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Souhrn

Moje diserta¢ni price je zaméfena na studium hnizdniho chovani a populaéni genetiky
samotarskych vcel. Tato dvé témata, ackoli zdanlivé nesouvisejici, pfinaseji mnoho novych
informaci a tak napoméhaji lépe porozumét biologii samotarskych vdéel, kterd je stéle
nedostatecné znama.

Ackoli samotarské chovani predstavuje puvodni stav, z néhoz se vyvinula vSechna
vyssi  spolecenskd usporadani, jeho role mneni dosud plné docenéna. Vnitrodruhovy
kleptoparazitismus, ktery predstavuje alternativni a fakultativni hnizdni strategii vcel, je
navic pravdépodobnym predchidcem obligatniho kleptoparazitismu. Ackoli je obligdtni
kleptoparazitismus u samotaiskych vcel velice casty, informace o cetnosti a vyskytu
vnitrodruhového kleptoparazitismu jsou pomérné vzacné. My jsme studovali hnizdni chovani
samotarskych véel za tucelem podchyceni vzorct chovani, které by mohly slouzit jako
preadaptace pro spolecenské ¢i kleptoparazitické chovani, a dale jsme se snazili odhalit
pritomnost vnitrodruhového kleptoparazitismu u samotarskych vcel. Pro studium jsme si
vybrali ¢tyfi modelové druhy: Andrena vaga (Andrenidae), Anthophora plumipes (Apidae),
Colletes cunnicularius (Colletidae) and Osmia rufa (Megachilidae). Popsali jsme hnizdni
chovani druhu Andrena vaga a ukazali jsme, Ze ackoli je toto chovani individudlné variabilni,
je mozné popsat celou fadu druhové specifickych vzorct chovani, coz umoznuje mezidruhové
porovnani. Déle jsme zjistili pritomnost vnitrodruhového kleptoparazitismu ve formé usurpaci
u vsech studovanych druht, coz dokazuje, ze kleptoparazitismus je velice ¢astou strategii
samotarskych vcel. Ukazali jsme, ze vcely prekvapivé velice casto opousti sva hnizda a
zakladaji hnizda nova. Takovéto chovani muze hrat zasadni roli v evoluci sociality, protoze
vede ke snizeni vnitrodruhové agresivity. Data, kterd jsme ziskali béhem terénnich
pozorovani, byla déale pouzita k popsdni ruznych faktoru, které ovliviuji délku zivota
samotarskych vcel. Ukazali jsme, ze délka zivota je ovliviiovana jednak piimo klimatickymi
faktory a jednak nepiimo klimaticky podminénymi zménami v chovani.

Populacné genetické studie nam napovédély, v jakém stavu se nachazeji populace
samotarskych vcel. Specializace je velice Castou strategii samotarskych vcel, ale ohrozuje je
snizenim efektivni velikosti populace a genetické diversity a podporou tvorby populacni
struktury. V prvni praci jsme studovali druh Andrena vaga v heterogennim prostiedi Ceské
republiky a ocekdvali jsme, Ze zde nalezneme vyraznou populacni strukturu. Nase vysledky
vsak ukazaly, Ze tento druh se vyznacuje vysokou schopnosti disperse, jejimz vysledkem je
témeér panmiktické populace. Prekvapivé jsme zjistili, ze na studovaném tzemi existuji dvé
castecné oddélené subpopulace, jejichz existence a poloha by mohla odrazet kvartérni historii
na studovaném tzemi. Déale jsme vyvinuli mikrosatelity pro druh Anthophora plumipes a
pouzili je k popisu populacni struktury tohoto druhu na celém tzemi vyskytu a k
vyhodnoceni vysledk®i neddvné introdukce do USA. Nasbirané populace se stépily do sedmi
hlavnich linii, Sest z nich se nachdzi v Evropé a jedna v Asii (a v USA). Na zakladé
genetickych vzdalenosti jsme zjistili, ze Tada téchto linii pravdépodobné predstavuje
samostatné poddruhy nebo dokonce druhy. Nase analyzy potvrdily japonsky puvod americké
populace a ukazaly, ze introdukce tohoto druhu byla tspésna navzdory velikému genetickému
ochuzeni a nizkym efektivnim velikostem populace u zdrojové japonské i introdukované
americké populace.
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Summary

My thesis is focused on nesting behaviour and population genetics of solitary bees. These two
topics, although seemingly unrelated, bring much new information and thus contribute to the
better understanding of solitary bee biology that is still insufficiently known.

Although the solitary behaviour represents the necessary original state for the

evolution of higher sociality or obligate cleptoparasitism, its role is largely unappreciated.
Furthermore, intraspecific cleptoparasitism, which is an alternative and facultative nesting
strategy in bees, is a probable antecedent state of obligate cleptoparasitism. Although the
obligate cleptoparasitism is a very common strategy in solitary bees, the information about
the frequency and the occurrence of intraspecific cleptoparasitism in solitary bees is rare.
We studied the nesting behaviour of solitary bees to detect different behavioural patterns
that could serve as preadaptations to sociality or cleptoparasitic behaviour and we also
focused on the detection and description of intraspecific cleptoparasitism in solitary bees. We
chose four model solitary species for these studies — Andrena vaga (Andrenidae), Anthophora
plumipes (Apidae), Colletes cunnicularius (Colletidae) and Osmia rufa (Megachilidae). We
described the behaviour of Andrena vaga at the nesting site and showed that although the
behaviour is individually variable, it is possible to detect several species specific foraging and
daily behavioural patterns and interspecific comparison thus should be possible. Further we
detected the presence of intraspecific cleptoparasitism in the form of nest usurpations in all
the studies species, which implies that intraspecific cleptoparasitism is widely spread in
solitary bee species. We further showed that regular nest abandonments and switches are
surprisingly frequent in solitary bees and that they may play a crucial role in the evolution of
sociality, because they decrease the intraspecific aggressiveness. Behavioural and seasonal
data collected during our field observations were further used to describe different factors
influencing foraging activity and lifespan in natural populations of solitary bees. We shoved
that the lifespan is driven both directly by climate and indirectly through climate-dependent
changes in activity patterns.

The population genetic studies brought information about the state of populations of
solitary bees. Specialisation is a very common strategy in bees, but endangers them by
decreasing population size and local gene diversity and by enhancing genetic structure. We
studied the population structure of specialised bee Andrena wvaga in the heterogeneous
environment of the Czech Republic and we expected to detect a significant population
structure. However, our results confirmed good dispersal ability of this species resulting in
generally admixed pattern. Interestingly, two differentiated subpopulations, separated by a
wide clinal zone of admixture, were detected within the study area that could reflect a
quarterly history of this species. Further, we developed a set of microsatellites for Anthophora
plumipes and used them to describe the phylogeography of this species in the whole species
area and to evaluate the result of its recent introduction in the USA. We detected seven
major clades, six in Europe and one in Asia (and in the USA). Genetic distances implied that
several of these clades should be considered separated subspecies or even species. We
confirmed the Japanese origin of the USA population and stated that the introduction was
successful despite the dramatic decrease in genetic variability and Ne in both the source
Japanese and the introduced USA population.



Cile prace

1) Samotéarské chovani predstavuje puvodni stav v evoluci vyssich forem sociality a
obligatniho kleptoparazitismu. Jeho role je vSsak nedocenéna. Mym prvnim cilem tedy bylo
popsat hnizdni chovani samotarskych vcel a odhalit rtizné prvky chovani, které by mohly
slouzit jako preadaptace k spole¢enskému nebo kleptoparazitickému zptisobu zivota. Splnéni
tohoto cile vyustilo v sepsani dvou publikaci:

Publikace I:

Rezkova, K., Zdkova M., Zakova Z. & Straka J. (2012): Analyza hnizdniho chovéni na

zékladé denniho pozorovani druhu Andrena vaga (Hymenoptera: Andrenidae). Journal

of Insect Behavior 25: 24-47.

Publikace V:

Straka J., Cerna K., Machackova L., Zemenova M. & Keil P. Délka zivota v divociné:

vliv aktivity, klimatickych faktort a parazitace v prirozenych populacich vcel. Podany

clanek.
2)  Vnitrodruhovy kleptoparazitismus je pravdépodobnym pfedchidcem obligdtniho
kleptoparazitismu. Obligadtni kleptoparazitismus je u vcel wvelice hojny, informace o
vnitrodruhovém kleptoparazitismu jsou vsak velice nedostatecné. Mym druhym cilem proto
bylo odhalit pritomnost vnitrodruhového kleptoparazitismu u samotarskych vcel a urcit jeho
cetnost. Vysledek je popsan v ¢lanku:

Publikace II:

Cerna K., Zemenova M., Machackova L., Kolinova Z. & Straka J. (2013): Sousedské

spolecenstvi: hnizdni dynamika, usurpace a socidlni chovani samotarskych vcel. PLoS

ONE 8: e73806.
3) Metody populaéni genetiky jsou siroce vyuzivané pri studiu ekologie, chovani C¢i
pribuzenskych vztaht u ruznych skupin organismu a prinesly mnoho cennych novych
poznatku v jejich biologii. Populacné genetické studie samotaiskych véel jsou vsak velice
vzacné ve srovnani s jejich velikou diverzitou. Mym tfetim tkolem proto bylo obohatit
znalosti o genetice samotarskych vcel a stavu jejich populaci pomoci populacné genetickych
metod. Tento cil byl naplnén sepsanim t¥i nasledujicich publikaci:

Publikace III:

Cernd K., Straka J. & Munclinger P. (2013): Popula¢ni struktura pionyrské

specializované vcely Andrena vaga (Hymenoptera: Andrenidae) ve stfedni Evropé:

efekt clenitosti prostredi nebo evolucni historie? Conservation Genetics 14: 875-883.

Publikace IV:

Cernd K. & Straka J. (2012): Identifikace 37 mikrosatelitovych lokusii pro druh

Anthophora plumipes (Hymenoptera: Apidae) pomoci sekvenovani nového véku a

jejich vyuziti u pribuznych druht. European Journal of Entomology 109: 155-160.

Publikace VI:

Cernad K., Munclinger P., Vereecken N. J. & Straka J. Multilokusové fylogeografie

palearktické samotaiské véely Anthophora plumipes (Hymenoptera: Apidae):

endemismus stfedomorskych linii, ostrovni efekty a kryptické druhy. Manuskript

zalozeny na prezentaci posteru na XXIV ICE 2012 v Deagu.
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Aims of the study

1) Solitary behaviour is the original state for the evolution of higher sociality and obligate
cleptoparasitism; however, its role is largely unappreciated. Thus, my first aim was to
describe the nesting behaviour of solitary bees and detect different behavioural patterns of
solitary bees at the nesting site that could serve as preadaptations to the sociality or
cleptoparasitic behaviour. Fulfilling of this aim resulted in following papers:
Paper I:
Rezkova, K., Zakova M., Zakova Z. & Straka J. (2012): Analysis of nesting behavior
based on daily observation of Andrena vaga (Hymenoptera: Andrenidae). Journal of
Insect Behavior 25: 24-47.
Paper V:
Straka J., Cernd K., Machackova L., Zemenova M. & Keil P. Lifespan in the wild: the
role of activity, climate and parasitic infestation in natural populations of bees.
Submitted manuscript.
2) Intraspecific cleptoparasitism is a probable antecedent state of obligate cleptoparasitism.
Obligate cleptoparasitism is very common in bees, while the information about the
intraspecific cleptoparasitism is still insufficient. My second aim was to detect the presence
and frequency of intraspecific cleptoparasitism in solitary bees. The results are described in:
Paper 1I:
Cernd K., Zemenovd M., Machackova L., Kolinova Z. & Straka J. (2013):
Neighbourhood society: nesting dynamics, usurpations and social behaviour in solitary
bees. PLoS ONE 8: e73806.
3) The methods of population genetics are widely used to study ecology, behaviour or kinship
relationships in various organisms and they brought several new insights in their biology. The
population genetic studies on solitary bees are however rare compared to their diversity. My
third aim was to enhance the knowledge about solitary bee genetics and their conservation
state by describing their population structure. This aims was fulfilled in following articles:
Paper I11:
Cernd K., Straka J. & Munclinger P. (2013): Population structure of pioneer specialist
solitary bee Andrena vaga (Hymenoptera: Andrenidae) in central Europe: the effect of
habitat fragmentation or evolutionary history? Conservation Genetics 14: 875-883.
Paper IV:
Cerna K. & Straka J. (2012): Identification of 37 microsatellite loci for Anthophora
plumipes (Hymenoptera: Apidae) using next generation sequencing and their utility in
related species. European Journal of Entomology 109: 155-160.
Paper IV:
Cerna K., Munclinger P., Vereecken, N. J. & Straka J. Multilocus phylogeography of a
widespread Palearctic solitary bee Anthophora plumipes (Hymenoptera: Apidae):
Mediterranean lineage endemism, island effects and cryptic species. Manuscript based
on the poster presentation on the XXIV ICE 2012 in Daegu.



Shrnuti publikaci

Publikace I:

Rezkova, K., Zakova M., Zakova Z. & Straka J. (2012): Analyza hnizdniho chovéani na zakladé
denniho pozorovani druhu Andrena wvaga (Hymenoptera: Andrenidae). Journal of Insect
Behavior 25: 24-47.

Vees

v agregacich. Pomoci denniho pozorovani individualné znacenych samic jsme vytvorili
etogram, urcili jsme poradi prvku chovani v zasobovacim cyklu, odhadli jejich délku a
vypocitali pravdépodobnost prechodu mezi jednotlivymi prvky chovani. Potvrdili jsme
pritomnost tzv. pylovych a nektarovych dnt a ukézali jsme, Ze mezi témito dny existuji
vyrazné rozdily v celkovém prubéhu zasobovaciho chovani v pravdépodobnostech piechodu
mezi nékterymi prvky chovani. Vcely obvykle zasobovaly hnizdo jednim letem béhem
nektarovych dna avsak az Ctyimi lety béhem pylovych dni. Délky zasobovacich lett zavisely
na jejich poradi a poctu dany den, nejkratsi zasobovaci let byl obvykle ten posledni dany den.

Publikace II:
Cernd K., Zemenovda M., Machackova L., Kolinovd Z. & Straka J. (2013): Sousedské

spolecenstvi: hnizdni dynamika, usurpace a socidlni chovani samotarskych véel. PLoS ONFE 8:
e73806.

Vnitrodruhovy kleptoparazitismus predstavuje fakultativni Zivotni strategii, ktera je vyhodna,
nebof Setfi cas a energii. Presto existuje jen malé mnozstvi praci o hnizdni dynamice, které
by zminovaly pritomnost vnitrodruhového kleptoparazitismu u obligdtné samotarskych vcel.
V nasi studii jsme se zamérili na hnizdni dynamiku a popis hnizdnich usurpaci u ¢ty druht
samotarskych vcéel hnizdicich v agregacich ze ¢ty ruznych fylogenetickych linii - Andrena
vaga (Andrenidae), Anthophora plumipes (Apidae), Colletes cunicularius (Colletidae) a
Osmia rufa (Megachilidae). Nase studie zaloZend na pravidelném pozorovani individualné
znacenych véel ukédzala, Ze ke zméné majitele hnizda dochézi u 10-45 % hnizd u vSech druhu
napii¢ ruznymi sezénami. Z téchto hnizd bylo vSak 39-90 % opusténo pred tim, nez se
v hnizdé objevil novy majitel, a skutecné usurpace tak predstavuji pouze ¢ast z pozorovanych
piipadii vymény majitelt. Samice maji tendenci pravidelné opoustét hnizda a zakladat
hnizda nova, pokud ziji dostatecné dlouho, coz odpovida tzv. risk spreading strategii. Navrhli
jsme, ze puvodni fakultativni strategii pozorovanych druht vcel neni kleptoparazitismus jako
takovy, ale spiSe vyuzivani jiz existujicich hnizd (shodné s tzv. ,entering® strategii zndmou u
kutilek). Tento nas predpoklad je podpofen postupnym narustem hnizd, kterd jsou zaklddana
pomoci strategie ,entering* v prubéhu sezény a se zvySujicim se mnozstvim existujicich
hnizd. Ackoli méa takovéto hojné recyklovani hnizd za néasledek Casté kontakty mezi samicemi
a nékdy téz kratkodobé spoluobyvani jednoho hnizda dvéma samicemi, pozorovali jsme
prekvapivé malo pripada vnitrodruhové agresivity v rdamci téchto sousedskych spolecenstvi.
Hnizdni dynamika s ¢astymi zménami a recyklacemi hnizd tedy muze predstavovat zakladni
hybnou silu, které vede ke snizeni nakladné a dlouhodobé vnitrodruhové agresivity, coz je
hlavnim predpokladem pro vznik a vyvoj sociality.
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Summary of papers

Paper I:
Rezkova, K., Zakova M., Zakova Z. & Straka J. (2012): Analysis of nesting behavior based on
daily observation of Andrena vaga (Hymenoptera: Andrenidae). Journal of Insect Behavior
25: 24-47.

We present a study on nesting behavior of the gregarious solitary bee, Andrena vaga Panzer.
Based on the daily observation of individually marked females, we constructed an ethogram,
determined a sequence of behavioral elements within the provisioning cycle, estimated their
length and computed the transition probability between the elements. We confirmed the
existence of distinctive pollen and nectar days in A. vaga and showed apparent differences in
the overall daily provisioning pattern in pollen and nectar days as well as in the probability
of transition between some behavioral elements. Bees typically performed one provisioning
trip and carried no pollen on nectar days, but they performed up to four pollen-provisioning
trips on pollen days. The duration of one pollen trip depended on the number and sequence
of the trip in a given day, with the shortest trip usually occurring last in the day.

Paper II:

Cerna K., Zemenova M., Machackova L., Kolinova Z. & Straka J. (2013): Neighbourhood
society: nesting dynamics, usurpations and social behaviour in solitary bees. PLoS ONE 8:
e73806.

Intraspecific cleptoparasitism represents a facultative life strategy advantageous for saving
time and energy. However, only a few studies about nesting dynamics have described
intraspecific cleptoparasitic behaviour in obligate solitary bees. We focused on nesting
dynamics with the characterisation of nest usurpation in four aggregating species belonging
to different phylogenetic lineages - Andrena wvaga (Andrenidae), Anthophora plumipes
(Apidae), Colletes cunicularius (Colletidae) and Osmia rufa (Megachilidae). Our study, based
on the regular observation of individually marked females, shows that nest owner replacement
affect 10-45% of nests across all of the studied species and years. However, 39-90% of these
nests had been, in fact, abandoned before owner change and thus true nest usurpations
represent only a part of observed nest replacement cases. Females tend to abandon their nests
regularly and found new ones when they live long enough, what is in accordance with risk-
spreading strategy. We suggest that the original facultative strategy of observed solitary bees
is not cleptoparasitism per se but rather reusing of any pre-existing nest (similar to "entering"
strategy in apoid wasps). This is supported by gradual increase of nests founded by "entering"
during the season with an increase in the number of available nests. Although the common
reuse of conspecific nests results in frequent contact between solitary females, and rarely, in
the short-term coexistence of two females in one nest, we detected unexpectedly low level of
conflict in these neighbourhood societies. We suggest that nesting dynamics with regular nest
switching and reusing represent a basic driving force to reduce long-term and costly
intraspecific aggression, a key factor for the origin and evolution of sociality.



Publikace III:
Cerné K., Straka J. & Munclinger P. (2013): Populac¢ni struktura pionyrské specializované
véely Andrena vaga (Hymenoptera: Andrenidae) ve stfedni Evropé: efekt clenitosti prostiedi

nebo evoluéni historie? Conservation Genetics 14: 875-883.

Nebot nepravidelné rozlozeni potravnich zdroji a hnizdnich prilezitosti mtze limitovat tok
genu, ve fragmentované Kkrajiné specialisté casto vykazuji znamky vyraznéjsi populacéni
struktury nez generalisté. V nasi praci jsme studovali vliv ¢lenitosti prostiedi na populacéni
strukturu u samotaiské véely Andrena vaga. Tento ¢asné jarni druh hnizdi pouze na pis¢itych
pudach a je specializovany na vrby (Saliz spp.). Pfedchozi studie provedend v homogennich
biotopech némeckych nizin neukézala existenci populac¢ni struktury u tohoto druhu, my jsme
vsak ocCekévali pritomnost vyrazné populac¢ni struktury ve stiedni Evropé, kde jsou vhodné
pis¢ité hnizdni biotopy velice rozptylené. Analyzovali jsme 387 samic z 21 lokalit v Ceské
Republice a na Slovensku pomoci deviti mikrosatelitovych lokust a popula¢ni strukturu jsme
zjistovali pomoci metod landscape genetiky a Bayesovskych shlukovacich metod. Oproti
oc¢ekavani vétsi clenitost prostiedi nevedla k existenci vyraznéjsi populacni struktury, na
studovaném tuzemi jsme vsak zjistili piitomnost dvou odlisnych skupin lokalit oddélenych
sirokou prechodnou zénou. Ze zjisténych vysledkt vyplyva, ze druh A. vaga je pravdépodobné
schopen kompenzovat svou zavislost na nestabilnich a c¢lenitych prostredich pomoci vysoké
disperzni schopnosti. Detekovand populacni struktura muze odrazet sekundarni kontakt dvou
expandujicich populaci, které byly v minulosti oddéleny. Nase studie ukazuje nutnost znat
popula¢ni historii studovaného druhu pred tim, nez muzeme odvozovat zavéry tykajici se
vztahu prostredi a popula¢ni struktury, obzvlasté v oblastech, které jsou proslulé pritomnosti
kontaktnich z6n mezi populacemi expandujicimi z oddélenych refugii.

Publikace IV:
Cerna K. & Straka J. (2012): Identifikace 37 mikrosatelitovych lokust pro druh Anthophora
plumipes (Hymenoptera: Apidae) pomoci sekvenovani nového véku a jejich vyuziti u

pribuznych druht. Furopean Journal of Entomology 109: 155-160.

V této publikaci jsme popsali nové mikrosatelitové markery pro samotarskou vcelu
Anthophora plumipes pomoci 454 GS-FLX Titanium pyrosekvenacéni technologie. 37
vyslednych lokust bylo otestovino pomoci fluorescencné znacenych primert na vzorku 20
samic z Prahy. Mnozstvi detekovanych alel se pohybovalo mezi 1 az 10 (prumérné 4 alely na
lokus), pozorovand heterozygotnost se pohybovala v rozsahu od 0.05 do 0.9 a ocfekdvand
heterozygotnost v rozsahu od 0.097 do 0.887. Zadny z lokust nevykazoval signifikantni
odchylku od Hardyho-Weinbergovy rovnovahy a pouze u dvou lokust byly zjistény nulové
alely. Nezjistili jsme pritomnost vazebné nerovnovahy mezi zadnymi z lokust. V nasem ¢lanku
dale poskytujeme navod na vytvoreni jediné multiplex PCR skladajici se z 11 nejvice
polymorfnich lokusti. Pouziti multiplexu predstavuje uc¢inny analyticky nastroj k detekci
genetické struktury a provadéni pribuzenskych analyz v populacich rodu Anthophora. Vétsina
z 37 testovanych lokusti se dobfe amplifikovala u péti dalsich druhu rodu Anthophora (A.
aestivalis, A. crinipes, A. plagiata, A. pubescens a A. quadrimaculata). Vysledky nasi studie
ukazuji, ze technologie sekvenovani nové generace je cennou metodou pro izolovani kvalitnich
mikrosatelit u nemodelovych skupin samotarskych vcel.
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Paper 11I:
Cernd K., Straka J. & Munclinger P. (2013): Population structure of pioneer specialist
solitary bee Andrena vaga (Hymenoptera: Andrenidae) in central Europe: the effect of

habitat fragmentation or evolutionary history? Conservation Genetics 14: 875-883.

Because patchiness of food sources or nesting opportunities frequently limits gene flow,
specialists often exhibit distinct population structures in fragmented habitats. We studied the
influence of habitat fragmentation on population structure in the solitary bee Andrena vaga,
an early spring species that nests exclusively in sandy soil and feeds strictly on willows (Salix
spp.). Because the homogenous habitat of the Germanem floodplains, where the species was
studied previously, resulted in the species’ weak population structure, we expected more
structured populations in central Europe, where the sandy soils essential for nesting are
highly fragmented. We analysed 387 females from 21 localities in the Czech Republic and
Slovakia using nine microsatellite loci, and we inferred population structure using landscape
genetics and Bayesian clustering methods. Contrary to our expectations, habitat
fragmentation did not result in increased genetic isolation at the localities; however, two
differentiated groups of localities, separated by a wide clinal zone of admixture, were detected
within the study area. The observed pattern suggests that dispersive ability of A. waga
compensates the species dependence on unstable fragmented habitats. We propose that the
population structure may mirror a secondary contact formed by the expansion of two
populations that had been separated in the past. We emphasise the necessity of knowing the
studied species’ population history before making conclusions concerning correlations between
habitat and population structure, especially in areas of known suture zones created by the
secondary contact of populations expanding from separate refugia.

Paper 1IV:

Cerna K. & Straka J. (2012): Identification of 37 microsatellite loci for Anthophora plumipes
(Hymenoptera: Apidae) using next generation sequencing and their utility in related species.
European Journal of Entomology 109: 155-160.

Novel microsatellite markers for the solitary bee, Anthophora plumipes, were identified and
characterised using 454 GS-FLX Titanium pyrosequencing technology. Thirty seven loci were
tested using fluorescently labelled primers on a sample of 20 females from Prague. The
number of alleles ranged from 1 to 10 (with a mean of 4 alleles per locus), resulting in an
observed heterozygosity ranging from 0.05 to 0.9 and an expected heterozygosity from 0.097
to 0.887. None of the loci showed a significant deviation from the Hardy-Weinberg
equilibrium and only two loci showed the significant presence of null alleles. No linkage
between loci was detected. We further provide information on a single multiplex PCR
consisting of 11 of the most polymorphic loci. This multiplex approach provides an effective
analytical tool for analysing genetic structure and carrying out parental analyses on
Anthophora populations. Most of the 37 loci tested also showed robust amplification in five
other Anthophora species (A. aestivalis, A. crinipes, A. plagiata, A. pubescens and A.
quadrimaculata). The result of this study demonstrates that next generation sequencing
technology is a valuable method for isolating quality microsatellites in non-model species of
solitary bees.



Publikace V:

Straka J., Cerna K., Machac¢kova L., Zemenovda M. & Keil P. Délka zivota v piirozeném
prostredi: vliv aktivity, klimatickych faktorti a parazitace v prirozenych populacich vcel.
Podany manuskript.

Délka zivota zavisi na radé ekologickych a fyziologickych omezeni. Fyziologickd omezeni byla
studovana v laboratornich podminkach, nicméné existuje jen velice mélo informaci o
faktorech, které ovlivnuji délku zivota v prirozenych podminkach. My jsme studovali faktory
ovliviiujici vztah mezi délkou zivota, zasobovaci aktivitou a klimatickymi podminkami
v prirozenych populacich hmyzu na dvou modelovych druzich Andrena vaga a Anthophora
plumipes. Nas vyzkum ukazal, Zze délka zivota je ovliviiovana jednak primo klimatickymi
podminkami a jednak nepfimo pomoci zmén v aktivité zavislych na klimatu. Zjistili jsme
negativni vztah mezi mnozstvim aktivnich dnt a délkou zivota, avsak vysokd aktivita v rdmci
aktivnich dnt neméla na délku zZivota zadny vliv. Déle jsme ukézali, Ze jedinci, kteri byli
aktivni béhem teplych a/nebo vlhkych dnu, zili déle a mnozstvi srazek bylo lepsim
determinantem délky zivota nez teplota. Nacasovani prvniho vyletu bylo dalsim dulezitym
prediktorem délky zivota — vcely, které se objevily pozdéji ke konci sezéony (kriticky casovy
horizont) zily krat$i dobu, nez véely, které se objevily diive. Nacasovani prvniho vyletu
v jednotlivych sezdénach bylo korelované se sezénnimi teplotami a s pritomnosti endoparazitu
z Fadu Strepsiptera (pouze Andrena). Zjistili jsme, ze za delsi zivot parazitovanych jedincu je
zodpovédné brzké nacasovani doby prvniho vyletu, nikoli snizena aktivita. Nase studie
ukazala, ze délka zivota a mira aktivity v prirozenych populacich hmyzu jsou regulované
pomoci souhry ekologickych faktort, které byly diive studovany pouze jednotlivé anebo
v laboratornich podminkéach.

Publikace VI:
Cernd K., Munclinger P., Vereecken N. J. & Straka J. Multilokusovéd fylogeografie
palearktické samotéaiské véely Anthophora plumipes (Hymenoptera: Apidae): endemismus

stredomorskych linii, ostrovni efekty a kryptické druhy. Manuskript zalozeny na prezentaci
posteru na XXIV ICE 2012 v Deagu.

Anthophora plumipes je samotaiska véela hojnd v celé Evropé, severni Africe, stfednim
Vychodé a vychodni Asii. A. plumipes byla nedavno introdukovand z Japonska na vychodni
pobrezi USA a je zde nyni hojna. Nasbirali jsme vzorky ze 41 lokalit véetné USA a Japonska.
Nasim cilem byla fylogeografickd analyza druhu v ramci aredlu vyskytu. Pro tuto analyzu
jsme pouzili 11 mikrosatelitovych lokust a 727-bp dlouhou sekvenci COI. Zjistili jsme
pritomnost 67 rtznych COI haplotypu tvoricich Sest haplotypovych skupin, které odrazeji
geograficky puvod. Pritomnost mnoha unikatnich a navzajem odlisnych mediterannich
haplotypli naznacuje vysokou miru mediteranniho endemismu. Bayesovské shlukovaci analyzy
na zakladé mikrosatelitovych dat podpotily existenci COI skupin, ale navrhly jako
nejpravdépodobnéjsi existenci pouze 4 skupin (sloucily skupiny I, IIT a IV do jedné skupiny a
naopak zvlast vyclenily britské lokality ze skupiny I do zvlastni skupiny). Zjistili jsme nizkou
genetickou diverzitu a N. u britskych a zvlasté pak USA a japonskych lokalit ve srovnani
s lokalitami v Evropé. Takovéto genetické ochuzeni muze byt dusledkem efektu hrdla lahve
béhem osidleni téchto ostrovi. Japonskd a USA populace jsou si blizce piibuzné a tvori
spolecné zvlastni linii, které muze predstavovat samostatny druh.
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Paper V:
Straka J., Cernd K., Machackova L., Zemenova M. & Keil P. Lifespan in the wild: the role of
activity, climate and parasitic infestation in natural populations of bees. Submitted

manuscript.

Animal lifespan depends on ecological and physiological constraints. The latter has been
studied under controlled conditions but little is known about determinants of lifespan under
natural conditions. We studied the factors determining the relationships between length of
adult life, foraging activity and environmental conditions (weather) in natural populations of
insects on model species of solitary bees Andrena wvaga and Anthophora plumipes. Our
research indicates that lifespan is driven both directly by climate and indirectly through
climate-dependent activity patterns. We found a negative relationship between proportion of
active days and length of life; in contrast, high activity rate within these active days had no
negative effect on longevity. Also, individuals activating during warm and/or wet days lived
longer, with precipitation being more important determinant of lifespan than temperature.
Timing of emergence is another important predictor of length of life - bees that emerged
nearer to the end of season (critical time-horizon) lived shorter than bees that emerged
earlier. Seasonal timing of emergence was correlated with seasonal temperature and with
Strepsiptera endoparasite infestation (Andrena only). Finally, we found that the early
emergence of parasitized individuals, not their reduced activity, explains their prolonged lives.
We demonstrate that lifespan and activity patterns of wild insect populations are regulated
by a tractable interplay of ecological factors which were previously studied only in isolation

or in vitro.

Paper VI:

Cernd K., Munclinger P., Vereecken N. J. & Straka J. Multilocus phylogeography of a
widespread Palearctic solitary bee  Anthophora plumipes (Hymenoptera: Apidae):
Mediterranean lineage endemism, island effects and cryptic species. Manuscript based on the
poster presentation on the XXIII ICE 2012 in Daegu.

Anthophora plumipes is a solitary bee species common across the whole Europe, Northern
Africa, Middle East and Eastern Asia. A. plumipes has recently been introduced to the
eastern coast of the USA from Japan and is nowadays a common species there. We collected
samples from 41 localities including samples from USA and Japan. Our aim was to estimate
the phylogeographic pattern within species range. We used 11 microsatellite loci and 727-bp
sequence of COI for the analysis. We detected 67 COI haplotypes clustering into six major
haplotype groups showing strong geographic pattern. Presence of several unique diverged
Mediterranean haplotypes indicates high level of Mediterranean endemism. Bayesian
clustering analysis of microsatellite data supported the COI groups, however the most likely
result of K=4 joined the COI groups number I, IIT and IV together, while it detached the
British localities from the continental group (I) to a separate group. We detected low genetic
diversity and N, in British and especially the USA and Japanese localities compared to
European ones which can be attributed to bottleneck events during the island colonisation.
Japanese and the USA populations are closely related and represent a separate lineage of
possible species status.
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