicious (e.g., number of fs, cls and mbs; see Skuhrovec et al. 2014, 2015). The descriptions of five cleonine
larvae and pupae by Zotov (2011) are of higher quality and very useful; however, the described characters are only
useful for differential diagnosis. The detailed descriptions of these five cleonine taxa are missing. Despite these
challenges, we were able to compare the morphology of all ten taxa (Table 1).
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FIGURE 1. Adosomus roridus (Pallas, 1781), mature larva head, antenna and mouth parts: A—dorsal view (des—dorsal
epicranial seta (e), fs—frontal epicranial s., /es—lateral epicranial s., ves—ventral epicranial s., st—stemmata, at—antenna);
B—right maxilla, dorsal view (dms—dorsal malar s., vms—ventral malar s., mpxs—maxillary palps s., mbs—basoventral s.,
pfs—palpiferal s., stps—stipital s.), prementum and postmentum, ventral view (prms—premental s., pms—postmental s.,
ligs—ligular s.); C—right mandible (mds—mandible dorsal s.); D—antenna; E—labrum and clypeus (c/s—<clypeal s., Ims—
labral s.); F—epipharynx (ams—anteromedial s., als—anterolateral s., mes—median s., lIr—labral rods).
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1 mm

FIGURE 2. Adosomus roridus (Pallas, 1781), mature larva habitus: A—shape of the body (lateral view), B—Ilateral view of
thoracic segments, C—Ilateral view of abdominal segment II, D—Ilateral view of abdominal segments VII-X (prrns—pronotal
seta(e), prs—prodorsal s., pds—postdorsal s., as—alar s., ss—spiracular s., eps—epipleural s., ps—pleural s., pda—pedal s.,
Ists—Tlaterosternal s., eus—eusternal s., ds—dorsal s., sts—sternal s., ts—terminal s.; Th1-3, Abl-10—number of thoracic and

abdominal segment).
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FIGURE 3. Adosomus roridus (Pallas, 1781), pupa habitus: A—ventral view, B—dorsal view, C—lateral view (vs—vertical
seta (e), sos—superorbital s., pas—postantennal s., rs—rostral s., as—apical s., Is—Ilateral s., ds—discal s., p/ls—posterolateral
s., fes—femoral s., &—dorsal s., —lateral s., v—ventral s.; Th1-3, Ab1-9—number of thoracic and abdominal segment, pc—
pseudocerci).
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May (1993) considered the increased number of pds on meso- and metathorax and abdominal segments [-VII
and the increased number of epipharyngeal lining setae (als) (i.e., higher than the most frequent number of setae in
weevils) (for details, see Stejskal er al. 2014) as diagnostic for the mature larva of the subfamily Lixinae.
Descriptions of mature larvae from the Lixini (Larinus species: Zotov 2009a, 2010; Gosik & Skuhrovec 2011;
Lixus species: Scherf 1964; Lee & Morimoto 1988; Nikulina 2001, 2007; Zotov 2009a, b; Nikulina & Giiltekin
2011; Gosik & Wanat 2014; Skuhrovec & Volovnik in press; Rhinocyllus conicus: May 1994) fit this diagnosis, as
do all known species from the Cleonini tribe (Stejskal et al. 2014). Gosik & Wanat (2014) compared the larvae and
pupae of genera Lixus and Larinus and determined their differential characters. The precise key, detailed generic
study of the Cleonini tribe and the comparison of both tribes was not possible because of our limited knowledge of
the immature stages.

Biology of Adosomus roridus

Habitat. Adults prefer dry, sunny places with host plants. In our study area, this species inhabited extensively used
or fallow vineyards (Figs. SD-E), ruderal vegetation and road edges in the vicinity (Fig. 5C). They inhabited both
early and older succession stages of ruderal biotopes. Both adult individuals and immature stages were found in
places with sparse vegetation, as well as in places with dense ruderal vegetation. Vineyard rows, where adults were
often found, were manually or mechanically cultivated from time to time.

Adult behaviour. We usually observed adults under the host plant’s rosette (Fig. 4A) near the stem base. The
adults are diurnal, and during sunny weather, they may climb up the host plant, even reaching the flowers. At night
and in cold weather, these beetles are hidden under the rosettes of host plants. This species has very reduced wings
(five specimens examined) and thus is most likely flightless. Adults can be observed from April to September.
Published records of adults are available from the beginning of April to September (Roubal 1937-1941, Kofler
1962—63). According to these findings, both larvae and some adults overwinter.

Host plants. Only adults of Adosomus roridus are known to feed on several Asteraceae: Artemisia absinthium
L., A. vulgaris L. and Tanacetum vulgare L. (Smreczynski 1968, Dieckmann 1983, Koch 1992). We observed that
adults, especially at Tanacetum vulgare (Fig. SA) and less at Artemisia vulgaris (Fig. 5B), preferred larger and
older polycormons.

Life cycle. A female weevil bites the root neck/root of the host plant and lays an egg in the hole. The egg is 3
mm long and yellow (Fig. 4B). A mature larva lives endophagously in the root neck or root where it feeds on plant
tissues (Figs. 4C—D). During its development, the larva causes a swelling of the root (Fig. 4E). Usually, only one
larva occupies a plant, but rarely, there were 2—3 larvae located on one plant; each larva created its own chamber.
Mature larvae were found from the beginning of May to the second half of July. According to our observations,
larvae of different instars overwinter and pupate the next year. Pupation occurs in the root neck/root. The new
generation of adult beetles emerge from early summer to autumn. Some adults also overwinter, from early spring
(beginning of April), which is supported by published data (Roubal 1937—1941, Kofler 1962—63).

Rearing of the larvae. For laboratory breeding, 15 larvae were collected. Only older instars were able to be
reared. Younger instars were hard to rear because the host plant root had a tendency to dry out and reduce its size,
which led to destruction of the larva.

Discussion

The weevil Adosomus roridus is an oligophagous species on Asteraceae. In our study, we found adults and
immature stages on Tanacetum vulgare and Artemisia vulgaris with a preference of the former. Immature stages
live endophagously, similar to most of the other Cleonini, which are typical root borers e.g., Bothynoderes
Schoenherr, Cleonis Dejean, Cyphocleonus Motschulsky or Leucomigus Motschulsky (Volovnik 2010).
Conversely, most members of Lixini are stem borers (e.g., Lixus) or develop in flowers, e.g., Bangasternus Gozis,
Larinus or Lachnaeus Schoenherr (Stejskal & Trnka 2014). In some genera, however, there are exceptions, e.g.,
Lixus angustus (Herbst, 1795) as a root borer (Dieckmann 1983).
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FIGURE 4. Adult and immature stages of Adosomus roridus (Pallas, 1781): A—adult, B—egg in roots of Tanacetum vulgare,
C—mature larva in gall, D—mature larva (removed from gall), E—pupa in gall of Tanacetum vulgare, F—pupa (removed from

gall).

Tanacetum vulgare and Artemisia vulgaris are native to Europe and Asia and are considered invasive species in
parts of North America (Grulich 2004, Zeleny 2004). T vulgare is an archaeophyte in central Europe, originating
from the Mediterranean region. In our opinion, using the weevil 4. roridus as a biological control agent would be
less effective and potentially dangerous. The main problem with this species is its oligophagy. Introducing and
using A. roridus as a biological control agent might be risky for indigenous fauna/flora, similar to introduction of
the weevil Rhinocyllus conicus (Louda et al. 2003). The latter was introduced to North America to suppress
invasive European Carduus and Cirsium species. Unfortunately, R. conicus strongly invaded the targeted plants
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and eventually native species, namely, wavyleaf thistle (Cirsium undulatum). The wavyleaf thistle is a preferred
host of a native tephritid fly, Paracantha culta (Wiedemann, 1830). The larvae of this fly develop in flowerheads,
similar to larvae of R. conicus, so its populations are often negatively influenced by R. conicus (Louda et al. 2003).
Individuals of oligophagous A4. roridus might prefer local plants of the Tanacetum, Artemisia and other related
genera, resulting in risks for indigenous flora and fauna. Before we can use 4. roridus as a biological control agent,
we have to know the connections between its host plants (e.g., nutrients, tannins, etc.).

FIGURE 5. Hoét plants and habitats of Adosomus roridus (Pallas, 1781): A—young host plant of Tanacetum vulgare, B—host
plant Artemisia vulgaris, C—E: habitat in Slovakia (Pezinok-Grinava).

The bionomy of adult individuals is of great interest because the majority of the central-European Cleonini
species requires a specific regime of habitat disturbance, resulting in sparse vegetation cover (Stejskal & Trnka
2013, 2014). Adosomus roridus was specifically found at disturbed places with sparse vegetation but, in contrast,
also at places with very dense, unbroken vegetation. This is in accordance with observations of some previous
authors (e.g. Roubal (1937-1941) who mentioned “rich vegetation with Artemisia, Tanacetum, Rubus and
Calamagrostis” as habitat of 4. roridus. Similar habitat preferences and the same host plants are only known for
Cyphocleonus dealbatus (Gmelin, 1790) in central Europe (Stejskal & Trnka unpubl.) which we collected in the
studied locality as well. In addition to vineyards and ruderal vegetation, as presented in our study, 4. roridus was
recorded in a wide range of habitats including xerothermic grasslands of associations from the class Festuco-
Brometea (Mazur 2002), sand dunes and salt marshes (Majzlan 1995), xerothermic forest-steppe associations of the
Danubian forest steppe (Asparago-Crataegetum danubiale) (Majzlan 1990 (as Crataegetum danubiale),
Simonovigova et al. 2008) and oak forests (Roubal 1937-1941).
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Adults of A. roridus probably do not move much because they are commonly found under stones (Kofler
1962-1963) or plant rosettes. In addition, they are not trapped in pitfalls (C. Germann, in litt), which may also
imply their low mobility.

Adosomus roridus is often found in low altitudes in Slovakia (Kodada & Majzlan 1991, Majzlan 1995, Majzlan
2007), as confirmed by our findings (175 m a.s.l.), although this weevil seems ambivalent towards altitude. Some
findings from Switzerland show that 4. roridus appears at up to 1700 m a.s.l., where it inhabits the slopes of
southern exposure with montane to subalpine xerothermic grasslands (C. Germann, in litt). Furthermore,
preference for a geological base is not strict. Our findings come from the Quaternary sediments (sandy gravels),
which is a similar geological base to other localities of A. roridus in Slovakia (e.g., Kodada & Majzlan 1991,
Majzlan 2007). However, from Switzerland, we have findings from chalkstone/limestone or granite (C. Germann,
in litt).

Overwintering of larvae and adult individuals is different from the other Cleonini species. Only mature larvae
or adult individuals of the other Cleonini species overwinter. With regard to 4. roridus, different age stages of
larvae overwinter together with the adult specimens, which is unusual for Cleonini. Larvae mature from May, but
adult weevils can be found from early spring (overwintered adults) to autumn (adults of new generation).

Knowledge of immature stages and life histories can help to protect endangered species (including the species
presented here) more effectively. The detailed description of the larva and pupa, and its comparison with known
descriptions reported here, demonstrates the possibility of identifying this species in its immature stages.
Unfortunately, the relatively low number of available descriptions in comparison to the great number of known
adult weevil species is a problem in the taxonomic use of the immature stages, as has been done by other groups
(Hyperini: Skuhrovec 2007, Entiminae: Gosik & Sprick 2012a, b, 2013, Curculioninae, Tychiini: Skuhrovec et al.
2014, 2015). Currently, key and detailed generic studies of the Cleonini are impossible because of our limited
knowledge of immature stages. The main problem is that we are unable to divide the morphological characteristics
in this group into (i) characteristics useful for phylogenetics and (ii) characteristics useful for species identification.
Once this categorisation is complete, it will be possible to use it for future phylogenetic studies.
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Abstract

The mature larvae and pupae of Lixus (Ortholixus) bituberculatus Smreczytiski, 1968 and L. (Dilixellus) ne-
glectus Fremuth, 1983 (Curculionidae: Lixinae: Lixini) are described and compared with known larvae of
21 other Lixus and 2 Hypolixus taxa. The mature larva and pupa of L. bituberculatus are the first immature
stages described representing the subgenus Ortholixus. The larva of L. neglectus, in the subgenus Dilixel-
lus, is distinguished from the known larvae of four species in this subgenus by having more pigmented
sclerites on the larval body. All descriptions of mature larvae from the tribe Lixini, as do all known species
from the tribe Cleonini, fit the diagnosis of the mature larva of the Lixinae subfamily. Furthermore, new
biological information of these species in the Czech Republic, Slovakia and Romania is provided. For L.
bituberculatus, a chicory, Cichorium intybus L. (Asteraceae), is identified as a host plant, and L. neglectus is
found on dock Rumex thyrsiflorus Fingerh. (Polygonaceae). Both species are probably monophagous or oli-
gophagous. Adults of L. bituberculatus often inhabit host plants growing in active, dry and sunny pastures
with sparse patches without vegetation, being mostly active during the night in April/May and then again
in September, when the highest activity levels are observed. Adults of L. neglectus inhabit dry grasslands
on sandy soils with host plants, being active during the day from May to September, with the highest level
of activity in May/June and September. The larvae of both species are borers in the stem and root of the
host plant, and they pupate in root or root neck. Adults leave the pupation cells at the end of summer
and do not hibernate in the host plants. Finally, Romania is a new geographic record for L. bituberculatus.

Copyright Filip Trnka et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Introduction

The genus Lixus Fabricius, 1801, belongs to the tribe Lixini Schoenherr, 1823 in the
subfamily Lixinae Schoenherr, 1823 (family Curculionidae Latreille, 1802), and approxi-
mately 500 species have been described globally (Ter-Minasian 1967). Approximately
170 Lixus species in 12 subgenera are found in the Palacarctic region; only Eutulomatus
Desbrochers des Loges, 1893 and Parileomus Voss, 1939 do not occur in Europe (Giil-
tekin and Fremuth 2013). The biology of these species is partially known but has primar-
ily only been studied recently (e.g., Nikulina 1989; Volovnik 1994, 2007; Giiltekin 2007;
Gosik and Wanat 2014; Skuhrovec and Volovnik 2015). The immature stages of Lixus
species usually develop in the stems (Meregalli 2014) or the roots of plants (Dieckmann
1983) but sporadically develop in the seed capsule (Giiltekin 2005) or petiole (Giiltekin
2007). Some species from this genus are considered to be agricultural pests (e.g., Lixus
incanescens Boheman, 1835 in Manole 1990; others in Volovnik 1988; Nikulina 1989),
but others could be used for the biological control of selected weeds (e.g., Lixus filiformis
(Fabricius, 1781) for musk thistle; Giiltekin 2004) or have already been used for these
purposes (e.g., Lixus cardui Olivier, 1807 in Australia; Nikulina and Giiltekin 2011).
Detailed morphological descriptions have been published for the larvae of 21 Lixus spe-
cies, with detailed descriptions of the pupae being available for only eight species (see
Scherf 1964; Lee and Morimoto 1988; May 1994; Nikulina 2001, 2007; Zotov 2009a,
b; Nikulina and Giiltekin 2011; Gosik and Wanat 2014; Skuhrovec and Volovnik 2015).

Lixus bituberculatus Smreczyriski, 1968 belongs to the subgenus Ortholixus Reit-
ter, 1916, which includes 18 species in the Palaearctic region (Giiltekin and Fremuth
2013). 'This species is among the rarest of the genus Lixus, only distributed in Hun-
gary, Slovakia and Bulgaria (Giiltekin and Fremuth 2013; Stejskal and Trnka 2014).
The biology and host plant of L. bituberculatus were completely unknown, and its
immature stages have never been described.

Lixus neglectus Fremuth, 1983 belongs to the subgenus Dilixellus Reitter, 1916,
which includes 31 species in the Palaearctic region (Giiltekin and Fremuth 2013), and
the distribution of this central European endemic weevil includes a relatively small
area (ca. 5000 km?) in Austria, the Czech Republic and Slovakia at the confluence of
the Dyje and Morava Rivers (Giiltekin and Fremuth 2013; Trnka and Stejskal 2014).
The biology and plant associations of L. neglectus are better known than previously de-
scribed species, and several authors reported the occurrence of adults on garden sorrel
(Rumex acetosa L.) (e.g., Fremuth 1983; Koch 1992; Bshme 2001; Trnka and Stejskal
2014). The immature stages of L. neglectus have never been described.

Knowledge of the immature stages and life histories of both species is important
for taxonomy as well as practical applications and can help to more effectively pro-
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tect these species. In this paper, we describe the immature stages of both species and
provide details of their life history based on field observations in the Czech Republic,

Slovakia and Romania.

Materials and methods

The material used to describe the immature stages was collected, and field observations
were conducted in the localities mentioned below:

Lixus (Ortholixus) bituberculatus Smreczyniski, 1968

Material examined. ROMANIA: Caras-Severin County: Sfinta Elena env.;
44°40'24.1"N, 21°43'2.0"E; survey dates: 9-VI-2012, 1-2-1X-2012, 18-23-V-2013,
5-VIII-2014 (3 larvae), 6-VIII-2014 (2 larvae, 1 pupa), 8-VIII-2014 (7 larvae, 3 pu-
pae); all leg. & det. F. Trnka, coll. J. Skuhrovec. Habitats: pastures (cattle, sheep,
goats), road margins and dry grasslands. Bedrock: limestone. Altitude: 400 m a. s.
l. (see Fig. 21). SLOVAKIA: Rimavskd Sobota District: Gemerské Dechtire env.;
48°15'22.03"N, 20°2'12.44"E; 11-IV-2015. Habitats: pastures (cattle and sheep),
road margins and dry grasslands. Bedrock: quaternary eolithic sediments (sand and
loess). Altitude: 206 m a. s. L.

Lixus (Dilixellus) neglectus Fremuth, 1983

Material examined. CZECH REPUBLIC: Breclav District: Lanzhot env.;
48°41'21.04"N, 16°56'3.40"E; survey date: 19-VII-2014. Habitat: dry grassland and
blown sand, THGO1 Potentillo heptaphyllae-Festucetum rupicolae (Chytry et al. 2010).
Bedrock: quaternary alluvial sediments (sand). Altitude: 164 m a. s. L. (see Fig. 41);
Kostice env.; 48°45'54.60"N, 16°56'36.54"E; survey date: 9-VI-2015. Habitat: grassy
road embankment. Bedrock: artificial structure (sandy gravel). Altitude: 168 m a. s.
. SLOVAKIA: Trnava District: Sekule env.; 48°37'8.60"N, 16°59'21.03"E; survey
dates: 13-VII-2014 (5 mature larvae, 2 younger larvae, 1 pupa) and 25-VII-2014 (2
pupae reared from larvae collected on 13-VII-2014); all leg. R. Stejskal & F. Trnka,
det. R. Stejskal & F. Trnka, coll. J. Skuhrovec. Habitat: dry meadow. Bedrock: qua-
ternary alluvial sediments (sand). Altitude: 158 m a. s. I.

Rearing and life cycle observations were conducted during the 2014-2015 veg-
etation growing seasons. Laboratory observations were conducted in Olomouc
(49°35'36"N, 17°15'3"E) and in Znojmo, Czech Republic (48°51'31"N, 16°2'40"E).

Part of the larval and pupal material was preserved in Pampel fixation liquid (4
parts glacial acetic acid, 6 parts 4% formaldehyde, 15 parts 95% ethyl alcohol and 30
parts distilled water) and used for the morphological descriptions. These specimens
are now deposited in the Group Function of Invertebrate and Plant Biodiversity in
Agrosystems of the Crop Research Institute (Prague, Czech Republic). Plants were
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identified by the collectors. Slides were prepared following May (1994) as follows:
a larva was decapitated, its head was cleared in a 10% potassium hydroxide (KOH)
solution and then rinsed in distilled water. After clearing, the mouth parts were sepa-
rated from the head capsule. The head capsule and the mouth parts were mounted on
permanent microscope slides in Euparal. The body parts (thorax and abdomen) were
mounted on temporary microscope slides in 10% glycerine.

The observations and measurements were made using a light microscope with cali-
brated oculars (Olympus BX 40 and Nikon Eclipse 80i), and the following character-
istics were measured for each larva: head width, length of the body (larvae fixed in a
C-shape were measured in segments), width of the widest part of the body (metathorax
or abdominal segments I-IV). The length and width of the widest part of the body was
measured for each pupa. The thorax and abdomen were not sclerotised, and it is un-
likely that the fixation process altered the weevils” proportions; measurements of these
parts are given for comparison purposes only.

Drawings were made with a drawing tube on a light microscope and processed
by a computer program (Adobe Photoshop, Corel Photo-Paint 11, GIMP 2). The
thoracic spiracle is located on the prothorax near the boundary of the prothorax and
mesothorax, as shown in the drawing (see Figs 8, 29), but it is of mesothoracic origin
(Marvaldi et al. 2002, Marvaldi 2003). The drawings show the thoracic and abdominal
spiracles (see Figs 8-10, 29-31). The numbers of setae are given for one side of the
bilateral structures.

We used the terms and abbreviations for the setae of the mature larva and pupa
studied in Scherf (1964), May (1977, 1994) and Marvaldi (1998a, 1999).

The count of some of the setae on the epipharynx (especially ams and mes) have
not been completely resolved. According to Marvaldi (1998a, 1999), the standard
status of the epipharynx in weevils is 2 ams and 3 mes, but when the position of the
distal mes is very close to the anterior margin, they appear as ams. The decision was
finally made to add this problematic seta to the latter group (ams), and the posi-
tion of this seta is similar to that in other genera, e.g., in Coniocleonus Motschulsky
or Tychius Germar. We did not follow Stejskal et al. (2014) and Skuhrovec et al.
(2014), who accepted the standard status in weevils and counted the seta as mes, but
we followed Trnka et al. (2015) and Skuhrovec et al. (2015), e.g., in Adosomus Faust
or Sibinia Germar.

Results

Lixus (Ortholixus) bituberculatus Smreczyniski, 1968

Description of mature larva. Measurements (in mm). Body length: 6.5-10.4 (mean
9.2). The widest part of the body (metathorax and abdominal segments I-II) measur-
ing up to 2.8. Head width: 1.4-1.7 (mean 1.5).
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General. Body stocky, slightly curved, rounded in cross section (Fig. 7). Cuticle
finely spiculate.

Colouration. Head light brown or brown with a distinct pale pattern around the
frontal suture (Figs 7, 19). All thoracic and abdominal segments are white with a light
brown, elongate stripe on the dorsum of the pronotum (Fig. 7).

Vestiture. Setae on body thin, relatively short, light yellow or orange.

Head capsule (Fig. 1). Head suboval, flattened laterally, endocarinal line long more
than half length of frons. Frontal sutures distinct, extended to the antennae. Single
stemma (st) in the form of a slightly pigmented spot located anterolaterally on each
side. DesI and des2 located in the upper part of the central part of the epicranium,
des] near the middle part of epicranium, and des2 near the side of the epicranium,
des3 located anteriorly near the frontal suture, des4 located in the central part of the
epicranium, des5 located anterolaterally; all des long, subequal in length (Fig. 1). F51
and f52 placed medially, /53 located anteromedially, /54 located anterolaterally, and 55
located laterally, close to the epistoma; all setae relatively long, fs4 slightly longer than
fs1-3 and f55 distinctly longer than fs4 (Fig. 1). LesI—2 as long as desI; vesI—2 as long
as f53. Epicranial area with sensilla undistinct.

Antennae located at the end of the frontal suture on each side, membranous and
slightly convex basal article bearing one conical triangular sensorium, relatively long;
basal membranous article with 5 sensilla different in both shape and length (Fig. 4).

Clypeus (Fig. 2) approximately 2.1 times as wide as long with 2 relatively long
cls, almost equal in length, localized posterolaterally and 1 sensillum; anterior margin
rounded to the inside.

Mouth parts. Labrum (Fig. 2) approximately 2 times as wide as long, with 3 pairs
of piliform /ms, of different lengths; /ms3 distinctly shorter than very long /msl and
long /ms2; Imsl located close to the margin with clypeus, /ms2 located anteromedially
and /ms3 located anterolaterally; anterior margin double sinuate. Epipharynx (Fig. 3)
with 4 pairs of blunt, finger-like a/s;, unequal in length, 2/s/-2 distinctly shorter than
als3—4; 3 pairs of ams, amsl and ams2 distinctly shorter than ams3, amsl and ams2
piliform, and ams3 blunt, finger-like; 2 pairs of short, blunt 7es and one sensilla close
to mes2, located close to Ir; labral rods (Ir) elongated, converging anteriorly. Mandibles
(Fig. 5) relatively broad, bifid, teeth of unequal height; slightly truncate; both mds
relatively long, piliform. Maxilla (Fig. 6) stipes with 1 szps, 2 pfs and 1 mbs; very long
stps distinctly longer than long pfs—2, mbs very short; mala with 12 bacilliform dmns
of two different lengths (6 very long and 6 relatively long); 5 short vms, almost equal
in length; vms distinctly shorter than dms. Maxillary palpi with two palpomeres; basal
palpomere with 1 very short mxps and two sensilla; length ratio of basal and distal
palpomeres: 1:0.7; distal palpomere with one sensillum and a group of conical, apical
sensorial papillae. Praclabium (Fig. 6) heart-shaped and distinctly elongated, with 1
relatively long prms; ligula with sinuate margin and 3 piliform micro /igs, unequal in
length; premental sclerite well visible. Labial palpi with two palpomeres; length ratio
of basal and distal palpomeres: 1:0.7; distal palpomere with one sensillum and short,
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Figure l. Lixus bituberculatus mature larva head, dorsal view. Scale bar: 1 mm.

apical sensorial papillae; basal palpomere with 1 ventral sensillum. Postlabium (Fig.
6) with 3 pms, pmsl located anteriorly, remaining two pairs laterally; relatively long,
almost of equal length, pms3 distinctly shorter than pms! and pms2; surface of postla-
bium densely covered by distinct asperities.

Thorax. Prothorax distinctly smaller than meso- and metathorax. Metathorax
almost of equal length as abdominal segments I-IV. Spiracle bicameral. Prothorax
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Figures 2-3. Lixus bituberculatus mature larva. 2 Labrum and clypeus 3 Epipharynx. Scale bar: 0.5 mm.

4 -
"
[

o

Figures 4-5. Lixus bituberculatus mature larva head. 4 Antenna 5 Right mandible. Scale bars: 0.1 mm (4)
and 0.2 mm (5).

(Fig. 8) with 10 przs unequal in length, 8 of them on weakly pigmented premental
sclerite, which is subdivided medially into two triangular plates, next two pras placed
below; 2 ps and 2 eus. Mesothorax (Fig. 8) with 1 prs; 4 pds unequal in length, pds2
distinctly shorter than the remaining three setae; 1 short as; 2 short to very short ss; 1
eps; 1 ps and 2 eus. Chaetotaxy of metathorax (Fig. 8) identical to that of mesothorax.
Each pedal area of the thoracic segments well separated and pigmented, with 7 long
pda, 6 of which on pigmented area, unequal in length.

Abdomen. Abdominal segments I-IV of almost equal length, subsequent abdomi-
nal segments decreasing gradually to the terminal parts of the body. Abdominal seg-
ment X reduced to four anal lobes of unequal size, the dorsal being distinctly the
largest, the lateral pair equal in size, and the ventral lobe very small. Anus located
terminally. Spiracles bicameral, the eight abdominal spiracles located laterally, close to
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Figure 7. Lixus bituberculatus mature larva habitus, lateral view. Scale bar: 3 mm.
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Figures 8-10. Lixus bituberculatus mature larva habitus. 8 Lateral view of thoracic segments 9 Lateral
view of abdominal segment II. 10 Lateral view of abdominal segments VII-X. Scale bar: 1 mm.
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the anterior margin of abdominal segments [-VIII. Abdominal segments I-VII (Figs
9-10) with 1 prs; 6 pds, pds3 and pds5 the longest one; 2 ss of unequal length, ss7 very
short, ss2 as long as pdlsG; 2 eps of almost equal length; 2 relatively short ps of unequal
length, psI very short to minute, ps2 short; 1 /s#s and 2 eus. Abdominal segment VIII
(Fig. 10) with 1 prs; 4 pds, pds] and pds6 lacking, pds3 and pds5 less than half of length
of the two remaining setae; 2 ss of unequal length, ss7 very short, ss2 long as pds6; 2 eps
of almost equal length; 2 short ps of equal length; 1 /s#s and 2 ews. Abdominal segment
IX (Fig. 10) with 4 ds (dsI and ds3 very short, ds 2 and ds4 long); 2 short and 1 very
short ps and 2 very short to micro szs. Abdominal segment X (Fig. 10) with 2 microse-
tae and 1 seta (#5) on each lateral anal lobe.

Description of pupa. Measurements (in mm). Body length: 8.0-10.4 (4 8.0—
10.4; @ 9.8). The widest part of the body, commonly between the apex of the meso- or
metafemora: 2.6-3.5.

Colouration. Body white to yellowish (Fig. 20).

Morphology (Figs 11-13, 20). Body stocky, elongated, white or yellowish. Cuti-
cle smooth. Rostrum relatively long, approximately 2.7 to 3.0 times as long as wide,
extending beyond the mesocoxae; females with slightly thinner rostrum than males.
Antennae relatively long and stout. Pronotum from 1.2 to 1.3 times as wide as long,.
Mesonotum and metanotum of almost equal length. Abdominal segments I-III of
almost equal length; abdominal segment VI semicircular and subsequent abdominal
segments diminish gradually to the end of the body. Abdominal segments VII-IX dis-
tinctly smaller than other abdominal segments. Gonotheca (abdominal segment IX) in
females (1 specimen) bilobed.

Chaetotaxy (Figs 11-13). Setae relatively short, unequal in length, light yellow or
orange, some setae on abdominal segments III-VIII distinctly stronger and located
on protuberances. Setae well visible. Head capsule includes 1 vs, 3 sos, 1 os and 4 pas.
Rostrum with 2 s, 751 located below antenna, 752 placed on the anterior margin. Setae
on head capsule and rostrum straight, both 7s and all pas distinctly shorter than the
remaining setae on head, thoracic and abdominal segments. Pronotum with 2 as, 2 ds,
2 s and 4 pls. Dorsal parts of mesothorax with 1 seta located posteromedially, 1 seta
located posterolaterally and 4 setae located along its anterior margin. Chaetotaxy of
metathorax identical to that of mesothorax. Each femoral apex with 2 fes. Dorsal parts
of abdominal segments I-VIII each with 2 pairs of setae located posteriorly (41, d9)
and 7 pairs (42-8) located along their anterior margins. Setae 42-3, 45 and d7 (on ab-
dominal segments IV-VIII) short, thorn-like, located on protuberances; on abdominal
segment III only setae 43 and 45. Remaining setae short to very short, hair-like; all
setae very short on abdominal segments I-1I. Abdominal segments I-VII with groups
of 2 lateral setae and 5 pairs of ventral setae. Dorsal part of abdominal segment VIII
with 1 seta located posteriorly (49) and 7 pairs (d2—8) located along its anterior mar-
gin; d3, d5 and d7 thorn-like, located on protuberances; remaining setae elongated.
Abdominal segment VIII with groups of 2 lateral setae and 5 short ventral setae. Ab-
dominal segment IX with 2 pairs of ventral microsetae and 1 pair of short, thin setae.
Urogomphi elongated, triangular.
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Figures | 1-13. Lixus bituberculatus pupa habitus. 1l Ventral view 12 Dorsal view 13 Lateral view.
Scale bar: 3 mm.
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Figures 14-21. Habitats, adults, immature stages and life cycle of Lixus bitubercularus. 14 Adult
I5 Adult hiding in host plant rosette 16 Ovipositional mark 17 Eggs in the host plant stem 18 Feeding
marks in the stem 19 Mature larva in the root crown 20 Pupa and pupation cell 21 Habitat in Romania

and Cichorium intybus host plant.



The morphology of the immature stages of two rare Lixus species... 99

Biology and ecology. Habitars. Adults (Fig. 14) prefer dry and sunny habitats
such as dry grasslands, meadows often with grazing or mowing (Fig. 21), and road
margins with specific disturbance regimes (trampling by movement of cattle or vehi-
cles, etc.).

Adult behaviour. During the day, adults stay among the rosette leaves of the host
plant (Fig. 15) near the stem base. Adults were usually observed by sweeping the host
plants at night. Data were collected from April to September with the exception of
July. The maximum number of records occurred in late summer.

Host plants. Adults and larvae were observed feeding on chicory Cichorium inty-
bus L. (Asteraceae), in the studied localities (Fig. 21). Nevertheless, J. Kritky and ]J.
Pelikdn (in litt.) also found adult L. bituberculatus on Crepis sp. and Picris sp. during
night sweeping and a pupa in the root of Picris sp. in Slovakia (Hajndc¢ka env. and
Bajtava env.).

Life cycle. Lixus bituberculatus is an univoltine species. Adults feed on leaves, but
larval development occurs in the basal part of the stem and in the root (Figs 18-19).
Females of L. bituberculatus bite the lower part of the stem of the host plant near the
ground and lay one egg in the hole (Figs 16—17). Usually, only one larva was found
to occupy a plant, but rarely, there were two (one in the stem and another in the root
crown). Mature larvae were found from July to August. Pupation occurs in the root
neck or root (Fig. 20), and fresh adults can be found (inside plants) from middle of
August. The exit hole is situated in the upper part of the pupation cell. Adults do not
hibernate in the host plants. Most likely, hibernation occurs in the leaf litter, among
dry plant debris or in the topsoil.

Rearing of the larvae. For laboratory breeding, 10 mature larvae were collected
on August 8", 2014, but only three pupated under our laboratory conditions. The
remaining seven larvae primarily died due to drying of the host plants. The first fresh
adult hatched on September 12* and the other two on September 15%, 2014.

Lixus (Dilixellus) neglectus Fremuth, 1983

Description of mature larva. Measurements (in mm). Body length: 10.5-13.5 (mean
12.5). The widest part of the body (metathorax and abdominal segments I-1I) measur-
ing up to 3.3. Head width: 1.8-2.1 (mean 2.0).

General. Body stocky, slightly curved, rounded in cross section (Fig. 28), densely
covered by distinct asperities (mainly dorsal and ventral parts). Cuticle finely spiculate.

Colouration. Head light brown or brown (Figs 28, 38). All thoracic and abdominal
segments are white with a light brown elongate stripe on the dorsum of the pronotum
(Fig. 28).

Vestiture. Setae on body thin, relatively long to very long, light yellow or orange.

Head capsule (Fig. 22). Head suboval, flattened laterally, endocarinal line long
more than half length of frons. Frontal sutures distinct, extended to the antennae. Sin-
gle stemma (st) in the form of a slightly pigmented spot, located anterolaterally on each
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Figure 22. Lixus neglectus mature larva head, dorsal view. Scale bar: 1 mm.

side. DesI and des2 located in the upper part of the central part of the epicranium, des!
near the middle part of the epicranium, and des2 near the side of the epicranium, des3
located anteriorly near the frontal suture, des4 located in the central part of the epicra-
nium, des5 located anterolaterally; all des long, subequal in length (Fig. 22). Fs1 and f52
placed medially, 53 located anteromedially, fs4 located anterolaterally, and f55 located
laterally, close to the epistoma; all setae long to extremely long, fs1 extremely long,
fs4 and f55 very long, distinctly longer than f52 and f53, but shorter than f7 (Fig. 22).

Les1-2 as long as des1; ves]-2 as long as fs3. Epicranial area with sensilla undistinct.
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Antennae located at the end of the frontal suture on each side, membranous and
slightly convex basal article bearing one conical triangular sensorium, relatively long;
basal membranous article with 3 sensilla different in both shape and length (Fig. 25).

Clypeus (Fig. 23) approximately 2.5 times as wide as long with 2 long ¢/, almost
equal in length, localized posterolaterally and 1 sensillum; anterior margin rounded to
the inside; median part covered by thorn-shaped asperities.

Mouth parts. Labrum (Fig. 23) approximately 3 times as wide as long, with 3 pairs
of piliform /ms, of different lengths; /ms3 distinctly shorter than very long /msl and
long /ms2; lmsl placed close to the margin with clypeus, /ns2 located anteromedi-
ally and /ms3 located anterolaterally; anterior margin double sinuate. Epipharynx (Fig.
24) with 4 pairs of blunt, finger-like a/s, unequal in length, a/s1-2 distinctly shorter
than als3—4; 3 pairs of ams, amsl and ams3 distinctly shorter than ams2, amsl and
ams3 piliform, and ams2 blunt, finger-like; 2 pairs of short, blunt mes and one sensilla
close to mes2; labral rods (Ir) elongated, converging anteriorly, distinctly pigmented.
Mandibles (Fig. 206) relatively broad, bifid, teeth of unequal height; slightly truncate;
mdsl very long, mds2 distinctly short, piliform. Maxilla (Fig. 27) stipes with 1 szps, 2
pfs and 1 mbs; stps and pfsI-2 very long, almost equal in length, mbs very short; mala
with 14 bacilliform dms in two different lengths (1—4 long, blunt and 5-14 very long
and blunt, with a tendency to be longer and less blunt); 5 relatively long vs, almost
equal in length; vms distinctly shorter than dms. Maxillary palpi with two palpomeres;
basal palpomere with 1 very short mxps and two sensilla; length ratio of basal and distal
palpomeres: 1:0.8; distal palpomere with one sensillum and a group of conical, apical
sensorial papillae. Praelabium (Fig. 27) heart-shaped and distinctly elongated, with
1 relatively long prms; ligula with sinuate margin and 3 piliform micro /igs, unequal
in length; premental sclerite well visible. Labial palpi with two palpomeres; length
ratio of the basal and distal palpomeres: 1:0.6; distal palpomere with one one sensil-
lum and short, apical sensorial papillae; basal palpomere with 1 ventral sensillum, and
pigmented in the basal part, and the connection with the premental sclerite seems as
next palpomere. Postlabium (Fig. 27) with 3 pms, pmsI located anteriorly, remaining
two pairs laterally; long, almost of equal length, pms3 distinctly shorter than pmsI and
pms2; surface of postlabium densely covered by distinct asperities.

Thorax. Prothorax distinctly smaller than meso- and metathorax. Metathorax al-
most of equal length as abdominal segments I-IV. Spiracle bicameral. Prothorax (Fig.
29) with 10 prns unequal in length, of which 8 on distinctly pigmented dorsal sclerite
that is subdivided medially into two triangular plates, next two prns placed below; 2
long ps located on pigmented sclerite, and 1 exs. Mesothorax (Fig. 29) with 1 long prs;
4 long to very long pds, pds2 distinctly shorter than the remaining three setae (both on
weakly pigmented sclerites); 1 very short as; 2 short ss; 1 eps; 1 ps (eps and ps on weakly
pigmented sclerites) and 1 eus. Chaetotaxy of metathorax (Fig. 29) identical to that of
mesothorax. Each pedal area of the thoracic segments well separated and pigmented,
with 7 long pda, of which 4-6 on distinctly pigmented area, unequal in length.

Abdomen. Abdominal segments I-V of almost equal length and subsequent ab-
dominal segments decreasing gradually to the terminal parts of the body. Abdominal
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Figures 23-24. Lixus neglectusmature larva. 23 Labrum and clypeus 24 Epipharynx. Scale bar: 0.5 mm.
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Figures 25-26. Lixus neglectus mature larva head. 25 Antenna 26 Right mandible. Scale bars: 0.1 mm (25)
and 0.5 mm (26).

segment X reduced to four anal lobes of unequal size, the dorsal being distinctly the
largest, the lateral pair equal in size, and the ventral lobe very small. Anus located
terminally. Spiracles bicameral, the eight abdominal spiracles located laterally, close
to the anterior margin of abdominal segments I-VIII. Abdominal segments [-VII
(Figs 30-31) with 1 prs; 5 relatively short pds, pds2 and pds4 on abdominal segment
VII less than half of length of the three remaining setae which are twice as long as pds
on the previous six abdominal segments; 2 ss of unequal length, ss7 very short, 552 as
long as pds5; 2 eps of unequal length; 2 relatively short ps of equal length; 1 long /s
(eps, ps and Ists on weakly pigmented sclerites) and 2 relatively long ews. Abdominal
segment VIII (Fig. 31) with 1 relatively long prs; 2 long to very long pds, pds1-2 and
pds4 lacking; 2 ss of unequal length, ss/ very short, 52 as long as prs; 2 ¢ps of unequal
length, eps! relatively long, eps2 long to very long; 2 relatively short ps of equal length;
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Figure 27. Lixus neglectus mature larva head, maxillo-labial complex, ventral view. Scale bar: 0.5 mm.

1 relatively long Iszs (eps, ps and Ists on weakly pigmented sclerites) and 2 relatively long
eus. Abdominal segment IX (Fig. 31) with 3 ds (dsI1-2 long, ds3 short); 2 very short ps
and 2 very short to micro sts. Abdominal segment X (Fig. 31) with 2 microsetae (zs),
on each lateral lobe.

Description of pupa. Measurements (in mm). Body length: 9.4-12.7 (& 9.4—
12.7; @ 10.0) and the widest part of the body, commonly between the apex of the
meso- or metafemora: 2.8-3.8.

Colouration. Body yellow (Fig. 39).

Morphology (Figs 32-34, 39). Body stocky, elongated, white or yellowish. Cuticle
smooth. Rostrum relatively long, approximately 3.1 to 3.5 times as long as wide and
extending beyond the mesocoxae. Antennae relatively long and stout. Pronotum from
1.2 to 1.3 times as wide as long. Mesonotum and metanotum of almost equal length.
Abdominal segments I-V of almost equal length; abdominal segment VI semicircular
and subsequent abdominal segments diminish gradually to the end of the body. Ab-
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Figure 28. Lixus neglectus mature larva habitus, lateral view. Scale bar: 3 mm.

dominal segments VII-IX distinctly smaller than other abdominal segments. Gono-
theca (abdominal segment IX) in females (1 specimen) bilobed.

Chaetotaxy (Figs 32-34). Setae relatively short, unequal in length, light yellow or
orange, some setae on abdominal segments III-VIII distinctly stronger and located on
protuberances. Setae well visible. Head capsule includes 1 s, 3 sos, 1 o5 and 4 pas. Ros-
trum with 2 7s, 75/ placed below antenna, 752 on the anterior margin. Setae on head
capsule and rostrum straight, both 7s and all pas distinctly shorter than the remaining
setae on head, thoracic and abdominal segments. Pronotum with 2 as, 2 ds, 2 /s and 4
pls, and 1 short seta on ventral side (probably p/s5). Dorsal parts of mesothorax with 1
seta located posteromedially, 1 seta located posterolaterally and 4 setae located along the
anterior margin. Chaetotaxy of metathorax identical to that of mesothorax. Coxa with 1
very short ¢s. Each femoral apex with 2 fes. Dorsal parts of abdominal segments I-VIII
each with 2 pairs of setae located posteriorly (41, 49) and 7 pairs (42—8) located along
the anterior margins. Setae 42—/ (on abdominal segments III-V) and setae 42-5 and
d7 (on abdominal segments VI-VII) short, thorn-like, located on protuberances. Protu-
berances on abdominal segment VII distinctly prolongated. Remaining setae relatively
short, hair-like. Abdominal segments I-VII with groups of 2 lateral setae and 5 pairs of
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Figures 29-3 1. Lixus neglectus mature larva habitus. 29 Lateral view of thoracic segments 30 Lateral
view of abdominal segment II. 31 Lateral view of abdominal segments VII-X. Scale bar: 1 mm.
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Figures 32-34. Lixus neglectus pupa habitus. 32 Ventral view 33 Dorsal view 34 Lateral view. Scale

bar: 3 mm.
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Figures 35-42. Habitats, adults, immature stages, host plants and life cycle of Lixus neglectus. 35 Adult
36 Adult hiding in host plant rosette 37 Ovipositional mark and larva feeding marks (frass) 38 Mature
larva 39 Pupa 40 Fresh, not fully coloured adult 41 Habitat in Czech Republic with host plant, Rumex

thyrsiflorus 42 Detail of host plant rosette.



108 Filip Trnka et al. /| ZooKeys 604: 87-116 (2016)

ventral setae. Dorsal part of abdominal segment VIII with 1 seta located posteriorly (49)
and 5 pairs (d3-7) located along its anterior margin; &7 thorn-like, located on protuber-
ances; remaining setae short. Abdominal segment VIII with groups of 2 lateral setae and
5 short ventral setae. Abdominal segment IX with 2 pairs of ventral microsetae and 1
pair of short, thin setae. Urogomphi distinctly elongated, hooked, triangular.

Biology and ecology

Habitats. Adults live in dry grasslands and meadows with sandy substrates (wind-blown
river sand) (Fig. 41). The meadows are often managed for hay production. Numerous
specimens were also found on grassy embankments along roads.

Adult behaviour. Adult beetles (Fig. 35) exhibit diurnal as well as nocturnal activity.
During sunny days, they spend almost all of their time hiding among the leaves of the
host plant near the ground (Figs 36, 42) and rarely climb to the higher parts of the plant.

Host plants. Adults and their immature stages were observed exclusively on dock,
Rumex thyrsiflorus Fingerh. (Polygonaceae) (Figs 41-42), in all of our localities. In
the past, this species was only recorded from garden sorrel (Rumex acetosa) L. (e.g.,
Fremuth 1983).

Life cycle. Lixus neglectus is an univoltine species. Adults feed on leaves, and larvae
are stem and root borers (Fig. 38). Females of L. neglectus bite the lower part of the
stem and lay one egg in the hole (Fig. 37). Larvae feeding in the root produce orange
feeding frass (Fig. 37), which is thrown out of the host plant, and its presence is a
reliable indication that the plant root is occupied by a larva. One plant is most likely
occupied by only one larva. Mature larvae were found from July to August. Pupation
takes place in the root neck (Fig. 39), and freshly hatched individuals can be found
(inside plants) beginning in the middle of August (Fig. 40). Adults do not hibernate
in the host plants, so hibernation most likely occurs in the leaf litter, among dry plant
debris or in the topsoil.

Rearing of the larvae. For laboratory breeding, 15 mature larvae were collected
on July 13™, 2014, but only two of them pupated in our laboratory conditions. The
remaining larvae died primarily due to drying of the host plants. Both of the adults
hatched on July 30™.

Discussion

Comparison with larvae of other Lixus species. To date, larvae of 21 Lixus and two
Hypolixus species have been described (Scherf 1964; Lee and Morimoto 1988; May
1994; Nikulina 2001, 2007; Zotov 2009a, b; Nikulina and Giiltekin 2011; Gosik and
Wanat 2014; Skuhrovec and Volovnik 2015), but a detailed description of the pupae
is known for only 8 Lixus species (Scherf 1964; May 1994; Zotov 2009a, b; Gosik and
Wanat 2014; Skuhrovec and Volovnik 2015).
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The precise general description of the larvae of the genus Lixus, which can be sum-
marized by 19 character sets, has been presented by May (1994) and more in detail
by Nikulina (2001) (for details, see Nikulina 2001 and Gosik and Wanat 2014). The
larvae of L. bituberculatus and L. neglectus possess all of these characters, with only a
few exceptions that partly result from differences in terminology (for details, see Gosik
and Wanat 2014). Nikulina (2001) also published the only comprehensive and known
larval key for this genus. The larva of L. bituberculatus has the closest afhnity to the
larva of L. kiritshenkoi Ter-Minasian, 1985 (abdominal segment X with two setae on
the ventral side, lateral sides without setae, and dorsal side with less than three setae,
see Table 1). The main differences are as follows (see Table 1): prothoracic tergite with
10 prn (vs. 13 prn); maxilla stipes with short 1 mbs (vs. without mbs, which could
also be easily overlooked because it is very often minute); prodorsum on abdominal
segment IX with only 4 ds (vs. 3 ds), and 3 short ps (vs. 1 ps). The larva of L. bituber-
culatus is the first of the immature stages described for the subgenus Ortholixus, but
the larva of L. neglectus does not fit the description of any larva in the key (Nikulina
2001) because the first step provides no option for abdominal segment X to be without
setae on the dorsal side (see Fig. 31). An interesting characteristic of L. neglectus is the
presence of more pigmented sclerites on the larval body (see Figs 28-31, Table 1),
which is similar to the description of L. filiformis (Nikulina and Giiltekin 2011). In
the subgenus Dilixellus, to which L. neglectus belongs, the larvae of four species have
already been described: L. bardanae (Fabricius, 1787) (in Scherf 1964); L. desbrochersi
Hoffmann, 1957 (in Lee and Morimoto 1988 as L. impressiventris Desbrochers des
Loges, 1904); L. probus Faust, 1887 (in Nikulina 2001); and L. punctiventris Bohe-
man, 1835 (in Gosik and Wanat 2014) (see Table 1). The creation of a precise key
and a detailed subgeneric study of the genus Lixus is currently limited due to the lack
of knowledge of the immature stages (see Table 1). The main problem is that we are
unable to divide with certainty the morphological characteristics of this group into (i)
characteristics that are useful for phylogenetics and (ii) characteristics that are useful
only for species identification. Once this categorization is complete, it will be possible
to apply it for future cladistics analysis, which are planned for the near future. All these
morphological data should be compared and correlated with known biological data of
the host plant families for the different groups of Lixus and also related genera, because
some subgenera of Lixus are probably composed of different probably unrelated groups
developing on quite different families of plants (Skuhrovec, Gosik, Stejskal, Trnka,
Volovnik, Giiltekin, unpublished data).

May (1993) considered the increased number of pds on the meso- and metathorax
and abdominal segments [-VII and the increased number of setae on the epipharyngeal
lining (als) (i.e., higher than the most frequent number of setae in weevils) as diagnos-
tic of the mature larva of the Lixinae subfamily, and the descriptions of mature larvae
from the tribe Lixini (Larinus species: Zotov 2009a, 2010; Gosik and Skuhrovec 2011;
Lixus species: Scherf 1964; Lee and Morimoto 1988; May 1994; Nikulina 2001, 2007;
Zotov 2009a, b; Nikulina and Giiltekin 2011; Gosik and Wanat 2014; Skuhrovec
and Volovnik 2015; Rbhinocyllus conicus: May 1994) fit this diagnosis, as do all known
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species from the tribe Cleonini (Stejskal et al. 2014, Trnka et al. 2015). Currently, the
comparison of both tribes, including key and detailed generic studies, is impossible
due to our limited knowledge of the immature stages. A categorization of the morpho-
logical characteristics of Cleonini and a comparison of both tribes is planned following
a detailed study of the genus Lixus (see the previous paragraph). The presence of 5 vms
in the maxillary mala observed in all Lixinae and also most curculionids could be help-
ful as differential character from the root feeder larvae in Entiminae which have only

4 yms (Marvaldi 1998a, b).

Biology and ecology

The biology and development of these two Lixus species are very similar as both spe-
cies are stem and root (crown) borers. In the genus Lixus, root borers, such as L.
(Ortholixus) angustus (Herbst, 1795); L. (Compsolixus) ochraceus Boheman, 1842; L.
(Dilixellus) punctirostris Boheman, 1842; L. (Dilixellus) punctiventris Boheman, 1835;
and L. (Ortholixus) vilis (Rossi, 1790) (Dieckmann 1983) have not been identified as
frequent. The prevailing nocturnal activity of the adults and the species hidden life
habits are probably the main reasons why these species have not been found elsewhere,
and it is very difficult to confirm them at a locality. The majority of the Central Euro-
pean Lixinae species require a specific habitat disturbance regime that results in sparse
vegetation cover (Stejskal and Trnka 2013, 2014). In both species, it seems that adults
and the immature stages prefer places with pasture vegetation or meadows that are
managed for hay production.

This is the first report of L. bituberculatus from Romania, and it probably has a
larger area of distribution including Bulgaria, Hungary, Romania and Slovakia (Giil-
tekin and Fremuth 2013; Stejskal and Trnka 2014). Based on our observations L.
bituberculatus appears to be oligophagous on Asteraceae; all of our specimens were only
found on Cichorium intybus, which originates from the Mediterranean but has been
introduced to North America, southern Africa and New Zealand (Dvorikov4 2005). It
seems that this weevil is not specialized on only one plant species because it was found
on Crepis sp. as well as Picris sp. in Slovakia, so its suitability as a candidate for the
biological control of C. intybus is questionable. Only a host plant choice test can help
us to determine all of the host plant species and the preferences of this species.

Lixus neglectus has been found exclusively on Rumex thyrsiflorus, but the distribution
of its host plant covers the majority of Europe (Kubdt 1990). However, this beetle is
only known from a very small and specific area. The sorrel R. thyrsiflorus is considered
to be a naturalized neophyte in Central Europe (Danihelka et al. 2012), but its origin
remains unknown (Kubdt 1990). This Lixus species seems to be monophagous, and its
only host plant, R. thyrsiflorus, is not considered to be harmful and has not yet been
introduced to other continents or countries. Therefore, it is not necessary to utilize this
weevil to regulate its host plant despite its suitability as a biological control agent, but this
must be validated by future studies. The distribution of L. neglectus has to be confirmed,
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especially across the wider area of distribution of R. thyrsiflorus. This weevil can be eas-
ily overlooked due to its cryptic way of life, but the easiest way to confirm its presence
in the field is to search for frass at the root crown of the host plant. This frass is a very
unique behaviour within the genus Lixus. To date, this weevil has only been recorded
from R. acetosa (e.g., Fremuth 1983; Koch 1992; Bshme 2001), which is likely due to
misidentification as occurred in our case (Trnka and Stejskal 2014). It is possible that Z.
neglectus historically lived on R. acetosa but has recently come to occupy a new available
ecological niche on expanding R. thyrsiflorus (from ca 15th century). However, because
each of the host plants prefer different habitats, this explanation is quite unlikely. The
common sorrel, R. acetosa, prefers wet habitats, whereas the compact dock, R. thyrsiflorus,
prefers dry ones (Kubdt 1990). Both sorrels are also known as host plants for some other
weevils, but there does not seem to be any competition among the species. Development
on R. acetosa is also known in one other Lixus species, L. bardanae (Fabricius, 1787),
but this weevil is a typical stem borer. Thus there is no competition between it and L.
neglectus (Dieckmann 1983). A similar situation occurs in the development of some Api-
onids (e.g., Apion cruentatum Walton, 1844 or Perapion oblongum (Gyllenhal, 1839)),
whose larvae also feed only in the stems (Dieckmann 1977). Furthermore, both plants
host the oligophagous weevil species Marmaropus besseri Gyllenhal, 1837 (Dieckmann
1972) in their stems and roots, and this species has been recently expanding along with
R. thyrsiflorus (Rheinheimer and Hassler 2010). Both of these weevils belong to the same
guild (stem and root (crown) borers), so there could be some competition. However,
this requires more information on the timing of their development as well as some of
the other abiotic and/or biotic effects inside the plant. Thus, the complete switch in host
plant by L. neglectus seems unlikely, mainly due to its rarity despite the recent expansion
of its host plant. It is more probable that its preference for R. thyrsiflorus as a host plant is
recent, but this could only be resolved through a host plant choice test.

Knowledge of the immature stages and life histories of insects can help protect en-
dangered species (including the species presented here) more effectively. The detailed
descriptions of the larva and pupa and their comparison with known descriptions re-
ported here demonstrates the possibility of identifying species in their immature stag-
es. Future detailed biological and morphological studies can yield unique information
on the factors determining host specificity in this insect group and will provide useful
background information for planning efficient biocontrol of invasive plant species.
The issue of using some insects as biological control agents is a key topic in both the
basic and applied research on invasive plants. Our results will significantly contribute
to basic research but will also have practical implications for conservation biology and/
or biological control.
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Abstract

The last instar larva and pupa of Eucoeliodes mirabilis (A. Villa & G. B. Villa, 1835) (Curculio-
nidae: Ceutorhynchini) are described using drawings and SEM images and are compared
and keyed with already described larvae of 58 other ceutorhynchinae taxa. The larval body
has an effective combination of morphological adaptations that assist a unique biological
defensive strategy. All larval stages of E. mirabilis feed ectophytically on leaves of Euony-
mus europaeus L. (Celastraceae), and the larval body is covered with a thick faecal shield.
The fixation of this protective shield on the larval back is performed by a peculiar dorsal
microsculpture composed of a dense carpet of microtrichia on the thorax and abdomen,
which serves effectively as a velcro system. Because of this strategy, macrosetae on the lar-
val and pupal body of E. mirabilis are completely reduced. Larvae of E. mirabilis also have
distinct morphological adaptations for protecting the spiracles against intrusion of faeces
and avoiding occlusion of the tracheal system: a) microtrichia around spiracles are slightly
shorter, distinctly stronger and are arranged with high-density and in clusters and b) spira-
cles are protected by an external safety valve. This strategy of E. mirabilis larvae is unique,
although somewhat similar to that of Criocerinae and Blepharida-group leave beetles
(Galerucinae) (both Coleoptera: Chrysomelidae), but with distinctly different morphological
adaptations.

Introduction

The endless adaptations and counter-adaptations among three trophic levels (plants, herbi-
vores and their enemies) are responsible for the amazing variety of defensive strategies
recorded for both plants and their herbivorous insects [1]. To avoid the attacks of predators
and parasitoids, herbivorous insects have developed many types of defensive strategies that
vary from avoiding detection using visual camouflage to deceiving enemies by mimicking
unpalatable species [2]. One of the most astonishing defensive strategies may be the faecal ecol-
ogy of insects, which has received some attention [3]. Immature stages of five clades of leaf bee-
tles, Cassidinae, Criocerinae, Cryptocephalinae, Lamprosomatinae and Galerucinae, use faeces
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as a material for building domiciles and protective shields/coats against their enemies [4-20].
The shields provide a mechanical defence and may also include chemicals that originated from
the host plant or derivatives of these compounds produced by the larvae [21-23].

Each of these clades of leaf beetles shows slight differences in the use of faeces. The strategy
of using faeces as a shield is most recognized for the larvae of tortoise beetles, Cassidinae [15].
Eisner and his colleagues [4] first reported that the faecal shields of tortoise beetle larvae are
the primary defensive strategy against predators. Some larvae of Cassidinae have special super-
anal processes to carry the defensive shields, which are composed of shed larval skins (exuviae)
and faeces that are often retained after pupation [15]. These larvae can move this defensive
shield to the side, in contrast to the remaining four groups (Criocerinae, Cryptocephalinae,
Lamprosomatinae and Galerucinae), which have faeces only on the dorsum and cannot move
the defensive shield from side to side. Larvae in the clade Lamprosomatinae and Cryptocepha-
linae, sister taxa referred to as Camptosomata, are defined by a bell-shaped case from faeces
and plant material as portable enclosures, but the head and legs are not protected during walk-
ing [16, 17]. Larval chaetotaxy of both these groups is reduced [16, 17]. In Galerucinae, only
larvae of four genera, Blepharida Chevrolat, Diamphidia Gerstaecker, Podontia Dalman, and
Polyclada Chevrolat, use faecal coats [13, 24]. All larval instars partially or completely cover the
terga with faeces, resembling semirigid pellets or a wet mass. Larvae of Criocerinae have the
anus oriented vertically, and then digestive wastes (faeces) accumulate on the dorsum to par-
tially or entirely cover the larvae [18]. A faecal shield acts primarily as a physical and chemical
barrier with deterrent metabolites that include fatty acids (e.g., octadecanoic acid and phytol).
Larvae continuously form this protective shield after each moulting, and the dorsal vesture
consists of short, relatively sparse setae [8, 18, 25].

During biological investigations on the weevil Euceliodes mirabilis (A. & G. B. Villa, 1835),
we observed some protective behaviours of the larvae that included an ectophytic habitat and
the use of a faecal shield. To date, this peculiar defensive strategy is known only in the family
Chrysomelidae. Eucoeliodes Smreczynski, 1974 is a rare, monotypic genus [26] formerly
regarded as a subgenus within Coeliodes Schoenherr, 1837 [27, 28], and now considered as
genus related to the genus Coeliodes and other relative genera as e.g. Neocoeliodes Colonnelli,
1984 [29]. The distribution of E. mirabilis includes Central Europe (Austria, Czech Republic,
Hungary, Slovakia and Switzerland) and a part of southern Europe (Croatia, Italy and Slove-
nia) [26]. The information on the biology of this weevil is very poor, although reports are avail-
able that the weevil is collected on European spindle (Euonymus europaeus L., Celastraceae)
[27-30] and alder buckthorn (Frangula alnus Mill., Rhamnaceae) [31]. Numerous populations
of E. mirabilis were found in two localities in southern Moravia (Czech Republic) at the north-
ernmost edge of the range of the species. In this paper, we present new biological and morpho-
logical data on the larval development and behaviour of the weevil Eucoeliodes mirabilis.

Materials and Methods
Insect collection and laboratory breeding

The material used to describe immature stages of Eucoeliodes mirabilis was collected, and field
observations were conducted in two study areas: 1) Czech Republic, Moravia mer., National
Park Podyji, Znojmo env., 250 m a.s.L, visit dates: 19.v.2010, 2 ex.; 29.iv.2012, ca 30 ex. (adults);
10.v.2012, ca 20 ex. (only observed, adults and larvae), leg. Robert Stejskal (RS); 19.v.2012,
more than 100 larvae (only observed on three bushes), leg. RS; 30.v.2014, more than 100 larvae
(only observed on three bushes)-ca 10 ex. collected for rearing, leg. RS; 7.vi.2014, 2 adults and
ca 20 larvae (only observed on three bushes), leg. RS and 2) Czech Republic, Moravia centr.,
Boskovice env., 350 m a. s. 1., visit dates: 28.vii.2012 (old feeding marks on leaves), 23.v.2015,
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Fig 1. Eucoeliodes mirabilis: adult, habitat and host plant. (A) Larvae rearing in a plastic container with a few branches of
Euonymus europaeus. (B) Habitat in the Boskovice (Czech Republic). (C) Adult. (D) Feeding marks of adults. Photos A and B
by R. Stejskal, and C and D by F. Trnka.

doi:10.1371/journal.pone.0170800.9001

ca 30 adults (7 collected) and ca 100 small larvae (observed on ca 10 bushes)-ca 20 larvae col-
lected for rearing, leg. RS. Descriptions of immature stages were performed on ten larvae and
five pupae.

Laboratory observations were conducted in Znojmo, Czech Republic. Adults and larvae
were placed in a covered small plastic container with a few branches of Euonymus europaeus
(Fig 1A). Fine sand obtained in a pet shop was placed at the bottom of the container. The con-
tainer containing the host plants and larvae was placed near the window at room temperature
and slightly moistened approximately once every 3-5 days.

To define the concepts of endo/ectophyty and endo/ectophagy, we followed Oberprieler
et al. [32]: endophyty refers to living inside plant tissues, whereas endophagy denotes feeding
inside any substrate (e.g., soil, water). Similarly, ectophagous species feed and live on the sur-
face of a host, and when the host is a plant, the species are ectophytic.

Morphological descriptions

Part of the larval and pupal material was preserved in Pampel fixation liquid (4 parts glacial
acetic acid, 6 parts 4% formaldehyde, 15 parts 95% ethanol and 30 parts distilled water) and
used for the morphological descriptions. These specimens are now deposited in the Group
Function of Invertebrate and Plant Biodiversity in Agro-Ecosystems of the Crop Research
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Institute (Prague, Czech Republic). The collectors identified the plants. To prepare the slides,
we followed May [33]: a larva was decapitated, and the head was cleared in a 10% potassium
hydroxide (KOH) solution and then rinsed in distilled water. After clearing, the mouthparts
were separated from the head capsule, and the head capsule and all mouthparts were mounted
on permanent microscope slides in Euparal. All other body parts were mounted on temporary
microscope slides in 10% glycerine.

The observations and measurements were conducted using a light microscope with cali-
brated oculars (Olympus BX 40 and Nikon Eclipse 80i). The following characteristics were
measured for each larva: head width, length of the body (larvae fixed in a C-shape were mea-
sured in segments), and width of the body in the widest place (i.e., metathorax or abdominal
segments I-IV). For the pupa, the length and the width at the widest place were measured. The
thorax and abdomen were not sclerotised, and it is unlikely that the fixation process altered
the proportions of the weevils; measurements of these parts are provided for comparison pur-
poses only.

Drawings were created with a drawing tube on a light microscope and edited using pro-
grams as Adobe Photoshop 10, Corel Photo-Paint 11, and GIMP 2. The thoracic spiracle is
located on the prothorax near the boundary of the prothorax and mesothorax, as shown in the
drawing (see Morphology of mature larva), but this spiracle is of mesothoracic origin [34, 35].
Drawings of body illustrate the thoracic and abdominal spiracles; the numbers of setae of the
bilateral structures are given for one side.

We used the terms and abbreviations for the setae of the mature larva and pupa found in
Scherf [36], May [33, 37] and Marvaldi [38, 39].

Scanning electron microscopy

To clean the specimens, larvae preserved in EtOH 70% were gradually re-hydrated to distilled
water, maintained overnight in oven at 45°C in a detergent-water solution (10% Svelto™ dish-
washing liquid in distilled water), cleaned manually with a thin brush, and rinsed 3 times in
distilled water. Then, the specimens were dehydrated by passing through a graded ethanol
series, critical point-dried in a Balzer Union CPD 030 unit, gold coated in an Emitech K550
unit, and finally examined using the field emission SEM column of a Dualbeam (FIB/SEM)
Helios Nanolab (FEI Company, Eindhoven, The Netherlands) at the L.LM.E. (Roma Tre Uni-
versity, Rome, Italy), with secondary electrons (SE) and an operating voltage of 5 kV.

Results
Eucoeliodes (s.str.) mirabilis (A. & G. B. Villa, 1835)

Biological notes. Habitat: In both study areas (Znojmo env., Boskovice env.), the weevil
occurred in mixed broadleaved forests near watercourses. Tree/shrub layer: Fraxinus excelsior
L. (Oleaceae), Alnus glutinosa (L.) Gaertn. (Betulaceae), Robinia pseudoacacia L. (Fabaceae),
Acer campestre L. (Sapindaceae), Ulmus laevis Pall. (Ulmaceae), Euonymus europaeus L. (Celas-
traceae), and Sambucus nigra L. (Adoxaceae). Herb layer: Aegopodium podagraria L. (Apia-
ceae), Lamium maculatum L. (Lamiaceae), Galium aparine L. (Rubiaceae), Chelidonium majus
L. (Papaveraceae), Impatiens parviflora DC. (Balsaminaceae), and Urtica dioica L. (Urticaceae).
The weevil preferred partly shadowed shrubs growing on forest edges (e.g., along roads and
meadow edges, among others) (Fig 1B). Of note, although Euonymus europaeus was widely
distributed in the study areas, the weevil occurred locally.

Adult activity: Adults (Fig 1C) appeared on the host plants at the end of April and immedi-
ately began to feed on leaves and twigs, where small holes were chewed (Fig 1D). Mating cou-
ples were observed from the end of April to the beginning of May. The last adults were

PLOS ONE | DOI:10.1371/journal.pone.0170800 January 26, 2017 4/20



o ®
@ : PLOS | SINE Velcro-Like System Used to Fix a Protective Faecal Shield on Weevil Larvae

Fig 2. Eucoeliodes mirabilis: adult, host plant and larvae. (A) Feeding marks of larvae. (B) “Faecal shield” on larva. (C) An
egg on a leaf of Euonymus europaeus. (D) Free pupae without any additional protection in the laboratory conditions. Photos A
and B by F. Trnka; and C and D by R. Stejskal.

doi:10.1371/journal.pone.0170800.g002

observed to the beginning of June. In our database, we have records of adult E. mirabilis from
other localities from the second half of June, which might indicate a new generation. No col-
lecting data from summer and autumn months were available for the study areas or in other
localities and published sources. The weevils may overwinter as adults.

Larval development: Larvae were observed from the 10™ May to mid-June. The lower sur-
face of a leaf was the site for larval feeding (Fig 2A). The larval body was covered with a “faecal
shield”-viscid mucus and a dark substance reminiscent of excrements (Fig 2B). Young larvae
resembled, at a glance, a small bird dropping and therefore could be easily overlooked.
Depending on the age of the larva, feeding marks left patterns of different sizes and shapes on
a leaf (Fig 2A and 2B). Initially, the feeding of young larvae is only superficial, and the epider-
mis remains largely untouched, whereas the feeding of older larvae leaves small holes or “win-
dows” on the leaf (Fig 2A). A leaf can host up to 2 larvae. Feeding marks are very conspicuous;
therefore, occupied host plants are easy to identify in the field, particularly at the end of May
when the last larval instars feed intensively. We found no pupae in the field either on the host
plants or in the litter on the ground.

Rearing experiments: Adults in captivity (ca 20 specimens) fed readily on host plants,
mated, and laid only a total of 3 eggs, which dried out. Mating and oviposition were observed
at the beginning of May 2012. The eggs were found on the lower surface of a leaf and were oval
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and lightly-colored, ca. 1.1 mm in length and ca. 0.7 mm in width (Fig 2C). The success in
rearing the larvae, collected from the host plants in the field, was limited. Soon after placement
on leaves in the rearing container, the larvae lost the protective shield, fed reluctantly, and
moved around chaotically. Most specimens withered day by day and died by the end of the
study. Pupation was observed in a few specimens (N = 4), and the larvae pupated on the sur-
face of the sand that covered the bottom of the rearing dish. The pupae were free, without any
additional protection, e.g., cocoon or earthen cell (Fig 2D). For larvae collected on the 23"
May, the pupation date was between the 3" and 6™ June.

Morphology of mature larva. Measurements (in mm): Body length: 6.0-7.0 (mean: 6.5).
The widest place in the body (abdominal segments II-V) measured up to 2.0. Head width:
0.6-0.7 (mean: 0.6).

Colouration: Black or dark brown head (Fig 2B). All thoracic and abdominal segments
white (Fig 2B and 2D); only dorsum of pronotum with elongated, light brown stripe.

Head capsule: Head suboval, flattened laterally, endocarinal line absent (Figs 3A and 4A).
Frontal sutures on head distinct, extended to antennae. Anterior and also posterior stemmata
present, but feebly visible. DesI and des2 located on upper part of the central part of epicra-
nium, desI near the medial part of epicranium and des2 near laterad of epicranium, des3
located anteriorly near frontal suture, des4 located in the central part of epicranium, and des5
located anterolaterally; desI-3 and des5 relatively long, almost equal in length, des4 very short
to minute (Figs 3A and 4A). FsI and fs3 minute, placed medially, fs2 absent, fs4 relatively long,
located anterolaterally, and fs5 minute to very short, located laterally, close to the epistoma
(Figs 3A and 4A). Les as long as desI; vesI-2 very short (Fig 4B and 4D). Epicranial area with
three setae (pesI-3) and 2 sensilla. Antennae located at the end of the frontal suture on each
side, membranous and slightly convex basal article bearing conical, triangular sensorium,
short; basal membranous article with 4 sensilla of different shape (Figs 3D, 4C and 4D). Clyp-
eus (Figs 3E and 4C) approx. 2.5 times as wide as long, with 2 short cls, almost equal in length,
located posterolaterally, and 1 sensillum located between cls; anterior margin concave.

Mouthparts: Labrum (Figs 3E and 4C) approximately 2.5-3 times as wide as long, with 3
pairs of piliform Ims of different length; Ims3 very short, distinctly shorter than short ImsI and
Ims2; Ims1 placed close to the margin with clypeus, Ims2 located anteromedially and Ims3
located anterolaterally; anterior margin double sinuate. Epipharynx (Fig 3F) with 3 blunt, slen-
der, finger-like als, unequal in length; 2 very short, finger-like ams, ams1 distinctly larger than
ams2; 2 pairs of very short, blunt mes, unequal in length; labral rods (Ir) elongated, sub-ellipse.
Mandibles (Fig 3C) broad, trifid, tooth of unequal height; slightly truncate; both mds short,
hairform, located in distinct alveoli. Maxilla (Fig 3B) stipes with 1 stps, 2 pfs and 1 mbs, stps
and pfs1-2 relatively long, almost equal in length, mbs very short; mala with 6 bacilliform dms;
5 short vms, distinctly different in length, 2 very short and 3 minute; vms distinctly shorter
than dms. Maxillary palpi with two palpomeres; basal palpomere with 1 very short mxps and
two sensilla; length ratio of basal and distal palpomeres: 1:0.9; distal palpomere with one sensil-
lum and a group of conical, cuticular apical processes. Praelabium (Fig 3B) heart-shaped, with
1 short prms; ligula with sinuate margin and 1 piliform very short to minute /ig; premental
sclerite strongly sclerotized in ring-shaped with projections in the middle part (Fig 3B). Labial
palpi with two palpomeres; length ratio of basal and distal palpomeres: 1:0.8; distal palpomere
with one sensillum and short, cuticular apical processes; basal palpomere with 1 dorsal sensil-
lum. Postlabium (Fig 3B) with 3 pms, pmsl located anterolaterally, remaining two pairs more
dorsolaterally; pmsI and pms3 very short to minute, pms2 relatively long; surface of postlabium
partly sclerotised.

Thorax and abdomen: Body elongate, slightly curved, rounded in cross section (Fig 5A-
5C). Prothorax distinctly smaller than meso- and metathorax. Abdominal segments I-V of
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Fig 3. Eucoeliodes mirabilis: head and mouthparts of mature larva. (A) Anterior view of head. (B) Labium with left maxilla, ventral view.
(C) Right mandible. (D) Antenna. (E) Labrum and clypeus. (F) Epipharynx. Abbreviations: des—dorsoepicranial seta(e), fs—frontal s., les—
lateroepicranial s., ves—ventroepicranial s., at—antenna, st—stemmata, cls—clypeal s., Ims—labral s., ams—anteromedial s., als—
anterolateral s., I—labral rods, mds—mandible dorsal s., dms—dorsal malae s., vms—ventral malae s., mxps—maxillary palps s., pfs—
palpiferal s., stps—stipal s., mbs—mandible basiventral s., prms—prelabial s., pms—postlabial s., and ligs-ligular s.

doi:10.1371/journal.pone.0170800.9003
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Fig 4. Eucoeliodes mirabilis: head and mouthparts of mature larva in SEM image. (A) Dorsal view. (B) Lateral view. (C) Dorsal view of
clypeus and labrum. (D) Lateral view of mouthparts.

doi:10.1371/journal.pone.0170800.9004

almost equal length, next abdominal segments decreasing gradually to the terminal parts of the
body. Abdominal segment X reduced to four anal lobes of unequal size; the dorsal lobe dis-
tinctly the largest, the lateral pair equal in size, and the ventral lobe very small. Anus located
terminally. Spiracles (9 pairs) bicameral, the first placed between the pro- and mesothorax (see
Materials and methods), the abdominal spiracles located laterally, close to the anterior margin
of abdominal segments I-VIII; all of them have an elongated safety valve protected aperture
against possible penetration of faeces inside (see in Chaetotaxy of mature larvae, and
Discussion).

Chaetotaxy of mature larva: Chaetotaxy of body very reduced, lower part completely with-
out macrosetae. Setae thin, very short (up to minute) to sometimes short (one relatively long),
light yellow or orange. Dorsal part of body up to spiracles covered by microtrichia (Fig 6A-6E,
more in Discussion), with an approximate length of 10 pm, but variable. Density of microtri-
chia high, and space surrounding each was a maximum of ca 10 pum (see Fig 6A-6E).
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Fig 5. Eucoeliodes mirabilis: mature larvain a SEM image. (A) Lateral view. (B) Ventral view. (C) Dorsal view.

doi:10.1371/journal.pone.0170800.9005

Microtrichia around spiracles distinctly stronger and in higher density, with some clusters (see
Fig 7A-7C, more in Discussion).

Thorax: Prothorax (Fig 8A) with 6 prns unequal in length (1 relatively long, 1 short, 1 very
short and 3 minute), 2 on a weakly pigmented dorsal sclerite subdivided into two triangular
plates medially, 4 close to spiracle; and 1 very short ps. Mesothorax (Fig 8A) with 2 pds unequal
in length, pdsl minute, pds2 short; and 1 very short ss. Chaetotaxy of metathorax (Fig 8A) was
identical to that of mesothoracal.

Abdomen: Abdominal segments I-VIII (Fig 8B and 8C) with 5 pds, pds2 very short,
remaining 4 setae minute; and 2 ss of unequal length, ssI minute, ss2 very short. Abdominal
segment IX (Fig 8C) with 2 ds (dsI minute, ds2 very short); and 2 ps of unequal length, psI very
short, ps2 minute. Abdominal segment X (Fig 8C) without setae.
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Fig 6. Eucoeliodes mirabilis: SEM photos of body with microtrichia and macroseta. (A) Lateral view of thorax at 500 ym. (B) Lateral
view of thorax at 400 pm. (C) Microtrichiae at 50 pm. (D) Microtrichiae at 40 um. (E) Microtrichiae at 20 um. (F) Microtrichiae at 5 pm. (G)
Seta at 40 ym. (H) Seta at 30 ym. (I) Apex of seta at 20 um.

doi:10.1371/journal.pone.0170800.g006

Morphology of pupa. Measurements (in mm): Body length: 3.9-4.3 (5" 3.9-4.2; 2 4.0-
4.3), at the widest region: 1.8-2.2. The widest place on the body is commonly between the apex
of the meso- or metafemora.

Colouration: Body whitish to yellowish.

Morphology (Fig 9A-9C): Body stocky. Cuticle smooth. Rostrum short and wide, approxi-
mately 2 times as long as wide, extended to mesocoxae. Antennae relatively long and stout.
Pronotum from 1.6 to 1.8 times as wide as long. Mesonotum and metanotum of approximate
equal length. Abdominal segments I-IV of almost equal length, abdominal segment V semicir-
cular; next abdominal segments diminish gradually to the end of the body. Abdominal seg-
ments VI-IX distinctly smaller than the other abdominal segments. Gonotheca (abdominal
segment IX) in females (2 specimens) bilobed. Sexual dimorphism in the weevils is visible
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Fig 7. Eucoeliodes mirabilis: SEM photos of spiracles with microtrichia and valve. (A) Lateral view of spiracles at 300 pm. (B) Detail at
100 pm. (C) Detail at 30 pm.

doi:10.1371/journal.pone.0170800.g007

primarily in the length of rostrum and in the structure of abdominal segment IX: gonotheca of
J undivided, of ? divided.

Chaetotaxy (Fig 9A-9C): Chaetotaxy of body very reduced. Setae relatively long on protu-
berances, unequal in length, light yellow or orange. Setae well visible. Head capsule included
only 1 vs and 1 os. Rostrum with 1 rs. Setae on head capsule straight, as short as the remaining
setae on thoracic and abdominal segments. Pronotum with 2 as, 1 ds, 1 Is and 3 pls, as2 dis-
tinctly shorter than the remaining setae. Dorsal parts of meso- and metathorax with 1 seta

0.5 mm

Fig 8. Eucoeliodes mirabilis: mature larva. (A) Lateral view of thoracic segments. (B) Lateral view of abdominal segment Il. (C) Lateral
view of abdominal segments VII-X. Abbreviations: Ab.—abdominal segment, Th.—thoracic s., |-X—number of segments, prns—pronotal seta
(e), pds—postdorsal s., ps—pleural s., ss—spiracular s., and ds—dorsal s.

doi:10.1371/journal.pone.0170800.g008
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Fig 9. Eucoeliodes mirabilis: pupa habitus. (A) Ventral view. (B) Dorsal view. (C) Lateral view. Abbreviations: vs—vertical seta(e), rs—
rostral s., as—apical s., Is-lateral s., ds—discal s., p/ls—posterolateral s., and fes—-femoral s.; Th1-3 and Ab1-9—number of thoracic and
abdominal segments, respectively, and ur—urogomphi.

doi:10.1371/journal.pone.0170800.9009

located posterolaterally. Each apex of femora with groups of 2 fes. All abdominal segments I-
VIII without setae. Urogomphi short, strong, triangular.

Discussion
Defensive strategies in ectophagous weevil larvae

Weevil larvae (Coleoptera: Curculionoidea) typically lead an endophytic life; however, some
weevil groups live ectophytically [32]. Apart from the speciose subfamily Entiminae (more
than 12 000 species in 1 370 genera) [40] with ectophytic but endophagous larvae (living in
soil among roots), only a few species have both ectophytic and ectophagous larvae. Endo-
phytic/endophagous larvae, either living in soil or inside plant tissues, are legless and largely
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sedentary, whereas ectophytic and ectophagous larvae live exposed on aerial parts of plants
and have adaptations for moving on plant surfaces, including ambulatory ampullae, pedal
lobes and creeping soles [32]. The ectophagous and ectophytic larvae are found in only a few
groups, primarily most members of the subfamily Cyclominae [32, 41-43] and the unclassified
tribes Bagoini, Gonipterini and Hyperini [32, 41, 43, 44]. These insects have all evolved strate-
gies of physical or chemical defence against predators and parasitoids [45-48]. In Central
Europe, in which this new defensive strategy in weevils was observed, ectophagous larvae,
feeding on leaves or flowers, are currently found only in the following tribes: Bagoini, Cionini,
Hyperini, Phytobiini and rarely Ceutorhynchini [32, 36, 49].

These known ectophagous larvae in Central Europe have three primary defensive strategies
against predators and parasitoids. (1) The Hyperini are a well-known group of weevils with
ectophagous larvae, which rely on cryptic coloration [45]. Members of the genus Phelypera
from this tribe also benefit from the defensive strategy known as cycloalexy (a form of gregari-
ousness that involves group reactions, see [46]). (2) Living in relatively unusual habitats is also
a strategy to avoid predators and parasitoids because the pressure of parasitoids is partially
decreased (e.g., Bagoini and Phytobiini live in aquatic habitats, and some Entiminae, e.g.,
Otiorhynchus, live in soil) [47]. The weevil tribe Cionini uses a different strategy (3) in which
viscid mucus covers and protects larval bodies [48], but this mucus is primarily protection
from desiccation [50].

Larvae of the subfamily Ceutorhynchinae live primarily endophytically [51], and the only
known exception is Ranunculiphilus faeculentus (Gyllenhal, 1837), with ectophytic larvae that
feed on terminal buds of Consolida regalis Grey (Ranunculaceae) [52]. Our biological investi-
gations showed that all larval stages of E. mirabilis, which is also in the tribe Ceutorhynchini,
feeds ectophytically on leaves and used a faecal shield for covering the entire dorsum. The
shield is obviously green when squeezed and is most likely of vegetal origin. We hypothesized
that the shield played a defensive role but also prevented desiccation.

To date, very little is known about the biology of the weevil E. mirabilis, which is also the
case for species of the closely related genus Coeliodes Schoenherr, 1837. The life history is well
documented only for another close relative, Pseudocoeliodes rubricus (Gyllenhall, 1837), in
which the larvae develops in male flowers of Pistacia [53]. This species is univoltine and over-
winters as an adult. In spring, adults feed on host plants. Larvae develop in male flowers and
floral axes and pupate in soil at the end of April/beginning of May. Adults of the new genera-
tion aestivate after a short feeding [53]. Based on this information, many previous authors
reached the obvious conclusion that larval development in flowers or flower buds is likely for
the genera Coeliodes, Coeliodinus Dieckmann, 1972 and Eucoeliodes (all Coleoptera: Curculio-
nidae: Ceutorhynchini) [27, 30, 49], although this type of development has never been sup-
ported by direct observation, including in our field study. Larval feeding marks of E. mirabilis
closely resembled those of Steronychus fraxini (DeGeer, 1775) (Coleoptera: Curculioninae:
Cionini), which feeds on the leaves of Fraxinus (R. Stejskal, pers. observ.).

Morphological adaptations to fix the faecal shield in beetles

Currently, faecal ecology in beetles is known only for the immature stages of leaf beetles.
Within Chrysomelidae, three primary defensive strategies use faeces with morphological adap-
tations: 1, super-anal processes to carry defensive shields composed of shed larval skins (exu-
viae) and faeces that are often retained after pupation (Cassidinae); 2, portable enclosures of
bell-shaped cases of faeces and also plant material (Lamprosomatinae and Cryptocephalinae);
and 3, accumulation of faeces on the dorsum to partially or entirely cover the larvae (Crioceri-
nae and Blepharida-group Galerucinae).
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Using faeces as a defensive shield in E. mirabilis is a strategy similar to that in the Crioceri-
nae. The faecal shield in this group is a physical and also probable chemical barrier against
predators and parasitoids, but compared with the Criocerinae, different morphological adapta-
tions have developed in E. mirabilis. Only a few Criocerinae larvae [18, 54] are well described,
and the knowledge about the variability of their morphological characters is very poor. Any-
way, it is known that the dorsal vestiture of a few known Criocerinae larvae is covered by
short, relatively sparse setae [18, 54] unlike that of E. mirabilis, whose macrosetae are
completely reduced and the dorsal vestiture is covered with a high density of microtrichia (Fig
6A-6E). Based on the character and arrangement, these microtrichia likely act effectively as a
velcro. Because of the high density of microtrichia on the dorsal vesture, the faecal shield is
most likely removed only during moulting, in contrast to the Criocerinae, which have short
and sparse setae on the dorsum [18] and the faecal shield is easily removed by unfavourable
conditions.

Moreover, distinct morphological adaptations for protecting spiracles against faeces have
also been found on E. mirabilis larvae. The density of microtrichia around all spiracles was
high, and the microtrichia are in clusters and are slightly shorter and distinctly stronger. These
morphological differences all contributed to the protection from and the prevention of faecal
incursion into the tracheal system. However, the microtrichia is not the only morphological
adaptation, and all spiracles are also protected by a safety valve, which reduces the space in
which faeces might penetrate. Spiracles of Criocerinae larvae are minute but distinct [54],
unlike those of E. mirabilis, which are protected by the altered microtrichia and safety valve
(Fig 6A-6E). These morphological adaptations, including velcro on the dorsal vesture, the sys-
tem of protection around spiracles and the safety valve in spiracles, are all unique, and these
adaptations were used in combination to use faeces as a defensive strategy in E. mirabilis.

Comparison with immature stages of other Ceutorhynchinae species

The larvae of 58 Ceutorhynchinae taxa in 22 genera have been described previously [36, 51,
55-65]. A detailed description of the pupa is known for only six Ceutorhynchinae taxa [36, 56,
62, 63]. The immature stages were compared with most of the species described or drawn by
Anderson [56, 57], Scherf [36], May [59], Lee and Morimoto [60], Orlova-Bienkowskaya [61],
Gosik [62-64] and Nikulina [65]; these illustrations are all of high or sufficient quality and
therefore were very useful; however, the described characteristics are useful only for differen-
tial diagnosis. The comparison of the larvae and pupae with some species described by Scherf
[36] was somewhat difficult due to the use of different terminology for morphology and chae-
totaxy and/or the absence of good-quality drawings and data about some important morpho-
logical features. In that case, the comparison with such taxa has not been possible, and they
cannot be included in the Key to the immatures of the subfamily Ceutorhynchinae.

The most precise general description of larvae of the subfamily Ceutorhynchinae, which is
summarized by 9 character sets, is presented by May [59]: (1) head with des3 on epicranial half
(Fig 3A); (2) antennae hemispherical, fully exposed (Fig 3A and 3D); (3) endocarinal line
absent (Fig 3A); (4) frons only with fs4 developed (Fig 3A); (5) tormae separate, subparallel
(Fig 3F); (6) postlabium with proximal pairs of plbs as far apart as the median pair (Fig 3B); (7)
abdominal spiracles with air-tubes caudad (Fig 8B and 8C); (8) abdominal VIII spiracle lateral
(Fig 8C); and finally (9) abdominal segments with ventral lobes developed as ambulatory
ampullae (Fig 5A-5C). Almost all these characters fit with known descriptions [36, 51, 55-65].
There is observed only one exception, the statement number 4 —frons only with fs4 developed.
The larvae of E. mirabilis has frons with long fs4, but is has also three other short to minute
setae (fsI, fs3 and fs5) (see Fig 3A). This feature is not consistent with other descriptions, e.g.,
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by Anderson [57] (Ceutorhynchus rapae Gyllenhal, 1837; larvae have short, but distinct fs5),
Orlova-Bienkowskaya [61] (Phytobius leucogaster (Marsham, 1802) (published as Litodactylus
lecuogaster) with 6 fs), Gosik [63] (Tapeinotus sellatus (Fabricius, 1794) with 3 fs), Gosik [64]
(Mogulones austriacus (Ch. Brisout de Barneville, 1869) and M. dimidiatus (Frivaldszky, 1865)
has 4 fs), and Nikulina [65] (C. subtilirostris Schultze, 1902 and C. viator Faust, 1885; larvae
have short, but distinct fsI).

Macrosetae on larval and also pupal bodies of E. mirabilis are completely reduced (Figs 8A-
8C and 9A-9C). All described morphological adaptations in E. mirabilis, including velcro on
the dorsal vesture, the system of protection around spiracles and the safety valve in spiracles
(more in previous chapter), are absolutely unique not only in the subfamily Ceutorhynchinae,
but also completely in all weevils and probable also in all beetles. Larvae of E. mirabilis have
also some other unique characters in the subfamily Ceutorhynchinae as follows; (1) trifid man-
dible (Fig 3C), and (2) only two ams and also two mes on epipharynx (Fig 3F). All known lar-
vae of Ceutrohynchinae have only bifid mandibles, and three ams and two mes on epipharynx.
The position of absent ams seta is often problematic. According to Marvaldi [38, 39], the stan-
dard status of the epipharynx in weevils is 2 ams and 3 mes, but when the position of the distal
mes is very close to the anterior margin, they appear as ams. The decision was finally made to
add this problematic seta to the latter group (ams), and the position of this seta is similar to
that in other genera, e.g., in Coniocleonus Motschulsky, 1860 or Tychius Germar, 1817. We did
not follow Stejskal et al. [66] and Skuhrovec et al. [67], who accepted the standard status in
weevils and counted the seta as mes, but we followed Trnka et al. [68] and Skuhrovec et al. [69],
e.g., in Adosomus Faust, 1904 or Sibinia Germar, 1817. Count of setae on ventral side of maxilla
(vms) is also different from other species, but this is not a unique feature, and in this case, there
are probably many mistakes in descriptions as for example descriptions of two Poophagus spe-
cies [62], where probably 2 vms are counted as dms in Poophagus hopffgarteni Tournier, 1873.

Key to the immatures of the subfamily Ceutorhynchinae

Larvae. The following key is based on a recent description of immature stages in the
genus Eucoeliodes and descriptions of immature stages published before: Ceutorhynchus (8 spe-
cies) [36, 55, 57, 60, 65]; Eubrychius (1 species) [61]; Glocianus (1 species) [36]; Homorsoma (1
species) [60]; Hypurus (1 species) [60]; Mecysmoderes (1 species) [60]; Mogulones (5 species)
[58, 64]; Phrydiuchus (2 species) [56]; Phytobius (1 species) [61]; Poophagus (2 species) [62];
Rhinoncus (2 species) [59, 60]; Tapeinotus (1 species) [63]; and Trichosirocales (1 species) [59].
Unfortunately, some basal data about chaetotaxy on body is missing, and then it is not possible
to distinguish all genera (see accumulation of genera in point 6). Further comments are
reported in the previous chapter in Discussion.

1. Head broadly and deeply emarginate at posterior margin. ........ .... Hypurus
-. Head normally rounded posteriorly. .........eeeeeeeceneenceneineineineineinincneeseeseeseseeesensensessesenne 2
2. Eighth abdominal spiracles on papillae. Air-tubes of spiracles different in length, dorsal
air-tube about half as long as ventral air-tube. ........c.ccccovuneueininecnirerceenirencenne. Mecysmoderes
-. Eighth abdominal spiracles not on papillae, but near dorsal bases of papillae or in normal
POSITIONL. ettt b b sttt s 3
3. Dorsal part of body covered by vestitutre with many microtrichia. ................. Euceoliodes
-. Dorsal part of body covered by vestitutre without any microtrichia. .......cccccoeveeverererreenence 4
4. Frons With 5 07 INOTE fS. ...cueuiuneurerrerreireireineeneieeseeeesessesseeeessessessessessessessessessesessessenns Phytobius
-. Frons with 4 or less fs. ........
5. Dorsal epicranium With 5 des. ........cceeeeeieineineineinieiene e Tapeinotus
-. Dorsal epicranium with less than 5 des. .......cocecrverrcenencecneeincnnencreeseeseeseseeeseeeseene 6
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6. Dorsal epicranium With 3 des. .......cceveeeieurineinieirenceneieeir ettt bseae st seaeaeaa 7
-. Dorsal epicranium With 4 des. ...t ses e
.................. Ceutorhynchus, Homorsoma, Mogulones, Phrydiuchus, Poophagus, Trichosirocales

7. Abdominal segments I-VII with 4 pds. .......cccccoceeuueee. ... Rhinoncus
-. Abdominal segments I-VII with less than 4 pds. ... 8
8. Abdominal segments I-VII With 3 pds. ......ccvcveurererereeeneereneneeeeeeneerensensenenne Eubrychius
-. Abdominal segments I-VII With 1 pds. .....cceueuvenenrnrneerereeecrereeneeneeneeneseseeneenens Glocianus

Pupae. The following key is based on recent description of pupa in the genus Eucoeliodes
and descriptions of pupae published before: Glocianus (1 species) [36]; Phrydiuchus (2 species)
[56]; Poophagus (2 species) [62]; and Tapeinotus (1 species) [63].

1. Rostrum elongated, at least 5 times as long as wide. .......ccccocveuverenencncnincneeeeceeeeeenne 2
-. Rostrum short and wide, about 2 times as long as wide. .....ccccocoverereerererennces Eucoeliodes
2. PAS PIESENL. ..cuviiuiiiiiiiciiici s 3
-. Pas absent. .......ccccccooeuunnuncee
3. Meso- and metathorax and also abdominal segments without seta. Femora with 1 seta. ...
.................................................................................................................................................. Tapeinotus
-. Meso- and metathorax with 1 seta, and abdominal segments with more than 3 setae on
dorsal part. Femora with 2 SEtae. ......coeveueuncurincirincininceinecineietreieereeseessesessesesseseeeseens Phrydiuchus
4. Rostrum very slender, 8 times as long as wide, sos absent. ........c..ccc...... Poophagus
-. Rostrum elongated, 5 times as long as wide, s0s present. .........coocvereereereeeeeerennces Glocianus
Conclusions

Our observations confirm that the larvae of E. mirabilis feed exclusively ectophytically on
leaves. The appearance of E. mirabilis larvae on leaves is remarkable, with the protective faecal
shield covering the entire body. Although most similar to the strategy adapted by the Crioceri-
nae, the defensive shield as a strategy is unique in E. mirabilis, and the larvae have clearly dif-
ferent morphological adaptations. Macrosetae on larval and also pupal bodies of E. mirabilis
are completely reduced, and the vesture is covered with a high density of microtrichia, which
serve as velcro. Because of the high density of microtrichia on the dorsal vesture, the faecal
shield is most likely removed only during moulting. As a system to protect spiracles against
incursion of faeces into the tracheal system, the density of microtrichia around all spiracles is
high, and the microtrichia are slightly shorter, distinctly stronger, and arranged in clusters. All
spiracles are also protected by a safety valve, which decreases the space in which faeces could
enter. All these mentioned morphological adaptations are unique and used in combination to
use faeces as a defensive strategy in E. mirabilis. Finally, the generic keys for identification of
larvae and pupae based on useful preliminary descriptions is also presented. All these new data
about biology and also morphology of E. mirabilis are very useful in next studies of immature
stages in Polyphaga beetles, but there are also still some missing gaps (e.g. chemical composi-
tion of host plant tissues, and feces; description of shield construction; morphology of younger
instars, etc.).
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ABSTRAKT

Trend poklesu biodiverzity je v soucasné dobé nezvratné dokazanym faktem.
Abychom byli schopni tento pokles zastavit nebo alespoil zpomalit, je nezbytné nutné
znat podrobné jak biologii a ekologii druhti, tak na zaklad¢ relevantnich informaci
potom umét tvorit modely, které ndm mohou pomoci piedvidat, které druhy mohou byt
V budoucnu nachylnéjsi k vymfeni.

Prvni ¢ast této prace si klade za cil predikovat ohrozeni herbivornich broukti na
skupiné nosatcovitych (Curculionoidea) na zakladé¢ jejich life history a také
ekologickych vlastnosti jejich Zivnych rostlin. Analyza odhalila, Ze mezi nejvice
ohrozené¢ druhy patfi monofagni, nelétavé, teplomilné, svétlomilné, suchomilné a
hygrofilni druhy s vazbou na oteviené biotopy. Obdobné je to i s Vlastnostmi zivnych
rostlin, které¢ vysvétluji ohrozeni nosatcovitych. Tyto rostliny lze charakterizovat jako
xerotermofilni a hygrofilni vyskytujici se na biotopech s minimem dusiku. Z analyzy
dale vyplyva, ze nosatci, jejichz zivné rostliny jsou obecné na ustupu a maji nizkou
abundanci na stanovisti, jsou vice nachylni k vyhynuti. A v neposledni fadé jsou
ohrozengjsi nosatci s vazbou na vodni rostliny a ketickovitou vegetaci. Life history
charakteristiky nosatci se ze vSech studovanych vlastnosti ukazaly pro predikci
se zdaji byt dulezité a mély by byt pouzity pro predikéni modely herbivornich skupin
zivocichu (Ptiloha I).

Druhé ¢ast prace se zaméfila na zakladni vyzkum a odhaluje bionomii n¢kolika
druhii nosatcti, jejich zivné rostliny, larvalni stadia, stanovistni preference, ekologické a
morfologické adaptace. Tyto vysledky vyznamné prispivaji k zakladnimu vyzkumu, ale
budou mit i praktické dusledky pro ochranaiskou biologii a mohou byt vyuzity k

biologické kontrole invaznich druht rostlin (Ptiloha II-V).

Kli¢ova slova: Coleoptera, Curculionoidea, larvalni stadia, life history, morfologie,

nosatci, ochrana ptirody, riziko vyhynuti, Zivné rostliny
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ABSTRACT

Nowadays biodiversity decline is the indisputable fact. To stop or at least slow
down this trend a detailed knowledge of species biology and ecology is essential.
Consequently, the relevant biological information may help us create models for
prediction of species extinction risk in the future.

First part of this doctoral thesis is focused on the prediction of the extinction risk
of the herbivorous beetles from the weevil group (Curculionoidea) based on their life
history traits and the ecological traits of their host plants. Our analysis revealed the most
endangered species are the monophagous and flightless ones that belong to the
thermophilic, heliophile, xerophilous or hygrophilous species of open habitats. For the
ecological host plant traits explaining the extinction risk of the weevils the situation is
almost the same. Those plants could be ranked among xerothermophilous and
hygrophilous species occuring on the low nitrogen biotopes. According to our analysis
weevils whose host plants are declining and have low abundances at their biotopes are
more vulnerable to the extinction risk. Also the weevils connected to aquatic plants and
shrubby vegetation are more vulnerable. Weevil life history traits were proved to be
more imporant factor for the prediction of the extinction risk than the ecological host
plant traits. Nevertheless, the ecological host plant traits are also important and should
be used for the prediction models od the herbivore species groups (Appendix I).

Second part of this doctoral thesis is focused on the basic research of the bionomy
of a few weevil species, their host plants, larval stages, habitat preferences and
morphological and ecological adaptations. The results significantly contribute to the
basic knowledge about these species but they may also have a practical use in

conservation biology and biological control of invasive plants (Appendices 11-V).

Key words: Coleoptera, Curculionoidea, extinction risk, host plants, immature stages,

life history, morphology, nature conservation, weevils
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UVvoD

Celosvétovy pokles biodiverzity je uz po desitky let aktudlnim tématem
(Thomas & Abery 1995, Pimm & Raven 2000). Teprve v poslednich letech je ale
diskutovéan i vyznamny pokles biodiverzity bezobratlych a obzvlasté hmyzu (Sanchez-
Bayo & Wyckhuys 2019). Ochrana biologické rozmanitosti na Zemi je mezinarodnim
zajmem (Convention on Biological Diversity; CBD 2014). Tuto tmluvu podepsali
zastupci vSech stath svéta, pro které je nasledné ochrana vsech zivych organismt a
jejich prostfedi zavazujici. Masivni Ubytek druhové diverzity, ktery ve 21. stoleti
zazivame (Butchart et al. 2010, Sanchez-Bayo & Wyckhuys 2019), se neprojevuje
pouze poklesem ¢i ztratou populaci vzacnych a ohrozenych druht, ale také rychlym
ochuzovanim diverzity regionalni a lokalni (Sax & Gaines 2003, Edgar & Samson

2004) a snizovanim abundanci béznych druhd (Hallmann et al. 2017).

OHROZENI A OCHRANA HMYZU

Hlavnimi pfi¢inami ohrozeni hmyzu je izolace, fragmentace a destrukce biotopi
(Fischer & Lindenmayer 2007), také jejich znecisténi (Dudley & Alexander 2017) a
v mens$i mife také globalni zména klimatu (Thomas et al. 2004, Urban 2015). Tyto
pri¢iny jsou bezprosttedné zplisobovany rastem lidské populace a jeji Cinnosti,
pfedevSim intenzivnim hospodafenim, které¢ se v poslednich desetiletich nasobné
stupnuje (Krebs et al. 1999). Vyjma samotné intenzifikace zeméd¢€lstvi a lesnictvi je
velkym problémem upousténi od tradi¢nich forem hospodateni, a tim padem ztrata
heterogenni krajiny (Benton et al. 2003). Zejména v piipadé nelétavych druhi je
homogenni krajina s izolovanymi a fragmentovanymi biotopy neprostupna a snizZuje se
Sance na rekolonizovani vhodnych biotopti (Thomas et al. 2001). Upousténim od
extenzivni seCe a pastevectvi se stdvaji velmi ohrozené rizné typy pfirozenych a
polopfirozenych otevienych biotopd (Fischer et al. 1996, Dover et al. 2003). Také
pastva V lesich nebo vymladkové hospodatfeni vytvari vhodné podminky pro dnes
ohrozené druhy (Saarinen et al. 2005, Vodka et al. 2009, Horak et al. 2012). Fakticky
tedy Casto vymiraji i specializované druhy, které jsou naopak zavislé na extenzivni nebo
specifické hospodarské ¢innosti ¢loveéka, kterou vznikaji typické mikro a makrohabitaty
(Roslin et al. 2009, Thomas et al. 2009).
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PREDIKCE OHROZENI

Pochopenim hlavnich pfi¢in ubytku biodiverzity je nezbytné piedem predikovat,
jaké druhy budou v budoucnu ohrozeny. Na pochopeni téchto mechanizmi stojicimi za
snizovanim diverzity je zapojeno mnoho faktorti (Fischer et al. 2003), jak vnéjSich
(napf. ztrata biotopil, zména klimatu), tak vnitinich (life history). Druhy, které maji
podobné life history, maji také pravdépodobné podobnou citlivost vic¢i zménam
Vv prostiedi a také maji podobnou Sanci na riziko vymieni (Moretti et al. 2017).

Vétsina studii se soustfedi na predikci ohrozeni analyzami ¢ervenych seznamt a
vlastnosti druhli a jsou zaméfeny predevSim na obratlovce (cf. Purvis et al. 2000,
Kriiger & Radford 2008) nebo pomérné dobie prostudované ¢i charismatické skupiny
hmyzu jako jsou denni motyli, vadzky, motylice, saproxylicti brouci nebo stfevlici
(Kotiaho et al. 2005, Clausnitzer et al. 2009, Seibold et al. 2015, Nolte et al. 2019). Tyto
vysledky jsou proto jen Casteéné prenosné na dal§i skupiny hmyzu a mohou byt
zkreslené, proto je tedy nutné studovat i dalsi skupiny bezobratlych.

V ramci na$i studie k predikci ohrozeni herbivornich skupin hmyzu (Ptiloha I.)
jsme jako vhodnou skupinu vybrali nosatcovité brouky (Curculionoidea), ktefi jsou
povazovani za indikatory zachovalosti prostfedi (Benedikt et al. 2010) a jedna se
zdaleka o nejvetsi skupinu herbivort (Oberprieler et al. 2014). Ve studii jsme testovali
nejen life history téméf 1 000 druhii nosatcovitych ale také ekologické vlastnosti jejich
zivnych rostlin (Ellenberg et al. 1992) spole¢né s analyzou ¢erveného seznamu nosatcti
(Benedikt & Strejéek 2005). Fylogeneticky upravena analyza (Felsenstein 1985, Harvey
& Pagel 1991) nam umoznila identifikovat life history charakteristiky, které vedou
Kk poklesu populaci a predikuji, které druhy mohou byt potencialné ohrozeny.

NaSe analyza odhalila, Ze mezi herbivornimi druhy nosatci patii k nejvice
ohroZenym skupindm ty druhy, které¢ jsou monofagni, nelétavé, teplomilné, svétlomilné,
suchomilné a vlhkomilné a Zijici na otevienych stanovistich. Z zivnych rostlin nejlépe
vystihuji ohrozenost druhli nosatci ty, které jsou suchomilné a teplomilné nebo
mokfadni s vazbou na oteviené biotopy. Z analyzy dale vyplyva, Ze nosatci, jejichz
zivné rostliny jsou obecné na ustupu, jsou vzacné a maji nizkou abundanci na stanovisti,
jsou vice nachylni k vyhynuti. A nakonec hydrofyty (vodni rostliny) a chamaefyty
(polokefe) predurcuji vice ohrozené nosatce. V celkové analyze vSech pouZzivanych

charakteristik se ukazalo, ze life history charakteristiky druhd nosatcti jsou pro predikci
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ohroZeni vice dulezité nez ekologické vlastnosti jejich Zivnych rostlin. Zaroven jsou ale
ekologické charakteristiky zivnych rostlin dilezité a mély by v modelech predikce
ohrozeni herbivornich druhi byt jednoznacné pouzivany dohromady s charakteristikami

herbivoru.

NOSATCOVITIi BROUCI

Nadceled’ nosatcovitych broukt (Curculionoidea) je celosvétoveé nejpocetnéjsi a
nejdiverzifikovanéjsi skupinou broukt, pravdépodobné i veskerého hmyzu (Oberprieler
et al. 2014). Pocet popsanych taxonu je odhadovan na 100 000 (Astrin et al. 2012),
celkové odhady jsou okolo 220 000 druhd (Oberprieler et al. 2007). Diverzita nad¢eledi
bude pravdépodobné i nasobné vétsi, jelikoz v posledni dob& bylo popsano nékolik
velmi diverzifikovanych kryptickych rodt s desitkami druht (cf. Anderson 2010, Riedel
2010). V modernich fylogenetickych klasifikacich se nad¢eled’ sklada ze sedmi Celedi —
Nemonychidae, Anthribidae, Belidae, Attelabidae, Caridae, Brentidae a nejvétsi celedi,
do které nalezi vétsina druhd, Curculionidae (Oberprieler et al. 2007, McKenna et al.
2009). Dle n¢kterych autort je rozlisovano i vice ¢eledi (Thompson 1992, Bouchard et
al. 2011). Svoji pocetnosti jsou nosatcoviti povazovani za evolucné nejvyspélejsi
skupinu broukt (Crowson 1967). Skupina je celosvétove rozsifena a obyva vétSinu typl
suchozemskych a sladkovodnich biotopti od arktické zény po tropické lesy, kde
diverzita dosahuje maxima (Oberprieler et al. 2007).

Nosatcoviti jsou témét vyluéné herbivorni brouci c¢asto s monofagni nebo
oligofagni vazbou predevsim na krytosemenné rostliny (Magnoliophyta), méné Casto na
nahosemenné (Pinophyta). Cést druhii je saproxylickych & fungivornich (Anthribidae,
Cossoninae, Cryptorhynchinae, Scolytinae) s vazbou na odumirajici dfevni hmotu nebo
listovy opad (Oberprieler et al. 2014). Odlisny vyvoj maji vétevnic¢ci rodu Anthribus,
respektive jejich larvy (Hoebeke & Wheeler 1991), kteti jsou predatofi puklicovitych
(Coccidae) a msicosavych (Sternorrhyncha). Larvy australskych nosatcti rodu Tentegia
poziraji klokani trus (Wassel 1966) a brazilsky nosatec Ludovix fasciatus je predatorem
saranCich vajicek (Zwoélfer & Bennett 1969). Nékteré druhy ze skupin Brentidae a
Curculionidae jsou myrmekofilni (Marshall 1946, Sforzi & Bartolozzi 2004). U ¢asti

ey ee

smotky jinych druhti zobonosek a kladou do nich vajicka (Dieckmann 1974, Hamilton
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1998). Ne¢ktefi nosatcoviti jsou také vyznamnymi opylovaci cykast, palem a
primitivnich krytosemennych rostlin a sehravaji hlavni roli v pfeziti téchto ohrozenych
druhti (Oberprieler 2004).

Vyvoj nosatcovitych probiha v kotfenech, stoncich, listech, trouchnivéjicim dieve,
kvétech nebo v plodech. Vetsi ¢ast druhii je oligofagnich s vazbou na rod nebo celed’
rostlin, mensi ¢ast tvoii monofagni a polyfdgni druhy. Jednu Zivnou rostlinu dokéze
obsadit n¢kolik druhti, napt. na bézné pumpavé obecné (Erodium cicutarium) probiha
larvalni vyvoj étyf druhii nosatcovitych — na kvétnich pupenech se vyviji Limobius
borealis, na listech Brachypera dauci, v kofeni Lixus vilis a v padé v blizkosti fapiki
listi Coniocleonus nigrosuturatus (Koch 1992, Ptiloha II). Vyvoj jednotlivych druht na
jedné zivné rostliné neni oddélen pouze prostorové, ale v nékterych piipadech i ¢asove

do riznych obdobi roku (cf. Freude et al. 1981, 1983).

EKOLOGIE LARVALNICH STADIi NOSATCOVITYCH

Nejbéznéjsi typ larvy nosatcovitych broukli je slabé pigmentovany a
sklerotizovany, bez koncetin a tvaru pismene C. Larvy nosatcovitych Zziji jak
endofytnim, tak endofagnim zplsobem zivota, ale koncepty endo/ektofytni a
endo/ektofagni nejsou identické a je tieba je spravné rozliSovat. Endofytni druhy ziji
uvnitf rostlinnych pletiv, kdeZto oznaceni endofagni odkazuje na Zir uvniti jakéhokoli
substratu (Oberprieler et al. 2014). Pouze nékolik taxoni ma oba typy larev - jak
endofytni, tak ektofytni, napt. zir larev prvnich instarG probih4 uvnitt stonki a pozdéji
se larva presouva ze stonku do pudy, kde si tvofi hlinénou komtrku napojenou na
stonek nebo koten (Oberprieler et al. 2014).

Endofytni (a také endofagni) je vétSina larev nosatcovitych broukd, ale nékteré
napi. Entiminae (12 000 druhti v 1 370 rodech), pro n¢ je typicka strategie Zivota larev
mimo zivnou rostlinu v blizkosti jejich kofent, kterymi se zivi (Marvaldi et al. 2014).
Ektofagni (a také ektofytni) jsou larvy Zijici volné na exponovanych, vnéjsich ¢astech
rostlin, a jsou tak adaptovany k pohybu na rostliné. Pro pohyb slouzi rudimentové
hrudni vybézky nebo panozkovité vybézky, které nese poslednich Sest zadeCkovych

¢lankd (Oberprieler et al. 2014, Ptiloha V).
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Pokusili jsme se zjistit nebo doplnit biologii a ekologii n€kolika druht, predev§im
v podceledi Lixinae, které mély malo nebo naprosto nezndmou bionomii a ve stiedni
Evropé jsou vzacni nebo v CR dokonce vyhynuli (cf. Stejskal et al. 2017). V prvni fadé
se podafilo zjistit podrobnou ekologii druhu Coniocleonus nigrosuturatus, ktery Zije
pravdépodobné monofagné na pumpavé obecné (Erodium cicutarium), jeho larvy Ziji
endofytné mimo zivnou rostlinu v hlinéné komiirce, odkud probiha zir stonku a tfapikii.
Tento zplisob zivota je v ramci Lixinae ojedin€ly a zatim jest¢ nebyl u zadného druhu
pozorovan (Ptiloha II). Dale se povedlo potvrdit jiz zndmé Zzivné rostliny velmi
vzacného druhu Adosomus roridus a zjistit, Ze larvy ziji endofytné v kofenovém krcku a
v kofenech. A také podrobn¢ popsat vyvoj a ekologii tohoto druhu (Ptiloha III).
V posledni fazi jsme se zaméfili na velmi vzacné druhy Lixus bituberculatus a L.
neglectus, ktefi maji spolecné, Ze Ziji v malych arealech a jsou to ryze evropské druhy.
Podatilo se ndm zjistit detailni ekologii - u obou druhii jsou larvy endofytni a jsou to
pravdépodobné monofagové nebo oligofagové. Lixus bituberculatus Zije na c¢ekance
obecné (Cichorium intybus) a vyvoj L. neglectus probiha ve §toviku rozvétveném
(Rumex thyrsiflorus) (Pfiloha IV). Poslednim studovanym taxonem byl Eucoeliodes
mirabilis z pod¢eledi Ceutorhynchinae, u kterého jsme potvrdili uz znamou ekologii a
navic se podafilo objevit ektofytni larvy, které jsou v rdmci nosatcovitych vyjimecné,
protoze na svém téle nesou fekalni §tit, ktery je k télu pfichycen mikrotrichiemi. Tato
naprosto jedine¢na antipredacni strategie je u nosatcovitych popsana zcela prvné a byla

znama pouze u mandelinkovitych (Vencl & Morton 1999, Ptiloha V).

ZAVER

Hlavni pfi¢iny Ubytku biodiverzity je nezbytné predem predikovat. Na pochopeni
téchto mechanizmi stojicimi za snizovanim diverzity je potfeba zvazovat mnoho
faktorit (Fischer et al. 2003). Abychom mohli spolehlivé predikovat ohrozeni hmyzu
(Ptiloha I), je nutné co nejpiesnéji znat bionomii jednotlivych druhi (Ptiloha II-V). Bez
této znalosti jsou predikce netplné a ochrana druhti je miniméalni, pokud nezname jejich
zivné rostliny a pfesné life history. Dosud se studie zaméfovaly na porovnani life
history ohroZenych 1 neohrozenych druhi herbivori smérem k propojeni jejich
klasifikace v cerveném seznamu s jejich life history (cf. Kotiaho et al. 2005, Nolte et al.

2019). Mezi faktory, které ovliviiuji riziko vyhynuti a ohroZenost, by mély byt zapojeny
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1 dal$i parametry prostfedi, jako napt. zivné rostliny u herbivornich druhti. V ramci
spoleCenstev jsou herbivofi velmi vyznamni a ovliviiuji cely potravni systém (Polis &
Winemiller 1996), coz bylo zatim ve studiich zabyvajicich se predikci ohrozenosti
pievazné ignorovano.

V nasi studii k predikci ohrozeni herbivornich skupin hmyzu jsme si vybrali jako
modelovou skupinu nosatcovité brouky (Curculionoidea), ktefi jsou povazovani za
indikatory zachovalosti prostfedi (Benedikt et al. 2010) a jedna se zdaleka o nejvétsi
skupinu herbivoru (Oberprieler et al. 2014). Predikci jsme testovali na zakladé¢ life
history nosatcti a také ekologickych vlastnosti jejich zivnych rostlin. Analyza odhalila,
ze nejvesi riziko vyhynuti maji druhy monofagni, nelétavé, teplomilné, svétlomilné,
suchomilné a hygrofilni druhy svazbou na oteviené biotopy. Obdobné je to i
s vlastnostmi Zivnych rostlin, které vysvétluji ohrozeni nosatcovitych. Zivné rostliny lze
charakterizovat jako xerotermofilni a hygrofilni vyskytujici se na biotopech s minimem
dusiku. Nosatci, jejichz zivné rostliny jsou obecné na ustupu a maji nizkou abundanci
na stanovisti, jsou vice nachylni k vyhynuti. A v neposledni fadé jsou ohrozengjsi
nosatci s vazbou na vodni rostliny a kefi¢kovitou vegetaci. Ze vSech studovanych
ekologické vlastnosti rostlin. Nicméné vlastnosti zivnych rostlin se zdaji byt diilezité a
mély by byt pouZity pro predikéni modely herbivornich skupin Zivocichi.

Dale jsme se zaméfili na odhaleni biologie nékolika druhli, u kterych byla
bionomie malo znama (Pfiloha III, V) nebo tpln¢ neznama (Ptiloha II, TV). U druhi
Adosomus roridus, Coniocleonus nigrosuturatus, Lixus bituberculatus a Lixus neglectus
se nam biologii a ekologii podatilo objasnit. V dal§im ptipad¢ jsme se zabyvali detailni
bionomii nosatce Eucoeliodes mirabilis, u kterého se krom¢ upiesnéni biologie podafilo
objevit i zajimavou adaptaci proti predatoriim. Larva na svém téle nese tzv. fekalni stit,
ktery byl do t¢ doby znam pouze u broukt z ¢eledi mandelinkovitych (Chrysomelidae).

Budouci detailni vyzkumy biologie a morfologie jednotlivych druhGt mohou
poskytnout zasadni informace pro efektivn€jsi planovani pro biologické kontroly
invazivnich druht rostlin. Vysledky vyznamné pfispivaji i K zakladnimu vyzkumu, ale

budou mit i praktické dusledky pro ochranaiskou biologii druhti a biologickou kontrolu.
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