Univerzita Karlova v Praze, Pfirodovédecka fakulta

Katedra filosofie a d€jin ptirodnich véd
Teoreticka a evolu¢ni biologie

Mgr. Petr Bogusch

Aggressive mimicry among nest cleptoparasites and social
parasites (Insecta: Hymenoptera: Apoidea)

Agresivni mimikry u kleptoparazitickych blanok#idlych a socidlnich paraziti
(Insecta: Hymenoptera: Apoidea)

DOKTORSKA PRACE
Praha, 2006

Vedouci prace: Prof. RNDr. Stanislav Komarek, Dr.



Doporuéena citace:

BOGUSCH P. 2006: Aggressive mimicry among nest cleptoparasites and social
parasites (Insecta: Hymenoptera: Apoidea). Faculty of Science, Charles University,
Prague, unpublished Ph.D. thesis.

Prohlasuji, Ze jsem praci vypracoval sam a uvedl citace vSech pramend, z nichz jsem
Cerpal. VSechny obrazky a fotografie jsou originaly a je mozné je dale publikovat jen
s mym souhlasem.

/oz/b v ﬁﬁ/m 1

V Praze, dne 7. ¢ervna 2006 Mgr. Petr Bogusch



Souhlasim s tim, aby se mé publikace a v nich obsazené vysledky staly soucasti této

doktorské prace.
— ~ LA

V Praze, dne 7. ¢ervna 2006 RNDr. Lukas Kratochvil, Ph.D.

Souhlasim s tim, aby se mé publikace a v nich obsaZené vysledky staly soucasti této

doktorské prace.
7,, “C U

V Praze, dne 7. ¢ervna 2006 Mgr. Jakub Straka



Na tomto misté bych chtél podékovat vSem, kteti mi pomohli pfi mém vyzkumu a
podileli se na vzniku publikaci a této prace. Predevsim bych rad podékoval svému
Skoliteli Prof. RNDr. Stanislavu Komarkovi, Dr. za stalou oporu a ochotu pomoci
v jakékoliv situaci a ve vSech ohledech, od odbornych konzultaci aZ po pratelské
popovidani. Dale patfi mij dik vSem kolegim z katedry, v jejichZ pfijemné
spole¢nosti se mi dobfe pracovalo, a z nichZ zejména Doc. RNDr. Anton Markos,
CSc. a Mgr. Karel Kleisner mi v mnoha ohledech poskytli moralni i odbornou pomoc
a maji velké zasluhy na uspé€sném prubéhu mého doktorského studia.

Velice rad bych také podékoval svym spolupracovnikiim Mgr. Jakubu Strakovi a
RNDr. Lukasi Kratochvilovi, PhD. za neustalé vylepSovani a ¢teni vSech rukopist,
stejné€ jako za cennou pomoc pii vlastnim vyzkumu, kamaradovi Mgr. Tomasi
Kubartovi za pomoc s anglickou gramatikou a RNDr. Janu Jezkovi za zapij€eni
materialu dvoukfidlych na fotografovani.

Samoziejme, velkou oporou nejen pfi praci mi byla moje rodina, maminka Marie
Boguschova a ptitelkyné Mgr. Petra Simiinkova, ktera mi pomahala nejen moralné,
ale i odborné s chemickymi vzorci a nazvy.

Tato prace a publikace s ni spojené publikace vznikly za finanéni podpory granti
FRVS ¢.1784/2001 a GAUK &. 178/2005/B-BIO/PrF.



REVIEW: AGGRESSIVE MIMICRY AMONG NEST CLEPTOPARASITES AND SOCIAL
PARASITES (INSECTA: HYMENOPTERA: APOIDEA)

1. AGGRESSIVE MIMICRY ..coctiiiiiiiiiininiiiiiriniieieiniiecieeinciecescssensens 2
2. CUCKOO BEES ....cutiiiiiiiiiiiiiiiieitiititietiecsciiiacneeacssscstsscsssssncnns 9
2.1. Specialization and phylogenetical relations .........c.ccoevviievirinriiniinnnn 11
2.2. Behaviour and interactions to the hosts ........cccceveiiieiiniiiieiiiiiiiianan. 16
2.3. Appearance and aggressive IMIMICTY ....ccoveiierieeiniierineiiesiierieccnscenses 18
3. SOCIAL PARASITES OF BEES AND WASPS ...ccciriiiiiiiiiiiiiiiicinnnnns 27
4. OTHER PARASITIC ACULEATE HYMENOPTERA .....cccccvvvviiniinnnnn 34
4.1. Parasitoids ...oooeeiniiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii e et et e e n e 35
4.2. Cleptoparasites ....c.oovveeiieiieiieiiiieiietieiieiiiiieierisseiesisesiascesesnsens 37
4.3. SpecialiZation ......cccvvviiiiiiiieiiiiiiiiiiiiiiiiiiiieiiiiiiiiiiiieietisttetetnasenn 39
4.4, Colouration and MiMICIY....ccoeiieiiniieriieienioersersessasssssssassnssssossssens 40
CONCLUSIONS .ot iiiiiiitiiiiiiiiititrieseeitasseasssssessassassesssssssssssssonssssns 44
| 2309 T D7 2 D00 [0 D S 48

SOUHRN ..ttt ittt s re ettt e sonssarassensensanss 55

PRILOHA 1

BogGuscH P. 2003: Vcely jako paraziti a hostitelé. Vesmir 82 (9): 501-505.

PRILOHA 2

BogGuscH P. 2003: Hosts, foraging behaviour and distribution of six species of
cleptoparasitic bees of the family Apidae (Hymenoptera: Apoidea). Acta
Societatis Zoologiceae Bohemiae 67: 65-70.

PRILOHA 3
BogGuscH P. 2005: Biology of the cleptoparasitic bee Epeoloides coecutiens
(Fabricius, 1775). Journal of the Kansas Entomological Society 78 (1): 1-12.

PRILOHA 4

BOGUSCH P., KRATOCHVIL L. & STRAKA J. 2006: Generalist cuckoo bees
(Hymenoptera: Apoidea: Sphecodes) are species-specialist at the individual
level. Behavioral Ecology and Sociobiology 59: published online.



UvVOD

Tato doktorska prace se sklada ze dvou ¢asti. Prvni z nich je napsana v angli¢ting a je
rozdélena do cCtyf kapitol. Predstavuje review shrnujici soucasné publikované
informace a dal$i autorovy poznatky pojednavajici o vyznamu zbarveni u kukacécich
(kleptoparazitickych) véel, socialnich paraziti ¢melakii a vos, a dalSich paraziti a
parazitoidl taxonomicky fazenych do skupiny blanokfidlého hmyzu (Hymenoptera)
oznacované jako “Aculeata”. Do této skupiny jsou fazeny podle soucasné platného
systému tyto nadceledi: hbiténky (Bethyloidea), zlaténky (Chrysidoidea), vosy
(Vespoidea) a vcely (Apoidea). I kdyZ se nejedna o systematickou jednotku, ale
pouze o sbémou skupinu, Aculeata je povazovana za monofyletickou a hlavnim
spole€nym znakem vSech druhu je pfeména samiciho kladélka v zihadlo. V této
publikaci nejsou uvedeny podrobné poznatky o predatorech, parazitech a
komenzalech mravenctu (Formicidae), stejné jako o vSech formach mimetismu s
mravenci souvisejicich. Hlavnim diivodem této absence je velké mnozstvi informaci
o téchto skupinach, které by samy o sobé€ staCily na nékolik podobnych review.
Mravenci jsou zde proto pouzivani jen v nékterych pfipadech jako srovnavaci

priklady mimetickych interakci.

Prvni kapitola se zabyva agresivnim mimetismem, ktery je velmi nesourodym
typem mimese. Tento typ mimetismu nebyl nikdy tadné definovan, je zde proto
uvedena nova definice a vSechny pfiklady mimetickych komplexti shrnované pod
tento typ v minulosti jsou rozdéleny do ¢tyf typu dalSich. Tyto nové typy mimetismu
jsou zde podrobné popsany a odliSeny a Tabulka 1 muzZe byt pouzita jako “urcovaci
kli¢” k jednotlivym typim. U popisu kazdého nové etablované¢ho typu mimetismu

jsou uvedeny piiklady z fiSe Zivo€ichi i rostlin.

Druha kapitola shrnuje vSe znamé o kukacéich (kleptoparazitickych) véelach, jejich
specializaci, chovani, interakcich s hostiteli, zbarveni a mimetismu. VétSina zde
zminovanych informaci byla poprvé publikovana autorem dizertace v podobé
nékterych ¢lanku (tvoticich druhou €ast), byly doplnény dalsi dosud nepublikované
informace. Podobnosti a zvlaStnosti ve zbarveni a vzhledu jsou ilustrovany na

fotografiich. VSechny fotografie jsou autorovy originaly a zobrazuji material hmyzu



z jeho vlastni sbirky, pouze ve tieti kapitole na obrazku Figure 11 jsou zobrazeny
pestfenky se sbirek Narodniho muzea v Praze (kurator RNDr. Jan JeZek). Ostatnimi
obrazky jsou grafy srovnavajici kleptoparazitické véely a jejich specializaci, zbarveni
apod. Vétsina kvantitativnich dat byla vyhodnocena na materialu evropskych druhi
véel a v nékterych piipadech srovnana se véelami z ostatnich ¢asti svéta. Kapitola je
rozdélena do tii podkapitol, kazda z nich se zabyva uréitym problémem souvisejicim

S mimetismem.

Kapitoly 3 a 4 jsou podobné druhé, zamétuji se na socialni parazity, respektive
parazitoidy a ostatni kleptoparazitické blanoktidlé. Jejich struktura je velmi podobna
struktufe druhé kapitoly. Tieti kapitola se zabyva parazity ¢melakti a vos, tj.
pacmelaky a pestfenkami rodu Volucella, které parazituji v hnizdech vos a ¢émelaki
(v druhém piipadé¢ podobné jako pa¢melaci), a vykazuji mimetické interakce
orientované smérem ke svym hostitelim. Ctvrta kapitola popisuje Zivotni strategie
parazitoidd a ostatnich kleptoparazitickych blanokiidlych v ramci zde studované
skupiny, srovnava je s kukac¢imi v€elami a snaZi se najit shody a rozdily ve zbarveni
a vzhledu. V této kapitole jsou popsany tii zakladni Miillerovské mimetické okruhy
blanokfidlych véetné jejich Batesovskych prvki z fad jinych zastupcti hmyzu. Jsou
zde uvedeny 1 dalsi typy zbarveni bézné u zZahadlovych blanok¥idlych. Bohuzel, bylo
publikovdno minimalni mnozZstvi informaci o mimetismu a hostitelich téchto
Zivocichi, a tak zde autor srovnal jen zbarveni a nabidl nékolik hypotéz o jeho funkci

pfi parazitaci v hnizdech hostiteld.

Kromé €tyf zminénych kapitol obsahuje prvni €ast prace jesté kratky zavér ve
formé shrnuti (Conclusions). Samostatna diskuse neni pfiloZena, nebot’ vysledky jsou
diskutované jiz v ramci jednotlivych kapitol. Soudasti review je samoziejmé jesté
nezbytny seznam pouzité (nikoliv doporucené) literatury (References) a Cesky

Souhrn, ktery obsahové odpovida Conclusions.
Druha ¢ast studie je sloZena ze ¢tyf ¢lankt publikovanych autorem béhem let 2003

— 2006. Tyto ¢lanky byly publikovany z vysledkti vyzkumi provedenych b&hem

magisterského a doktorského studia.
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Prvni z €lankt (Pfiloha 1) byl publikovan v ¢asopisu Vesmir a je napsan v cesting.
Jedna se o viibec prvni (ale ne prvni napsany) €lanek autora. Shrnuje v té dobé
znamé informace o evropskych kleptoparazitick}'lch véelach, jejich biologii,
specializaci a zbarveni. Jeho hodnota spo¢iva zejména v tom, Ze obsahuje fadu dosud
nepublikovanych informaci, a mnoho z nich je podruhé pouzito pravé v textu prvni
asti této doktorské prace. Clanek také obsahuje prvni nezavaznou zminku o

pozorovani individualni specializace samic generalistii, podrobné zpracované ve

¢tvrtém clanku (Ptiloha 4).

Druhy z ¢lankia (Piiloha 2) popisuje nékolik v t€ dobé nové zjisté€nych informaci o
biologii, hostitelich, fenologii, a rozsifeni Sesti druhd evropskych kukaééich vcel.
Jedna se o vystup zgrantu FRVS 1784/2001, publikovany v Acta Societatis

Zoologiceae Bohemiae.

Treti clanek (Priloha 3), publikovany v Journal of the Kansas Entomological
Society, podrobné popisuje do té doby neznamou biologii (typy lokalit, fenologii,
hostitele, navstévované rostliny, chovani) velice zajimavé kleptoparazitické véely
Epeoloides coecutiens. Tento druh byl diive povaZovan za nejvzacnéjsi
sttedoevropskou véelu, autor (s pomoci nékolika dalSich evropskych odborniku)
zjistil, Zze se jednad o druh se zvlastnimi naroky na prostiedi, a podrobné zmapoval
biologii druhu. Studie také srovnava lidské vidéni barev se véelim pomoci
hexagonalnich (nebo lépe fe¢eno kubickych) trichromatickych diagramti. Srovnani
vidéni barev kvéti bylo vytvofeno za pouziti metod a naméfenych hodnot excitaci
ocnich ¢ipku, které vytvofil a poskytl Dr. Lars Chittka, University of London.
Publikované udaje ukazuji, Zze nelze srovnavat naroky vcel jen na zakladé lidského

vidéni barev.

Posledni publikace (Ptiloha 4) z Behavioral Ecology and Sociobiology piinasi
nékteré odpovédi na otazky specializace jednotlivych samic generalistd (druht s vice
hostiteli) u kukac€ich véel a srovnava je sostatnimi zivocichy s podobnymi
zivotnimi strategiemi a zabyva se evoluci kleptoparazitizmu. Vysledky jasné€ ukazuji,
ze generalisti existuji pouze v pfipadé druhii a ne jedincd, a je pravdépodobné, Ze

kukac¢i veely jsou svou specializaci na hostitele opravdu hodné podobné kukackam

iii



— ptakim. Tato publikace byla vytvofena spoleéné s RNDr. Lukasem Kratochvilem a
Jakubem Strakou (oba Pfirodovédecka fakulta UK, Praha); souhlasy obou autort

s publikovanim jejich vysledki jsou uVedeny na zacatku prace.
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AGGRESSIVE MIMICRY AMONG NEST CLEPTOPARASITES AND
SOCIAL PARASITES (INSECTA: HYMENOPTERA: APOIDEA)

Pompilid wasp Austrochares gastricus. Male (A) 1s a Batesian mimic of workers of
the social wasp Polvbia parvula (C); female (B) part of red Miillerian mimetic ring,
which includes other pompilid wasp Dicranoplius satanus. Adopted from O’Neill

(2001).



1. AGGRESSIVE MIMICRY

In general, mimicry is well defined as the resemblance between two or more
organisms, which is not caused by their phylogenetical relation or by the
convergence'. The main cause of the existence of mimetic resemblances is the
selection — pressure by predators (Komarek 2003)*. Three organisms must take part
in every mimetic interaction: the model, which is imitated by a mimic, and the
acceptor (receptor) of the signal. For better understanding, we can exemplify this
phenomenon using a yellow and black striped hover-fly (mimic), which looks like
some species of yellow jackets or wasps (model), and a small songbird (acceptor),
which is afraid of it due to its resemblance to the model (wasp). In this case the
model is a dangerous animal usually not consumed by small songbirds. Both the
mimic and the model form a pair named the mimetic complex. However, classical
authors establishing this terminology did not include the acceptor as the third and
very important part of the mimetic complex (Wallace 1867; Poulton 1890). In the
further text the necessity of knowing the acceptor will be evident; we cannot

compare aggressive mimicry with related mimetic types if we do not know the

acceptor.

E. B. Poulton established the term “aggressive mimicry” in 1890 as an evolutionary
interpretation of the phenotype of newly discovered ant-like spiders of genera
Synageles and Synemosyna. E. G. Peckham published their possible mimetic
interactions of Synageles to ants in 1889. Consequently, Poulton (1890) named the
aggressive mimetic interactions “Peckhamian mimicry”. Recently, both terms are
understood as synonyms (Wickler 1968; Komarek 2003). Owing to that, aggressive
(or Peckhamian) mimicry has never been strictly defined, various authors used to
label the majority of mimetic resemblances where the predator plays an important
role and/or mimics anything by this term. Even higher level of disorder was caused
by the term “Wasmannian mimicry”, established according to Wasmann’s (1925)

studies on myrmecophilous insects and invertebrates, where the author found

! Convergence differs from mimicry usually in geographical or ecological detachment between similar
organisms (Tasmanian wolf cannot resemble European wolf because they have never met...).

? The term “mimicry” was first used by Kirby & Spence (1817) for the resemblance of insects to
plants, further it was generalized to all resemblances between unrelated organisms.



examples of aggressive mimicry, but correctly stated that many of these animals
were neither strictly predators nor parasites of ants, at least half of them were only
commensals in ant hills. Wickler (1968) and Rettenmeyer (1970) suggested putting
this term as a special example of aggressive mimicry. Most of all described mimetic
complexes (not only those classified to aggressive mimicry) can be put under optical
mimicry where colouration, colour pattern, or body shapes are involved. During last
thirty years, more and more examples of chemical (imitation of sex pheromones and
semiochemicals used in insect communication) and tactile mimicry (vibratory,
mechanical or sound signals) has been discovered and described as mimetic signals.
It changes our view especially of aggressive mimetic resemblances, where only a few
cases are optical mimicry of general appearance or colouration and most bear with

chemical or tactile communication signals.

My aim is to divide all cases of mimetic resemblances usually assigned by the term
“aggressive mimicry” to four subcategories. I think it is necessary because these
mimetic types have different evolutionary origins and, on the top of that, some of
them differ from the others in general. I decided to create new terms according to the
role of the mimic in the complex. The anticrypsis is not a mimetic interaction, but
some mimetic types can be confused with it, and in some cases it appears together

with some mimetic types previously classified as the aggressive mimicry.

Aggressive mimicry has the same meaning as the term Peckhamian mimicry.
This mimetic type is typical with the fact that the prey (when the predator is the
mimic) or the host (when the parasite or parasitoid is the mimic) is identical to the
acceptor. The mimetic complex has then only two members — the mimic (predator)
and the model, which is of the same species as the acceptor (prey). The predator
usually imitates some type of its prey’s communication signal or a part of its
appearance, and profits from that. Typical example is the bolas spider (see Eberhard
1977, Yeargan 1994): this aranaeid preys on males of several species of moths. The
predator sits on a fibre and elicits analogons of sexual pheromones of its prey from
glands on the abdomen. Males of moths are allured and spider catches them with its
bola — a short fibre with an adhesive ball in the end (see Figure I). Similar chemical

aggressive mimetic signals are used by many species of myrmecophiles (Holldobler



& Wilson 1995) to prey on ant larvae in their own nests. Another typical example of
aggressive mimicry is the imitation of light signals of small American fireflies of the
genus Photinus by bigger carnivorous fireflies of the genus Photuris (Lloyd 1965,
1975, 1990). Vertebrates also use aggressive mimicry; the best known one is the
European common cuckoo (Cuculus canorus), which parasites in nests of songbirds
and imitates the colouration of their eggs (Latter 1903; Harrison 1968). Some other
parasitic birds (Viduinae parasitizing in astrilds’ nests) use vocal mimicry, which

helps them to invade nests of their hosts with less problems (Nicolai 1974; 1975).

MIMIC

bolas spider

\
MODEL

sex pheromone

\

ACCEPTOR

moth

(Z)-9-tetradecenal

Figure 1: Model of aggressive mimicry shown on the bolas spider. (Orig.).

Inverse (defensive) mimicry represents the other type of mimetic interaction with
only two members. This type differs from the aggressive mimicry in the role of the
predator (parasite): it does not mimic anything, but is conversely mimicked by its
prey or host. For example, several species of long-horned beetles (Cerambycidae)’
look very similarly to parasitic ichneumonid wasps. We can find them jerky running
on the surface of tree branches. This behaviour uses to be interpreted as an imitation
of ichneumonids — their parasitoids, which should repel other long-horned beetles

from laying their eggs to an “occupied” branch — ichneumonids’ larvae feed in tree

* In central Europe species of genus Necydalis.



branches (Chemsak & Linsley 1973). Another potential case of this type of mimicry
is the similarity of some tephritid flies to jumping spiders (Salticidae), their probable
predators (see Eisner 1985). This type of mimicry may look strange, but it could be
quite widespread, especially among parasitoids and their hosts. However, chemical
signals in these animals are usually not well known, though they probably represent

the main part of inverse mimetic interactions.

Aggressive resemblance is in general similar to aggressive mimicry. Here the
model is not identical with the prey: the predator is the mimic, and mimics something
helpful or incidental for its prey. Marine fish Aspidontus taeniatus represents a very
good example: this about 10 cm long fish looks very similar to Labroides dimidiatus,
labroid cleaner of bigger marine fishes. It is not similar only in appearance and
colouration, but also mimics typical cleaner’s dancing movement, used when coming
to a big fish to clean it. When Aspidontus comes to the big fish (in the same way as
the cleaner model), it does not clean it, but snaps off a part of its fin and swims away.
Here we see a typical mimetic complex with three members: Aspidontus taeniatus is
the mimic and the predator, Labroides dimidiatus the model, and the big fish is the
acceptor of the signal and prey of Aspidontus (for further information see Wickler
1968, or Kuwamura 1983). Another similar types of this mimetic interaction can be
found among other fish species, as well as insects and spiders, e.g. a few spider
species mimic tactile movements of captured prey in webs of other spiders and
capture them (Jackson & Wilcox 1998). This type of mimetic resemblance was at
most used as a “typical example of aggressive mimicry”, together with the correct

type.

Alluring mimicry has similar features to the aggressive resemblance, but there is
the main difference in the role of the predator: it allures its prey to something
attractive for it, usually to imitations of its prey. The model is usually not as well
determined as the previous type (to genus or species) but represents some kind of
prey like worm, insect, small fish, flower, etc. The predator does not hide but allures
its prey. Typical cases are tropical mantids of genera Gongylus and Idolum
resembling flowers with their front legs and thoraces, and alluring small flies and

moths (Sharp 1899; Williams 1904). We can find a very similar example also in



plants, orchids of genera Dactylorhiza and Ophrys: some species resemble smell of
flowers attractive for insects, but do not have any nectar. Otherwise, many orchids
(majority of Ophrys species) use the aggressive mimicry, imitate sexual pheromones
of bees and wasps and resemble their females. Both strategies are very useful in
pollination; males of bees and wasps are attracted and take pollen to other flowers of
the same species (Wickler 1968). Alluring mimicry is well distributed among marine
fishes (especially family Antennariidae), snakes (pit vipers), we know also very
interesting cases of alluring mimicry in fluke worms (Trematoda) (Wickler 1968)

and freshwater bivalves (Haag et al. 1995; 1999).

Table 1: Comparison of the main types of aggressive mimetic interactions.

e A e
resemblance no yes yes yes yes yes
number of members - 2 2 3 3 3
mimic - predator prey predator predator predator
well determined model - usually yes yes usually yes usually no yes
predator's behaviour hiding several - hiding alluring hiding

The term anticrypsis is used within crypsis in the same way as the aggressive
mimicry within all mimetic types: usual definition charges that the predator is
according to its cryptic colouration invisible to its prey and can capture it easier. I do
not think that this phenomenon can be confused with the aggressive mimicry, but
several known aggressive and alluring mimics usually use both. Common European
thomisid spider Misumena vatia uses the anticrypsis to catch its prey very often; it
sits in a flower and changes its colour to the same as the colour of the flower. It was
first described already by Dunning (1878). In some cases, this spider was observed to
sit on the top of some high, but not flowering plant. The spider resembled a flower
and was successful capturing a small moth (Safir 1978). Similar combinations of
anticrypsis and aggressive (or alluring) mimicry are common also in mantids (Sharp

1899), and alluring marine fishes (Wickler 1968).

One more interesting behaviour of predators was described among coral fishes, and
also in birds of prey. Several species of quite big carnivorous fishes mimic in their

juvenile age common coral fishes swimming in huge schools above coral reefs. The



predator swims aside from or inside the school. These aggressive mimics hunt their
prey in two ways: first, some of them make quick attacks to other fishes swimming
around; and second, predator fishes swim in swarms of small fishes searching for
food in the ground, these aggressive mimics capture other fishes and invertebrates
flushed out of the ground by the models (Ormond 1980). This behaviour stays
somewhere between the aggressive resemblance and anticrypsis: it depends on how
we explain the school of small fishes. The predator is invisible and uses the
anticrypsis (if we explain it as a part of the environment), but it mimics other species
of fish and uses the aggressive resemblance (if we explain it as many small fishes of
one species in one place and time). We call this interaction a hiding mimicry. The
same situation briefly disputed by Wickler (1968) and in detail previously described
by Willis (1963) was observed in a zone-tailed hawk (Buteo albonotatus) in
America. It resembles the turkey vulture (Cathartes aura) in a colouration, shape,
and also in behaviour. The model is not dangerous for small mammals, birds, and
lizards (it feeds on carrions), so they are not afraid of the mimic. In some cases the

mimic was observed flying in the flock of turkey vultures.

Although this classification of aggressive mimetic resemblances was created with a
focus to the behaviour of the mimic, we cannot state that we will not have problems
to sort some mimetic interactions in future. The problems are mainly in
myrmecomorphic spiders: we cannot decide if they are Batesian or Peckhamian
mimics, especially if we do not know their bionomics in detail. We can describe this
situation on the first described aggressive mimic, spider Synageles picata. Peckham
(1889) reported that this spider probably fed on myrmecophilous beetles living aside
from the anthills. It resembled ants and captured its prey easier. In that case it used
aggressive resemblance. Recently most accepted theory (Holldobler & Wilson 1995)
states that these spiders are Batesian mimics and resemble ants because small birds
do not prey on them. In my opinion, the spiders resemble ants, their prey, to come
easier near to the anthill and capture several ants. This option is a typical case of
aggressive mimicry. Otherwise, in some cases (and probably also in ant-like spiders),
two types of mimicry can be combined. Table I was compiled according to five main
differentiating attributes: presence or absence of mimicry, number of members,

character of the mimic (predator or not), model determination, and mimic’s



behaviour. These attributes should help to recognize all types of aggressive mimetic
interactions; they are not similar to attributes of mimicry, as a sympatry of the mimic
and the model, higher abundance of the model, etc., for detailed information see

Rettenmeyer (1970). Anticrypsis is also included in the table.



2. CUCKOO BEES

Cuckoo bees form within the superfamily Ap'oidea strictly defined group of
organisms. The group is not defined taxonomically (it includes bees of four families
that do not form a monophyletic clade) but ecologically (Michener 1978). They
represent about 15% of all known species of bees in the world (Batra 1984), in
Europe about one quarter (Bogusch et al. 2006). Table 2 presents all known groups
of cuckoo bees. Their way of life comes under the term cleptoparasitism and
especially European authors call them “cleptoparasitic bees”. However, this term is
not well chosen, because it has been first stated for prey stealing, known in many
groups of animals, best known example represent frigates and jaegers, birds that steal
other bird’s prey in the air. Recently, term “nest parasites” or “nest cleptoparasites”
looks better and more useful (O’Neill 2001). In this study these insects are usually

named “cuckoo bees”.

I can describe a typical life strategy of cuckoo bees. Mated female does not build
its own nest, but seeks for the nest of other (usually solitary) bee species and lays its
egg inside. The egg is put into the brood cell and fresh emerged larva feeds on
provisions gathered by the owner of the nest (hereinafter called the host). Here is the
difference to all Hymenopteran parasitoids like chalcidids (Chalcidoidea),
ichneumonids (Ichneumonidae), velvet ants (Mutillidae), and scoliids (Scoliidae), see
also Chapter 4. Cuckoo bee larva does not feed on host larvae, but on its provisions
(Balthasar 1954; Michener 2000; O’Neill 2001). According to this specialization,
cuckoo bee females lay their eggs to fresh or still unclosed brood cells with eggs or
very young larvae of their hosts, not to brood cells with mature larvae as do the
parasitoids (O’Neill 2001). Parasitizing cuckoo bee must destroy the host’s brood.
They have evolved two different strategies. First (common in Sphecodes bees, some
Stelis, and Exaerete), female destroys host egg and lays its egg into the brood cell,
second (common in some Megachilidae and Apidae), the female does not destroy
anything and a young larva (usually first instar) has sharp, pincerlike mandibles, and
destroys the host egg or larva itself (Michener 2000). Both strategies have
advantages and disadvantages. In the first, the brood cell is “cleaned” of host brood;

vicelike, the host female can recognize that its egg “disappeared”. In the second,



Table 2: List of groups of cuckoo bees. Created according to Michener (2000).

Higher taxa and parasitic taxa

Hosts

Family Colletidae
Hylaeus sg. Neoprosopis

Hylaeus sg. Neoprosopis

Family Halictidae
Subfamily Halictinae
tribe Halictini
Echthralictus
Eupetersia
Halictus sg. Paraseladonia
Lasioglossum sg. Dialictus
Paradialictus
Microsphecodes
Parathrincostoma
Ptilocleptis
Sphecodes
tribe Augochlorini
Megalopta sg. Noctoraptor
Megommation sg. Cleptommation

Temnosoma

I asioglossum sg. Dialictus

Halictini

Halictini and others

Family Megachilidae
Subfamily Megachilinae
tribe Osmiini
Bekilia

Hoplitis sg. Bytinskia Hoplitis

tribe Megachilini

Coelioxys Megachilini

Radoszkowskiana

tribe Anthidiini

Afrostelis

Euaspis IMegachile

Hoplostelis Euglossini

Larinostelis

Stelis Megachilinae

Dolichostelis IMegachile

tribe Dioxyini Megachilinae
Family Apidae

Subfamily Nomadinae
Subfamily Apinae
tribe Ctenoplectrini
Ctenoplectrina
tribe Rhyathymini
tribe Ericrocidini
tribe Melectini
tribe Isepeolini
tribe Protepeolini
tribe Osirini
tribe Tetrapediini
Coelioxoides
tribe Euglossini
Exaerete
Aglae

many groups

Epicharis
Centridini
IAnthophorini
Colletes

iadasia
acropis, Paratetrapedia

IFulaema, Eufriesea

IEulaema
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there is a chance that host brood survives. More than one cuckoo bee egg can be laid
into the brood cell and the larvae with pincerlike mandibles must compete and fight.
In other words, some species can lay their eggs to nearly closed brood cells or to

fresh brood cells with no host’s eggs.

2.1. Specialization and phylogenetical relations

Every species of cuckoo bees has one up to several hosts. The hosts are exclusively
other species of bees, both solitary and social. Number of hosts does not exceed ten
in most cases; most of cuckoo bees are specialized to 1 up to 5 host species.
According to Emery’s (1909) rule, the parasites of ants are in most cases the nearest
relatives of their hosts. This means, as stated by Carpenter et al. (1993) for paper
wasps and generally for all Hymenopteran parasites, that both the host and the
parasitic species arose from the clade of their ancestor — one line continued in the
nonparasitic way of life, and the second became parasitic. We can illustrate it on the
example of a hypothetic solitary bee: some females did not continue to build nests,
but they began to lay eggs into nests of other females. It seemed to be a good
strategy, but the nonparasitic females started to defence. Both nonparasitic and
parasitic females had to change and — evolve antistrategies, and under different
selection pressures they split into two species (Bogusch et al. 2006). We can find
support for this hypothesis within quite widespread intraspecific cleptoparasitism
among solitary and also social bees. In this case, we can use the term
“cleptoparasitism” without any doubt, usually it looks that some females invade nests
of other bees to steal the provisions (in social bees, common also in the honeybee
Apis mellifera), or to lay their eggs into the brood cells (intraspecific cuckoo bees, in
Europe common within the genus Hoplitis). Interspecific cleptoparasitism (and to

the origin of cuckoo bees) certainly rose from intraspecific cleptoparasitism

(Eickwort 1975).

Owing to Emery’s rule, every species of cuckoo bees should have only one host
species, its nearest relative. The diagram compiled from all known data about the
hosts of European cuckoo bees shows that more than half of European cuckoo bees

parasitize in nests of bees unrelated to them (related in this case means the species of

11



the same subfamily). Only one quarter invades exclusively the nests of related hosts

(Figure 2).

15%

24%
5%

56%

mrelated gunrelated ggboth Junknown

Figure 2: Phylogenetic relation of cuckoo bees to their hosts. N = 167 species.

Another diagram showing percentages of cuckoo bees according to the number of
their known hosts seems more “friendly” fitting to Emery’s rule (Figure 3). More
than half of all European cuckoo bees are specialized to 1 to 2 hosts, and only 2%
parasitize in the nests of more than 10 species of bees. This result is not surprising: it
is much better to be specialized, because the specialist’s phenology and bionomics
can be tightly bounded with its host. In other words, we must know that majority of
them are specialized to parasitation in nests of unrelated taxa (Figure 2 together with

Figure 3), so their recent hosts cannot be the primary ones.

As shown in the above diagrams, both cuckoo and nonparasitic bees undergo
evolutionary processes and change in course of time. Description of the life strategy
of cuckoo bees shows that they need to have several up to many (based on every
species) adaptations how to find, invade, and lay egg to the host’s nest. Every species
must response to the changes of the environment, and especially to the host’s
abundance, which is the main value, on which the cleptoparasite’s success (and
survival) depends. In some cases, the original hosts could disappear or get extinct,
and the cuckoo bees survived only due to finding new host species. This process is

called re-orientating (Bogusch 2003; Bogusch et al. 2006) and does not only change
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host species, but also increases number of hosts. This way of re-orientating and
“adopting” of new hosts leads to generalists and also to parasitization in nests of

unrelated species, e.g. Andrena in Sphecodes cuckoo bees (see bellow).

52%

Ounknown

Figure 3: Numbers of hosts of European cuckoo bees. N = 167 species.

We can illustrate the re-orientating process very well on the hosts of European
Sphecodes species. These cuckoo bees parasitize in nests of their relatives, bees of
genera Halictus and Lasioglossum. Several species parasitize also in nests of other
bees, which are not phylogenetically related to them, but quite abundant in the
localities. Figure 4 along with the next paragraph graphically illustrate the re-
orientating process:

1. We know cuckoo bees with only one host, e.g. S. rufiventris.

2. Most of Sphecodes species parasitize in 2-5 hosts, and some even in more
classified to the phylogenetically related genera (as mentioned above).

3. S. ephippius, and also S. monilicornis, are the most abundant and common
European species of the genus and are generalists parasitizing more than ten
hosts. Their hosts are mainly related, but some are unrelated to them, e.g.
very common species of the genus Andrena.

4. Three species (S. reticulatus, S. rubicundus, and S. pellucidus) parasitize only
in the nests of Andrena species, they all have 2-5 known hosts of this genus.
They probably lost their original hosts, and had to find some new ones.

During this way they were probably generalists as S. ephippius or S.
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monilicornis, but after that they specialized. Andrena species that are also
very similar in nesting habits to Halictus and Lasioglossum could be the first

found hosts.

Sphecodes rufiveniris Halictus maculatus

Sphecodes puncticeps

Sphecodes ephippins

Sphecodes rubicundus Andrena

Sphecodes alhilabris Colletes cunicularins

" -

-
v
ps

Figure 4: Re-orientating of Sphecodes. (Orig.)

S. European largest species, S. albilabris, is strictly bounded to an unrelated

species Colletes cunicularius, which is very common in sandy localities in



spring. Its cleptoparasite also appears and invades nests early in spring. It is

obvious that the coevolution of these species is very close.

Cuckoo bees with many hosts as Sphecodes ephippius and S. monilicornis are
called generalists. Contrariwise to the selection pressures to specialize (it is certainly
more profitable to be specialized) and to the Emery’s rule, several bees parasitize in
nests of more than ten hosts. These species do not look to be unsuccessful; the
generalist species belong to the most common cuckoo bees in localities. This
problem was partly explained by Bogusch et al. (2006) in above named species, and
previously partly solved by Packer et al. (1995) in two North American species of the
genus Coelioxys. Both studies proved, first by ethological, as well as by genetical
and morphological tests, that generalist cuckoo bees choose their hosts in the same
way as the cuckoo birds do: the individuals specialize to only one host, which is
similar to the gens® in European cuckoo. However, the heredity of these strategies is
well known in cuckoos (e.g. Marchetti et al. 1998), and very poorly in cuckoo bees.
It is interesting that the second possible way that females are unspecialised occurs in

birds, too; cowbirds (Molothrus) parasitize in nests of other birds, but their females

are unspecialised.

[s the specialization necessary? I do not think so, but it could be useful for cuckoo
bees at least. It brings a better possibility of coevolution with the host; every species
can find the best strategy of invading the host nest or laying its eggs into its brood
cell. In other words, specialization to only one species is not advantageous in this
case, when the host is disappearing from the locality or a larger part of its
distribution area. However, we cannot understand to the host specificity in all cases.
From the human’s view, there is a problem with hosts of some species as Sphecodes
puncticeps: it parasites in nests of four related Lasioglossum species. All these hosts
are very similar in appearance, distribution, and nesting habits. Humans recognize
them as four species, but cannot they represent for the cleptoparasite the same bee
with the same nesting habits, colouration, and appearance? A contradictory problem

emerges with a specialization of the generalists: they can represent more species than

* The gens are groups of genetically similar females within one parasitic species, specialized to
parasitize in only one host. If the parasite invades nests of six hosts, its females can be put under six
gens (one to each host) but none of them invade nests of more hosts (Marchetti et al. 1998).
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one. Sphecodes monilicornis seems to be the best example of this case, it occurs
within its distributional area in more than 10 morphological forms, that are explained
to be geographic (Warncke 1992). But these conclusions were made only with data
on morphology and ecology; neither distribution nor molecular analyses were used.
Some of the forms were described as subspecies or species (e.g. S. m. cephalotes),
the others have not been in detail studied and we know only that they preserve and
are still not resolved’. Molecular analyses should help with the research on cuckoo
bees very much, and illuninate some long lasting problems in their taxonomy and

biology.

2.2. Behaviour and interactions to the hosts

Coevolution between the cleptoparasite and its host is in some cases very tight. It
does not concern the values like in trematode endoparasites and other groups strictly
bounded to hosts, but some characters of appearance, communication, and behaviour
are remarkable. Cuckoo bees usually use several types of behaviour during their
invasion to the host nest. They were put under term “behavioural patterns” and are in
general valid for all cuckoo bees (Bogusch 2005; Bogusch et al. 2006). There is no
space to explain them in detail in this study, but they are well defined in previously
cited works. Table 3 brings only short definitions of the most important of them. All
behavioural patterns are forerun by a searching flight, slow flying of the cuckoo bee
female low over the ground. It is necessary to find nest sites and after that the nests
of hosts. Some cuckoo bees (observed at several species of Sphecodes) use the

searching flight only to find the nest site, after landing they seek the nest of host “on

foot™.

Invasion to the nest and a peculiar egg laying much differs within cuckoo bees and
corresponds with the type of the nest. We can divide solitary bees into two main
groups: those nesting in wood and on the ground. Wood nesting bees have nests

without any branches, they have only one tunnel and the brood cells are placed in

* This is quite common that generalist parasites or abundant, well-distributed species of bees are very
diverse in colouration and morphology, much more than the specialists or rare species. The answer is
perhaps connected with the adaptations to the environment but molecular analyses in last few years
found that many cryptic species were sheltered under those taxa.
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compartments one after another (see Figure 5a). Each time only one brood cell is
opened and cuckoo bees of wood nesting hosts usually sit near to the nest and wait
until the brood cell is finished. When the owner of the nest flies away for the last
piece of material (usually resin, leaves, or mud) and a small aperture preserves in the
brood cell, cuckoo bee comes and lays its egg into the brood cell. This strategy is
sometimes used as an explanation to the conically elongated abdomens of some
cuckoo bees (in Europe Coelioxys or Dioxys), and it is typical also in Sapygidae,
aculeate Hymenoptera parasiting in the nests of wood nesting bees (see Chapter 4.2.).
Ground nests usually consist of one main track and several others on the sides, ended
by the brood cells. More brood cells can be opened at the same time, and a
complicated network of lacunas makes chance to the cuckoo bee to hide (Figure 5b).
Cuckoo bees with ground nesting hosts usually use many different behavioural
patterns; some of them stay in the nest longer time (hours to days!) and behave like

social parasites (Sick et al. 1994).

Table 3: List of behavioural patterns used by cuckoo bees. Created according to
Bogusch (2005) and Bogusch et al. (2006).

Behavioural pattern Description

. female flies slowly, low over the ground, sometimes returns back
Search flight above the same place after few seconds
Entry into the nest during the cuckoo bee female does not meet the host female during its visit of
absence of host female the nest

host’'s presence does not prevent the cleptoparasite’s entry; the host

Entry into the nest with the returns to the nest during the cleptoparasite’s visit, the females do

presence of the host femaie

not fight
Entry into the host’s nest together host and cleptoparasite come together to the nest, and enter the
with the host female nest side by side without any aggressive encounter
Waiting near a nest for the host cuckoo bee female waits next to the occupied nest to the host's
female to leave departure and then attacks the nests after the host's left

blocking the nest entrance, chasing the cleptoparasite away or

Host defensive behavior at the nest pushing it out of the nest, but without any direct fight

both females fight on the ground, fights are very fierce and the

Fighting with stings cleptoparasite’s or host female’s death is not uncommon

flying close after the provisioning host female, shadowing the host

Host female shadowing female at the locality or at the nest site

Not all of the hosts of cuckoo bees are solitary, e.g. both generalists Sphecodes
ephippius and S. monilicornis invade nests of about 15 known hosts, and about half
of them are primitively eusocial (Bogusch et al. 2006). Primitively eusocial bees live
in colonies, which are newly established every season (Michener 1974). Bumblebees

represent a typical example of primitively eusocial bees: a mated female (called the
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queen) overwinters, finds a hole, gathers provisions, and brings up few workers in
spring, the size of the colony culminates in summer (June-July), males and new
queens emerge in August, they mate, and the colony disappears in autumn, when
only mated queens survive and overwinter (Pavelka & Smetana 2003). Cuckoo bees
of primitively eusocial species usually parasitize in spring (in central Europe usually
at the break of April and May), when only the queen or just several workers are
present in the nest. Unlike the social parasites as cuckoo bumblebees (Psithyrus) that
stay in host’s nests and live together with host’s workers and in some cases also

queen(s), they use the same strategies as cuckoo bees of solitary hosts (Goulson
2003).

Figure 5: Difference between wood (a) and ground (b) nest of solitary bees. (Orig.)

2.3. Appearance and aggressive mimicry

Most of cuckoo bees are quite clearly distinguishable from their nonparasitic
relatives. This stands well especially for females; they do not have any scopa (special
tough hair to collect pollen) and are usually less hirsute than bees collecting pollen
(Michener 2000). The identification is more complicated in males, but in many cases

they are more or less possible to recognize.
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In many other groups of animals, the parasites or commensals are similar in
appearance to their hosts; remember myrmecophiles and termitophiles studied by
Kistner (1969; 1982). Cuckoo bees have also evolved some mimetic interactions to
their hosts. It has never been studied in detail in spite of its probably high importance

in explaining life strategies of cuckoo bees and parasitic insects.

C b) H C

Figure 6: Comparison of appearance in general of cuckoo bees and their hosts in
Sfemales. (a) Lasioglossum calceatum and Sphecodes gibbus, (b) Megachile pilidens
and Coelioxys afra, (¢) Colletes similis and Epeolus variegatus, (d) Andrena flavipes
and Nomadu fucata. Host species is on the left and marked with “H”, cuckoo bee on
the right and marked with “C”, (a) and (b) represent related taxa and show superficial

similarity in appearance, (¢) and (d) unrelated taxa with no similarity. All photos ©
P. Bogusch.

Some groups of cuckoo bees parasitize in the nests of their relatives and are (not
very surprisingly) similar to them in appearance, but in attributes typical for the
whole group (autapomorphs). Cuckoo bees of the genus Coelioxvs represent a very

good example of this case: they are in general appearance similar to their relatives



and hosts of the genus Megachile, and differ from them only in the attributes
associated with their parasitic life: a conically elongated abdomen and absence of
hair and scopa (see Figure 6b). Similar situation preserves in other cleptoparasites of
related species, e.g. Sphecodes bees differ from their relatives with the absence of
hair, scopa, and red coloured parts of the abdomen (Figure 6a). We do not need to
mention that intrageneric cuckoo bees look nearly the same as their hosts
(Neoprosopis and Dialictus; this applies also for social parasites like cuckoo
bumblebees (Psithyrus) and their similarity to the bumblebees (Bombus), see Chapter
3). A diagram created with the data of appearance similarity of European cuckoo
bees brings surprising results: only 5% of cuckoo bees are prominently similar to
their hosts, about one quarter only shallow, and more than half of all cuckoo bees
look different than their hosts and we cannot think of any case of mimicry in

appearance or colouration (Figure 7).

QO unknow n @ prominent [@shallow [Jnone

Figure 7: Similarity in general appearance of European cuckoo bees and their
hosts. Intrageneric cleptoparasites are excluded. N = 167 species.

Compared to a small percentage of cuckoo bees similar to their hosts, mimetic
resemblance to the host in appearance (optical mimicry) presents in the genus Stelis.
This quite numerous genus is in Europe represented by 10 species. They are
taxonomically grouped to Anthidiini, bees without plenty of hairs and often with
white or yellow maculae on the body (Michener 2000). Both these attributes are
present in some Stelis species, but most of them are in general appearance more

similar to their hosts than to their relatives. Hosts of these cuckoo bees are other
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Figure 8: Similarity in general appearance in Stelis cuckoo bees and their hosts,
dorsal and lateral view. (a) S. breviuscula and Heriades truncorum, (b) S.
phacoptera and Hoplitis ravouxi, (c) S. signata and Anthidiellum strigatum. Host
species is on the left and marked with “H™, cuckoo bee on the right and marked with

“C". All photos © P. Bogusch.



megachilid bees, usually of the genera Heriades, Osmia, Hoplitis, and Anthocopa.
Some species are specialized to 1 up to 2 related hosts; generalists with 8 up to 12
known hosts are presented in this genus, too. Nearly all species of this genus are
much similar in appearance with their hosts. S. breviuscula is specialized to wood
nests of little bees of the genus Heriades and it looks very similar to them in size,
bands on the abdomen, and a typical matt appearance, it differs from its hosts only in
two remarkable characters: it lost the scopa, and also does not have a special carina
on first tergite, typical for Heriades (Figure 8a). Generalist Stelis species usually
parasitize in nests of several in appearance similar bees of above mentioned genera
and look very similar to them (Figure 8b). The main similarity is found in S. signata,
the parasite of robust Anthidiellum strigatum with large yellow spots on the body
(Figure 8c). The cuckoo bee is coloured with the same black with yellow spots and
marks as the host, and the same geographical variances are present: going to south
the yellow spots become larger and they cover nearly the whole body on the southern

edge of its distributional area®.

All Stelis species can be well distinguished from their hosts by typical attributes of
the genus: spines on scutellum or a narrow head, but they in general resemble their
hosts. The similarity is in some cases much more higher than in typical kinds of
mimetic interactions, like at hover flies and yellow jackets, etc. We can explain their
similarity to the hosts in more ways:

1. Aggressive mimicry, cuckoo bee looks like the female of the host’s species.
This explanation may be true; on the other hand there are no clear advantages
for the cuckoo bee’s female. Alternatively, they are usually not territorial in
the surroundings of the nest, for explanations see Straka (2005); similar
appearance can help the cuckoo bee to come nearer. The similarity in
appearance can be combined with some other mimetic signal, e.g. chemical
or tactile communication.

2. Miillerian mimicry, general appearance of wasps (in S. signata and also in
other cuckoo bees) or of bees (some of the others). A contrast black-white or

black-yellow colouration of many cuckoo bees is probably an example of the

® Bigger size of light maculae on the body of insects connected with the southern localities is well
known, but these two species show a very striking similarity.
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Miillerian mimicry. These cuckoo bees form the “vespiform™ colour pattern
together with scoliid, sphecid, eumenid and social wasps, bees, and also with
several ichneumonids, chalcids, sawtlies, hover flies, moths or long-horned
beetles (see Chapter 4.4.). The same colouration in Stelis signata is
interesting: why it has evolved only in one species, yet in the only one species
with host of the same colour pattern? I think the truth is somewhere between

both of these hypotheses.

As in the nest parasites of ants, termites and other social insects, there is very
probable that the cuckoo bees have evolved a chemical aggressive mimicry.
Although they are parasites, in some cases nearly completely destroy nests and very
significantly flout the populations of their hosts, the interactions when the cuckoo
bee and its host meet seem to be friendly, usually without any fights. In some cases
both cuckoo bee female and host female come together at the host nest, crawl inside,
stay there side by side several minutes or hours, and behave like “friends on visit”. It
seems to be a possible case of an aggressive chemical or tactile mimicry. As many
other insects, bees use chemical and tactile communication (but not more than
optical) and some ways of this communication are quite simple to mimic (one
chemical compound in most cases). However, I have not found any studies on a
solitary bee communication or on the communication of cuckoo bees with their
hosts. The possibility of chemical aggressive mimicry is likely, because several
records on a chemical mimicry in bees have been published: South American bees of
the genus Lestrimelitta rob in the nests of eusocial stingless bees (mainly in species
of genera Mellipona, Trigona, and Plebeia), and the same do African bees of the
genus Cleptotrigona (Michener 2000). This behaviour was studied on Lestrimelitta
limao robbing in the nests of small eusocial species Trigona subterranea. The robber
emits citral, a typical chemical compound used by Trigona as an alarming
pheromone to invade more easily into the nest of Trigona (Blum et al. 1970; Haynes
& Yeargan 1999). This species is not a cuckoo bee but there are proved reliable data
on chemical compounds identical with their hosts in several species of Nomada.
Males have in their cephalic gland the same compounds as females of their hosts,
which perhaps serve in parasitation. When mating, the male “showers” the female

with these chemicals of low volatility, and the female after that finds the nest site of
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its host, and invades the nests without any aggresses (Tengé & Bergstrom 1977).
Neither similar chemical compounds were proved in other groups of cuckoo bees,
nor their emitting by parasiting females, although the behaviour of some parasiting
cuckoo bees seems to use them. Chemical compounds of Dufour’s glands were
studied in Sphecodes but not compared with their hosts, only within the genus
(Tengo et al. 1992). I hope everything will become much clearer early in the further
research. There are also possibilities of a tactile mimicry. When the cuckoo bee and
host females meet at the nest, they usually touch on heads or faces with their
antennae (observed many times in various species of cuckoo bees), the cuckoo bee
probably plays some of the host tactile communicational signals like the

myrmecophiles (see Henderson & Akre 1986; Elmes et al. 1991).

Another very interesting thing in the colouration of cuckoo bees is the presence of
a red cuticular colour. This colour is well distributed in other groups of aculeate
Hymenoptera; some groups (Mutillidae, Pompilidae) contain many red species
(typical is red combined with black). Only several species of nonparasitic bees are
red (in Europe several species of the genus Andrena or megachilid bee Erythrosmia
andrenoides), and some also have rusty hair on the body surface (Michener 2000).
Among the cuckoo bees, many of them are red: about one quarter of European
cuckoo bees have a red bigger part of the body, usually at least half of the abdomen,
38% have red coloured smaller parts of the body or the colour is not strictly red but

rusty or rust-brownish, and the same percentage is not red coloured (Figure 9).

The explanation can be in aposematism, red is very conspicuous for birds and other
predators of bees, and so it can serve as an aposematic signal for the predators. But
why only cuckoo bees are red? Perhaps cuckoo bees, pompilids and some sphecid
wasps stay much more time on the surface of the ground, and the predators have
more opportunities to catch them. Cuckoo bees do not have any nests and spend
nights usually outside, pompilids usually do not fly over the trees but run on the
surface of the ground, similarly as sphecid wasps of genera Tachysphex, Harpactus,
and Dinetus (all of them are often red). Interestingly, bees and wasps cannot see the

red colour. They have in eyes three types of receptors with maxims of excitation in
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blue, green, and — ultraviolet’. Hosts of cuckoo bees cannot see the signals produced
by their cleptoparasites, so the red colour on abdomens of many cuckoo bees must

have some different meaning.

m large @little 3 none

Figure 9: Red colour in European cuckoo bees. N = 167.

One of the weirdest European cuckoo bees, Epeoloides coecutiens, may serve as a
proof that the red colour is not signalling for bees but for anybody else. This bee of
the family Apidae occurs in wetlands in the whole Palaearctic. E. coecutiens is a nest
parasite of bees of the genus Macropis, which nest in wet localities and collect
mainly pollen and floral oils on flowers of Lysimachia. E. coecutiens female is black
with a larger part of the abdomen red and white bands of short hair on last tergites. It
looks conspicuously and seems to be almost red when flying. Biology of this species
was studied in detail by Bogusch (2005). I observed that E. coecutiens female does
not need to fight with the host’s female during its invasion to the nest. Even - in one
case, a very “friendly” behaviour between both females was observed. Both
European hosts of E. coecutiens have similar white bands on the abdomen like their
cleptoparasite, and if we suppose the red colour is invisible (like grey for us) for
bees, the cuckoo bee’s female is very similar in appearance and colour to its hosts

(see Figure 10). This cuckoo bee apparently evolved two types of optical signals:

7 Humans have a similar trichromatic visual mechanism but with excitation maxims of receptors in

blue, green and red. This makes striking differences in human and bee view to flowers of plants (see
Straka 2003).
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aposematism for birds and other predators, and similarity in appearance to the host.
In my opinion, the third casc of an aggressive chemical or tactile mimicry certainly

occurs in E. coecutiens communication with its hosts, too.

Figure 10: Epeoloides coecutiens and its similarity to its host, Macropis fulvipes.
Female of £. coecutiens (left photo) possesses a red abdomen with bands on last
three tergites, host female (right photo) has very similar bands on the abdomen and
looks in general appearance very similar to its cuckoo bee. E. coecutiens female put
into greyscale (centred photo) looks very similar to Macropis. All photos © P.
Bogusch.

Now we cannot explain the role of red colour in cuckoo bees without any doubt. It
seems to be an aposematic signal to the predators and occurs in other above named
groups of aculeate Hymenoptera and also in many other poisonous or stinging
insects. An cthological rescarch with the hosts and predators can help us. The same
situation is with the aggressive mimicry, which is better known in social parasites

and myrmecophiles.



3. SOCIAL PARASITES OF BEES AND WASPS

Life strategy of social parasites does not differ considerably from that of cuckoo bees
or any other cleptoparasitic insects and animals. Most of them steal provisions in
nests, too, and differences are only in two main characters: their hosts are social, and
most of social parasite adults spend a long time in host nests (Goulson 2003), even
an important part of their whole life or metamorphosis (Maculinea blue larval instars
and pupae live in ant-hills, cuckoo bumblebees undergo the major part of the
metamorphosis in bumblebee nests). This is the main reason why we cannot state
that some Sphecodes cuckoo bees are social parasites; they invade nests of several
species of eusocial bees but parasitize only in the solitary phase (when the queen or
even few workers persist in the nest) and do not stay in the nest longer time that is
necessary to lay eggs (Bogusch et al. 2006). Cuckoo bumblebees of the genus
Psithyrus®, well known social parasites, use the following strategy: the queen invades
into the host nest, kills the host queen, and begins to rule over the workers and to lay
eggs. Host workers breed her offspring as long as they live (Goulson 2003). In some
cases the cuckoo bumblebee queen does not kill the host queen; they both persist in
the nest, lay eggs and workers breed offspring both of their queen and the parasite.
This behaviour was observed in P. sylvestris in the nests of B. pratorum (Kupper &

Schwammberger 1995).

Social parasites are phylogenetically classified into many groups of invertebrates
but their hosts are even the same: ants, termites, social bees and social wasps. In this
chapter we study a priori parasites of bees and wasps, which give us good
comparative life strategies to the cuckoo bees’. They are also less diverse than the
myrmecophiles and termitophiles, usually phylogenetically bounded to their hosts,
and have not been studied in detail, even as the other groups. Ant and termite hosts
will be used only as groups for comparison, especially in cases when only a little is

known about other social parasites, e.g. in the case of aggressive mimicry. Although

® Recently, the phylogenetic relations among bumblebees have been discussed and studied: the
opinions of various authors differ from dividing to many genera (Pfidal & Tkalcti 2001) to put all
bumblebees with their cuckoo relatives to one genus Bombus (Pekkarinen et al. 1979; Pamilo et al.
1987). Here, we will use the old classification but consider all species as members of one genus
Bombus.
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the term “social parasites” is well established, we must remember that many of these
insects are not parasites but commensals or in some cases the relationship with their

hosts is mutualistic (Holldobler & Wilson 1995).

Cuckoo bumblebees of the genus Psithyrus represent the only known social
parasites classified to superfamily Apoidea (Michener 1974; 2000). They look very
similar to the bumblebees but do not have any scopa or glands producing wax. The
hosts are their closest relatives, primitively eusocial bumblebees. Main schemes of
their life strategy were described in the first paragraph of this chapter. To complete
their life circle the queens and males (they do not have any workers) emerge in the
host’s nest and mate (outside), the queens overwinter and start to seek for nests of
bumblebees in the end of spring. They wake up from the hibernation later than

bumblebees (they do not need to do it early because they invade a well-developed

nest of the host).

There are about 250 species of bumblebees in the world, 45 of them are the cuckoo
bumblebees (Goulson 2003). Interestingly, the ratio 45/250 gives a similar
percentage as in cuckoo bees, 18% of bumblebees are interspecific parasites. In
central Europe, 39 species are known, 9 of them (23%) are the cuckoo bumblebees.
There are only little differences within the ratio: the percentage of parasitic
bumblebees in the world (18%) is a bit higher than in cuckoo bees (~15%), and in
central Europe (23%) a little bit lower than in cuckoo bees (25%). Bumblebees
probably represent a distant group from the other bees, unlike the majority of bees
they are not specialized for life in warm localities and regions but most of the species
are boreomontanneous. The highest diversity of bumblebees is not in tropical, but in
temperate regions. Therefore, central Europe represents the region with a high

diversity of species in contrary to the cuckoo bees, so the differences in ratios should

be lower than in the cuckoo bees.

Most of the cuckoo bumblebees are unspecialised and invade nests of various
bumblebee species, in most cases not closely related (various subgenera). Only
several of them parasitize in nests of only one species (Goulson 2003; Pavelka &

Smetana 2003). In most cases they are similar to their hosts in colouration: 7 of 9
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central European species are very similar in colouration to their hosts, only the
generalist P. campestris is similar in colour to several of its hosts (it parasites in
species of two colour types of bumblebees), and P. norwegicus looks differently
from its host, B. hypnorum. Although this similarity can play up to the hypothesis
about the aggressive mimicry, most authors (Alford 1975; Prys-Jones & Corbet
1991) adhere to the theory that the colouration similarities belong to Miillerian
mimicry and bumblebees with their parasites form mimetic circles defending to the
predators with their colouration. The similarity of Psithyrus vestalis to its host,
Bombus terrestris talks against this hypothesis: in major part of Europe both the
parasite and the host are black with yellow and white stripes, in southern parts of
Europe (Corsica, Greece) they both changed their colouration and are black with
yellow or orange stripes. Their colouration similar to the hosts can be interpreted also
by the relationship to their hosts: if every cuckoo bumblebee evolved from the nest-
usurping individuals (see next paragraph) of its host, it must not change the

colouration.

Interspecific parasitism in bumblebees probably arose from the interspecific
parasitism, which is in literature often put under the term the “nest usurpation”
(Goulson 2003). This behaviour is quite common in many nonparasitic bumblebee
species. The queens emerged from the hibernation later than the others often try to
invade other nests of the same species, kill the host queen and take the rule over the
bumblebee colony (Alford 1975; Goulson 2003). Nest usurpation is common in
many bumblebees but it is not present in all species (Goulson 2003), it was also
recorded an interspecific nest usurpation within the same subgenus (Milliron &
Oliver 1966; Richards 1973). Nest usurpation can bear with the aggressivity of the
species, some bumblebees are very calm to other individuals of the same species,
nest parasites or predators (in central Europe B. pratorum or B. pascuorum), but
some other species are very aggressive (B. terrestris, B. muscorum and B.
hypnorum). These attributes certainly correspond with the ability to usurp nests of

other species and to evolve into a social parasite.

Not much is known about the chemical mimicry in cuckoo bumblebees, most of the

authors state that much power, a longer sting and a stronger cuticle and mandibles
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are enough to be successful in parasitation in bumblebee nests (Alford 1975;
Goulson 2003). There was also not proved if other bumblebee parasites use the
chemical aggressive mimicry, e.g. hover flies of the genus Volucella. 1t pfobably
corresponds with the “chemical vocabulary” of bumblebees; it is quite rich in
situation of provisioning but not in cases of nest defending (Goulson 2003). In spite
of that there are many parasites of bumblebees among other groups of invertebrates
and none of them seem to become extinct, so they probably use chemical or tactile

cues or imitations.

Table 4: List of European cuckoo bumblebees and flies mimicking their hosts.
Cases with no mimicry are bold emphasized. Created according to Pavelka &
Smetana (2003).

Parasite (mimic) Host (mode!)
Diptera: Syrphidae
Arctophilla bombiformis Bombus terrestris group
Arctophilla bombiformis Bombus soroensis
Criorhina berberina \Bombus hypnorum
Criorhina berberina Bombus pascuorum
Procota personata Bombus terrestris group
Volucella bombylans f. bombylans \BBombus lapidarius group
Volucella bombylans f. haemorrhoidalis Bombus pyrenaeus group
Volucella bombylans . plumata Bombus terrestris group
Hymenoptera: Apidae
Psithyrus barbutellus Bombus hortorum
XBombus hypnorum)
Psithyrus bohemicus Bombus lucorum
Psithyrus campestris IBombus pascuorum

iBombus subterraneus
Bombus distinguendus
iBombus ruderatus
iBombus pomorum

+ other species)
Psithyrus maxillosus Bombus ruderatus

iBombus subterraneus

Psithyrus norwegicus iIBombus hypnorum
Psithyrus quadricolor Bombus soroensis
Psithyrus rupestris Bombus lapidarius
Bombus sylvarum)
Bombus pascuorum)
Bombus sicheli)
Psithyrus sylvestris \Bombus pratorum
Bombus jonellus)
Psithyrus vestalis Bombus terrestris
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As stated above, bumblebees have more nest parasites than their closest relatives,
moth and butterfly caterpillars, braconids, and various species of flies parasitize in
their hives (Goulson 2003). Several species of hover flies (Syrphidae) live in the
bumblebee nests; their larvae feed as commensals on waste, as cleptoparasites on
provisions, or in some cases they prey on host larvae. Adult flies usually look in their
general appearance similar to their hosts (see Table 4). The aim of this study is not a
detailed description of all dipteran interactions to bumblebees, the author would like

to compare volucellae with cuckoo bumblebees and explain their ways of parasition.

The best-known parasitic flies in bumblebee nests are species of the genus
Volucella. Five of them are known from Europe, four parasitize in nests of social
wasps and one, V. bombylans, in bumblebees. V. bombylans is quite common in
central Europe, it usually occurs in open warmer localities (Roeder 1990). It lives as
a parasite or commensal in nests of various species of bumblebees. The females lay
eggs at the nest entrances or directly into the nests of various bumblebee species and
larvae feed on remains of the provisions, waste, and sometimes also on dead
bumblebee larvae. The parasite is in general appearance very similar to bumblebees;
in contrary to other syrphids it is robust and has tight hair on the abdomen. Typical
for this species is the polymorphism: the main form bombylans is black with a red
abdomen tip like Bombus lapidarius, plumata form is black with a yellow thorax and
a white apex of abdomen like B. terrestris, and haemorrhoidalis form looks like
plumata, but the abdomen is red haired (similar to B. pyrenaeus). The photographs of
all three forms are in Figure 11. This polymorphism depends on two autozomal
genes, which in addition epistatically interact to each other (Gabritschevskyi 1924).
Abundances and ratios of these three forms differ with the altitude and locality type,
in general bombylans form i1s more abundant than the others; the other two forms
become more abundant in higher altitudes (Rupp 1989) nearly to push away the
bombylans form. Abundance of haemorrhoidalis form in the mountains (the Alps)
significantly corresponds with a boreomontanneous distribution of its models, and

this form is dominant in mountain ranges.

31



Hosts of this species are various species of bumblebees. Rupp (1989)
experimentally proved that all forms parasitize in more than one bumblebee species
and do not invade nests solely of hosts of the same colouration, rather contrariwise.
This fact rejects questions if they use the aggressive optical mimicry to invade the
host nest. V. bombylans is probably the Batesian part of Miillerian mimetic rings
among bumblebees and cuckoo bumblebees. The reactions of birds and frogs to
bumblebees and volucellae support this hypothesis (Rupp 1989). However, there was
not studied if volucellae are individually specialized like cuckoos (Marchetti et al.
1998) or cuckoo bees (Packer et al. 1995; Bogusch et al. 2006), but Rupp’s (1989)

results of experiments suggest that they do not.

b)

Figure 11: Three colour forms of Volucella bombylans. (a) Volucella bombyvlans f.
bombvilans, (b) Volucella bombvlans f. plumata, (c) Volucella bombylans f.
haemorrhoidalis. All photos © P. Bogusch.

Another published data support the absence of aggressive mimicry in volucellae:
the host queens and workers are aggressive to Volucella females, and kill them very
often. V. bombylans females have one good adaptation: they are able to lay eggs after
they were killed or stung (Rupp 1989: Goulson 2003), so they can parasitize
successfully also if they were found by bumblebee workers. The females seek for the
nests in localitics at most by visual cues, after finding them they wait for several
minutes at the entrance, enter the nest, and lay eggs near the inner surface of the nest
wall. This helps them to encounter meeting any bumblebee worker and a potential
risk to be killed, but Rupp (1989) comments that they cannot be very successtul
because bumblebees are aggressive to them. On the contrary to other social insects
(1.c. bees or wasps), bumblebees lack alarming pheromones. These chemical
compounds serve in most cases as cues of imitation for social parasites using the

aggressive mimicry, i.c. staphylinid beetles of Atemeles or Lomechusa genera or ants



— social parasites of other ants (Holldobler & Wilson 1995). However, it can be the
main reason why the relationship of volucellae and bumblebees is so aggressive and

why the flies seem to be unsuccessful in parasitation (Rupp 1989).

Other four species of this genus parasitize in nests of wasps (Vespula germanica
and V. vulgaris) and hornets (Vespa crabro). Two of them, Volucella inanis and
Volucella zonaria, are in general appearance similar to their hosts. The first one
resembles wasps and the second one the hornet. Both these species parasitize in
similar way as Volucella bombylans in nests of their hosts. The interactions with
them are very similar, too (Rupp 1989). Next two species, common Volucella
pellucens and rare Volucella inflata, parasitize both in wasps and hornets, but they
are not similar in appearance to them. Surprisingly, wasps and hornets often attack
the first two but not the last two. Rupp (1989) ethologically proved that V. pellucens
females use aggressive chemical mimicry when invading the host nest. On the other
hand, first two species are more parasitoids (their larvae feed on host larvae),
contrariwise to the other two commensals living in host nests as cleaners. These
different life strategies can be also connected with the interactions to the hosts; V.
pellucens is harmless or beneficial, so that the wasps do not attack it. Using the
chemical aggressive mimicry in wasp parasites is not rare, Zd'arek (1997) presents
that Dolichovespula adulterina, one of several European parasitic wasps that
parasitize in nests of other wasps (here the host is D. saxonica), probably uses the

aggressive chemical mimicry to subjugate the host workers.
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4. OTHER PARASITIC ACULEATE HYMENOPTERA

Both cleptoparasitism and social parasitism represent advanced specialized life
strategies, originated from predatory behaviour, which is typical for primitive
aculeate Hymenoptera. Pollen collecting in bees and massarid wasps can be
classified as an advanced life strategy within Hymenoptera, too. However, not the
majority of aculeate Hymenoptera are predators like sphecid and eumenid wasps or
pompilids (Brothers 1972). About the same deal of species use parasitic ways of
behaviour, in most cases parasitoidism. This type of behaviour is typical for various
hymenopteran groups (most of Chalcidoidea, Ichneumonoidea, Proctotrupoidea, and
e.g. Cynipidae are plant parasites) and several species in other genera, e.g.
Phasmatodea, Coleoptera or Diptera. Parasitoids are quite similar to parasites, their
brood or adults live to the prejudice of some other species, but they do not kill their
host immediately. A typical parasitoid makes the profit of its host during a long part
of the host’s life, and after that it kills it (as ichneumonids whose larvae eat fat
supplies of caterpillars and kill them when reaching the mature age before the
pupation). Many groups of solitary wasps classified to Aculeata use the same
strategy, or, in more cases, behave as the nest parasitoids, adult females search for
brood cells with mature host larvae to paralyse them and lay one up to several eggs

on them. Then they serve as living preserve of food for the parasitoid larvae (O’Neill
2001).

Like the cuckoo bees, some groups of Aculeata use the cleptoparasitism as their
primary or facultative life strategy. There are two types of this behaviour: some
solitary wasps steal a fresh hunted prey, and the nest parasites lay eggs into brood
cells or nests of other insects and their larvae feed on host provisions. Unlike the
cuckoo bees most cleptoparasitic wasp larvae feed on animal prey; only Sapygidae
and several Chrysididae are able to undergo their metamorphosis using a floral diet,
i.e. pollen and nectar. These facts are valid for larvae, hence the males of nearly all
aculeate groups eat nectar and pollen in flowers (Balthasar 1954), the females are
usually carnivorous (O’Neill 2001). Aduit female of velvet ant Pseudophotopsis
continnua preys on adults of a large sphecid wasp Bembix olivacea (Mellor 1927),

Mutilla europaea parasitizes in nests of bumblebees and the adult females kill their
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workers but not larvae. Many velvet ants prey on various ground nesting
Hymenoptera, they bite their prey between the head and prothorax and suck their
body liquids (O’Neill 2001). The females of Scoliidae and Tiphiidae feed on nectar

in flowers; smaller species frequently suck honeydew from leaves where aphids

secrete it.

We must mention that above presented and further in detail described life strategies
occur in aculeate Hymenoptera both as obligate and facultative. Several nonparasitic
species use the cleptoparasitic, nest parasitic, or parasitoidal ways of life only in
occasion, and in most cases intraspecifically, among their own species (Brothers
1972; O’Neill 2001). Thus well known but primarily nonparasitic species as
Ammophila sabulosa, Trypoxylon figulus, and Crossocerus laticinctus are classified
as the parasites. Their intraspecific parasitic behaviour can be interpreted in a similar
way as the intraspecific nest parasitism in bees (well known e.g. in Hoplitis
anthocopoides, see chapter 2) or the nest usurpation in bumblebees, which probably

served as the transition to the obligate cleptoparasitism (Eickwort 1975; Goulson

2003).

4.1. Parasitoids

Most of hymenopteran parasitoid larvae feed inside their hosts, thus they are
classified as the endoparasitoids. Among aculeate Hymenoptera the endoparasitoids
represent only a fragment of the whole number of parasitic species. They lay eggs
inside the host but none of them parasitize in the nests of their hosts and feed in
paralysed or living insects. Parasitic aculeate wasps of the family Dryinidae are all
endoparasitoids: their hosts are leathoppers (Auchenorrhyncha). The females lay
eggs inside the host body and larvae feed inside producing larval sacs, shelters where
they live. Larval sacs are visible on the surface of the leathopper as darker organs
placed usually on thoracic sterna or anywhere on the abdomen. Primitive chrysidid
wasps of subfamilies Amiseginae and Loboscelidinae are egg endoparasitoids; their
females lay eggs into those of various species of phasmids. Only one egg is placed

into one phasmid egg to avoid competition between two or more larvae (O’Neill

2001).

35



Most of the aculeate parasitoids are ectoparasitic: all members of Bethylidae,
Mutillidae, Tiphiidae, Scoliidae, and Ampulicidae, about half of Chrysididae species,
and several species of Pompilidae, Crabronidae, and Sphecidae. The females lay
eggs and larvae undergo their ontogeny on the body surface of the host, if they feed
on body liquids, they usually do not leak into the host body. We can divide these
ectoparasitoids to those parasiting outside of nests usually on adults, and to the nest
endoparasitoids that invade the host nests and usually feed on mature larvae,

praepupae or pupae of their hosts.

Bethylidae are closely related to Dryinidae, but they differ from them in the life
history. Most of the bethylids are the ectoparasitoids; their females seek for larvae or
pupae of various insects, usually butterflies and moths, beetles or hymenopterans,
and lay their eggs on their surface. First instar larvae have pincerlike mandibles
adapted to penetrate the host cuticle, get with their head inside and after that
exuviate. The same life strategy is typical also for Cleptinae (O’Neill 2001),
subfamily of Chrysidididae’, Tiphiidae, and Scoliidae. Scoliidac are obligate
parasitoids of scarabaeid beetles, Tiphiidae parasitize in the same group (Tiphiinae)
or in tiger beetles (Methochinae). Among the three families of sphecid wasps, the
less numerous one, Ampulicidae, consists of non-nest ectoparasitoids. Unlike the
majority of sphecid wasps that are predators, the Ampulicidae prey on cockroaches.
Their behaviour represents some transition between nesting predators and
parasitoids: when a female finds cockroach, it stings it and carries out to some hole
in wood remained after larvae of some wood beetle, puts it into the hole and lays an
egg on the cockroach. Larvae feed on these storaged cockroaches, which stay alive
and are usually able to move but not very much (Gess 1984). Several other sphecid
wasps, e.g. of the genera Chlorion (Sphecidae), Larropsis and Larra (Crabronidae),
use similar strategies of nesting, they hunt crickets, respective mole crickets. In all

three genera both nesting hunters and parasitoids are present (O’Neill 2001).

Nest parasitoids are also common, all members of families Mutillidae and many

species of subfamily Chrysidinae parasitize in nests of other insects. The females

? This group was previously classified as a family related to Bethylidae and Chrysididae.
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seek for the nests of their hosts and get to the brood cells. They need brood cells with
mature larvae, praepupae, or pupae. If the female finds a brood cell with mature
larva, praepupa, or pupa, it lays one egg inside. Larvae feed on the defenseless brood
of the host, overwinter and pupate in the brood cell. Some Chrysidinae, e.g. large
species Stilbum cyanurum, lay eggs into new brood cells with eggs or young larvae
of their hosts, in this case the first instar larva of the parasitoid waits until the host’s
larva reaches maturity, exuviates and starts feeding reaching the second instar
(O’Neill 2001). Hosts of Chrysidinae and Mutillidae are usually various species of
solitary wasps and bees, some species of the second named group also parasitize in
Lepidoptera, Coleoptera and Diptera (Bohart & Kimsey 1982). All these nest
parasitoids usually paralyse the host larvae, which then serve as living preserves of
food for their larvae (O’Neill 2001). Some Mutillidae parasitize in nests of social
insects, both central European Mutilla species invade nests of bumblebees where

their larvae feed on mature larvae (Bata et al. 1938).

Interesting parasitizing behaviour was recorded in several Pompilidae, they attack
spiders in their webs, paralyse them and lay eggs to or on the paralysed prey. It is
somewhere between the ectoparasitoidism and nest parasitoidism, they hunt spiders
in their nests, but do not feed on larvae but on adults. Some sphecid wasps, e.g.
genera Sceliphron and Isodontia, hunt spiders in their webs, too, unlike the pompilids
they take the caught spider to their own nest and use it in the same way as majority
of sphecid wasps — hunters (Blackledge 1998). The pompilid wasp Pseudopompilus
humboldti hunts spiders in their stocking shaped webs in the same way like the above
described pompilids, but it takes the spider to the entrance of the web. It is visible for
birds and other predators, but there is lower temperature outside (about 20°C) than
inside (50°C), which is not harmful both for the prey and pompilid larvae (Ward &
Henschel 1992).

4.2. Cleptoparasites

Since stealing of prey was mentioned in the beginning of the chapter and it is not
very important for the study of mimicry, here we give attention to the nest

parasitism. It is broadly known among Chrysididae, Pompilidae, Crabronidae, and
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groups of Apoidea called cuckoo bees (they are in detail described in Chapter 2), but
only within the family Sapygidae solely the nest cleptoparasites are known. Life
strategies of these groups usually do not differ from those of the cuckoo bees, they

invade nests of their hosts (represented only by aculeate Hymenoptera) and lay eggs
into the brood cells (O’Neill 2001).

Unlike the cuckoo bees, most of these cleptoparasitic larvae feed on animal prey;
only Sapygidae feed on nectar and pollen. There are also differences in the behaviour
of females and larvae: the females destroy host eggs only in Pompilidae: Evagetes,
and Crabronidae: Stizoides, but in most cases both the parasitic and host larva
compete for the food. In most cases first larval instars of cleptoparasitic Aculeata
emerge earlier than the host larva and destroy it (Pompilidae: Ceropales,
Crabronidae: Nysson and Epinysson, all Sapygidae, most Chrysidinae), but in some
Chrysidinae the larvae do not fight, both the cleptoparasitic and host larva finish their
development (O’Neill 2001).

Hosts of the cleptoparasites classified to Chrysidinae are usually sphecid wasps and
solitary bees, several species parasitize in Eumeninae. Only several species of
Pompilidae are cleptoparasitic, they usually parasitize in their relatives, other
pompilids; several species of the genus Bathozonellus are facultative intraspecific
cleptoparasites within the same species (Tsuneki 1968). The evolution of
cleptoparasitic behaviour in Pompilidac went probably in two ways: first genus
Evagetes classified to the subfamily Pompilinae, parasitizing in nests of their
relatives and destroying the host eggs represent one. Second group, Ceropales
species classified to the subfamily Ceropalinae, pursue other pompilids that carry
prey, fight with them and lay an egg into the respiratory system of the prey (the egg
is there invisible). Larvae emerge earlier than the host’s brood and kill it. Evagetes
species have tarsal combs on their forelegs, Ceropales lacks them. O’Neill (2001)
states that the first group evolved from the nesting prey hunters, the second one from
the nest parasitoids. Similar situation occurs in Crabronidae, Stizoides parasitize in
nests of large sphecids of the genus Prionyx and destroy the host eggs (very similar

to FEvagetes), smaller cleptoparasites of genera Nysson, Epinysson, and
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Acanthostethus invade nests of their relatives of genus Gorytes s. 1.'°, females lay

eggs to fresh brood cells just before the host puts its egg inside.

Sapygidae are not much numerous family of Hymenoptera (about 80 species all
around the world, 5 in central Europe), of obligate cleptoparasites very similar with
their behaviour to cuckoo bees. Most of them invade nests of wood nesting solitary
bees of the family Megachilidae; the females usually wait near the nests and lay their
eggs stepwise to each of the host brood cells. They hide their little eggs usually
somewhere between the leaf layers forming the panel on the sides of the nest (see
Figure 5); larvae emerge earlier than the host larvae. Some Sapygidae lay more eggs
to one brood cell; in this case the larvae compete and sometimes kill each other. If
they do not harm the host egg, host larva finishes its development in spite of the
presence of sapygid larvae (O’Neill 2001). Large members of the genus Polochrum
parasitize in large carpenter bees (Xylocopa), also wood nesting species. Only one
known sapygid, Fedtschenkia anthracina, invades nests of eumenids, but no details

on its bionomics are known (Bohart & Schuster 1972).

4.3. Specialization

The specialization in parasitic aculeate Hymenoptera except the cuckoo bees is very
poorly known, not many studies were published. From the data published in broader
reviews (e.g. Balthasar 1954; Bohart & Menke 1976; O’Neill 2001) we can
recognize that both the specialists and generalists are common and their ratio
probably corresponds with that of cuckoo bees (Figure 3). Bogusch (2006) has
presented that the hosts of 29 central European Mutillidae are very poorly known

only in the most conspicuous and abundant species, and the biology of majority of

them is unknown.

The specialization should correspond to the life strategy (endoparasitoids,

ectoparasitoids, nest cleptoparasites); several species seem to be specialized, i.e. egg

' Previously, genera as Argogorytes, Lestiphorus, Harpactus and Hoplisoides were put under one

genus Gorytes (Dolfuss 1991). Recently, Gorytes s.1. is used for all these genera together with genus
Gorytes s. str.
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parasitoids Amiseginae and Loboscelidinae. On the other hand, nest ectoparasitoids
feeding on mature larvae, such as Mutillidae or Chrysididae, are usually
unspecialised (small Smicromyrme species). Otherwise, Scoliidae and Tiphiidae
usually seem to be specialized; the largest European scoliid Megascolia maculata
invades larvae of two species of scarabaeid beetles of the genus Oryctes (Bat’a et al.
1938). The specialization usually corresponds with abundance of species; common
species in most cases seem to be the generalists. However, these types of information
can be caused just with the abundance and better-known bionomics of common

species.

4.4. Colouration and mimicry

The colouration of parasites brings many suggestions; its main advantage is that we
can study it also on dried insects in collections. Most of aculeate Hymenoptera are
conspicuously coloured. I divided colouration or patterns to six universal types. We
can put all aculeate Hymenoptera under them, and the parasites occur in every type
(members of all these colour patterns are shown in Figure 12):

1. Wasp-like black and yellow pattern (Figure 12a): many cleptoparasites
and parasitoids, e.g. Scoliidae, Sapygidae part, Sphecidae: Stizoides, most
Nysson species, Megachilidae: Stelis signata, S. nasuta, Apidae: majority of
Nomada species. This type of colouration is well distributed within aculeate
Hymenoptera and certainly represents the most wide-spread aposematic
pattern, all aculeate Hymenoptera with this pattern represent one Miillerian
ring, palatable beetles (Cerambycidae: Plagionotus, Clytus), moths
(Sesiidae), and plenty of flies (usually Stratiomyidae and Syrphidae) join this
Miillerian ring as Batesian mimics.

2. Black and red colouration (Figure 12b): some Mutillidae (Myrmosinae),
Pompilidae: Evagetes, Halictidae: Sphecodes, Apidae: Ammobatoides,
Pasites, Ammobates, Biastes brevicornis. This colouration is typical for many
cuckoo bees (see Chapter 2.3), but also for majority of Pompilidae, and many
Sphecidae (Ammophila, Podalonia, Sphex, Prionyx) and Crabronidae (genera
Astata, Tachysphex, Tachytes, Alysson). Probably together with the next one
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it represents the second Miillerian ring, followed with many syrphid flies
(Eumerus and others) as Batesian mimics.

3. Black and red colouration with whitish spots: the spots can be cuticular
(Figure 12c), e.g. in several Sapygidae, Crabronidae: Nysson dimidiatus,
Apidae: some Nomada species, or more frequently hairy (Figure 12d):
Mutillidae, Apidae: lEpeolus, Epeoloides, Ammobates punctatus. Also
distributed in nonparasitic insects, this pattern is hardly explained, it probably
lays somewhere between the above mentioned, and functionally reaches both
of them.

4. Black (Figure 12e): Tiphiidae, Ampulicidae, and Megachilidae: Stelis,
Dioxys tridentata. Parasites and parasitoids are usually aposematic; this
colouration is well distributed among nonparasitic species. In some cases,
males of red parasitic species are coloured black: Mutillidae: Myrmosa,
Paramyrmosa, Mutilla marginata, Dasylabris regalis, Physetopoda halensis,
Pompilidae: Evagetes, Halictidae: Sphecodes niger, Apidae: Biastes
brevicornis, B. truncatus. In Stelis cuckoo bees this colouration corresponds
with their mimicry to hosts (chapter 2.3.).

5. Bee-like brown with hair (Figure 12f): this colouration is typical for
majority of nonparasitic bees, several cuckoo bees are coloured in this way:
Megachilidae: Coelioxys, Apidae: Melecta albifrons. In both cases, the
cuckoo bees parasitize in nests of their relatives, and the colouration is similar
with them and shows relationship to their hosts. Males of some cuckoo bees
where females are aposematic are bee-like coloured and hirsute
(Ammobatoides abdominalis, Epeoloides coecutiens).

6. Metallic colouration (Figure 12g): typical for Chrysididae, metallic are also
tropical Ampulicidae and some Mutillidae, and several species of cuckoo
bees (Thalestria)''. This colouration occurs mainly in parasitic species,
although some bees, usually tropical, are also metallic. Metallic aculeate
Hymenoptera form the third, special Miillerian ring. Also blue bands or spots

on black bodies of some Thyreus cuckoo bees can be put into this group: it

"' Thalestria is the cleptoparasite of Oxaea, non-metallic bee species. Several parasites are metallic,
too: species of genera Exaerete and Aglae, but they probably evolved from their metallic coloured
hosts (genera Eulaema and Eufriesea).
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resembles blue metallic bands of their Anthophora hosts and they look in

flight to be metallic coloured (see Figure 13).

Figure 12: Types of colouration patterns in parasitic Hymenoptera. (a) wasp-like
black and yellow cuckoo bee Nomada sexfasciata, (b) black and red coloured cuckoo
bee Sphecodes gibbus, (¢) black-red with yellow spots Sapvga quinguefasciata, (d)
black-red with whitish hair velvet ant Nemka viduata, (e) black coloured Tiphia
femorata, (f) brown haired cuckoo bee Melecta albifrons, (g) metallic coloured
chrysidid wasp Hedvchrum rutilans. All photos © P. Bogusch.

We found that three main Miillerian mimetic rings with one transcendental present
in aculeate Hymenoptera and several other insects join them. The metallic ring looks
most interesting: Suchantke (1965) divided in similar way colouration of tropical
butterflies flying in different horizontal parts of tropical forests. He found that the
metallic black and blue ones fly usually low over the ground, where the amount of
sunshine is the lowest. Metallic coloured nonparasitic bees occur in the same parts of
their habitat and probably correspond with Suchantke’s (1965) definition. However,
we probably cannot explain metallic colouration of parasitic chrysidid wasps and
Ampulicidae (and this group occurs usually in higher latitudes of tropical torest) by

this way.



The parasitoids usually attack the hosts of unrelated taxa and do not show any
similarities to them. Also in cleptoparasites no mimetic resemblances are known,
they mainly join Miillerian rings and are coloured aposematicaly. Large sapygid
Polochrum repandum attacks the nests of black-violet Xviocopa bees but it resembles
paper wasps (Polistes), probably to join wasp’s Miillertan mimetic ring. Its
colouration was in many cases interpreted as an adaptation to parasitize in paper
wasp nests (Bat’a et al. 1938), probably it is useful not to disturb nesting hosts (it 1s
better to look like Polistes collecting wood than e.g. other Xviocopa, presence of the
intraspecific parasitism is very likely in European Xviocopa). Most of the similarities
of parasitic Aculeata to their hosts are in those parasitizing in nests of their relatives
(Pompilidae: Evagetes, Crabronidae: Nvsson). If we want to speak about mimicry,
there are possibilities of chemical with the same indicia as in cuckoo bees: “friendly”
behaviour of some host species during the parasitation, specialization of majority
cleptoparasites (those with unrelated hosts too), and individual specialization in
generalists, many different types of behavioural patterns used in different
cleptoparasites, and broad use of aggressive mimicry both by myrmecophiles and
termitophiles (Balthasar 1954; Michener 2000; O’Neill 2001). Balthasar (1954) also
presented that some chrysidid wasps use typical stinking substances (probably

volatile) to repel their hosts and to get easier into the nest.

Figure 13: Metallic coloured Anthophora zonata (a) and its black-blue parasite
Thyreus nitidulus (b). All photos © P. Bogusch.
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CONCLUSIONS

Since Poulton (1890) defined aggressive mimicry, many authors used this term to
various mimetic types where the predator plays an important role and usually figures
as the mimic or the model. Division of these mimetic types to five categories, all of
them newly created and described, is useful, and - in my opinion - necessary. Next
important purpose now among all mimetic categories is to change the meaning of the
mimetic complex from the “complex of mimic and model” to the “mimic, model, and
the acceptor of the signal”, because knowing the acceptor in mimetic interactions is
necessary for understanding them. The term aggressive mimicry should be in future
used only for those interactions where the predator is a mimic and mimics its prey.
This mimetic complex (in the newly established meaning) has only two members
when the prey figures both as the model and the acceptor. As presented in the
previous part, this mimetic type does not frequently occur in mimicry of general
appearance or coloration, but mainly in patterns of a chemical or tactile
communication. Peckhamian mimicry is a synonym to the aggressive mimicry, as
defined by Poulton (1890); Wasmannian mimicry is a problematic term but I
recommend to follow Rettenmeyer (1970) and use it as a subset of aggressive
mimicry. Aggressive resemblance, alluring mimicry, and hiding mimicry are
similar to the aggressive mimicry but the model is in all these cases different from

the aggressive mimicry, and represented by other species than the acceptor.

Though crypsis and mimicry are not strictly divided and both depend on place and
time (tiger in a zoological garden is a conspicuous animal, but in Indian grasslands it
looks like a part of its environment), we must exclude anticrypsis from here-
described interactions. The main difference is in the lack of imitation in anticrypsis,
and this interaction is here mentioned only because some animals use both the
anticrypsis and some type of aggressive mimetic interactions (crab spiders in flowers
use the anticrypsis but some of them resemble whole flowers on green sprouts of
plants — alluring mimicry). A very interesting mimetic type is inverse mimicry
occurring usually in parasitoids, this type is self-defined but unlike the aggressive
mimicry. Here the roles are inverted, the prey or host is the mimic of its predator or

parasite.
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Cuckoo bees form togethér with the family Sapygidae, several Chrysididae,
Pompilidae, Sphecidae and Crabronidae, a well-defined ecological group of nest
cleptoparasites (see also O’Neill 2001). They invade nests of insects of the same
groups and use similar tactics in parasitation, which could be interpreted as
behavioural patterns described by Bogusch (2005) and Bogusch et al. (2006). These
tactics (from “friendly” to fighting with stings) depend mainly on the type of host
nest and also on the parasite’s ability to use chemical and/or tactile weapons,
including the aggressive mimicry. As nest cleptoparasites apparently evolved from
their nesting relatives (better from their hosts), majority of them parasitize in nests of
unrelated taxa (see chapter 2.1.) and most of them are more or less specialized. In
those unspecialised individual females are specialized and each female parasitizes in
the nests of only one host species like cuckoos in bird nests (Packer et al. 1995;
Bogusch et al. 2006). It means that in an individual level all hymenopteran
cleptoparasites seem to be specialized. Many of them are similar to their hosts in
body shape and/or coloration; these similarities are in various species parts of
aggressive mimicry, characters of the phylogenetic relationship, or Miillerian
mimetic signals to the predators. The evolution of interspecific cleptoparasitism went
from intraspecific cleptoparasitism, which is common in several bee and wasp
species. Nest usurpation in bumblebees represents another type of intraspecific nest
parasitism presenting in social insects. Hosts of cleptoparasites are originally their
nearest relatives, many of them had to re-orientate to other species. The process of
re-orientation went to the emergence of generalists, and also to origin of secondary

use of chemical or tactile weapons, means of aggressive mimicry.

Social parasites use similar strategies of parasition as the cleptoparasites do; they
are usually strictly bounded to their hosts. Like the cleptoparasites they use various
types of aggressive and gentle behaviour and many of them (best known in
myrmecophiles and termitophiles) use chemical and/or tactile aggressive mimicry to
get into the host’s nest (Holldobler & Wilson 1995). Wasp and bumblebee parasites
probably do the same. Unique social parasites are the hover flies of the genus
Volucella, which unlike other social parasites use both Miillerian and aggressive

mimicry (not all species) and take part in mimetic rings represented by their hosts.
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Their behaviour and similarities in appearance to hosts are conspicuous, so they
much differ from other social parasites (e.g. myrmecophilous beetles, caterpillars or

crickets) but are very similar to the cleptoparasites.

Unlike the cleptoparasites, the parasitoids have evolved from prey hunting
Hymenoptera and are not strictly bounded to the hosts in coloration and mimicry.
Most of them use various strategies how to parasitize in host’s nests, owing to their
body sclerotization they usually aggressively kill hosts (Mutillidae, Scoliidae).
However, many exceptions have been described, as chrysidid egg parasitoids in
Phasmatodea and some other chrysidid parasitoids with “friendly” behaviour to their

hosts (O’Neill 2001).

Mimetic resemblances in general appearance and coloration are in many cases
not aggressive, they are oriented to the hosts and it is better to classify them as
Miillerian. They are ranged against the predators, i.e. birds, lizards, or frogs. There
are three main types of aposematic coloration in aculeate Hymenoptera forming three
distant mimetic rings: (a) black and yellow wasp-like, the most distributed among
nearly all groups of Aculeata, and followed by Batesian mimics, i.e. hover flies, long
horned beetles, or moths; (b) metallic usually with blue-greenish and gold-reddish
coloration, used in majority of Chrysididae, and followed by some flies and beetles (I
do not think that metallic coloured carabid beetles are members of the same mimetic
rings as chrysidid wasps, but some small chrysomelids or meloids probably are); (c)
black and red typical for many cuckoo bees, pompilid and sphecid wasps, and also
many hover flies. In some cases the insects are black and red coloured with whitish
spots or hairy bands; this pattern forms transition between types (a) and (c). Other
coloration types (bee-like brownish with hair, black or dark) are not aposematic and
cannot form Miillerian rings. We can also put bumblebees with their social parasites
under Miillerian mimicry — cuckoo bumblebees and hover flies of the genus
Volucella. Three colour forms of Volucella bombylans follow three main aposematic
colour patterns in bumblebees; the fourth usual pattern is not aposematic (brownish,

type species Bombus pascuorum).
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On the other hand, similarities of Stelis bees, cuckoo bumblebees, and some other
cleptoparasites and social parasites look neither corresponding with the
phylogenetical relations, nor as Miillerian rings. These similarities can be interpreted
as an aggressive mimicry in general appearance and coloration but they probably
serve to defend in the nest surroundings and not in the nest of the host. Wasp-like
coloration of Nomada bees or Polochrum could represent the case of aggressive
resemblance; they look like some not dangerous animal for the host, are overseen
and can get nearer to the host nest. Kleisner & Marko$ (2004) brought an interesting
interpretation of all these similarities with their theory of semes — units of imitation.
This theory could be well placed over the mimetic rings among aculeate

Hymenoptera, their parasites and mimics.

It is very difficult to make any conclusions on chemical and tactile aggressive
mimicry in cleptoparasites and social parasites in aculeate Hymenoptera, because we
have only pour information. We can state that they occur both in social parasites and
cleptoparasites and they concern not in appearance and coloration but chemical and
tactile communication in both groups. Tengé & Bergstrom (1977) published the only
proof, but it does not explain how the parasiting females use the aggressive mimicry
(in my opinion all of them surely do not get their scent from the males during the
mating process). Presence of aggressive mimicry can be supported by several
observed things in cleptoparasites, e¢.g. “friendly” behaviour of some host species
during the parasitation, specialization of majority cleptoparasites (those with
unrelated hosts too), and individual specialization in generalists, many different types
of behavioural patterns used in different cleptoparasites, and broad use of aggressive

mimicry both by myrmecophiles and termitophiles.
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SOUHRN

Poulton (1890) zavedl pojem ,,agresivni mimikry* v roce 1890 na zaklad€ objevu
pavouk, ktefi vypadali jako mravenci. Tento objev publikovala Peckham (1889) a
dokonce se pokusila o vysvétleni vzhledu téchto Zivocichi. Poulton (1890) vsak
pojem striktné nedefinoval, jen uvedl, Ze pod agresivni mimikry lze fadit ty typy
mimetismu, ve kterych hraje predator podstatnou ulohu vroli mimetika nebo
modelu. V nasledujicich letech pak pod tento termin rozli¢ni autofi shrnovali fadu
mimetickych komplexi, které spolu ale pfili§ nesouvisi. Agresivni mimikry se staly
jakousi sbérnou skupinou pro mimetické typy, které nelze nikam zafadit, a né€jak

souvisi s predaci ¢i parazitizmem.

Hlavnim cilem této studie bylo tedy rozdélit dosud zndmé mimetické komplexy
shrnované dfive pod agresivni mimikry do nékolika jasné rozlisitelnych kategorii.
Toto rozdéleni je dle mého soudu nutné a vyznamné pomuize piiStim autorim chapat
zminéné pojmy. Dale jsem pozménil vyznam terminu mimeticky komplex: dosud byl
chéapan jako dvojice mimetik — model, v novém pojeti se jedna o trojici mimetik —
model — pfijemce signalu. Zejména u agresivné mimetickych interakci je nutné znat
povahu pfijemce signalu pravé pro chapani souvislosti a vztahii mezi jednotlivymi

prvky mimetického komplexu.

Jako agresivni mimikry (aggressive mimicry) lze oznacovat jen ty pfipady, kdy
predator nebo parazit je mimetikem, a jeho kofist nebo hostitel modelem i pfijemcem
signalu. Znamena to, Ze predator napodobuje néco druhové specifického pro svou
kofist (vzhled, komunikaéni chemickou latku, taktilni signal, zbarveni...). Vystupuji
zde tedy jen dva organismy, na rozdil od vSech nasledujicich mimetickych typu,
pfiCemz model je i pfijemcem signialu. Peckhamovské mimikry (Peckhamian
mimicry) je synonymem jak definoval jiz Poulton (1890), Wassmanovské mimikry
(Wasmannian mimicry) je pomérné problematicky pojem, nebot’ zahrnuje rozmanité
interakce v€etné mutualismu, ale zastavam nazor Rettenmeyera (1970) klasifikovat
jej jako podmnozinu agresivniho mimetismu tykajici se myrmekofild a myrmekoidi.
V pfipadé agresivni napodoby (aggressive resemblance), lakajiciho mimetismu

(alluring mimicry) a ochranného mimetismu (hiding mimicry) neni model totozny
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s pfijemcem signalu; predator (mimetik) obvykle napodobuje néco nezajimavého

nebo naopak atraktivniho pro svou kofist.

Antikrypse je opatnym pifipadem schovavani se pied predatorem, jedna se o
predatora schovavajiciho se pfed kofisti. Ta jej nevidi a on mize zauto€it (vzpomerite
tieba na kudlanky). I kdyz se nejedna o mimetickou interakci (nikdo nikoho
nenapodobuje), nékteré organismy pouzivaji sttidavé antikrypsi a né€ktery z agresivné
mimetickych typu pfi loveni kofisti. Typickym piikladem je pavouk béznik
kopretinovy (Misumena vatia), ktery méni barvu a ztrati se v kvétu (antikrypse), ale
obcas napodobuje celé kvéty na vrcholcich pryti zelenych rostlin (ldkajici mimikry).
Dalsim trochu odliSnym, ale mimetickym typem, jsou obriacené mimikry (inverse
mimicry), kdy kofist ¢i hostitel napodobuje svého predatora/parazita. Zde vystupuji
také jen dva organismy, jednd se vSak o typ mimetismu, ktery nema mnoho

spole¢ného s agresivnim mimetismem.

Kleptoparazitické (kukacéi) veely predstavuji spoleéné s drvenkami (Sapygidae),
nékterymi zlaténkami (Chrysididae), hrabalkami (Pompilidae) a kutilkami
(Sphecidae et Crabronidae) dobfe definovanou ekologickou skupinu ozna¢ovanou
jako hnizdni paraziti nebo hnizdni kleptoparaziti (O’Neill 2001). Samice téchto
druhii kladou vajicka do hnizdnich bunék jinych zahadlovych blanokfidlych a larvy
se Zivi zasobami, které hostitel nastfddal pro své potomstvo. Pti parazitaci pouzivaji
podobné zpusoby oklamani hostitele, které popsali Bogusch (2005) a Bogusch et al.
(2006) jako vzorce chovani (behavioral patterns). Ty zavisi zejména na typu hnizda
hostitele a na schopnosti parazita uzivat chemické ¢i taktilni prvky agresivniho
mimetismu, obvykle se projevuji na celé skale chovani od ,,pratelskych kontakti* po

souboje Zihadly.

Hnizdni kleptoparaziti vznikli zfejme€ ze svych nejblizSich pfibuznych, jak tvrdi
Emery (1909) a Carpenter et al. (1993). Je proto zvlastni, Ze vétSina z nich parazituje
v hnizdech fylogeneticky nepfibuznych druhti. VétSina druhti je specializovana na
parazitaci v hnizdech mensiho mnozstvi druhu, u téch, ktefi maji vice nez 10 druhi
hostiteln, se predpoklada, ze kazda samice je specializovana pouze na jeden druh

hostitele. Experimentalné to bylo prokazano u dvou severoamerickych druhti rodu
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Coelioxys (Packer et al. 1995) a dvou evropskych druhii rodu Sphecodes (Bogusch et
al. 2006). Znamena to, Ze generalisti (nespecializované druhy) existuji jen na urovni
druhti a zplisob specializace kukacCich vcel opravdu vyrazné pfipomina kukacky
(Bogusch et al. 2006). Interspecificky (mezidruhovy) hnizdni kleptoparazitizmus
urcité vznikl z kleptoparazitizmu intraspecifického (vnitrodruhového), ktery je Casty
u fady druhii primarn€ neparazitickych véel ¢i vos a ,,nest usurpation” u ¢melaki
predstavuje asi nejznamé;jsi pfipad. Béhem Casu se kleptoparaziti méni a méni se i
spektrum jejich hostiteld. Tento proces nazyvame pifeorientovani (re-orientation) a
vede nejen ke vzniku generalisti, ale i k parazitaci v hnizdech fylogeneticky
nepfibuznych druhii. Rada druhii hnizdnich paraziti je svym hostitelim navic
podobna v tvaru téla nebo zbarveni. Tato podobnost muZe ptredstavovat tfi rizné
adaptace: 1) podobnost ptibuzenska, u téch druhu, které parazituji déale u svych
pfibuznych je samoziejmé dobie rozeznatelna, o intragenerickych kleptoparazitech
nemluvé; 2) vystrazné zbarveni a ucast v Miillerovskych mimetickych okruzich,
s tim souvisi ¢ervené nebo jinak ndpadné zbarveni fady kleptoparazitii; 3) agresivni

mimikry, které vSak lze pfedpokladat jen v malém mnozstvi ptipadu.

Socidlni paraziti pouzivaji pfi parazitaci podobné taktiky jako hnizdni
kleptoparaziti, jsou vSak vice vazani na své hostitele. Uziti chemickych a taktilnich
zbrani, které jsou casto nastrojem agresivniho mimetismu, je znamé u fady
myrmekofilii a termitofilti (viz napf. Holldobler & Wilson 1995; Zdarek 1997), a
véeli a vosi paraziti se chovaji asi velmi podobné. Unikatnimi parazity jsou pestfenky
rodu Volucella, které vyuzivaji Batesovské i agresivni mimikry a ucastni se coby
Batesovské prvky mimetickych okruhti okolo jejich hostiteli — vos a ¢melaku. Jejich
chovani a vzhled jsou napadné¢ podobné jejich hostitelim, €imz se svymi
mimetickymi strategiemi odliSuji tfeba od myrmekofill, ale naopak pfiblizuji

kleptoparazitim.

Parazitoidi vznikli z hnizdicich lovci a nejsou obvykle pfimo vazani na své
hostitele, ani nevykazuji znaky agresivniho mimetismu. Jejich strategie parazitace
v hnizdech hostiteld jsou €asto agresivni, vétsinou koresponduji s mirou sklerotizace

jejich t€l a fada znich své hostitele zabiji, napf. kodulky (Mutillidae) a Zahalky
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(Scoliidae). Na druhou stranu néktefti maji hodné odlisné Zivotni strategie,

napi.zlaténky parazitujici ve vajickach strasilek (O’Neill 2001).

Mimikry ve vzhledu a zbarveni ve vétSin€ pfipadii nejsou adresovany hostiteltim,
ale predatorum, tj. ptakim, jeStérkam, Zabam apod. Jedna se tedy o mimetismus
Miillerovsky a autor zde definoval tfi hlavni mimetické okruhy, které jsou tvofeny
béznymi druhy Zahadlovych blanokfidlych a jejich nepalatabilnimi (Miillerovské
mimikry) a palatabilnimi (Batesovské mimikry) mimetiky. Jsou to: 1) ¢erno-zluté
vosi zbarveni, velice rozsifené skoro ve vSech skupinach Zahadlovych blanoktidlych
s Batesovskymi prvky zfad pestienek (Syrphidae), tesafiki (rody Plagionotus,
Clytus) a nesytek (Sesiidae); 2) kovové vétSinou s modrou, zelenou a cervenou
barvou, které se vyskytuje u zlatének (Chrysididae), fady dvouktidlych a brouka; 3)
cerveno-Cerné typické pravé pro zahadlové blanoktidlé — kukac¢i veely, hrabalky a
kutilky, a také né€kolik rodi pestfenek. Nékteré druhy Zahadlovych blanoktidlych
vykazuji ¢erno-Cervené zbarveni s bilou nebo zZlutou kresbou, kterd je v nékterych
pfipadech (kodulky — Mutillidae) suplovana skvrnami ze svétlych chlupt. Toto
zbarveni pravdépodobné predstavuje pfechod mezi typy 1) a 3). Ostatni typicka
zbarveni nejsou aposematicka a netvofi mimetické okruhy. Dil¢i mimetické okruhy
jsou tvofeny jednotlivymi skupinami parazitii a jejich hostitelti, napf. tii zakladni
typy zbarveni C¢meldkd (Bombus) a jejich parazitt pacmelakd (Psithyrus),
nasledované tfemi barevnymi formami ¢melaciho parazita Volucella bombylans.
Posledni, hnédo-rezavy typ zbarveni naSich ¢melaku, pfedstavovany napf. druhem
Bombus pascuorum, netvofi mimetické okruhy, stejné jako neaposematické typy

zbarveni véel.

Napadna podobnost kleptoparazitickych vcel rodu Stelis s hostiteli a podobnost
pacmelaku jejich hostitelim vsak nespadaji jen pod pfibuzenské podobnosti nebo
obranu pfed predatory. Tyto podobnosti ziejmé slouZzi k oklamani hostitele
v blizkosti jeho hnizda a je mozné je tedy klasifikovat jako agresivni mimikry. Jejich
vyuziti vSak neni v hnizd¢€, kde hraji svou roli spise taktilni a chemické signaly, ale
v okoli hnizda nebo hnizdi§té hostitele. Zluto-Eerné vosi zbarveni kuka&&ich véel

rodu Nomada a drvenek rodu Polochrum mizZe byt agresivni napodobou, kdy tyto
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druhy napodobuji né€jaké pro predatory nebezpe¢né, ale pro hostitele nezajimavé

druhy.

Chemické a taktilni agresivni mimikry jsou pomémé rozsifené mezi socialnimi
parazity mravencu, je vSak velmi obtizné délat zavéry o jejich uloze v komunikaci
kukaccich véel se svymi hostiteli. Jediny dtikaz jejich pfitomnosti publikovali Tengo
& Bergstrom (1977), vyuziti komunikaéni chemikalie pfi parazitaci vSak pfilis
nevysvétlili. Pfitomnosti agresivniho mimetismu u hnizdnich kleptoparaziti také
nasvédcuji nékteré jejich behavioralni znaky, jako jsou ,,pratelské“ kontakty mezi
kleptoparazitem a hostitelem u fady druhi, specializace vétSiny kleptoparaziti, i téch
s nepfibuznymi hostiteli, a individudlni specializace u generalisti, mnoho
rozmanitych vzorci chovani vyuZivanych pii parazitaci, a Siroké vyuzZiti agresivniho

mimetismu u myrmekofilu a termitofili.
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PRILOHA 1

BoGuscH P. 2003: V¢ely jako paraziti a hostitelé. Vesmir 82 (9): 501-505.



Vcely

Kukacky vceli fise

jako paraziti a hostitelé

Vécla medonosna (Apis mellifera) predstavuje
svym zplisobem Zivota mezi véelami podob-
ny extrém jako ¢lovék mezi savci. Vétsina
ostatnich véel (a neni jich zrovna malo) zije
samotafsky. Kazda samice se po vylihnuti
pari, vytvoti hnizdo v zemi ncbo ve dfevé,
nanosi do néj pyl a ncktar z kvétd a naklade
vajicka. Déle uz se o hnizdo nestara - bud ma
svou praci hotovou, ncbo zacne stavét dalsi
hnizdo. Larvy se zivi nastfadanymi, prevaz-
n¢ pylovymi zasobami a v hnizd¢ se 1 kukli.
Vylihla samicka se prohrabe ¢i prokouse ven,
vyhleda samce - a kolobéh za¢ne nanovo.
Socialné Zije jen nékolik malo skupin vécl.
V jednom hnizd¢ jich je vétsi mnozstvi a bud
sc kazda stara o néco, ncho sc staraji v§echny
o vicchno. V kazdém pfipadé¢ jim jde prace
od ruky rychleji nez té chudince, ktera musi
délat vicchno sama. Podobn¢ jako jiny spo-
le¢ensky hmyz mohou byt i socidlni véely
rozriiznény na kasty - nékteré samice jen
kladou vajicka, jiné jen pracuji. Na vrcholu
vyvoje stoji pravé véela medonosna, u niz je
v jednom hnizd¢ jedna kralovna, ktera kla-
de vajicka a zije az tfi roky, a mnoho délnic,

které ziji asi dva mésice a vykonavaji viechny
potfebné prace. Samci, oznacovani véelafi
jako trubci, pouze oplodiiuji mladé, ¢erstvé
vylihlé kralovny.

U socialnich véel véak miZeme najit mno-
ho riznych zpusobl souziti (viz raimedek na
nasledujici strané). U téch nejprimitivnéjsich
jen vice samic pouziva stejny vchod do hniz-
da. Cmeléci ziji v koloniich, ale piezimuje
jen kralovna, ktera kazdy rok zaklada novou
kolonii. Nejkomplexn¢jsi jsou spolec¢enstva
véely medonosné a tropickych bezzihadlo-
vych véel (Meliponini), nebot nezanikaji ani
uhynem kralovny.

Kleptoparazitické véely

Ani do jedné z vySc uvedenych kategorii
nespadaji véely kleptoparazitické (z feckého
klépto - kradu). Samice téchto véel si nestavéji
zadné hnizdo ani nezkousceji spolupracovat
a tvofit spoleéenstva, ale kladou sva vajicka
do hnizd jinych druhi véel, stejné jako kukac-
ky u ptakd. Proto jsou tyto véely oznacovany
i jako ,v¢ely-kukaéky“. Kladouci samice nebo
vylihl¢ larvy zlikviduji vaji¢ka ¢i larvy hosti-
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telské¢ho druhu. Larva se Zivi pylem, ktery do
hnizda nanosila samice hostitele.

I kdyZ sc muze zdat, zc kleptoparazitickych
v¢el asi neni mnoho, podle prace S. W. T. Ba-
try z r. 1984 predstavuji asi 15% vScch druhu
véel na svété. V Ceské republice by ¢islo bylo
jesté vyssi, asi 25 %. Z néjakych 600 druhi
nagich véel je jich asi 140 kleptoparazitickych.
Nepredstavuji ovéem Zadnou systematickou
jednotku. Jde pouze o urdité rody z riznych
¢eledi. Vypadaji podobné jako ptibuzné, nor-
malné zijici véely, lisi se jen zplsobem Zivota.

Podle ¢cho takovou véelu pozname? Znaki
je samozicjmé vice. Samicim kleptoparazitic-
kych véel nejcastéji chybi sbéraci aparat na
bfise ncbo na nohach tietiho paru. Samci
maji o jeden tykadlovy ¢lanck vice nez sami-
ce, ale spocitat ¢lanky tykadel u véely sedici
n¢kde na louce na kvétu skoro neni mozné.
Kleptoparazitické vécly také byvaji milo
ochlupené nebo ndpadné zbarvené, takové
jsou ale i n¢které neparazitické véely.

Je lepsi podivat se na situaci z jiného uhlu
- neptat se, jak kleptoparaziti vypadaji, ale co
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délaji. Musi totiz néjak oklamat svého hosti-
tele a dostat se do jeho hnizda. Kazdé¢ho asi
hned napadne, Zze by mu mohli byt podobni.
A skute¢né! Rada druhi to tak déla, snazi sc
svého hostitele napodobit. Nékteré maji jen
stejny tvar téla ¢i hlavy nebo jiné morfologic-
ké struktury dilezité u véel pro rozpoznani
pfislusniki vlastniho druhu, jiné jsou i stejné
zbarvené. Naptiklad ,kukacka® Stelis signata
vypada tplné stejné jako hostitel Anthidiellum
strigatum, 1i§i se jen tim, Zc nema sbéraci aparat
na bfise. NejenZe je druh Biastes brevicornis vel-
mi podobny véelam rodu Systropha, v jejichz
hnizdech cizopasi, ale také 1éta na stejné rost-
liny a nocuje v jejich kvétech (napft. v kvétech
svla¢ce). Pokud pozorujeme kukacéi véely
u hnizd hostitel, ¢asto si miizeme vSimnout,
ze jsou do hnizda vpustény bez jakéhokoliv
souboje. Vyjimkou neni ani spole¢ny prilet
a vstup do hnizda s hostitelskou samici.

Jiné véely-kukacky jsou naopak zbarveny
vystrazné. Na jejich téle se Casto stiida cer-
né s ¢ervenou nebo zlutou barvou. Sazeji na
pickvapeni ¢i bazen, napodobuji vosy a jiné
nchezpeéné tvory nebo prosté jen varuji, ze
jsou nebezpeéné. Pri setkani se samici hosti-
tele ¢asto pouzivaji zihadlo. Nékdy dokonce
samice kleptoparazita u vchodu do hnizda
cilené zabijeji hostitele.

Poslednim typem, vlastné kombinaci obou
pfedchozich, jsou véely-kukacky, které sleduyji
hostitele v terénu nebo vyckavaji nedaleko
jeho hnizda. Nékteré kleptoparazitické véely
doslova ,stoji“ ve vzduchu (podobné jako
nékteré parazitické mouchy) nékolik centime-
trit za samici hostitele, ktera na rostliné sbira
pyl ¢i nektar. Snadno ji pak mohou sledovat
az k hnizdu. Takovy pfizivnik jen vycka, az
hostitel odleti, a ma zelenou.

Pro& nékteré druhy vyhledavaji hostitele,

ktefi jsou jim pFibuzni?

Vyse uvedené udaje naznacuji, Ze nenf jedno,
do jakého hnizda samice kukac¢i véely nakla-

SOCIALITAU VCEL

SAMOTARSKE (SOLITERNI) CHOVANI: Kaz-
déa samice si stavi svoje vlastni hnizdo, nosi do néj
pyl a nektar, klade svoje vlastni vajitka.
SPOLECENSKE (SOCIALNI) CHOVANI: Sku-
pinové soutiti nebo spoluprice nékolika samic
jednoho drubu, ¢asto rozliSeni dominantni
a submisivni (podfizeni) jedinci.
— Komunélini chovéni: U druhii s velkymi agre-
gacemi hnizd &i se spoleénym vchodem do vice
hnizd samice spolupracuji p¥i hlidani.
— Subsociélni chovéni: Samice véel se staraji o po-
tomstvo, krmi je.
— Semisocialni chovani: Jedné plodné samici
poméha pii obran& hnizda nékolik jinych, ne-
kladoucich samic, podobné chovani se vyskytuje
u ptaku (tzv. helper-jedinci).
- Eusocidlni chovéni: Rozdéleni jedinch ve spole-
¢enstvu na plodné samice (krilovny), které Zi-
ji ¢asto az nékolik let a zaji$tuji rozmnoZovani,
a délnice, které Ziji n&kolik tydnd, jsou neplodné
a vykonavaji viechny potfebné prace. Sem patfi
napf. véela medonosna (Apis mellifera) a Emela-
ci (Bombus). Podte C. D. Michenera (1974)
aW. T. Wcisla & B. N. Danfortha (1997)
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de svoje vajicka. Kazdy druh ma jednoho ne-
bo n¢kolik svych hostitcli. Entomology vidy
zajimalo, jestli v tomto vybéru existuji néjaké
zakonitosti.

V roce 1909 uvedl profesor C. Emery ve své
praci o mravencich parazitujicich u jinych
mravencQ, Zc parazit byvd nejblizsim pribuznym
svcho hostitelského druhu. Tuto vétu, v dne$ni
dobé¢ oznacovanou jako Emeryho pravidle, apli-
koval E. O. Wilson v druhé poloviné dvacaté-
ho stoleti i na ostatni zahadlové blanokridlé
(Aculcata) véetné véel. Podle J. M. Carpente-
ra sc¢ pravdépodobny spole¢ny predek obou
druhii rozdélil do dvou linii, parazitické
a hostitelské. Zjednodusené feéeno, nékteri
jedinci kdysi vynalezli snadnéjsi zivotni stra-
tegii. Uz nemuseli stavét hnizda a nosit do
nich zasoby pylu, a pokud se ubrénili pfipad-
nému zavrzeni ostatnimi ¢leny druhu, mohli
pomérné snadno se¢ svou novou strategii pe-
zit. Nové vznikli paraziti¢ti jedinci se mozna
ani nemuseli bat Zadnych atokd, protoze si
prost¢ zachovali nékteré dilezité prostfedky
hmatové a chemické komunikace stejné jako
jejich hostitel.

Emeryho pravidlo vSak ziejmé neplati nco-
mezené. Uz na prvni pohled kazdého zarazi,
zc fada kleptoparazitickych druht klade
sva vajicka do hnizd véel, které zaujimaji ve
fylogenctickém stromé hodné vzdalend mis-
ta (schéma na této strané). Nékteré druhy
rodu Sphecodes sc specializuji na parazitaci
v hnizdech blizce pfibuznych zastupct rodi
Halictus a Lasioglossum, ale zaméfuji se i na
nepfibuzné druhy rodu Andrena ncbo Colletes.
Existuji totiz jesté jina kritéria, jak si klepto-
paraziti vybiraji sv¢ho hostitele. Maly piiklad

Nékteré rody nasich v&el sefazené podle fylogenetické pfibuznosti. Jednotlivé
skupiny rodd pfedstavuji jednotlivé Eeledi véel. Kleptoparaziti (tuénym pismem)
jsou propojeni se svymi hostiteli, spojnice je u hostitele zakonéena 3ipkou. Kaz-
dé Sipka tedy vychazi od kleptoparazita a sméfuje k hostiteli nebo k hostiteliim.
Z obrazku je patrné, Ze néktefi kleptoparaziti maji vice roda hostitell, jini para-
zituji jen u pFibuznych taxonu a jedté jini témé&F vyhradné& u taxont nepibuznych.
U nepfibuznych parazituji zejména viely rodu Epeolus a Nomada, u nich jsou
spojnice vyznaéeny tlustymi ¢arami. Nékteré druhy rodu Hylaeus a nékteri Eme-
laci parazituji na jinych zastupcich téhoi rodu, coz vyznaduje Sipka otacejici se

zpét ke stejnému rodu

- ve stfedni Evropé Zije necelych tficet druhid
rodu Sphecodes, z nichz ¢tyfi - na rozdil od
ostatnich - parazituji téméf vyhradné u ne-
ptibuznych véel. Ziejmé se béhem svého vy-
voje pfeorientovaly na pfiZivnictvi u novych
hostitclt. Pro¢? Inu tfcha je to méné prace,
tieba sc tito hostitelé tolik nebrani nebo jich
je prosté na lokalité vic.

Kleptoparazitické druhy se tedy béhem
svého fylogenetick¢ho vyvoje nemusi striktné
drzet svych hostiteld, naopak se predpoklé-
da, ze pribiraji nové. Pfikladem mohou byt
pravé okruhy hostiteltt nékterych druhii rodu
Sphecodes, ze kterych si miZeme poskladat
krésnou fadu...

Nahofte: samec véely
druhu Anthidium
manicatum.

Dole: Samice
¢alounice (Megachile
nigriventris) odkusuje
&asti listu, jimiz vystyla
hnizdni buiky.
Snimek © Véaclav
Lanka
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Halictidae Megachilidae Apidae

druhy specializované na jediny druh 4 4 2
specializované druhy (2-5 druhii) 6 11
nespecializované druhy (vice druhi jedné skupiny) 4 8
generalisté (i vice rodi) 1 1
peorientované druhy (na jiné skupiny) 3 1
piteorientovani specialisté (na 1 nepfibuzny druh) 1 0
hostitelé neznami 7 4

NOoOOoOOM

Tab. |. Poéty specializovanych a nespecializovanych druhi kleptoparazitickych
véel rozlozené do Sesti kategorii podle specializace kleptoparazitickych druhu.
Jako preorientované byly brany v avahu pouze nékteré druhy poéetnéjiich rodd
Sphecodes a Coelioxys, u nichz je takové vysvétleni nejpravdépodobnéjsi. Celed
Halictidae zahrnuje zastupce jediného rodu Sphecodes, ¢eled Megachilidae rod
Coelioxys s 13 druhy, Stelis s 9 druhy a dva malé rody, ¢eled Apidae zastupce
8 rod s 1-5 zastupci. Nejéastéji specializovani jsou zastupci &eledi Apidae,
u rodu Sphecodes najdeme nejvice pi‘eorientovanych zastupcu, co? viak souvisi
spise s pocetnosti rodu. Do tabulky nebyly zaznamenany udaje o nejpodetnéjsim
rodu Nomada a Fad& vzacnych druhd, u nichz vaibec nezndme hostitele.

JAK SE MUZE KLEPTOPARAZIT PODOBAT SVEMU HOSTITELI?
(VNIMANO Z LIDSKEHO POHLEDU)

B Kleptoparazit s hostitelem si mohou byt podobni k nerozeznéni. Jen pfi
detailnim pozorovéni Ize rozeznat jednoho od druhého. Casto musime
jedince usmrtit a zkoumat pod lupou. Takto se hostitelim podobaji napf.
zastupci rodu Stelis a samoziejmé druhy, jejichZ hostiteli jsou Gpin& nej-
blizi p¥ibuzni, &ili jini zastupci téhot rodu (nékteré druhy rodu Hylaeus
a paémeléci rodu Psithyrus).

B Nékteii kleptoparaziti jsou p i svym h barevné&, morfolo-
gicka podobnost uZ tak vystiZna neni. Z nadich zéstupct jde o druhy rodu
Coelioxys, parazitujici na pfibuznych druzich rodu Megachile a Osmia.

8 Nejcastéji jsou kieptoparazitické druhy svym hostitelim podobné tvarem
téla a velikosti, ale barevné se li§i. Zbarveni jejich t&l je asto aposematické ne-
bo obsahuje ervenou. Tak vypadaji napf. viechny druhy roda Biastes a Sphe-
codes, druh Epeoloides coecutiens nebo zéstupci rod Thyreus a Melecta.

8 A nakonec nemusi byt kleptoparaziti svym hostitelGm podobni vibec. P#i-
pomeiime jen nomédy a jejich hostitele rodu Andrena nebo kleptoparazity
rodu Epeolus, ktefi jsou GpIné odliSni od svych hostitell rodu Colletes.

Aah 1%

® Druh Sphecodes rufiventris méa jedin¢ho zna-
mého hostitele, ktery je mu blizce piibuzny.

Zadni kfidlo véely Nikdy ncbyla pozorovana parazitace jiného
medonosné (Apis druhu, tento kieptoparazit je tedy specializo-
mellifera). Na piedni van jen na jedin¢ho hostitele a je mu vérny.
hrané kfidla (v horni ® Jiny druh ma ¢tyfi ncbo pét hostitel
gasti snimku) jsou a viichni jsou mu ptibuzni.

patrné hacky, které
za letu spojuji obé
kfidelni plochy

® Dalsi druh parazituje nejméné na deseti
druzich nalezejicich do pribuznych roda.

vjednu. o jcvété ,jin)" ’druh /parazi?ujc na vclkc'run
Snimek © Frantifek mnozstvi (zatim zname asi dvacct druhi)
Weyda pfibuznych véel, ale i na n¢kolika druzich ne-

4
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pfibuzné¢ho rodu Andrena. Tady vstupuje do
hry novy prvek, a sice nepfibuzny hostitelsky
druh.

® Tti druhy rodu Sphecodes parazituji u nékte-
rych zéstupcit nepfibuznych druht rodu Andre-
na. Viechny tyto kleptoparazitické druhy Ziji
na teplych piscitych lokalitach, kde jsou nékte-
ré druhy rodu Andrena velmi poéetné, na rozdil
od zastupci rodd pribuznych parazitovi.

@ Zvlastnim ¢lankem tohoto fetézce by mo-
hl byt druh Sphecodes albilabris. Ma jediného
hostitele, nepfibuzny druh Colletes cunicularius,
ktery 1étd pouze od bfezna do kvétna a je
v dobé svého vyskytu na pis¢itych lokalitaich
ncjhojnéjsi véelou. Parazit ma jen jednu ge-
neraci do roka (naprosta vét§ina ostatnich
zastupci rodu ma generace dvé), pfi¢emz
samice létaji od ¢ervence do kvétna pfistiho
roku, pfed zimou sc pafi a na jafe kladou sva
vaji¢ka do hnizd hostitele. Parazit pfizptsobil
svij zivotni cyklus zivotnimu cyklu hostitele.

Co jsou generalisté, specialisté
a pfeorientované druhy?

Ncbude na $kodu uvedené postichy rozska-
tulkovat. Je patrné, Ze kazdy druh ma jiny
pocet hostiteli.
8 Specialista je specializovian; v nasem piipadé
parazituje u jednoho ¢i nékolika malo hosti-
tel.
8 Generalista specializovan neni a hostiteli
ma vice, ba dokonce mnoho.
W Pfeorientovany druh je kleptoparazit, ktery si
nasel nové nepiibuzné hostitele.
Picorientovani vSech kleptoparaziti viak
nelze bezpe¢né urdit, jelikoz nezname de-
tailné fylogeneticky vyvoj véel a u nékterych
malo pocetnych parazitickych rodu cizopasi
vécchny druhy u ncpfibuznych hostiteli.
U pocetnych rodt vsak plati, ze n¢kolik ma-
lo zastupcii ma hostitele z jiné skupiny nez
vSichni ostatni. Kromé druhi rodu Sphecodes
je tomu tak kupiikladu u rodu Coclioxys (ve
stiedni Evropé Zije nccelych 20 druhw), kde
jeden zastupce parazituje vyhradné na nepfti-
buznych véeldch a nékolik dalsich druhti ma
ve svém okruhu hostiteldl alespon jeden sobé
nepfibuzny druh. Zastupci ncjpocetnéjsiho
rodu Nomada kladou sva vajicka do hnizd
rozmanitych druhii rodu A4ndrena (které jsou
kleptoparazitovi ncptibuzné), nékolik maélo
kleptoparaziti tohoto rodu ma hostitcle
z dalsich ¢tyr rodt véel. Nejvice specialistd
najdeme u ¢cledi Apidac (viz tabulku I).

Jak si rozdéluji praci samice
jednoho druhu kleptoparazita?

Jak to chodi, pokud ma kleptoparazit vice
hostiteld? Dejme tomu, Ze na lokalité¢ Iéta
vétsi mnozstvi samic jednoho |, kukacé¢iho’
druhu a samice péti hostitelskych druht si
buduji hnizda, nosi do nich zisoby a kladou
vajicka. Soustfedi se vechny samice klepto-
parazita na jeden nejbéznéjsi druh hostitele?
Ncbo jen na jcho nejvétsi hnizdisté? Ancbo
si rozdéli ulohy a postupné ovladnou hnizda
vicch hostiteld?

Na tyto otazky dlouho neexistovala odpo-
véd. Proto jsem na jafe 2001 sledoval para-
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zitick¢é samice a jejich pohyb na jedné jiho-
¢eské lokalité. Vyzkum jsem zaméfil na dva
parazitické druhy. Oba maji nejméné patnact
hostitelt. Pozorované samice obou parazitic-
kych druhu létaly pomalu pfi zemi a patraly
po hnizdech hostiteld. Ani v jednom piipadé
se ,nespletly” - vidy navitivily hnizda jen
jediného hostitelsk¢ho druhu, i kdyz sc ¢asto
pohybovaly po rozsihlém tzemi. Nejcastéji
se viak zdrzovaly na malych plochéach, kde
bylo soustfedéno vice hostitelskych hnizd,
odkud obcas odlétly a zase sc na toto hnizdis-
té vratily. Samice kleptoparazitii tedy maji na
lokalitach rozdélené tulohy a napadaji razné
druhy hostitcli, zcjména vsak davaji pred-
nost druhiim, které sva hnizda soustreduji na
urcitych mistech.

Uvedené vysledky podporuje i fenomén
vét§ich rozdili ve velikosti mezi jedinci gene-
ralistickych druhti. U obou druh, které jsem
sledoval v terénu, existuji riizné velei jedinci,
¢asto jsou nékteré samice i dvakrat vét$i nez
jiné. U specializovanych druhit nejsou rozdi-
ly tak ndpadné, coz podporuje hypotézu, zic
vét§i samice generalistti parazituji u vétsich
druhii hostitcli a naopak. Zajimavé vysledky
by ur¢ité pfineslo statistické vyhodnoceni
tohoto fenoménu.

Co z toho vyplyva aneb jak si spravné vybrat

Hostitelem kleptoparazitické véely nemusi
byt ncjptibuznéjsi druh, protoic pfi vybé-
ru hostiteld hraji roli i mnohé jiné divody.
Mozna ze Emeryho pravidlo je jen vysledkem
toho, e blizce pfibuzny kleptoparazit ma
totozné ncbo podobn¢ morfologické a che-
mické komunika¢ni prostfedky s hostitclem,
a proto hostitcle snadno pfelsti. ,,Napdleni*
hostitele mize také usnadnovat podobnost
kleptoparazita s hostitclem ve tvaru a zbar-
veni téla. Nemusi byt ptilis dillczita, nicméné
u fady druhi je az zardzejici (viz ramec¢ek na
protéjsi strand). Jak jinak vysvétlit, Ze ¢asto
vstoupi do hnizda spole¢né samice kleptopa-
razita s¢ samici hostitele, aniz sc¢ hostitelska
samice pokusi pfizivnici zahnat.

Ncéktefi kleptoparaziti se pfeorientovali na
neptibuzné hostitele, ktefi byli na lokalité
pocetnéjsi nez hostitelé ptivodni nebo jejichz
hnizda mohla skytat lepsi atocisté pro lar-
vy. Faktory sc také mohou ,s¢itat” - idedlni
hostitel je pocetny na lokalité, nebrani sc
parazitaci (coz je typick¢é zeyména u pribuz-
nych druhu) a stavi hnizda ncjlépe ve vétsich
shlucich. Pokud tfcha piskomilné¢ druhy
rodu Andrena spliovaly tato kritéria, byla
parazitace jejich hnizd velmi dobrou zivotni
Sanci pro vétsi piskomilné druhy rodu Sphe-
codes. Nalezeni nového, lepsiho hostitclskcho
druhu asi ncbylo tak jednoduché, jak sc zda.
Kleptoparazit musel uréité vyzkouset mnoho
jinych véelich druhg, nez nasel toho spriavné-
ho, hojn¢ho a ,mirumilovného” hostitcle. N¢-
kteti kleptoparaziti takového hostitele ticha
ncnasli, a proto to maji stale ,rozjcté na vice
frontach®. Opravdu, genceralisté mohou stile
hledat svého vytouiencého hostitele, ktery
bude po viech strankich vhodnéj$i nez téch
dvacet hostiteli soucasnych. AZ ho najdou,

Véely jsou mélo znami Zivocichové, a tak zna malokdo i jejich Eeska jména.
Ona také nejsou moc potieba, vidy( o jednotlivych druzich samotaiskych
véel mezi sebou hovofi jen odbornici, a ti sdhnou spis po latin&. Pfesto se
r. 1952 pii vytvaFeni Eeskych nazvii na viely nezapomnélo (ostatné jako na

344 kupinu Zivoticht).
1) Sphecodes ~ rdénka (je Eervend, ale jen na zadetku)
2) 1 1 asioal lockoZelka

3) Andrena - piskorypka (hrabe hnizda v zemi, pisku)
4) Colletes - hedvéabnice
5) Hylaeus - praviela (je primitivni)
6) Psithyrus - paémelik (podobny émetéku, ale paraziticky)
7) Megachile - Ealounice (vystyla hnizda listy)
8) Osmia - zednice (stavi si hnizda &i zétky na hnizda z ,malty”)
9) N da - dda (koZovnik, parazit...)
10) Dasypoda - chluponoika (opravdu mé dlouhé sbéraci chlupy na no-
héch 3. péru)
11) Anthophora - pelonoska (nosi velké mnoiZstvi pylu)
12) Eucera - stepnice (Zije na teplych stepnich lokalitich)
13) Xylocopa - drvodélka (stavi si hnizda ve diev&)
Podle ). Kratochvila & E. Bartole, 1952.

mohou se specializovat a opustit tak alespon
nékteré soucasné hostitelské druhy.

Muze to byt ale uplné jinak. Aby kukad¢i
véely pfezily, musi umét parazitovat u vice
druhi hostitelt, zvlasté v pripadé, kdyz jejich
dosavadni hostitel na lokalité vyhyne nebo se
stanc méné pocetnym. Cim lépe s¢ umi klep-
toparazit prizpisobovat, tim vétsi ma sanci
na uspéch. Takova pfizplsobivost se alc tyka
druhu jako celku. Kazda konkrétni samice
kleptoparazita pritom maze byt zaméfena
na jediny druh hostitcle. Ma jistotu, Zc se ne-
splete a nevleze do nezadouciho hnizda, kde
ji n¢kdo zabije nebo vyzene. Podle této hypo-
tézy vlastné zadni gencralisté neexistuji. Jsou
jen kleptoparazitick¢ druhy, jejichz samice
jsou viechny specializovany jen na jednoho
hostitele, a druhy, jejichz samice tvofi ,éety®
zaméfené na jednotlivé hostitele. Emeryho
pravidlo tedy u véel mize platit, jelikoz pie-
orientovani souvisi s prezitim druhu.

Nebo maji generalisté vice hostitelt jen pro-
to, aby ziskali co nejvice hnizd pro své larvy.
Proti tomu viak hovoti velky poéet uspésnych
specializovanych druhi.
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Abstract. Records of new hosts, cleptoparasitic accounts, their behaviour near host’s nests and plants
visited by the following cleptoparasitic species of bees of the subfamily Anthophorinae (Hymenoptera:
Apidae): Ammobates punctatus (Fabricius, 1804), Biastes emarginatus Schenck, 1853, Epeoloides coecutiens
(Fabricius, 1775), Epeolus schummeli Schilling, 1849, E. variegatus (Linnaeus, 1758) and Nomada
lathburiana (Kirby, 1802) are presented. A new host species, Macropis fulvipes (Fabricius, 1804) for the
cleptoparasite Epeoloides coecutiens (Fabricius, 1775) is recorded.

Behaviour, cleptoparasitism, host, nest, host plants, distribution, Hymenoptera, Apidae,
Anthopherinae, Central Europe

INTRODUCTION

Cleptoparasitic bees form a specialized ecological group within the family Apidae. Representatives
of sixteen genera occur in central Europe (Kocourek 1989, Celary 1989, Celary 1990, Celary 1991).
They parasitize the nests of other species of bees, nesting in wood or in the ground (Batra 1984).

The interesting group of cleptoparasitic bees of the subfamily Anthophorinae in central Europe
consists of numerous species of the genus Nomada Scopoli, 1770 and a group of small genera,
sometimes called “the cuckoo bees”, with one to five species. The cuckoo bees are rare,which
probably accounts for our poor knowledge of them (Celary 1990). The species Epeoloides coecu-
tiens (Fabricius, 1775) was even mentioned as “the rarest bee species in the Central Europe”
(Smiedenknecht 1930).

The published records of the hosts and behaviour of cleptoparasitic bees near and inside the
nests of their hosts are rare. There are data on the bionomics of host species, but rarely of the
cleptoparasites (Blair 1920, Stoeckhert 1922, Torka 1935, Kocourek 1966, Celary 1990, Westrich
1990).

Ammobates punctatus (Fabricius, 1804) is a specific parasite of Anthophora bimaculata (Pan-
zer, 1798), occurring in warm and sandy localities (Celary 1990, Westrich 1990). Westrich (1990)
states that the cleptoparasite is not rare at most of localities where Anthophora bimaculata is
common. Ammobates punctatus is supposed to be more thermopilous than its host.

Biastes emarginatus (Schenck, 1853) is one of the three central European species of this genus.
Hosts are species of the genus Rophites Spinola, 1808; two of which Rophites algirus Pérez, 1902
and Rophites quinquespinosus Spinola, 1808, are cited by Celary (1990) and Westrich (1990).
However, Biastes emarginatus was not collected in localities where the host species, Rophites
quinquespinosus, is abundant (Pfidal 1999). Celary (1990) also cites two species of the genus
Systropha 1lliger, 1806 as hosts of Biastes emarginatus.
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Epeoloides coecutiens (Fabricius, 1775) is the only species of this genus in central Europe
(Celary 1990, Westrich 1990). This species is very rare. The only known host is Macropis euro-
paea Warncke, 1973, a species living in wet localities (Stoeckhert 1933, Westrich 1990). Another
member of the genus Macropis Panzer, 1809, Macropis fulvipes (Fabricius, 1804), living in the
same localities as Macropis europaea, is recorded as an alternative host (Westrich 1990).

Epeolus schummeli Schilling, 1849 is a very rare species and for a long time was not recorded
from the Czech Republic (Ptidal 2001). It is a parasite in nests of Colletes nasutus Smith, 1853
(Celary 1990, Westrich 1990).

The hosts of Epeolus variegatus (Linnaeus, 1758) are Colletes daviessanus Smith, 1846 and
Colletes fodiens (Geoffroy in Fourcroy, 1785), not rare, as sometimes large numbers of specimens
can be collected at one locality (Celary 1990, Westrich 1990). Some other species of the genus
Colletes Latreille, 1802 are mentioned as alternative hosts (Westrich 1990).

Nomada lathburiana (Kirby, 1802), which prefers warmer localities, is not a rare species. Its
host is the commonly observed Andrena vaga Panzer, 1799 (Alfken 1912, Kocourek 1966, Westrich
1990), and a rare species Andrena cineraria (Linnaeus, 1758) (Westrich 1990). Kocourek (1966)
mentioned that Andrena hosts do not defend their nests against the cleptoparasite.

This paper presents the results of studies on six species of cleptoparasitic bees of the subfamily
Anthophorinae, namely Ammobates punctatus, Biastes emarginatus, Epeoloides coecutiens, Epeo-
lus schummeli, E. variegatus and Nomada lathburiana. The results include data on interactions
between the host and the cleptoparasite in the entrance of a host’s nest, host plants of cleptopar-
asites and information on new host species.

MATERIAL AND METHODS

The material was collected using standard entomological methods and equipment, with catching individuals at nest
sites and on plants as the preferred method. A few individuals were caught in Moericke traps; these specimens were
used only as the comparative material during determinations. The material of Colletes daviessanus and Epeolus
variegatus was partly got from laboratory rearing of larvae collected in the field. Most of the material is
deponated in author’s collection.

Material studied

The nomenclature used is that of Schwarz et al. (1996). Scheuchel’s (2000) key was used to determine the
material. Numbers of squares are in brackets.

Ammobates punctatus: Moravia, Bzenec env. (7069), military training area, 18.viii.2001, 1f, P. Bogusch Igt., det.
and coll ;

Andrena vaga: Bohemia, Praha, Prokopské udoli (5952), 10.iv.2001, 3m and 1If, P. Bogusch Igt., det. and coll;

Anthophora bimaculata: Bohemia, Hradec Kralové env., Na Plachté (5761), 6.-9.viii.2001, 3m, 1f, P. Bogusch
Igt., det. and coll.; Moravia, Bzenec env. (7069), military training area, 18.viii.2001, 1f, 19.viii.2001, 1m, If,
P. Bogusch Igt., det. and coll ;

Biastes emarginatus: Bohemia, Buzice (6549), 5.viii.2000, 1f, P. Bogusch Igt. and coll., A. Pfidal det.;

Colletes daviessanus: Bohemia, Buzice (6549), 24.vi. 1998, 1f, 5.vii.1998, If, 7.vii. 1998, 2f, 23 .viii.1999, 3f,
7.iv.2000, 1m, 1f, 13.vii.2000, Im, 16.vii.2000, Im, 1.iv.2001, Im and If ex larvae, 7.iv.2001 1m ex larvae,
11.iv.2001 2f ex larvae, 17.iv.2001 2m and 1f ex larvae, 24.iv.2001 If ex larvae, P. Bogusch Igt., J. Straka and
A. Phidal det., P. Bogusch and J. Straka coll ;

Colletes fodiens: Moravia, Bzenec env., Vaté pisky (7061), 18.viii.2001, 1f, P. Bogusch Igt. and coll., A. Pfidal
det.;

Colletes graeffei: Slovakia, Turia nad Bodvou (7390), 2.viii.1999, 2m and 2f, P. Bogusch Igt. and coll., A. Ptidal det;

Colletes similis: Bohemia, Buzice (6549), 25.vii.1999, 2f, P. Bogusch lgt. and coll., A. Pfidal det.; Moravia,
Bzenec env., Vaté pisky (7061), 18.viii. 2001, 3f, P. Bogusch Igt. and coll., A. Ptidal det.;

Epeoloides coecutiens: Bohemia, Praha, Javornicka street (5853), July 1998, 2f, J. Straka lgt., det. and coll ;
Bohemia, Buzice (6549), August 1997, 1, P. Bogusch lgt., J. Straka det. and coll.; Bohemia, Hradec Kralové env.,
Na Plachté (5761), 17.vii.1999, 4m, J. Straka lgt., det. and coll,, 6.viii.2001, 1f, P. Bogusch Igt., det. and coll;
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Bohemia, Bé&stvina env. (6159), 21.vii.2001, 1m, P. Bogusch lgt., det. and coll.; Moravia, Jedovnice env. (6666),
August 1990, If, D. V3iansky lgt. and coll., A. Pfidal and B. Tkalcu det.;

Epeolus schummeli: Slovakia, Turfia nad Bodvou (7390), 2.viii.1999, 1m, P. Bogusch lgt., det. and coll;

Epeolus variegatus: Bohemia, Buzice (6549), 22.vi.1998, 1f, 20.viii.1998, 1m, 1f, 20.vii.1999, 1f, 25.vii.1999,
If, 23.viii.1999, 2f, 16.vi.2000, 1m, 13.v1i.2000, 1f, 24.iv.2001, 1f ex larvae, P. Bogusch lgt. and coll., P.

Bogusch and A. Pfidal det.; Moravia, Bzenec env., Vaté pisky (7069), 18.viii.2001, 1m, 4f, P. Bogusch Igt.,
det. and coll;

Moravia, Bzenec env. (7069), military training area, 18.viii.2001, 2m, 2f, 19.viii.2001, 1f, P. Bogusch Igt., det.
and coll.;

Macropis fulvipes: Bohemia, Praha, Javornicka street (5853), August 1998, 2f, J. Straka Igt., det. and coll ;
Bohemia, Buzice (6549), 26.vii.1998, 2m, P. Bogusch Igt., det. and coll.; Bohemia, Hradec Kralové env., Na
Plachté (5761), 6.viii.2001, 1f, P. Bogusch Igt., det. and coll.; Moravia, Jedovnice env. (6666), August 1990,
1f, D. V3iansky Igt. and coll., A. Pfidal det;;

Macropis europaea: Bohemia, Hradec Kralové env., Na Plachté (5761), 6.viii.2001, 4m and 2f, P. Bogusch Igt.,
det. and coll.;

Nomada lathburiana: Bohemia, Praha, Prokopské udolf (5952), 10.iv.2001, Im and 1f, P. Bogusch lgt., det. and
coll;

Rophites quinquespinosus. Bohemia, Buzice (6549), 5.viii.2000, 1f, P. Bogusch Igt. and coll., A. Ptidal det.;

Sphecodes gibbus. Moravia, Bzenec env. (7069), military training area, 18.viii.2001, 1m, 1f, P. Bogusch Igt., det.
and coll;

Sphecodes monilicornis: Moravia, Bzenec env. (7069), military training area, 18.viii.2001, 1m, 2f, P. Bogusch
Igt., det. and coll.

RESULTS
Ammobates punctatus (Fabricius, 1804)

Female of Ammobates punctatus was observed crawling out of a ground nest of Anthophora
bimaculata at sandy site on the military training area at Bzenec in August. A host female emerged
about two minutes after the parasitic female flew away. Three other cleptoparasitic species were
common at this locality: Sphecodes gibbus (Linnaeus, 1758), Sphecodes monilicornis (Kirby,
1802) and Epeolus variegatus (Linnaeus, 1758), but none of them was observed near nests of this
host. Recently, the host species was collected at the locality Na Plachté in the area of Hradec
Kralové; but Ammobates punctatus was not observed or known from there.

Biastes emarginatus (Schenck, 1853)

One female of Rophites quinquespinosus Spinola, 1808 was observed on a flower of Balota nigra
L. (Lamiaceae), probably the flower it most commonly visits. This female was “shadowed” by a
female of Biastes emarginatus, which stayed in the air and copied every movement of the host
female. Similar behaviour was observed in Epeoloides coecutiens (Fabricius, 1775).

Epeoloides coecutiens (Fabricius, 1775)

Epeoloides coecutiens is not rare at the locality Na Placht& in Hradec Kralové, where both host
species of the genus Macropis Klug, 1809 occur. One female of Macropis fulvipes visiting a flower
of Lythrum hyssopifolia L. (Lythraceae) was observed in August. The female of Epeoloides co-
ecutiens flew close to the host female near its ground nest in sand not far from the plant. The
interactions at the nest entrance were quiet, they did not result in a fight, and both females crept
into the nest. The host female followed by the cleptoparasitic female emerged after four minutes.
Similarly no interaction was observed between Epeoloides coecutiens and Macropis europaea.
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Other data on the occurrence of Epeoloides coecutiens and Macropis fulvipes at several local-
ities, see material and methods, strengthens the hypothesis that Epeoloides coecutiens is a para-
site of Macropis fulvipes. The species Macropis europaea was never collected at these localities.

Three new plants visited by the species Epeoloides coecutiens were recorded: Campanula
rotundifolia L. (Campanulaceae), male, B&stvina, July 2001; Thymus serpyllum L. (Lamiaceae),

males, Na Placht€, July 1999; Lythrum hyssopifolia L. (Lythraceae), female, Na Plachté, August
2001.

Epeolus schummeli Schilling, 1849

A male of Epeolus schummeli was caught in August 1999 at Turfia nad Bodvou. The known host
species, Colletes nasutus, was not found, however another species of the genus Colletes La-
treille, 1802, Colletes graeffei Alfken, 1900, was abundant.

Epeolus variegatus (Linnaeus, 1758)

The interactions between Epeolus variegatus and Colletes daviessanus were observed in detail
during the period 1998 to 2001 at Buzice, where is a large colony of about one thousand nests of
the host species. Cells containing immature stages were collected from nests in the winters 1999/
2000 and 2000/2001 and kept under laboratory conditions. One female of Epeolus variegatus
emerged in April 2001. This brood cell did not differ from other cells, containing host larvae. Fights
were observed at the nest entrance of another host species, Colletes similis Schenck, 1853 at
Buzice in July 1999. A Colletes similis female successfully forced a female of Epeolus variegatus,
which was trying to get into the nest, to leave. The same was observed in August 2001 at Vaté
pisky, Bzenec. In this locality, Colletes fodiens and Colletes similis are similarly abundant, but
Epeolus variegatus females only attacked nests of Colletes similis.

Nomada lathburiana (Kirby, 1802)

Two specimens of Nomada lathburiana, one of them still incompletely sclerotized, were collected
at a place where there was Andrena vaga host colony. The colony was at Prokopské udoli, and
mass hatching of Andrena vaga was observed in April. No interactions between the host and
parasite were observed. The number of nesting bees was too large that no other bee species except
the cleptoparasite lived there.

CONCLUSIONS

The only known host species of Ammobates punctatus is Anthophora bimaculata (Celary 1990,
Westrich 1990). Females of both species were observed at a nest of Anthophora bimaculata, but
no interactions or fights between females were observed. Ammobates punctatus is a rare, thermo-
pilous species, occurring only in few localities together with A.bimaculata.

Rophites quinquespinosus is the only host, observed in association with Biastes emarginatus.
A female of this cleptoparasite, observed at Buzice, closely followed a host female visiting flowers.
Epeoloides coecutiens females show similar behaviour. There are no publications where these
parts of behaviour of cleptoparasitic bees were expressed. This behaviour is very similar to that of
some comensals and inquilines of solitary bees, particularly representatives of the families Phori-
dae a Conopidae (Diptera), in which the females follow host females at the nest entrance (Blair
1920).
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Tab. 1. List of the host species of the cleptoparasites studied

Cleptoparasite host author

Ammobates punctatus Fabricius, 1804 Anthophora bimaculata (Panzer, 1798) Celary 1990, Westrich 1990

Biastes emarginatus Schenck, 1853 Rophites quinquespinosus Spinola, 1808  Celary 1990, Westrich 1990
Rophites algirus Pérez, 1902 Westrich 1990
Systropha curvicornis (Scopoli, 1770) Celary 1990
Systropha planidens Giraud, 1861 Celary 1990

Epeoloides coecutiens (Fabricius, 1775)  Macropis europaea Warncke, 1973 Celary 1990, Westrich 1990
Macropis fulvipes (Fabricius, 1804) Westrich 1990

Epeolus schummeli Schilling, 1849 Colletes nasutus Smith, 1853 Celary 1990, Westrich 1990
Colletes graeffei Alfken, 1900

Epeolus variegatus (Linnaeus, 1758) Colletes fodiens Geoffroy, 1785 Celary 1990, Westrich 1990
Colletes similis Schenck, 1853 Celary 1990, Westrich 1990
Colletes daviessanus Smith, 1846 Westrich 1990

Nomada lathburiana (Kirby, 1802) Andrena vaga Panzer, 1799 Westrich 1990
Andrena cineraria (Linnaeus, 1758) Westrich 1990

Other potential host species, €. g. Rophites algirus Pérez, 1902, Systropha curvicornis (Scopo-
li, 1770) or Systropha planidens Giraud, 1861 (Celary 1990) were not observed in association with
Biastes emarginatus .

The species Macropis europaea is recorded as a host of Epeoloides coecutiens (Celary 1990,
Westrich 1990). No contacts between Macropis europaea and Epeoloides coecutiens were ob-
served, but that Macropis fulvipes is a host, previously mentioned by Westrich (1990), was con-
firmed. A female of Epeoloides coecutiens was observed following a Macropis fulvipes female
from a plant to its nest. Other data on the co-occurrence of Epeoloides coecutiens and Macropis
Sfulvipes at several localities strengthen the hypothesis that Epeoloides coecutiens is a parasite of
Macropis fulvipes. The main host, Macropis europaea, was never collected at the localities men-
tioned above.

New plants visited by Epeoloides coecutiens were recorded: Campanula rotundifolia, Thymus
serpyllum and Lythrum hyssopifolia. However, Epeoloides coecutiens was never observed visit-
ing Lythrum saliciaria L., the most important plant for this species cited by Westrich (1990).
Epeoloides coecutiens was observed on flowers of two other plants, as previously recorded by
Westrich (1990): Calunna vulgaris L. (Karas, unpublished data) and Knautia arvensis L. (present
paper). All these host plants belong to different higher taxa, but all have pink or purple coloured
flowers. Cleptoparasite, does not visit exactly the same plants as Macropis fulvipes, as was sup-
posed (Westrich 1990). Collecting Epeoloides coecutiens caught in Moericke traps at different
localities, might define the relationship between this bee and various plants.

One male of Epeolus schummeli was caught at Turiia nad Bodvou, where the host species,
Colletes nasutus does not occur. However, a similar species, Colletes graeffei, was abundant at
this locality. Epeolus schummeli probably has other hosts, for example Colletes graeffei.

The only cleptoparasitic species reared in the laboratory is Epeolus variegatus. A female emerged
from a brood cell of Colletes daviessanus, one of two main hosts of this cleptoparasite (Celary
1990, Westrich 1990). The other host is Colletes fodiens (Celary 1990, Westrich 1990). No interac-
tions between Epeolus variegatus and Colletes fodiens were observed even though they oc-
curred at the same locality (Bzenec). Fights between females of Epeolus variegatus and its hosts
Colletes daviessanus and Colletes similis were observed at nests of the hosts (Buzice, Bzenec).
The second host species was previously reported as a potential host of Epeolus variegatus
(Westrich 1990).
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Occurrence of freshly emerged specimens of Nomada lathburiana in colonies of Andrena
vaga is indirect evidence that Nomada lathburiana is a parasite of 4. vaga.
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ABSTRACT: This study presents comprehensive data about the biology of the rare cleptoparasitic
European bee species Epeoloides coecutiens (Fabricius, 1775). The phenology and behavioral
patterns observed at several localities are described; new information about floral resources (22
species) of E. coecutiens is presented. A new host bee, Macropis fulvipes Fabricius, 1804, is con-
firmed for E. coecutiens. The differences in color vision of humans and bees affect the interpretation
of E. coecutiens floral preferences.

KEY WORDs: Epeoloides coecutiens, cuckoo bees, Europe, Czech Republic, phenology, behavioral
patterns, hosts, Macropis, color vision

According to the current classification, the species Epeoloides coecutiens (Fabricius,
1775) is the only Palearctic species of the tribe Osirini, family Apidae (Michener, 2000).
Roig-Alsina (1989) considered Epeoloides Giraud, 1863 to be morphologically similar to
the otherwise American species of this tribe. Larvae of species of Osirini feed on
provisions stored by their hosts, including floral oils and pollen, and Rozen (2001)
commented on the identical structure of the ovaries and ovarioles of Osirini. Nevertheless,
the classification of the two species of Epeoloides — E. coecutiens and the North
American E. pilosula Cresson, 1878—is uncertain, because morphological and behavioral
similarities to members of the otherwise neotropical tribe Osirini have been explained as
convergence (Roig-Alsina and Michener, 1993).

The last find of E. pilosula in North America dates back to 1942 and the species may be
extinct (Michener, 2000; Rozen, unpubl. data). Epeoloides coecutiens, however, is known
from isolated localities in the whole Palearctic region; it is not obviously most abundant in
the warmer regions, such as the Mediterranean or southern parts of Europe (Westrich,
1990). It is rarely collected and the finds are mostly accidental; Schmiedenknecht (1930)
considered E. coecutiens to be the rarest central European bee. The distribution of this
species has been described in detail for the German province Baden-Wiirtemberg
(Westrich, 1990), Poland (Celary, 1990) and Scandinavia with a focus on Denmark and
Finland (Pekkarinen et al., 2003). Other publications present data about several localities
for E. coecutiens in the Czech Republic and Slovakia (Zavadil, 1951; Bat’a, 1952) or
describe other localities in Poland (Celary and Wisniowski, 2001) and Germany (Friese,
1923; Stockhert, 1954; Dotterl and Hartmann, 2003).

The bionomics of this species has not been described in detail. Extensive studies on bees
(Friese, 1895, 1923; Stockhert, 1954) or all Hymenoptera (Schmiedenknecht, 1930)
present at most information about localities in Germany or the Czech Republic. Some
references, mostly floral records, were summarized by Westrich (1990) and new data were
presented in faunistic studies by Celary (1990) and Celary and Wisniowski (2001). Brief
mentions of E. coecutiens are included in publications about biology of Macropis Panzer,
1809 species (Petit, 1990; Pekkarinen et al., 2003); however, the presented data are mainly
records adopted from older studies.
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Macropis europaea Warncke, 1973, is known as the host of the cleptoparasite E.
coecutiens Stockhert (1933, 1954). Westrich (1990) suggested that the related species,
Macropis fulvipes (Fabricius, 1804), was another likely host; this species was considered
as the confirmed host by Celary and Wisniowski (2001), but without explanation as to how
the parasitism was confirmed.

The first floral records were presented by Friese (1923), who stated that Lythrum
salicaria L. (Lythraceae) is the nectar-producing plant for E. coecutiens. Stockhert (1954)
listed five further floral records, and a more detailed list of such plants was published by
Westrich (1990). Two works described the phenology of E. coecutiens: Banaszak (1989)
stated that E. coecutiens is active in July; Westrich (1990) reports its occurrence in July
and August.

Material and Methods

Interactions between the cleptoparasite and host females were observed at nest sites of
the host species, Macropis europaea and M. fulvipes, at nine localities in the Czech
Republic during the years 1997-2002. Brood cells from Macropis nests visited by E.
coecutiens females were buried and transferred to the laboratory. The offspring were over-
wintered and kept in the laboratory until the emergence of adults. The behavior of E.
coecutiens and M. fulvipes individuals was observed in the field, and behavioral patterns of
the former were divided into seven categories:

» Searching flight—female’s slow flight low over the ground near the host’s nest site,
which was necessary for finding nests. This is a typical behavior of cleptoparasitic
aculeate Hymenoptera.

* Feeding at flowers—nectar sucking or pollen collecting on flowers, not flying about the
plant.

* Sitting on plants—flying toward or sitting on the host plant, not gathering provisions.

* Host female shadowing—flying close after the provisioning host female, shadowing the
host female at the locality or at the nest site.

¢ Entering the host nest

e Sitting in the undergrowth—the main activity for bees with no nests (all cleptoparasites)
during cold and wet weather and at night, or for freshly emerged individuals.

* Unknown activity—activity of captured individuals is not known.

The phenology was determined from specimens of E. coecutiens in the collections of
German, Czech, and Polish apidologists and some European museums, together with
published data from the literature (Westrich, 1990; Bogusch, 2003). Data were obtained
from 188 E. coecutiens specimens from seven European countries (Czech Republic,
France, Germany, Poland, Austria, Slovakia, and Switzerland), slightly dominated by
females (57% of all individuals). The sources were the following collections: German
Institute of Entomology, Eberswalde, Germany (Prof. H. H. Dathe); South Bohemian
Museum, Ceské Budéjovice, Czech Republic (Dr. Z. Kletecka); Moravian Museum, Bmo,
Czech Republic (Dr. V. Kubdn); National Museum, Praha, Czech Republic (Dr. J. Macek);
M. Blosch, Erlangen, Germany (data gathered from Mr. H. Dorfler); P. Bogusch, Charles
University, Praha, Czech Republic; Dr. W. Celary, University Krakow, Poland; Z. Karas,
Zliv, Czech Republic; M. Mikit, Hradec Krilové, Czech Republic; Dr. A. Pridal,
Mendel’s University, Brno, Czech Republic; R. Prosi, Crailsheim, Germany; E. Scheuchl,
Velden, Germany; Dr. M. Schindler, University of Bonn, Germany; Ch. Schmid-Egger,
Herrsching—Breitbrunn, Germany; and J. Straka, Praha, Czech Republic.
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Data about the host plants were obtained from observations made by the author and
several other apidologists, and from the literature. Colors of each host plant flower, as seen
by bee vision, were determined by Dr. Lars Chittka, University of London. The “bee
vision colors” were calculated using the spectral sensitivities of the ultraviolet, blue, and
green receptors of the honey bee eye (Apis mellifera) (Chittka, 1992; Briscoe and Chittka,
2001), using excitation maxims synthesis, wherein a hexagon divided into six color parts is
used to simulate the trichromatic color vision of bees (Chittka, 1992). Data obtained from
honeybee vision is likely indicative of vision in other bees because the vision of the
majority of bee species is virtually identical (Briscoe and Chittka, 2001). Counts of each
host plant color were statistically tested twice, once using the color perceived by human
vision and once by bee vision. Host plant preferences by the sex of examined bee species
were also tested. The null hypothesis “Macropis and E. coecutiens do not prefer some
colors more than others” was tested with the probability level 5%. The color spectrum of
the rainbow (excluding orange) was used as the “human spectrum”; the “bee spectrum”
consisted of blue, green, ultraviolet and all three intermediate colors—blue-green, UV-
blue and UV-green. Pure ultraviolet color, which appears in flowers of only 0.05% plant
species (Richards, 1997), was removed and not analyzed. Information about E. coecutiens
host plants was compared with information about host plants of both species of the genus
Macropis.

The only used statistic method is the % test. The analysis was made in Microsoft Excel
using calculations and values of parameters presented in Zvara’s (1997) publication.

Data about pollen, nectar, and floral oils in flowers of host plants were adopted
from Richards (1997); scientific names of plants were unified according to Kubit et al.
(2002).

Results
Characteristics of the Localities

Characteristics of nine E. coecutiens localities in the Czech Republic were compared.
The most important factors for E. coecutiens occurrence in the locality were the presence
of hosts (Macropis), of preferred host plants, and a warm microhabitat, for example
a south-facing sandy site. Macropis bees usually nest in wet localities, in sandy banks of
ponds, puddles and streams. Epeoloides coecutiens females only attack nests in warm
sandy sites with the undergrowth of Thymus, Lotus, and Knautia, among others (all nine
localities). Most of the localities monitored are anthropogenous (5 of 9 localities); these
are: the surroundings of a granite quarry, a sand pile, a former military exercising ground,
a sand quarry, and a sandy flood barrier.

Phenology

Comparison of the “Czech” bees (56 specimens) with the “German” (99 specimens)
showed no difference between E. coecutiens phenologies in these countries; data from all
central European localities were therefore treated together.

Epeoloides coecutiens was collected in May, June, July, and August. The earliest
exemplar is a male from Zliv, Czech Republic (26.5.1985, Z. Karas coll.); the latest is from
Kuppenheim, Germany (31.8.1987, P. Westrich coll.). Figure 1 shows the number of
individuals collected in ten-day (or eleven-day) periods. Figure 2 shows the sex ratios for
the same time periods, demonstrating that E. coecutiens abundance culminates in the
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Fig. 1. Abundance of Epeoloides coecutiens males and females through time based on collection records from
diverse sources (see text). The dark line with triangles répresenfs Tlie number of males; the dashed line with
diamonds represents the number of females. The x-axis (Time Period) shows ten- or eleven-day periods of time
for the months of May (5) through August (8).

second half (second and third ten-day periods) of July; males emerge earlier and their
occurrence finishes earlier, mostly in the first half of August.

Behavior of E. coecutiens Individuals in the Field

The behavioral patterns of 43 E. coecutiens individuals observed at localities in the
Czech Republic are presented in Table 1. The most frequently observed behavioral
patterns are feeding at flowers (both sexes) and searching flight (only females). Most
females were observed during searching flights; feeding at flowers is the most common
behavioral pattern for males.

Behavior in cold and wet weather was also observed. A female caught in Béstvina,
Czech Republic (2.8.1996, J. Straka coll., P. Bogusch Igt.), was found sitting 20 cm above
ground in the grass undergrowth on a dry sandy side of a site with Macropis nests. This
female had not bitten into the stalk with its mandibles, unlike as was described by Westrich
et al. (1992). It was about 2 PM., with cool weather after rain (temperature about 18°C) and
the undergrowth was still wet. Two males at the same locality on 17 July 2001 were
climbing upwards on the dry shanks of undetermined plants. The weather was quite warm
(about 22°C) but cloudy, the sun was beginning to shine and other solitary bees were
beginning to fly and visit flowers.

Hosts
Macropis europaea Warncke, 1973

Shadowing of a M. europaea female by an E. coecutiens female was observed only
once; parasitism was not recorded.
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Fig. 2. Gender ratio of Epeoloides coecutiens males and females through time based on same collections used
for Fig. 1. The dark line with triangles represents the number of males; the dashed line with diamonds represents
the number of females. The x-axis (Time Period) shows ten- or eleven- day periods of time for the months of May
(5) through August (8).

Macropis fulvipes (Fabricius, 1804)

Host female shadowing was described by Bogusch (2003). An E. coecutiens female
emerged from a brood cell of M. fulvipes nest collected on 6 August 2001 in the protected
area Na Plachté. The brood cell from which the cleptoparasitic female emerged was not
noticeably different from other brood cells of the host. The strongest layer outside the cell
was made of soil and coated inside with a glossy secretion approximately from the
Dufour’s gland. The cocoon of E. coecutiens was made of silk and was as large as the
inside space of the brood cell. Brood cells were 7.6-8.8 mm long and 4.8-5.2 mm wide
(5 measurements); the brood cell from which E. coecutiens emerged was 8.8 mm long
and 5.0 mm wide.

Table 1. Behavioral patterns observed for individuals of Epeoloides coecutiens.

Activity Males Females Together
Searching flight 0 10 10
Feeding at flowers 11 6 17
Sitting on plants 2 2 4
Host female shadowing 0 2 2
Entering the host’s nest 0 3 3
Sitting in the undergrowth 3 1 4
Unknown activity 1 2 3

Total 17 26 43
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Table 2. Food plants of Epeoloides coecutiens and colors of their flowers. Legend: St—Stockhert 1954, W—
Westrich 1990, C—Celary 1990, B—P. Bogusch, own observation, DEI—data from Deutsches Entomologisches
Institut, Eberswalde, Germany, S—1J. Straka, own observation, K—Z. Karas, own observation. Colors: B:blue,
B-G—blue-green, G—green, U-B—UV-blue, U-G—UV-green, V—violet, W—white, Y—yellow,
7—unknown.

Published/Observed Sex Colour

Plant species St w C B DE1 N K M F Human Bee
Achillea millefolium * * w B-G
Anchusa officinalis * * * B U-B
Arctium minus * * \% ?
Calluna vulgaris * * * * v B
Campanula rotundifolia * * B U-B
Chamaerion angustifolium * * ? ? v B
Cirsium palustre * * v B
Hieracium pilosella * ? ? Y U-G
Hypericum perforatum * ? ? Y U-G
Jasione montana * * * * B B
Knautia arvensis * * * * * v B-G
Lotus comiculatus * * Y G
Lythrum hyssopifolia * * v U-B
Lythrum salicaria * * * * \ U-B
Melilotus album * * ' B-G
Rubus fruticosus * * * w B-G
Satureja montana * * w ?
Thymus serpylium * * * * \% B
Trifolium arvense * ? ? v G
Trifolium repens * * A\ B-G
Veronica officinalis * * v B
Vicia cracca * ? ? \% B

Floral Resources

Epeoloides coecutiens was observed visiting flowers of the following plants: Jasione
montana L. (Campanulaceae)—1 male sucking nectar; Knautia arvensis (L.) (Dipsaca-
ceae)—males and females feeding; Lythrum hyssopifolia L. (Lythraceae)—1 female
shadowing Macropis fulvipes female collecting pollen on flowers of this plant; several E.
coecutiens males sucking nectar; Thymus serpyllum L. (Lamiaceae)—many individuals
(the most visited plant); Calluna vulgaris (L.) (Ericaceae}—4 males and 2 females feeding,
observed and collected by Z. Karas; Lotus corniculatus L. (Fabaceae)—1 male, observed
and collected by J. Straka (this plant is dominant at the locality and E. coecutiens was
sucking nectar (Straka, unpubl. data)); Campanula rotundifolia L. (Campanulaceae)—1
male caught on flowers; and Meliotus albus Med. (Fabaceae)—1 female feeding.

Macropis fulvipes and M. europaea were observed on flowers of the plants listed in
Table 3. Presumably the bees were taking pollen from Lysimachia, nectar from the others.
Neither feeding nor collecting nectar on Lythrum salicaria, the presented main host plant,
was observed. The 22 flower species on which E. coecutiens has been observed or
collected are recorded in Table 2. Tables 2 and 3 also show the sexes of the bees and colors
of flowers by human and bee vision.

Flowers visited by E. coecutiens and both Macropis species were sorted by the color of
their flowers by human and bee vision. Results of the statistical analysis (chi-squared test)
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Table 3. Food plants of Macropis europaea and Macropis fulvipes and colors of their flowers. Legend: St—
Stockhert 1954, W—Westrich 1990, Sch—Scheuchl 2000, P—Petit 1990, B—P. Bogusch, own observation,
Pr—A. Piidal, own observation, S—1J. Straka, own observation. Colors: B—blue, B-G—blue-green, G—green,
U-B—UV-blue, U-G—UV-green, V—violet, W—white, Y—yellow, ?—unknown.

Published/Observed Sex Colour

Plant species St w Sch P B Pr S M F Human Bee
Alisma plantago-aquatica * * * w ?
Angelica sylvestris * * w B-G
Bidens tripartita * * Y ?
Chamaerion angustifolium * * * \% B
Cirsium arvense * * * A\ B-G
Cirsium palustre * * * v B
Crepis capillaris * * Y G
Epilobium parviflorum * * * v B
Eupatorium cannabinum * * v B-G
Fallopia dumetorum * * A\ ?
Fragaria hortensis * * w B-G
Frangula alnus * * * G ?
Galeopsis speciosa * * Y ?
Geranium palustre * * * A% U-B
Geranium pratense * * B U-B
Geranium sylvaticum * v U-B
Hieracium laevigatum * * Y U-G
Leontodon autumnalis * * Y G
Lycopus europaeus * * * w ?
Lysimachia nummularia * * Y G
Lysimachia punctata * * * * * * Y G
Lysimachia vulgaris * * * * * * * Y G
Lythrum hyssopifolia * * v U-B
Lythrum salicaria * * * * * \ U-B
Mentha aquatica * * v B-G
Myosoton aquaticum * * w B-G
Persicaria lapathifolia * * A\ ?
Peucedanum palustre * * w B-G
Rubus fruticosus agg. * * * * * w B-G
Solidago gigantea * * Y G
Solidago virgaurea * * Y U-G
Stachys sylvatica * * * v U-B

are presented in Table 4; greater details of the analysis are presented in Tables 5 and 6.
When both sexes are analyzed together, E. coecutiens preferred flowers that are violet
(56% of all host plant species) by human vision and blue (33%) by bee vision. Macropis
species preferred violet (44%) and yellow (29%) flowers by human vision, but no color
was preferred by bee vision (three colors above 20%, the highest number is 25% for blue-
green plants). Analyzed with human vision, the null hypothesis ‘“Macropis bees and E.
coecutiens are not specialized to prefer some colors over others” is rejected; however the
null hypothesis is accepted based on bee vision (Table 4).

Statistical analysis of host plant preference by the sex of Macropis species and E.
coecutiens produced less distinct results; no preference is larger than 50%. Epeoloides
coecutiens females preferred violet (43%) and white (36%) in human vision, i.e., blue-
green (39%) and blue (39%) flowers in bee vision; males preferred violet (50%) and blue
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Table 4. Color preferences for Epeoloides coecutiens, Macropis europaea and Macropis fulvipes; 1> values
for all analyzed data. Null hypothesis: “Macropis bees and E. coecutiens do not prefer some colors over others”.
Critical value of 2 for bee vision is > = 9.4884 with k = 4; for human vision x> = 11.071 with k =>5. The large
difference between bee and human vision facilitates distinguishing between the two results within the statistic
analysis. Hp—null hypothesis.

BEE vision Result HUMAN vision Result
E. coecutiens — males 3.71 Accept Hp 11.50 Reject Hy
E. coecutiens — females 9.69 Reject Hy 16.00 Reject Hy
E. coecutiens — both sexes 442 Accept Hy 29.96 Reject Hy
Macropis — males 4.89 Accept Hp 10.40 Accept Hy
Macropis — females 7.05 Accept Hy 22.00 Reject Hy
Macropis — both sexes 4.80 Accept Ho 32.35 Reject Ho

(38%) in human vision and only ultraviolet-blue flowers (43%) in bee vision. Macropis
females preferred violet (42%) flowers in human vision, i.e., blue-green (42%) in bee
vision. Yellow flowers made up only 27% of flowers utilized by Macropis females, even
though the most important flowers with oils and pollen, Lysimachia vulgaris and L.
punctata, have yellow flowers. However, males preferred yellow flowers (50%) in human
vision, i.e., green flowers (44%) in bee vision. Neither E. coecutiens nor Macropis
individuals were observed on red or ultraviolet flowers.

Table 5. Counts of food plants of each color for Epeoloides coecutiens, Macropis europaea and Macropis
fulvipes. Table A is for human vision, Table B for bee vision. Legend: Nj—recorded values, %j—percentage

values, npj—probability values, X—partial 2, Ho—null hypothesis. Bold number is the total 2 value for each
file.

TABLE A
Epeoloides Macropis
Color Nj %) npj X Nj %) npj X
Violet 13 56.52 3.83 21.92 15 44.12 5.67 15.37
Blue 3 13.04 3.83 0.18 1 2.94 5.67 3.84
Green 0 0.00 3.83 3.83 1 2.94 5.67 3.84
Yellow 3 13.04 3.83 0.18 10 29.41 5.67 3.31
Red 0 0.00 3.83 3.83 0 0.00 5.67 5.67
White 4 17.39 3.83 0.01 7 20.59 5.67 0.31
x? 23 100.00 23.00 29.96 34 100.00 34.00 32.35
Rejected Hy
TABLE B
Epeoloides Macropis
Color Nj %oj npj X Nj o) npj X

UV-Blue 4 19.05 3.80 0.01 6 18.75 5.00 0.20
Blue 7 33.33 3.80 2.69 3 9.38 5.00 0.80
Blue-Green 4 19.05 3.80 0.01 8 25.00 5.00 1.80
Green 2 9.52 3.80 0.85 6 18.75 5.00 0.20
UV-Green 2 9.52 3.80 0.85 2 6.25 5.00 1.80
Unknown 2 9.52 7 21.88

x? 21 100.00 19.00 4.42 32 100.00 25.00 4.80

Accept Hp
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Table 6. Counts of food plants of each color for Epeoloides coecutiens, Macropis europaea and Macropis
Sulvipes differentiated by sex. Table A is for E. coecutiens, Table B for Macropis species. Legend: Nj—recorded
values, %j—percentage values, npj—probability values, X—partial X2, Hy—null hypothesis. Bold number is the
total %> value for each file.

TABLE A
Epeoloides — males Epeoloides — females
Color Nj %j Npj X Nj %j Npj X
Violet 4 50.00 1.33 533 6 42.86 2.33 5.76
Blue 3 37.50 1.33 2.08 3 2143 233 0.19
Green 0 0.00 1.33 1.33 0 0.00 2.33 2.33
Yellow 1 12.50 1.33 0.08 0 0.00 2.33 2.33
Red 0 0.00 1.33 1.33 0 0.00 2.33 2.33
White 0 0.00 1.33 1.33 5 35.71 2.33 3.05
Total 8 100.00 1.33 11.50 14 100.00 2.33 16.00
UV-Blue 3 42.86 1.40 1.83 3 23.08 2.60 0.06
Blue 2 28.57 1.40 0.26 5 38.46 2.60 222
Blue-Green 1 14.29 1.40 0.11 5 38.46 2.60 2.22
Green 1 14.29 1.40 0.11 0 0.00 2.60 2.60
UV-Green 0 0.00 1.40 1.40 0 0.00 2.60 2.60
Total 7 100.00 1.40 3.1 13 100.00 2.60 9.69
TABLE B
Macropis — males Macropis — females
Color Nj %) Npj X Nj %j Npj X
Violet 2 20.00 1.67 0.07 11 42.31 4.33 10.26
Blue 0 0.00 1.67 1.67 1 3.85 433 2.56
Green 1 10.00 1.67 0.27 1 3.85 433 2.56
Yellow 5 50.00 1.67 6.67 7 26.92 433 1.64
Red 0 0.00 1.67 1.67 0 0.00 4.33 433
White 2 20.00 1.67 0.07 6 23.08 433 0.64
Total 10 100.00 1.67 10.40 26 100.00 433 22.00
UV-Blue 2 22.22 1.80 0.02 3 15.79 3.80 0.17
Blue 0 0.00 1.80 1.80 3 15.79 3.80 0.17
Blue-Green 2 22.22 1.80 0.02 8 42.11 3.80 4.64
Green 4 44.44 1.80 2.69 4 21.05 3.80 0.01
UV-Green 1 11.11 1.80 0.36 1 5.26 3.80 2.06
Total 9 100.00 1.80 4.89 19 100.00 3.80 7.05

Conclusions and Discussion

The cleptoparasitic bee species E. coecutiens is not the rarest bee living in central
Europe, as Schmiedenknecht (1930) stated, yet it requires very specific abiotic and biotic
conditions. Only a few types of localities meet these demands, since two of them, namely
the xerothermic, requirement and the presence of their wetland host-bees, clash with each
other. The hosts of the genus Macropis prefer wet localities and build their nests usually in
sandy pond or stream banks. When the nest site is south directed and sunny, with plants of
the genera Thymus, Lotus, Knautia etc., then the thermophilous E. coecutiens is able to lay
its eggs in the nests of its host.



10 : JOURNAL OF THE KANSAS ENTOMOLOGICAL SOCIETY

The univoltine nature of E. coecutiens, recorded by Westrich (1990), is here confirmed.
Epeoloides coecutiens flys in July and August, the period corresponding to the nesting
period of its hosts.

Due to their searching behavior, E. coecutiens females are frequently more notable than
males. Shadowing of host females, also recorded for other cleptoparasitic bees, was
observed in two cases. Males are most often observed while sucking nectar on flowers.

The host species Macropis fulvipes, previously recorded in literature as a probable host,
was confirmed herein. Epeoloides coecutiens has two known hosts; the other is the related
species Macropis europaea, which has long been considered as a confirmed host
(Stockhert, 1933; Westrich, 1990). However, supporting evidence to back up this
confirmation is missing in these publications. Likewise, although M. fulvipes was recorded
as a confirmed host of E. coecutiens by Celary (1990) and Celary and Wisniowski (2001),
these data are not reliable; both studies made use of the same literary source (i.e., Westrich,
1990). This also applies to Celary’s (1991) article about hosts of European Sphecodes
Latreille, 1805; lists of “confirmed” hosts consist of many bee species recorded only as
probable hosts in the older publications (e.g., Bliithgen, 1934; Stockhert, 1954). The
entering of a M. fulvipes nest by E. coecutiens is not sufficient evidence to confirm that it is
a cleptoparasite of M. fulvipes (Celary, unpubl. data). More convincing evidence is that
there are four localities recorded in the Czech Republic where E. coecutiens occurs
together with M. fulvipes, but where M. europaea has never been recorded. No fights,
conflicts or aggressive behavior were observed; host females did not seem to mind the
cleptoparasite. Parasitized and non-parasitized brood cells had the same structure,
corresponding with data about Macropis nests published by Rozen and McGinley (1974)
and Rozen and Jacobson (1980).

Most of the host plants visited by E. coecutiens have violet flowers (13 species, 56%);
the others are blue, white and yellow. The most frequently recorded plants are Lythrum
salicaria and Knautia arvensis, the former of which is the main nectar source utilized by
Macropis (Westrich, 1990). However, neither E. coecutiens nor Macropis individuals were
observed on flowers of this plant during my study. Lysimachia vulgaris and the introduced
Lysimachia punctata are the main sources of pollen and floral oils for the Macropis
species; they also serve as the meeting points for the sexes. Most of the other host plants
are used only as sources of nectar; Macropis species were often observed sucking nectar
from flowers of Lythrum, Geranium and Cirsium. The largest number of flower records
was previously recorded by Petit (1990) for M. europaea. Macropis species are highly
specialized and oligolectic for pollen and oil sources, but unspecialized in nectar sources.

Characteristics of host plant flowers are important orientation guides for pollen and
nectar collecting and interactions of E. coecutiens, M. europaea, and M. fulvipes (and
probably all bee species). However, flower color preferences of the cleptoparasite and its
host species do not reject the null hypothesis “Macropis bees and E. coecutiens are not
specialized to prefer some colors over others,” so color is likely not a key flower
characteristic utilized by these bees. Other potential key characteristics might be the
amount of nectar or pollen produced by the plant, the presence of attractive odors, or the
presence of uncommon floral oils; the interaction of the total flora of a locality might also
have an effect. Humans see colors of flowers differently from bees and therefore bee color
preference should not be determined by human color preception, as shown by the
statistical analyses presented herein. The > parameters for human vision (29.96 for E.
coecutiens and 32.35 for Macropis species; critical value with P =5 is k=11.071) and bee
vision (4.42 and 4.80; P = 4, critical value k = 9.4884) differ by an order of magnitude.



VOLUME 78, ISSUE 1 11

Statistical analysis of the gender-specific preferences of host plants yields incongruent
results, which can further be interpreted as evidence for the weak correlation between
flower color and host plant preference for these species.
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Abstract Intensive and incessant arms races between a
parasite and its host are generally expected to lead to
parasite specialization. Nevertheless, some parasitic spe-
cies still successfully attack wide spectra of hosts. One of
the solutions to the evolutionary enigma of the long-term
existence of generalist parasites is their specialization at an
individual level, a phenomenon well known, e.g., in
European common cuckoo. Over its range, it parasitizes a
number of bird species; however, individual females are
mostly specialists possessing adaptations to a particular
host species. In this study, we test the possibility of
individual specialization in generalist cuckoo bees, the
insect counterparts of avian cuckoos. Females of cuckoo
bees lay each egg into a single brood cell in the nests of
other bee species. The host’s offspring is destroyed by the
parasitic female or later by her larvae, which feed on pollen
supplies accumulated by the host. Both studied cleptopar-
asitic bees (Sphecodes ephippius and Sphecodes monili-
cornis) arc widely distributed in Europe, where they have
been reported to use broad host spectra. We recorded
several host species (including some previously unknown)
for both cuckoo bee species, and confirmed that these
parasites are indeed generalist even at a small local scale.
However, we demonstrate that exactly as in the avian
cuckoos, each female in both species of generalist bee
parasites tends to attack just one host species.
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Introduction

Parasitism is defined as a symbiosis in which one member
(the parasite) benefits from the use of resources gathered by
the other member (the host). As the host suffers the fitness
cost from the parasite, we can expect that it evolves some,
e.g., immunological defense or behavioral avoidance of the
parasite. The parasite, dependent on the resources acqui-
sition from its host, is then selected to overcome the host
defensive strategy (Poulin et al. 2000). As a result, the
continuous interactions between the parasite and its host
lead to arms race. One of the often-suggested results of
such arms race is the specialization of the parasite to just
one host species. Specialization and long-term host spec-
ificity during the evolutionary history of the parasite-host
system can be demonstrated by rigorous tests of cospecia-
tion (Legendre et al. 2002).

Nevertheless, not all species of parasites are specialists.
To give an example, some popular parasitic birds—
cuckoos and cowbirds—are generalists at a specific level.
There are huge differences between generalist species,
whether every member of given species is a generalist or a
specialist to a particular host. The brown-headed cowbird
[Molothrus ater (Boddaert,1783)] is, for instance, a
generalist at the level of both species and individuals
(Winfree 1999. On the other hand, the common cuckoo
(Cuculus canorus Linnaeus, 1758) uses more than 100
species of birds over its range, but individual cuckoo
females often use only one host specics (Marchetti et al.
1998). All cuckoo females parasitizing one host species
(the so-called “gens”), usually share the same adaptation
enabling them to overcome the defense of their particular
hosts—e.g., they have mimetic eggs resembling those of
their hosts (Aviles and Meller 2004). Generalist parasites
are also not rare among invertebrates. However, even
among some invertebrate generalist parasites, there is
strong genetic evidence of the coexistence of sympatric



specialized host races (¢.g., McCoy et al. 2001). Therefore,
without careful examination, we cannot decide how many
parasitic species with several known hosts are in fact
specialists in the sense of the “cuckoo” system, i.e., at an
individual or subpopulational level.

In this study, we explore an interesting system of the
cleptoparasitic bees, the obligatory parasites of another bee
species. Within the taxon Apoidea, the cleptoparasitic bees
form a special ecological group. Owing to their way of life,
they are commonly called the "cuckoo bees“. Females of
these bees do not build a nest. They lay eggs into nests of
other solitary bee species. Brood (larvae) feed on polien
supplies collected by the owner of the nest (a host) for its
offspring. Eggs are laid strictly into the brood cells and the
host’s offspring is destroyed by the cleptoparasitic female
(e.g., genus Sphecodes Latreille, 1805) or by young larvae
(e.g., Coelioxys Latreille, 1809, Nomada Scopoli, 1770).
Especially the first larval instars of the majority of cuckoo
bees possess elongate, pincer-like mandibles, specialized to
kill the host’s egg or larva (Michener 2000). Even though
the way of life of the cleptoparasitic bees seems somewhat
obscure, they represent about 15% of all recently known
bee species over the world (Batra 1984). In Europe, as
much as about one quarter of all bee species are
cleptoparasitic (Schwarz et al. 1996). According to
Rozen (2000), cleptoparasitism has evolved independently
in 27 bee lineages.

The cuckoo bees are usually strongly bounded to their
hosts. Majority of cuckoo bees parasitize in the nests of
only few host species (2-5), but approximately one quarter
of the European cuckoo bees are specialized to just one
host species. Generalists with more than ten host species
represent the less numerous groups of cuckoo bees
(Bogusch 2003a). Nevertheless, it is important to note
that the currently known data on host spectrum of many
specics arc incomplete. With the exception of some North
American or Neotropical species with quite well-known
ecology (Rozen 1967, 1991; Torchio 1989), the vast
majority of knowledge on cuckoo bees host diversity dates
back to the dawn of the 20th century (Friese 1923;
Bliithgen 1923, 1934; Stockhert 1933). Nearly all of the
following records only cite and repeat these old data. Only
during the last 20 ycars, a few authors (e.g., Vegter 1985,
1993; Westrich 1989; Sick et al. 1994; Bogusch 2003a,b,
2005) have contributed to the knowledge of the host
spectrum and general biology of some Central-European
cuckoo bees.

In the present paper, we concentrate on host diversity
and individual female behavior in two species of cuckoo
bees of the genus Splhecodes. The general biology of this
genus is only poorly known. Females lay eggs mostly into
closed brood cells and destroy the egg or young larva.
Larvae develop in the nests of the genera Halictus Latreille,
1804 and Lasioglossum Curtis, 1833; several species
parasitize in nests of Andrena Fabricius, 1775 and Colletes
Latreille, 1802. It is interesting to note that some European
Sphecodes species attack nests of only one host species
[e.g., Sphecodes albilabris (Fabricius, 1793), Sphecodes
rufiventris (Panzer, 1798)], but the genus also includes

generalists with 10-15 known hosts (Westrich 1989; Sick
et al. 1994; Bogusch 2003a). Many unspecialized bees,
e.g., Sphecodes monilicornis (Kirby, 1802) or Sphecodes
ephippius (Linnaeus, 1767), are widely distributed and
occupy nearly all localities of their hosts. As far as known,
both latter species slightly differ in host spectra: S.
monilicornis invades only the nests of related genera
Halictus and Lasioglossum, S. ephippius also those of
some Andrena species (Westrich 1989; Bogusch 2003a).
How can these parasites with such wide host spectra
overcome potentially species-specific defensive mecha-
nisms of their hosts?

The goals of the present paper are (1) to review and
revise the hosts spectra of S. monilicornis and S. ephippius
over their ranges, and replenish the list of currently known
hosts, (2) to test whether both species are truly generalist
even at a local scale, (3) to describe their behavioral
strategy of parasitism, and (4) to test the hypothesis of
individual specialization, i.e., whether individual female of
these generalist cleptoparasites is also generalist, or
exploits just one host species.

Methods

The lists of hosts were compiled from our own observa-
tions and compared to reliable literary data (Alfken 1912;
Stdckhert 1933; Bliithgen 1934; Michener 1978; Westrich
1989; Vegter 1993; Sick et al. 1994). We treated host
species where cleptoparasites were reared from the nests as
“confirmed”. “Likely” hosts include cases where only the
behavioral interactions between the cleptoparasite and the
host females were observed.

Field work on Sphecodes and their hosts was conducted
during the years 1999-2004 on several localities in Central
and Eastern Europe (the Czech Republic, Slovakia,
Hungary, and Bulgaria) from April to August. We had
been observing, recording, and analyzing all the types of
behavioral interactions between the cleptoparasite and the
host. All the interactions observed since April 1999 were
divided into seven categories, called “behavioral pattems”,
which are described in detail in the “Results” section. The
list of these categories represents the first attempt to sort the
behavioral interactions between the cuckoo bee and its host.
We specifically recorded the entries of cuckoo bee females
to nests and measured the time they spent inside the host’s
nest. Consecutively, the brood cells from the parasitized
nests were buried out and the offsprings were reared in
laboratory and determined.

To test the hypothesis on individual specialization,
females of Sphecodes monilicornis and S. ephippius were
observed during their activity time on 26th, 27th, and 28th
of April 2004 at the locality Buzice in the south of the
Czech Republic. The locality seems to represent the
warmest site in the vicinity. It is a path bordered by
sunny sides with sandy ground with a lot of nests of nesting
bees. Nests were dispersed with the density of about 50
nests per square meter. Nests of several host species were
scattered over the same sites. They do not form single-



species clusters within the nest aggregations. Observations
of cleptoparasites were conducted during the period, when
females of Andrena, Halictus, and Lasioglossum (hosts of
Sphecodes bees) bees built their nests. Most of the halictid
host species are primitively eusocial, but colony formation
and enlargement is in motion later in the season, so none or
just a few workers were staying in the nests during the time
of our work. Only those cases when cleptoparasitic female
spent more than 120 s in the host nest were assessed as
parasitization, as Sick et al. (1994) demonstrated that
S. monilicornis female takes 2 min to lay an egg into the
host’s brood cell. The first two entries longer than 120 s
with identifiable host of a particular Sphecodes female
were recorded. To avoid pseudoreplications, each clepto-
parasitic female was caught after two focal entries and
marked with a dot of yellow acrylic color on mesonotum.

The owners of nests were collected and determined; their
brood cells were digged out in some cases. During the three
observational days, there were 52 females of S. ephippius
and 48 females S. monilicornis observed and collected.
Records on host identity were put into two matrices, each
for a given species of cleptoparasite. A row represents the
number of cuckoo bee individuals visiting a nest of
particular host species during the first entry recorded; a
column represents the number of cleptoparasites visiting
given host species during the second entry. Matrix
diagonals thus encompass the cases where individual
females were faithful to a single host species during both
recorded entries. The hypothesis on individual specializa-
tion was evaluated using a combinatorial test constructed
for this purpose. We designed this test to preserve the
distribution of elements among rows, i.e., number of

Table 1 List of hosts of (a) Sphecodes ephippius (Linnaeus, 1767) and (b) S. monilicornis (Kirby, 1802)

Host species Host certainty References
(a) Sphecodes ephippius
Andrena barbilabris (Kirby, 1802) Likely Vegter 1993
Andrena flavipes Panzer, 1798 Likely Present study
Andrena chrysopyga Schenck, 1853 Likely Alfken 1912; Westrich 1989
Andrena labialis (Kirby, 1802) Likely Sowa and Mostowska 1978
Andrena minutula (Kirby, 1802) Likely Present study
Andrena wilkella (Kirby, 1802) Likely Present study
Halictus maculatus Smith, 1848 Likely Present study
Halictus rubicundus (Christ, 1791) Likely Present study
Halictus tumulorum (Linnaeus, 1758) Confirmed Bischoff 1927; Westnich 1989; Vegter 1993
Lasioglossum fratellum (Péréz, 1903) Likely Field 1996
Lasioglossum laticeps (Schenck, 1870) Confirmed Present study
Lasioglossum lativentre (Schenck, 1853) Likely Westrich 1989
Lasioglossum leucozonium (Schrank, 1781) Confirmed Stockhert 1933; Westrich 1989;Vegter 1993; Sick et al. 1994
Lasioglossum malachurum (Kirby, 1802) Confirmed Sick et al. 1994
Lasioglossum pauxillum (Schenck, 1853) Confirmed Present study
Lasioglossum prasinum (Smith, 1848) Likely Vegter 1993
Lasioglossum quadrinotatulum Confirmed Westrich 1989; Vegter 1993
(Schenck, 1861)
(b) Sphecodes monilicornis
Andrena flavipes Panzer, 1798 Likely Present study
Halictus maculatus Smith, 1848 Likely Present study
Halictus rubicundus (Christ, 1791) Confirmed Alfken 1912; Bliithgen 1934; Vegter 1993; present study
Halictus tumulorum (Linnaeus, 1758) Likely Present study
Lasioglossum albipes (Fabricius, 1781) Confimed Alfken 1912; Stockhert 1933; Bliithgen 1934; Westrich 1989;
Vegter 1993
Lasioglossum calceatum (Scopoli, 1763) Confirmed Stockhert 1933; Bliithgen 1934; Westrich 1989; Vegter 1993;
present study
Lasioglossum laticeps (Schenck, 1870) Likely Present study
Lasioglossum leucozonium (Kirby, 1802) Confirmed Present study
Lasioglossum malachurum (Kirby, 1802) Likely Stockhert 1933; Bliithgen 1934; Westrich 1989; present study
Lasioglossum pauxillum (Schenck, 1853) Likely Present study
Lasioglossum prasinum (Smith, 1848) Likely Vegter 1993
Lasioglossum quadrinotatulum Confirmed Bliithgen 1934; Vegter 1993
(Schenck, 1861)
Lasioglossum villosulum (Kirby, 1802) Likely Present study
Lasioglossum zonulum (Smith, 1848) Confirmed Alfken 1912; Bliithgen 1934; Vegter 1993




females visiting a given host species during the first entry,
which was thus taken as an estimation of the representation
of each host species in the host spectrum of a cleptoparasite
in our locality. First, we computed the number (A) of all
matrices with 52, respectively 48 elements (i.e., the number
of individual females of each cleptoparasite species), where
the number of elements within a single row stays the same
as in the original, empirical matrices. Next, we computed
the number of matrices (B) with the same number of
elements and again with the same number of elements
within a single row as in the original matrix, where the
number of diagonal elements is the same or higher than in
the original matrices. The quotient B/A then represents a
probability of obtaining the same or better (from the point
of individual specializations) distribution of females
among particular host species during the first and the
second entry by chance. We compare B/A to the
significance level 0.05.

Results
Host spectrum of S. ephippius and S. monilicornis

Previous authors reported ten host species in S. ephippius and
seven in S. monilicornis. During the current research, seven
new hosts of S. ephippius and seven of S. monilicornis were
found. The total amount of recently known host species over

the whole cleptoparasite ranges is thus 17 in S. ephippius and
14 in S. monilicornis (Table 1). Both species parasitize in the
nests of both solitary and eusocial bee species; eight (of 14) of
the hosts of S. monilicornis and nine (of 17) of S. ephippius are
eusocial.

Behavior of cleptoparasites related to parasitization

Behavior of Sphecodes females and their interactions with
host females were divided into eight behavioral categories.
This ethogram presents the first summarization of
Sphecodes bees’ behavior during parasitization:

1. Search flight is the most frequently observed behavior-
al pattern of cleptoparasitic females before finding the
host nests site. A female flies slowly, low over the
ground, she sometimes returns back above the same
place after few seconds. Sphecodes species somewhat
differ from other cleptoparasitic bees (P. Bogusch,
personal observation): they apparently use their search
flight only to find the nest sites, then they land and find
the specific location of the host’s nest while walking.

2. Entry into the nest during the absence of host female.
Sphecodes female does not meet the host female during
its visit of the nest.

3. Entry into the nest with the presence of the host female.
Host’s presence does not prevent the cleptoparasite’s
entry. In this case, the host returns to the nest during the

Table 2 Behavior observed in (a) S. ephippius (Linnaeus, 1767) and (b) S. monilicornis (Kirby, 1802) females in the field

Host species

Observed behavioral patterns

1 2 3 4 5 6 7
(a) Sphecodes ephippius
Andrena flavipes Panzer, 1798 + + + - + + -
Andrena minutula (Kirby, 1802) + + - - - - -
Andrena wilkella (Kirby, 1802) + + + - + + —
Halictus maculatus Smith, 1848 + + - - - - —
Halictus rubicundus (Christ, 1791) + + + - + - -
Halictus tumulorum (Linnaeus, 1758) + + + - - + +
Lasioglossum laticeps (Schenck, 1870) + + + - + + +
Lasioglossum malachurum (Kirby, 1802) + - + + - - —
Lasioglossum pauxillum (Schenck, 1853) + + + + - + +
(b) Sphecodes monilicornis

Andrena flavipes Panzer, 1798 + + + - + - —
Halictus maculatus Smith, 1848 + - + - — — +
Halictus rubicundus (Christ, 1791) + + + + + + -
Halictus tumulorum (Linnaeus, 1758) + + + - - — -
Lasioglossum calceatum (Scopoli, 1763) + - + - - - -
Lasioglossum laticeps (Schenck, 1870) + + + + - - +
Lasioglossum leucozonium (Kirby, 1802) + + - - - - -
Lasioglossum malachurum (Kirby, 1802) + + + - - - -
Lasioglossum pauxillum (Schenck, 1853) + + + + - — —
Lasioglossum villosulum (Kirby, 1802) + - + - - - -

1 Search flight, 2 entry into the nest during absence of host female, 3 entry into the nest with the presence of the host female, 4 entry
into the host’s nest fogether with the host female, 5 waiting near a nest for the host female to leave, 6 host defensive behavior at

the nest, 7 fighting with stings



cleptoparasite’s visit. During the contact, neither of the
females fights, nor exhibits any marked conflicts.
Entry into the host’s nest together with the host female.
Host and cleptoparasite come together to the nest, and
enter the nest side by side without any aggressive
encounter. This seemingly weird situation, firstly
described by Bogusch (2005) in Epeoloides coecu-
tiens, occurs in Sphecodes bees in small proportion of
all host—parasite interactions.

Waiting near a nest for the host female to leave.
Cuckoo bee waits next to the occupied nest to the
host’s departure and then she attacks the nests after the
host’s left.

Host defensive behavior at the nest. Defense such as
blocking the nest entrance, chasing the cleptoparasite
away or pushing it out of the nest, but without any
direct fight.

Fighting with stings. Both females fight on the ground.
Fights are very fierce and the cleptoparasite’s or host
female’s death is not uncommon.

All observed behavioral patterns concerning each host
species are presented in Table 2.
Specialization of individual females
Table 3 presents data on the parasitization of individual

S. monilicornis and S. ephippius female in individual host’s
nests. Even the first look at the table shows a nonequal

distribution of values; the data mainly copy the diagonal
representing the cases where cleptoparasitic female con-
secutively visited two nests of the same host species. The
data around the diagonal represent only a small fraction of
the observed amount of visits, which proves that each
female tends to lay eggs into nests of only one host species.
The combinatorial test supports the fact that such results
could hardly be obtained by chance. Matrices preserving
the number of elements within a single row as in the
original matrix, where number of diagonal elements is the
same or higher than in the original matrices, are among less
than 0.000001 of all matrices with 52, respectively 48
elements, where the number of elements within a single
row stays the same as in the original, empirical matrices. As
parasitic females usually passed around the nests of several
bee species from conspecific host spectra between the first
and the second focal visits, the observation of individual
specialization cannot be explained by single-species
aggregations of nests within the nest sites and successive
entries into the two closest nests.

Discussion

The “red queen” hypothesis predicts that under continual
evolution of host defense strategies parasites should tend to
specialize to a single host species (Timms and Read 1999,
but see Stireman 2005). Although our current knowledge
of the host spectra diversity in most cuckoo bees is scarce,
it is evident that many cleptoparasitic bees are indeed

Table 3 Table of the parasitions of (a) S. ephippius (Linnaeus, 1767) and (b) S. monilicornis (Kirby, 1802) females in hosts’ nests

(a) Sphecodes ephippius

Host

Afl Htum Hrub Hmac Llat Lpau Total N> N
Afl 6 0 0 0 0 0 6 1 462
Htum 0 8 0 0 0 0 8 1 1287
Hrub 0 0 3 0 0 0 3 1 56
Hmac 0 0 0 1 0 0 1 1 6
Llat 0 1 0 0 6 0 7 6 792
Lpau 0 2 0 0 0 25 27 21 201,376
Total 6 11 3 1 6 25 52 126 3.18634E+16
(b) Sphecodes monilicornis
Host Afl Htum Hrub Lcal Llat Lpau Total N> N
Afl 7 1 0 0 0 0 8 6 1287
Htum 0 0 0 0 0 0 0 ] 1
Hrub 0 0 19 0 0 0 19 1 42504
Leal 0 0 0 10 1 0 11 6 4368
Liat 0 0 1 0 6 0 7 6 792
Lpau 0 0 0 0 1 2 3 6 56
Total 7 1 20 10 8 2 48 1296 1.05975E+16

Rows represent the first visit and columns the second visit of each individual female

Afl Andrena flavipes, Hmac Halictus maculatus, Hrub Halictus rubicundus, Htum Halictus tumulorum, Lcal Lasioglossum calceatum,
Llat Lasioglossum laticeps, Lpau Lasioglossum pauxillum, N> the number of cases with the same number of elements within a
single row as in the empirical data, where the number of diagonal elements is the same or higher than in the original row, N
number of cases where the number of elements within a row stays the same as in the original, empirical data



single-species specialists. Some other species have rather
restricted range of hosts, often 2-5 species, which are
usually closely related, and thus very similar in appearance,
bcehavior, and ecology (Westrich 1989; Bogusch 2003a). In
these species, we can imagine that such host spectra
evolved by the recent division of the host of a specialized
cleptoparasite into several species. Thanks to the recent
host speciation, the cleptoparasite has not kept up to
speciate yct. Moreover, it may perceive similar hosts as
members of the same species, and due to lag of
diversification of specific defense mechanisms, it may
still be able to attack them successfully. Alternatively, after
closer examination, these species of cleptoparasites may
occur to encompass several cryptic species of specialists.
Conclusively, we could not strictly consider these cuckoo
bees generalists. Nevertheless, some species of cuckoo
bees are clearly generalist with wide host spectra encom-
passing host species from several genera. In the light of the
red queen hypothesis, the long-lasting existence of
generalist species is rather surprising. Therefore, we started
to study the ecology of two species of Sphecodes bees,
which were previously labeled as generalist (Westrich
1989; Bogusch 2003a).

According to our results, both studied cuckoo bee species
have more than ten host species throughout their range. More
importantly, we confirmed that both species are generalist
even at the local scale, i.e., they have five host species from
three genera within the same, single locality (cf. Bliithgen
1923, 1934). Our behavioral observations revealed that the
clue to the wide host spectra of two Sphecodes bees is the
individual specialization of cleptoparasitic ~females.
Although we did not estimate the relative abundance of
each host species within our locality (it would be very
difficult due to the mass accumulation of the host nests and
the necessity of host catching or nest digging for species
identification), the distribution of parasitization between
Sphecodes species at the same place and within the same
period shows the nonrandom choice of host nests (Table 3).
For cxample, most S. ephippius females chose nests of
Lasioglossum pauxillum, rarely used by S. monilicornis. On
the other hand, S. monilicornis females preferred nests of
Halictus rubicundus and Lasioglossum calceatum, the latter
host specices is even missing in the host list of S. ephippius
(Table 1). The possibility of free choice of host species is
further indicated by the diversity and distribution of
preferred host nest within a single parasite species. In spite
of the wide supply, during their second visit, most females
were faithful to the species of the host of the first visit. The
repeated choice of the same host species cannot be explained
by the choice of the nearest neighboring nest within a nest
site (cf. to foraging dynamics of bumblebee, c.g., Chittka ct
al. (1997). First, nests of several host species are scattered
over the same sites, and they do not forin single-species
clusters. Moreover, during our tests, many cuckoo bees
visited two or more nest sites (5-30 m away) to find the
second nest of the same host species, even though the nearest
nest was accessible no further than 3 cm from the nest they
just parasitized.

Using only two consecutive host choices, we cannot
unequivocally reject the possibility that cleptoparasitic
bees specialize only for a short temporal segment. To test
this possibility, it will be necessary to make observations of
longer series of choices (due to technical demandingness,
we were not able to make longer series during our present
research). On the other hand, even the short-term special-
ization of cleptoparasitic bees (seemingly parallel to well-
known and highly studied flower constancy of polylectic
bees, where there is a run of choices of one plant species,
then a run of choices of another plant species; Chittka et al.
(1999) has never been recorded and it would be an
interesting phenomenon deserving further study. However,
there are reasons to expect the important differences
between generalist pollinators and parasites that support
the suggestion that the individual specialization of
cleptoparasites should be long lasting. Most importantly,
parasite’s hosts are under strong selection to constantly
evolve antiparasitic strategies, and a parasite then has to
overcome the always-changing antistrategies of its hosts.
As different hosts are likely to evolve different strategies
and a parasite is not able to keep up with all of them, during
the evolutionary time, it is expected to specialize. And
indeed, there is a huge evidence that parasitic way of life
often leads to specialization, which is also true in bees—
many of cuckoo bee species are truly specialist, see Packer
et al. (1995) or Bogusch (2005). In fact, real generalist
cuckoo bees are an exception, not a rule. When an
individual of generalist parasitic bee goes through the
specific antistrategy of one host species, it is likely to
overcome defense of other individuals of the same host
species, but very likely not the defenses of another host
species with different antistrategies. It is quite difficult to
imagine, how the short-term specialization could help the
cleptoparasite to overcome host defenses—due to poten-
tially species-specific antistrategies, every switch from one
host species to another is connected with different way of
breaking through the host’s defense and should be therefore
costly. Furthermore, each host species is under selection to
evolve specific antistrategy to prevent the switch of
generalist parasite from another host species to itself.
Therefore, we suggest that the individuals of a parasitic
species be selected to minimize the number of host
switches. Conversely, particular plant species with a
generalist pollinator are not under selection pressure to
evolve species-specific strategies to repel a pollinator;
contrariwise, they are selected to attract it. Flower switch-
ing should be therefore relatively much cheaper. Moreover,
polylectid pollinators can easily switch the flower species
according to, e.g., actual nectar supply—they get informa-
tion on profitability of the flowers immediately during its
visit (Chittka et al. 1999). On the other hand, clepto-
parasitic bees "acquire* essential information on the given
host profitability post hoc, i.e., through the ratio of
offsprings from nests of the individual host species
surviving to the next generation. We can therefore assume
that—due to differences in time lag of information
acquisition—the switch between host species is not as
flexible as the switch between plant species.



We concluded that the repeated choice of a given host
probably reflects the selection pressure on cleptoparasitic
female to specialize. The present study is the first
documentation of the specialization at an individual level
within generalist species of European cuckoo bees. Our
behavioral observations were not designed to determine the
evolutionary advantages of individual specialization and
the potential differences among groups of females attack-
ing single host species, which should be done during future
research. We can now only speculate, which traits could
serve as the adaptation to a particular host. Our catalogue of
types of interactions between hosts and cuckoo bees
(Table 2) shows that cleptoparasites can use different
behavioral strategies to go through the host defense with
minimal costs (e.g., they can visit only empty nests; they
can wait by the occupied nest for host leaving; they can be
“invisible” for a host, which leads to direct host—parasite
interactions without any agonistic interaction...). On the
other hand, other interactions lead to host defensive
behavior or cven aggressive encounters that are usually
very costly and dangerous. Why are some parasites
recognized by hosts as enemies, while others are tolerated?
Do the tolerated and nontolerated parasites differ in a
certain adaptation to a particular host species? An example
of such an adaptation could be the scent camoutlage to a
particular host observed in Nomada bees, specialists to one
single host species, where extremely similar chemical
compounds were found in Dufour gland secretion of host
females and in the cephalic secretions of male Nomada
bees in five host-parasite species pairs (Tengd and
Bergstrom 1977). It seems that Nomada females could
scarch appropriate males as well as an appropriate host nest
using the same scent signal. Moreover, Nomada females
are presumably perfumed by the secretion of male cephalic
gland during copulation, which leads to odor mimectism
preventing aggressiveness between parasite and host
females during encounters in or outside the nest (Tengd
and Bergstrom 1977). Tengd et al. (1992) studied
compounds of the Dufour’s gland secrction of scveral
European Sphecodes species, but no scent similarities to
their hosts were found. Our results show that such analysis
in generalist Sphecodes species needs to be done at an
intraspecific level with the knowledge of the specialization
of an individual cleptoparasitic female. The scent differ-
ences between cleptoparasite females could potentially
explain the outcomes of the contact between cleptoparasite
and host females near the nests (Table 2). It would be
interesting to explore, whether aggressiveness occurs in
cases of host confusion by a female specialized to another
host species.

The process of individual host “races” specialization
could be accelerated by phenotypic response of a cuckoo
bee larva to the host identity. As the brood cell size (and
potentially also content of nutrients) differs between
variously sized host species (Michener 2000), cuckoo
bees emerging from nests of different species could be
variously large. This notion is mirrored by the evidence of
larger variation in body size in generalist cleptoparasites
compared to specialist, the phenomenon first mentioned by

Michener (1978). Packer et al. (1995) compared the body
size of individuals of two Coelioxys species parasitizing
two Megachile Latreille, 1802 species in North America.
Individuals parasitizing Megachile inermis Provancher,
1888 were smaller and different in several morphological
characters from those using Megachile relativa Cresson,
1878, supporting the individual specialization in the North
American cuckoo bees, and probable phenotypic differ-
ences evoked by the host identity.

The pivotal moment for repeated nonrandom choices of
particular host nests is the way cleptoparasites find the
nests. Sphecodes female presumably finds sites with
aggregation of hosts’ nest during the search flight, but
the choice of component host nest is underway only after
landing. Sphecodes females have never been recorded
shadowing their hosts to nests, which was observed, e.g.,
in Biastes emarginatus (Schenck, 1853), Epeoloides
coecutiens (Fabricius, 1775), and several species of
Coelioxys (Bogusch 2003b; Bogusch 2005; Bogusch—
personal observation). Shadowing is apparently an
effective strategy for finding dispersed nest in species
whose hosts use to nest solitarily, while the nest selection
during walking could be the best strategy for the deter-
mination of an appropriate nest in aggregations.

As S. ephippius and S. monilicornis parasitize also in
eusocial bees, they could potentially arise as social
parasites. Social parasites have evolved from social bees
and parasitize in their hives, e.g., cuckoo bumblebees. The
female of social parasite usually substitutes the eusocial
queen. Alternatively, both host’s queen and cleptoparasite’s
female stay in the nest and reproduce there (Michener
2000). Sphecodes females usually parasitize in nests of
their eusocial hosts in April and May, i.e., before the first
host workers emerge and start to guard the nest entrance
(Sick et al. 1994). In this case, they can be labeled as
cleptoparasites, not social parasites. However, the para-
zitation of Sphecodes in more developed colonies of
eusocial bees was also observed. It is thus still open,
whether the Sphecodes cleptoparasites of eusocial bees
have evolved from parasites of the solitary forms and
switched from primary solitary host to social Halictus and
Lasioglossum or vice versa (Rozen 2000; Bogusch 2003a).
The reconstruction of the onigin of parasitization and the
genesis of wide host spectra in Sphecodes bees will not be
possible till the phylogeny of this genus and its relatives is
resolved (nonetheless, for caveats of phylogenetic recon-
struction of the host ranges see Stireman 2005).

Specialization of individual parasites to a single host can
result in a tendency to form ecologically diversified and
genetically isolated entities (e.g., in tick Ixodes uriae
White, 1852 McCoy et al. 2001), respectively, in an
evolution of host-specific races (gens) with special inher-
itance of complex of adaptations to a single host within a
single panmictic population as in the case of European
common cuckoo. The need of mapping behavioral, mor-
phological, ecological, genetical, and physiological (e.g.,
scent) adaptation of particular single-host group in cuckoo
bees in detail, as well as the success rate estimation of
parasitization of an individual cleptoparasite on it vs other



host species, is evident. The following research should also
reveal the mechanisms of individual specialization. They
might be genetic, by imprinting (e.g., as larvae on host
scent), or by flexible leamning as adults. To know which of
these potential proximate mechanisms is really involved
will allow us to better judge the flexibility of generalist
cleptoparasites and the evolutionary dynamics of bee
communitics. We hope that our work will stimulate further
rescarch of the fascinating system of cuckoo bees’
generalists and their hosts.
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