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Abtrakt

Vcely rodu Ceratina jsou vybornou modelovou skupinou pro studium evoluce rodi¢ovského chovani a
eusociality. Je pro né typickd prodlouzend rodifovka péce — matka obvykle hlidd potomstvo do
dospélosti a nasledné ho krmi pylem a nektarem. Vétsina druhl je fakultativné eusocidlni a
fakultativné eusocidlni byl pravdépodobné i spole¢ny predek celého rodu.

Ackoliv maji véely rodu Ceratina velmi zajimavé chovani, podrobné studie byly provedeny jenom na
nékolika druzich. Tyto druhy byly obvykle ze severni Ameriky, Japonska ¢i Austrdlie. Od evropskych
druh( existuji jenom ojedinéla pozorovani. Podrobny prizkum chovani evropskych druhl nebyl pred
moji disertaci proveden.

Cilem prace je prozkoumani prvkd chovani evropskych druhd rodu Ceratina. Déle je cilem
identifikovat pripadné zisky a ztraty prvkd chovani. Zaméril jsem se na nasledujici vlastnosti: socialni
hnizdéni, hlidani potomstva do dospélosti a krmeni dospélého potomstva. Béhem mého
magisterského studia jsem objevil obourodi¢ovskou péci u druhu C. nigrolabiata. Tudiz nejdilezitéjsi
cil mého Ph.D. projektu bylo ohodnoceni zisk( a ztrat obourodcovského chovani.

Hlidani potomstva do dospélosti vyrazné zvySuje jeho prezivani. Divodem je efektivni obrana proti
pfirozenym nepratelim. Drive se predpokladalo, Ze matka hlidd potomstvo do dospélosti u vsech
druhd véel rodu Ceratina. Ovsem nase vyzkumy ukazaly, Ze u tfi druh( se hlidd matka potomstvo jen
u Casti hnizd. U téchto druhll miZe matka po dozasobovani hnizda bud hlidat potomstvo, nebo
hnizdo uzavfit a opustit. Hlidand hnizda maji vyssi pocet zdsobovanych komlrek, neZ hnizda
zatkovana. Pravdépodobnou vyhodou opousténi hnizda je moznost dalSiho hnizdéni, a tedy produkce
vétsi poctu potomka.

Matka vcel rodu Ceratina obvykle krmi své dospélé potomstvo. U severoamerického druhu C
calcarata v pfipadé smrti matky krmi potomstvo trpasli¢i dcera. Krmeni potomstva matkou se
vyskytuje u vSech tii studovanych evropskych druh(ll, ovsem v pfipadé smrti matky neni potomstvo
nijak krmeno.

Eusocidlni hnizdéni bylo nové dokumentovano u Sesti druhi. Eusocialita u véel rodu Ceratina je tudiz
hojna i u druh(, které se vyskytuji v mirném ¢i subtropickém klimatu. U druhu C. parvula bylo
nalezeno aZ Sest samic v hnizdé, coz je dosud nejvyssi zaznamenany pocet u vcel rou Ceratina. Velmi
neobvykld eusocialita se vyskytuje u druhu C. chalybea. Eusocialni hnizda obsahuji jednu starou
samici, az devét mladych dospélcl a nové zazdsobované komUrky. Mladi dospélci jsou obvykle samci
a asi polovina z nich je nepfibuzna staré samici.

Obourodicovska péce nebyla u véel dosud znama. Ceratina nigrolabiata je prvni druh vcely, u které
byla obourodicovska péce zaznamendna. Samec a samice se nachazeli spole¢né v témér vsech
aktudlné zdsobovanych hnizdech. Pary ovsem nejsou stabilni a samci se v pribéhu sezony stfidaji. V
dlsledku stfidani samcl samec neni obvykle otcem potomstva, protoze vétSina potomk( pochazi od
predchozich partner( samice. Pokud ovSsem samec vydrZi v hnizdé dlouho, zvySuje se mira jeho
paternity i celkové mnozstvi potomkd v hnizdé. Pfredpokladame, Ze vicenasobné pareni samice
prekvapivé podpotilo vznik obourodiéovské péce, nebot samice jsou receptivni po celou hnizdni
sezonu. ProdlouZend receptivita samice selektuje na dlouhovékost samc(, a tudiz umozriuje, aby se
podileli na péci.

Klicova slova: eusocialita, rodicovska péce, obourodicovska péce, rodicovské investice, pfibuznost,
Ceratina, kyjorozky, Xylocopinae



Abstract

Small carpenter bees (genus Ceratina) are an excellent model taxon for the study of evolution of
parental care and origin of eusociality. Prolonged offspring care is typical for this bee genus. Females
usually guard their offspring until adulthood and later feed their adult offspring pollen and nectar.
Moreover, most of studied species are facultatively eusocial, a trait probably inherited from the
common ancestor of the genus.

Although Ceratina bees have generally very interesting behavior, detailed studies were performed in
only a few species, usually from North America, Japan and Australia. Only anecdotal observations of
natural history existed for a few European species, and detailed research has not been performed
before my thesis.

The goal of my thesis is to explore the natural history of European species of Ceratina and to identify
possible costs and benefits of this species’ behavioral traits. | focused on following these behavioral
traits: social nesting, guarding of offspring until adulthood, and feeding of mature offspring. Through
my master project, | discovered biparental care in species C. nigrolabiata, therefore the most
important goal of my Ph.D. project is the evaluation of costs and benefits of this behavior.

Guarding of offspring by mother significantly influences their survival, because it serves as an
effective protection against natural enemies. It was supposed that mothers guard their offspring until
adulthood in all Ceratina bees. However, we found three species, in which guarding was only a
facultative strategy. The mother can continuously guard her offspring, or close and abandon the nest.
Guarded nests have a higher number of provisioned brood cells and usually also higher offspring
survival rate. A probable benefit of nest abandonment is the possibility of another nesting elsewhere
and therefore production of higher number of offspring.

Mothers of Ceratina bees usually feed their adult offspring. In North American species C. calcarata,
dwarf eldest daughters feed their siblings in case of mother’s death. Feeding of mature offspring by
mother occurs in three studied European species. However, no individual feeds them in case of
mother’s death.

Eusocial nesting was newly documented in six species. Therefore, eusociality is common under
temperate as well as subtropical climates in Ceratina bees. Nests with six females were documented
in C. parvula, which is the highest number of females in one nest ever documented in Ceratina bees.
Strange eusociality occurs in C. chalybea. Eusocial nests contain one old female, up to nine young
adults, and new brood cells. These young adults are usually males and a half of them are unrelated to
the old female.

Biparental care was not previously known in bees. Ceratina nigrolabiata is the first bee species in
which biparental care was discovered. A male and female pair was found in almost all nests with
provisioned brood cells, but the pairs are not permanent and exchanging of males occurs. The
currently present male is usually not related to the offspring, who are fathered by previous partners
of the female. However, long term pair stability has benefits for males and also females. If a pair is
stable, nest productivity increases and so does the probability of the present male’s paternity. We
suppose that female mating multiple times paradoxically allows establishment of biparental care. As
the female is receptive through the whole nesting season, long-term male survival is selected,
therefore the probability of male care development is also increasing.

Keywords: eusociality, parental care, biparental care, parental investments, relatedness Ceratina,
small carpenter bees, Xylocopinae
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Uvod

Péce o potomstvo je efektivnim zplsobem, jak zvysit prezivani potomstva. Vétsinou je péce
provadéna pouze jednim jedincem, obvykle matkou. Existuje ovsem rada situaci, kdy vice jedincl
kooperuje pfi péci. KdyZ vice jedincl spolupracuje, komplexita spolecenstvi a také rozpoznavajici
schopnosti jedincl vzrlstaji. Komplexita chovani tudiz vzrista celkové. Eusocialita a obourodi¢ovska
péce jsou nejcastéjsimi pripady spoluprace vice jedincl stejného druhu.

Pro Zahadlové blanokfidlé je typickd rozsdhld péce o potomstvo. U vétSiny druh( (které jsou
oznacované jako samotdrské) pecuje pouze matka. Matka poté, co dozasobuje potomstvo potravou,
je obvykle opousti a zaloZi nové hnizdo. OvSsem v rdmci Zahadlovych blanokfidlych vznikla opakované
eusocialni spolecenstvi, kterd mohou c¢itat az miliony jedincl. Velkd eusocidlni spolecenstvi jsou
popularni mezi védci a Sirokou verejnosti. Ackoliv se velkd spolecenstvi se vyznacuji mnoha
fascinujicimi fenomény, nejsou pfilis vhodna pro vyzkum vzniku socidlniho chovani. Pro stadium
vzniku eusociality jsou optimalni spolecenstvi fakultativné eusocialnich druh, tedy druhé, které jsou
schopny vytvaret eusocialni s i samotarska spolecenstvi. Tyto dva typy spoleCenstvi pak miZzeme
srovnavat a vyhodnotit zisky a ztraty jednotlivych strategii. Chovani vétsiny fakultativné eusocidlnich
druhd je ovSsem Spatné znamo.

Samci u blanokfidlych jsou obvykle kratkovéci a tési se jen malé pozornosti. U vétsiny druhd samci
neparticipuji na péci o potomstvo. Ovsem existuji nékteré vyjimky. Samci mGzou mit urcitou, byt jen
malou roli v nékterych eusocidlnich spolecenstvich, napfiklad u vosikli ¢i ¢melak(l. Obourodi¢ovka
péce byla zjisténa u nékterych kutilek. Nejznamé;jsim ptikladem jsou kutilky rodu Trypoxylon.

Vcely rodu Ceratina jsou vybornou skupinou pro vyzkum rodi¢ovského a socidlniho chovani. Maji
prodlouzenou materskou péci. Kdyz matka dokonci zadsobovani hnizda, tak hlida své potomky az do
jejich dospélosti. KdyZz potomstva dosahnou dospélosti, matka je krmi pylem ¢i nektarem. Ackoliv
jsou véely rodu Ceratina obvykle povaZovany za samotarské, socidlni hnizdéni bylo dokumentovano u
vétSiny podrobnéji prozkoumanych druh(. Podil socidlnich hnizd je ale maly, obvykle mezi 1-20%.
Spolecny predek celého rodu byl pravdépodobné fakultativné eusocialni.

Cile prace

Chovani u vétsiny druhd rodu Ceratina nebylo dosud studovano. Evropské druhy nejsou vyjimkou.
Dosud byla publikovana jen ojedinéld pozorovani bez dostatec¢né velkych soubor( dat. Prvnim cilem
mé prace je prozkoumat socidlni a rodicovské strategie evropskych druhi rodu Ceratina. Déale jsem se
snazil vyhodnotit vyhody a nevyhody jednotlivych prvk( chovani. Pro véely rodu Ceratina je typické
hlidani potomk(l az do dospélosti, jehoZ vyhody jsem testoval. U nékterych druh( jsem zjistil, Ze jen
¢ast hnizd je hliddano matkou, tudiz jsem porovnal hlidana a opusténa hnizda. U druhl, u kterych jsem
dokumentoval eusocialni hnizdéni, jsem se snaZil porovnat solitérni a eusocidlni hnizda. Déle jsem se
snazil vyhodnotit vyhody a nevyhody socidlniho hnizdéni u druhu C. chalybea, u kterého se vyskytuji v
hnizdech nepfibuzni samci. Nejdulezitéjsim cilem bylo vyhodnoceni vyhod a nevyhod obourodicovské
péce u druhu C. nigrolabiata pro obé pohlavi. Dale jsem se snaZil ohodnotit podminky, za kterych
obourodicovké péce mize vzniknout.



Material a metodika

Pro kazdy ¢lanek jsem pouZil jiny soubor metod. NejdlleZitéjsi metodou byla pitva hnizd, ktera byla
soucasti kazdé casti mé disertace. Hnizda byla sebrdna z pfirozenych hnizdnich ptilezitosti nebo
arteficialnich hnizdnich pfilezZitosti pred hnizdni sezonou. Hnizda byla sbirdna vzdy vecer nebo rano,
tedy v dobé, kdy jsou vsichni jedinci v hnizdé. Hnizda byla oteviena zahradnickymi ndzkami nebo
nozem. Obsah hnizda a hnizdni sktruktura byla zdokumentovana. Byl zjistén pocet a pohlavi dospélcl
a pocet a vyvojové stadium nedospélych jedincu.

V ramci nékterych studii byli juvenilni jedinci dochovavani do dospélosti. Juvenilni jedinci byli
presunuti do vialek a tam ponechani, dokud nedosahli dospélosti. Bylo uréeno pohlavi dochovanych
jedincl a zmérena jejich sirka hlavy.

Znaceni dospélct bylo pouZivano pro ovéreni jejich identity. Pomoci olejového fixu byla nanesena
jedna nebo vice tecek na zadecek vcely.

V rdmci jednotlivych experimentl bylo pozorovano sbéraci chovani samice. Casy pfiletu a odletu
samice byly zaznamenany. Pozorovdni byla provedena na nemanipulovanych hnizdech, nebo
hnizdech, ktera byla presunuta do studijnich ploch. Hnizda pozorovana ve studijnich plochach byla
zakryvana plastovymi vicky pro zpomaleni véel pro sniZeni pravdépodobnosti nezaznamenani pfiletu
¢i odletu.

Pro testovani vlivu pfitomnosti dospélcli na preZiti a produktivity hnizda jsme provedli odstranéni
dospélct. Samice byly odstrafiovany dvéma odliSnymi metodami: bud'v situaci, kdy pfirozené opustili
hnizdo, nebo poté, co vylezly z hnizda po vyruseni stéblem. Samci C. nigrolabiata byly odstrafiovani
poté, co vylezli z hnizda po vyruseni stéblem.

Pfibuznost mezi jedinci v hnizdé byla testovana pomoci mikrosatelitovych lokus(. Deset lokus( bylo
vyvinuto pro druh C. nigrolabiata, ale bylo moZné je vyuzit i na pfibuzné druhy. Mikrosatelitové
lokusy byly pouZivany spole¢né v multiplexu. DNA byla izolovdna pomoci Chelexu a poté
amplifikovana pomoci PCR. Délka fragment DNA byla méfena pomoci automatického sekvenatoru.
Program Gene Marker byl pouZit pro identifikaci alel. Paternita byla testovana pomoci programu
Colony.

Statistické analyzy byly provedeny pomoci programu R.

Vysledky a diskuse

Dokumentovali jsme socialni hnizdéni u Sesti druh(, u kterych nebylo predtim znamo: C. chalybea, C.
cypriaca, C. mandibularis, C. parvula, C. bispinosa, and C. chrysomalla. Naopak za striktné solitérni
povazujeme druhy C. cucurbitina, C. dallatoreana a pravdépodobné C. chalcites. Ceratina
nigrolabiata ma obourodicovskou péci tudiz neni zataditelna ani do jedné kategorie. U druhu C.
parvula jsme zjistili az Sest samic v hnizdé a u druhu C. mandibularis pét, coz je vice nez u jakéhokoliv
predtim zkoumaného druhu rodu Ceratina. Zvlastni eusocialita byla zjisténa u druhu C. chalybea. V
hnizdé se vyskytuje jedna stard samice, nékolik mladych dospélcli a nové zdsobované komdrky.
Vétsina mladych dospélcl jsou ovSem samci, a asi polovina je nepfibuzna staré samici.
Pfredpoklddame, Ze hlavni vyhoda pro mladé dospélce je pfijem potravy od staré samice. Mladi
dospélci mizou chranit hnizdo pred pfirozenymi neprateli v pfipadé nepritomnosti steré samice.

Kdyz potomci dosdhnou dospélosti, matka je zadsobuje pylem a nektarem. U severoamerického druhu
C. calcarata provadi krmeni mladych dospélcli nejstarsi dcera v pfipadé smrti matky. Altruisticka
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dcera nebyla ale dokumentovdna u zadného ze studovanych evropskych druhl (C. chalybea, C.
cucurbitina a C. nigrolabiata). Tudiz nikdo nekrmi v opusténych ¢i osifelych hnizdech. Mladi dospélci
se pravdépodobné presunou do hnizda, kde stard samice stale krmi.

Hlidani hnizda matkou vyrazné zvySuje prezivani potomstva. Matka chrani potomstvo pred
pfirozenymi nepfateli, napfiklad mravenci, chalcidkami a ostatnimi samicemi rodu Ceratina. Hlidani
potomstva do dospélosti bylo povazovano za univerzalni znak pro véely rodu Ceratina. Nase vyzkumy
ovsem ukazaly fakultativni opousténi hnizda u t¥i druhl. Matka u téchto druhl mUze hlidat hnizdo az
do dospélosti, nebo ho zazatkovat a opustit. Hlidanda hnizda maji vétsSi pocet zazdsobovanych
komurek a obvykle také vétsi podil prezivajicich potomkl. Domnivdme se, Ze hlidani zplsobuje
efektivnéjsi ochranu potomstva, oviem zatkovani umoznuje zapoceti nového hnizda v disledku toho
vétsi pocet potomka.

V ramci vcel byla obourodi¢ovkd péce poprvé objevena u druhu C. nigrolabiata. V naprosté vétsSiné
zasobovani komurek. Oviem jeden samec nezlstava v hnizdé po celou hnizdni sezonu, ale vydrzi
v hnizdé obvykle tyden, poté je nahrazen jinym samcem. Pokud jeden samec v hnizdé vydrZi dlouho,
zvysuje to produktivitu hnizda. Aktualné pritomny samec obvykle neni otcem ani ¢asti potomstva,
protoze se samice pafila s predchozimi partnery a skladuje spermie ve spermatéce. Hlidajici samec
ma alespon néjaké potomstvo v 29% hnizd a jednom 10% potomstva. Pokud je samec v hnizdé delsi
dobu, pravdépodobnost jeho paternity roste. Roste rovnéz i pravdépodobnost paternity na jeden
den hlidani.

Zaver

Rodicovskd péce je extrémné pestra u evropskych véel rodu Ceratina. ProdlouZzend materska péce,
tedy hlidani potomstva do dospélosti ma velké vyhody pro preZiti potomstva. Ovsem nékteré
evropské druhy redukuji hlidani potomstva a opoustéji potomky, jakmile je zdsobovani hnizda
dokonceno.

RGzné druhy se vyrazné lisi v socidlni strategii, roli samcu, rozsahu materské péci hnizdni strukture.
Vétsina evropskych druhG ma schopnost socidlniho hnizdéni, ackoliv podil socialnich hnizd je obvykle
maly. Obourodicovska péce ma obvykle podobné vyhody pro ochranu potomstva jako eusocialita, a
tou je pfitomnost hlidaciho jedince v situaci, kdy je zadsobuijici jedinec pryc. Obourodicoskd péce
vznikla v situaci, kdy se samice pafi vicekrat, zatimco eusocialita vznika za podminek jednonasobného
pareni samice.
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Introduction

Offspring care is an effective way for increasing their survival. It is performed only by one individual
in most cases, usually a mother. However, situations where multiple individuals caring for offspring
cooperate also exist. When multiple individuals cooperate, the complexity of society and the
necessary communication and recognition skills increase. Therefore, behavioral complexity increases
in total. The most important cases where multiple individuals cooperate in caring for offspring is
eusociality and biparentality.

A high extent of parental care is typical for aculeate Hymenoptera. Maternal care is usual in most
species. In solitary species, the mother performs all provisioning of juveniles alone. When
provisioning is finished, she usually closes the nest and founds another nest elsewhere. Aculeata also
evolved eusocial colonies with one to several millions of workers multiple times. Large
hymenopteran societies are popular among scientist and also in broad public. Although these
societies evolved many fascinating phenomena, they are inappropriate for the study of emergence of
cooperation and social behavior. Facultatively eusocial species are optimal for studying origins of
eusociality. We can compare solitary and eusocial strategy, as well as costs and benefits of both
strategies in one population. However, natural history of most of facultatively eusocial species is
poorly known.

Predominantly short-living males are a neglected sex in Hymenoptera. They concentrate mainly on
searching for females and mating. In most species, males do not participate in parental care.
However, there are some exceptions. Males can perform some work in some eusocial groups, such as
bumblebees or Polistes wasps. Moreover, in several crabronid wasps, biparental care has been
described. The most well-known is in genus Trypoxylon.

Small carpenter bees are and excellent group for studying parental and social behavior because of
prolonged maternal care. When mother finishes provisioning, she guards her offspring until
adulthood. When offspring reach adulthood, she feeds them pollen and nectar. Although Ceratina
bees were traditionally considered as solitary, social nesting was documented in most precisely
examined species. However, the proportion of social nests is low, usually between 1-20%. The
common ancestor of the genus was probably facultatively eusocial.

Aims of this study

Behavior of most Ceratina species has not been studied to this date. Only anecdotal observations
without sufficiently large datasets necessary for evaluation of behavior were published for European
species. First goal of my research was to describe social and parental strategies of several European
species. Moreover, | tried to evaluate costs and benefits of different parental and social behavioral
traits. For Ceratina bees, guarding of offspring until adulthood is typical. Therefore, | tested benefits
of this guarding behavior. As | discovered facultative nest guarding in several species, | compared
guarded and abandoned nests. | documented eusocial behavior in several species and evaluated
factors which influence presence of eusocial nesting. Moreover, my second goal was to identify
possible costs and benefits in strange societies of Ceratina chalybea, where unrelated males occur as
helpers. The greatest goal was the identification of costs and benefits of biparental care from the
point of view of both sexes in C. nigrolabiata. Furthermore | evaluated possible conditions, which
lead to emergence of biparental care.
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Material and methods

A different set of methods was used for each paper or manuscript. The keystone method used in all
parts of my thesis is the dissection of Ceratina nests. Nests were collected from natural nesting
opportunities or artificial nesting opportunities, which were prepared before nesting season. These
nests were collected in the evenings or mornings to ensure that all inhabitants were inside. Nests
were opened by clippers or knife and observed nest content was noted, especially the presence of
adults, number and stage of offspring, and also nest structure.

Immature offspring were translocated from nest to microtubes and reared to adulthood for several
studies. Sex was determined and head width was measured in adult individuals.

Marking of individuals was used for verification of their identity. One or more dots were painted on
metasoma of bees by enamel painters.

In several experiments, foraging activity of female was observed. Time of departure and arrival was
noted. Observation was performed on unmanipulated nests or nests which were relocated to study
plots. When nests were observed on study plots, plastic cups closing the nest entrance were used for
decreasing the probability of missing a departure or arrival.

We removed adults to test their presence on offspring survival rate or nest productivity. Females
were removed by two different methods: when they naturally departed from their nest or when they
fled after their abdomen was pushed with a straw. Male of C. nigrolabiata was removed after he left
the nest when he was pushed with a straw.

Relatedness between individuals was tested using microsatellite loci. Ten microsatellite loci were
developed for species C. nigrolabiata, but it is possible to use them for related species as well. These
loci were used in a multiplex. DNA was isolated using Chelex protocol and amplified by PCR. DNA
fragments were separated using automatic sequencer (ABI prism). Gene marker software was used
for identification of alleles. Colony software was used for paternity tests.

Statistical analyses were performed in R software.

Results and discussion

We documented social nesting in six species, where it was previously unknown: C. chalybea, C.
cypriaca, C. mandibularis, C. parvula, C. bispinosa, and C. chrysomalla. On the other hand, based on
our data, we consider C. cucurbitina, C. dallatoreana, and probably C. chalcites as strictly solitary
species. Ceratina nigrolabiata has biparental care, therefore it is not included in either
aforementioned social category. We documented nests with six females in C. parvula and nests with
five females in C. mandibularis, which are higher numbers than has been documented for any
Ceratina bee species to this date. Strange eusociality was found in C. chalybea. An old female, up to
nine young adults, and new brood cells occurs in their eusocial nests. However, most of these young
adults were males, about a half of them were unrelated to the old female. We suppose that the main
benefit for young adults is obtaining food from the old female, while the benefits for the old female
include protection of nest while she performs foraging or when she dies.

When offspring reach adulthood, mother feeds them pollen and nectar in the nest. When mother
dies, feeding can be performed by dwarf daughter in American species C. calcarata. However, the
presence of an altruistic daughter was not documented in any studied European species (C. chalybea,
C. cucurbitina, and C. nigrolabiata). Therefore, no individual feeds offspring in orphaned or
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abandoned nests. Young adults from these nests abandon the nests and probably move to nests,
where a mother is still present.

Guarding offspring by mother significantly increases offspring survival rate as it serves as an effective
protection against natural enemies, such as ants, chalcidoid wasps, and other Ceratina bees.
Guarding of offspring until adulthood was considered an universal trait for Ceratina bees. However,
we discovered facultative nest abandonment in three species. Mother can guard offspring until
adulthood or she can plug and abandon the nest. Guarded nests have higher number of brood cell
provisioned and usually also higher offspring survival rate than abandoned nests. We suppose that
guarding may cause better offspring protection, however abandoning allows immediate nesting
elsewhere and therefore higher number of offspring produced.

Biparental care was firstly documented in bees in species C. nigrolabiata. Male and female were
found in almost all nests, where brood cells were currently provisioned. A pair is established before
the start of brood cell provisioning. However, one male does not stay in one nest through whole
nesting season. On average one male stays about a week in one nest. When the male disappears, he
is quickly replaced by another male. When one male stays in one nest for a long time, it leads to
increased nest productivity. A currently present male is usually not the father of offspring, because
female mates with previous partners and stores the sperm. A guarding male had offspring in only
29% of nests and only 10% of offspring was fathered by guarding male. However, when one male
stays in a nest for long time, the probability of his paternity increases. Moreover, probability of
paternity per one day of guarding also increases.

Conclusions

Parental care is extremely diversified in European Ceratina bees. Extended maternal care, the
guarding of offspring, strongly influences offspring survival rate. However, some European species
reduce guarding and abandon their offspring after nest provisioning is finished. Different species
highly differ in social mode, role of males, extent of maternal care, and also nest structure. Most of
Europeans species probably have the ability of eusocial nesting, although the proportion of nests
with multiple individuals is usually low. Biparental care probably has similar benefits of offspring
protection as eusociality—i.e. the presence of a guard when another individual is on foraging trip.
However, it evolves in different conditions. Biparental care originated in a situation when a female
mates multiple times, eusociality evolved under single mating of a female.
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