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INTRODUCTION

Cuckoo wasps, also known as gold wasps, are a colour-
ful family belonging to the order Hymenoptera. There are 
more than 3000 species in four subfamilies, of which only 
two, Cleptinae and Chrysidinae, occur in Europe (Kimsey 
& Bohart, 1991).

All cuckoo wasps are parasitoids or cleptoparasites 
whose hosts are mainly solitary hymenopterans. Species 

-
thredinoidea), while species belonging to Chrysidinae 
mostly parasitize other solitary wasps and bees (Crabroni-
dae, Megachilidae, Sphecidae, Vespidae) (Kimsey & Bo-
hart, 1991). Chrysis, which belongs to the subfamily Chry-
sidinae, is the most diverse cuckoo wasp genus in northern 
Europe and the C. ignita species group includes most of the 
diversity. Revisions of the European species of this genus 
have led to the discovery of considerable diversity within 

-

There is a fair amount of literature on the host species of 
cuckoo wasps, which generally indicates that mason wasps 
(Vespidae: Eumeninae) are the main hosts of Northern Eu-
ropean species of Chrysis

Chrysis are known to 

species are known to parasitize one species of host, others 
parasitize several species, from different families that dif-
fer in their ecology. According to Kimsey & Bohart (1991), 
the ecology of the species of Chrysis -

on a particular nest type or host genus. If this is the case, the 
high diversity present in the group is surprising, since the 
species diversity of parasitic insects is generally believed 

wasps are based on data available in the literature, the re-
liability of which is rarely questioned. A critical evalua-
tion of published records, however, is required if one is to 

of collecting data. This is most evident in the case of older 
publications, with numerous records published more than 

-
Chrysis ignita has changed consider-

area are no longer considered to be proof of a host-parasite 
-

lationships are often reduplicated in modern monographic 
studies.
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Cuckoo wasps (Chrysididae) are a medium-sized and widespread family of Hymenoptera whose species are generally para-

(i.e., sharing host species). In this study we use an accurate method (trap-nests) to determine the host relationships of Estonian cuckoo 
wasps of the genera Chrysis and Trichrysis

were opened and the order of cells documented in order to determine the host-parasite relationships of mason wasps and cuckoo wasps. 

greater degree of host specialization than previously thought, with only a minimal overlap in hosts between species. Such a high degree 
of specialization accounts for the high species diversity of cuckoo wasps, as the diversity of parasitic insects is often associated with 
narrow host specialization.

* Corresponding author.
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The introduction of the trap-nest method has improved 

build their nests in cavities including abandoned burrows 
in wood or hollow plant stems. Such wasps and bees also 

Makino, 2011), or blocks of wood with holes of different 

Trap-nests have mainly been used to determine the spe-
cies composition of communities in various ecological 

As with the approaches described above, these studies 
have generally provided data on the host-parasite relation-
ships of cuckoo wasps as a side product. Hence, some of 
the methods used could have provided misleading data. 

al., 2013) in which two or more potential species of hosts 

consideration as all species emerging from the same trap 

determine the hosts of cuckoo wasps with certainty, it is im-
portant to open trap-nests, determine the order of the cells 
in it and rear the contents of each cell separately (Cooper, 

In this way it is possible to detect nest usurpation and take 
it into consideration in order to avoid incorrect conclusions 

and methods used to determine host species, we consider 
the conclusion that Chrysis

-

the high diversity of cuckoo wasps in this genus. The main 

-
lowing hypotheses:

1. Cuckoo wasps have narrower host ranges than cur-
rently believed.

2. There is no overlap in the host species of different spe-
cies of cuckoo wasp.

other potential hosts are present.

This study is based on material collected from trap-nests that 

consecutive years from 2009 until 2011. Trap-nests were made 
of stems of common reed (Phragmites australis) tied together in 

and 1–10 were placed at each location in June. Trap-nests were 
attached to various substrates at heights ranging from one to two 

-

northern Europe is the Chrysis ignita species group (Soon 
-
-

sen, 2010). C. ignita -

species have been separated from it, but these species are 

few northern European species in this species group is rela-
tively stable (i.e. Chrysis fulgida and C. iris), due to their 
distinctive colouration, treatment of most others has been 
unstable. The differing treatment of the species in the C. 
ignita -
tures within this group. Moreover, there are cryptic species 

in the literature need to be treated with care (Schmid-Egger 

Another likely reason for incorrect conclusions about 
host-parasite relationships is the use of unsuitable methods 
for collecting data. Research into the host-parasite relation-
ships of cuckoo wasps has seldom been the main topic of 

-
come or result from unplanned observations. Therefore, 
the suitability of the research methods for addressing host-
parasite relationships has not generally been a primary con-
cern. Much of the published evidence on cuckoo wasp host 

-

some studies include more detailed descriptions of cuckoo 
wasp behaviour near the nest of a potential host, describ-

are only observations on a potential host not evidence of 
parasitization. Another frequently used indirect method for 
revealing the host-parasite relationships of cuckoo wasps 
is based on the occurrence of potential hosts within a given 

method is useful for identifying potential hosts it again is 
not evidence of a host-parasite relationship.

Furthermore, numerous publications list hosts but do not 
cite the source of the data or present an adequate descrip-

-
sible to determine the reliability of the host-parasite rela-
tionships presented in such publications. 

In addition, host specialization is not static and may 

host-parasite relationships determined 100 years ago de-
scribe the insect communities at that time, which may dif-
fer from the present situation.

Thus, a truly reliable host relationship depends on re-
cording a cuckoo wasp hatching from a host nest the identi-
ty of which is well established. Only a few of the published 
host-parasite relationships of cuckoo wasps are based on 
the rearing of these wasps from the nests of hosts, since 
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preferred substrates where cavity nesting wasps and bees nested, 
which increased the likelihood of the trap-nests being found. 
Commonly used substrates were walls of traditional buildings 
made of wood or clay and dead tree trunks. In October all the 

for storage at outside temperatures to ensure the normal induction 
of diapause.

laboratory for rearing. Straws were cut open and all larvae put 
into separate plastic containers, each labelled with a unique code 
indicating the order in which they were present in each straw, 

-
bering cells we started from the innermost, the oldest. All lar-
vae were kept at room temperature until they emerged as adults. 

kill and preserve them.
The host relationship of each cuckoo wasp was rated as certain, 

dubious or undetermined depending on its position in a straw. All 
occasions when the cell with a cuckoo wasp was surrounded by 
those of the same host species, i.e. the same host species hatched 

-
sions when two cuckoo wasps of the same species hatched from 
cells surrounding the cell(s) of one host species were also consid-
ered certain. All instances when the cuckoo wasp hatched from an 

to the cuckoo wasp failed to hatch, were considered as dubious, 

more than one potential host species. The host was considered 
undetermined when the cuckoo wasp was surrounded by different 
potential host species, hosts that failed to hatch or all cells were 
infested with cuckoo wasps.

In order to determine whether or not cuckoo wasps selected 
host species depending on host species availability at a given lo-
cality or preferred certain hosts irrespective of abundance, gen-

9.2
SAS Institute Inc.) were used. Although we could detect potential 
availability of hosts in space we could not detect it over time. 
Nevertheless, we assume that availability of hosts over time was 

and their hosts overlapped during the short Estonian summer. All 
cases of evidence of more than one potential species of host for 
a species of Chrysis were included in this analysis. Only loca-

occasion were included in the analysis. All specimens of the host 
species were regarded as separate observations whether they were 
parasitized or not. All analyses were carried out for every Chrysis 
species separately, in which the binary dependent variable was 
the degree of parasitisation (1 or 0), and the independent variables 
the identity of the host, the ratio of the abundance of host to that 
of all hosts at a location (available for all but one species) and the 
location itself a random variable. An effect of the host species on 
the dependent variable was interpreted as evidence of a cuckoo 
wasp host preference, while an effect of the frequency of poten-
tial alternative hosts could be interpreted as host-switching and 

words, if high abundance of host species A reduces the probabil-
ity of species B being parasitized, then it is possible that host B 
is lower in the host preference hierarchy than host A with host B 
only parasitized when host A is rare.

-

-
-

uptiidae) are listed in Table 1, along with the numbers of 
specimens and all of the possible host relationships. The 
most numerous of them were mason wasps (Eumeninae), 
crabronid wasps (Crabronidae), leafcutter bees (Megachi-
lidae) and plasterer bees (Colletidae). There were 19 spe-

-
ily: Ancistrocerus, Symmorphus, Discoelius, Euodynerus 
and Gymnomerus
of Crabronid wasps with Trypoxylon being the most abun-
dant. Cuckoo wasps were represented by only two genera 
– Chrysis and Trichrysis
different species of the genus Chrysis, with Chrysis solida, 
C. angustula, C. corusca, and C. fulgida the most abun-
dant. At least one individual of each cuckoo wasp species 

determination of the host. All hosts of the genus Chrysis 
belonged to the following genera: Ancistrocerus, Symmor-
phus, Discoelius and Euodynerus. Most of the species of 
cuckoo wasps parasitized only one host species, but spe-
cies with a wider host range were also present e.g. C. an-
gustula, C. fulgida, C. iris, C. solida and Trichrysis cyanea. 

from which two potential host species emerged (details not 
presented).

Below we list the results of our study of each of the 
cuckoo wasp species caught, including their host-parasite 
relationships. The total number of instances of a species of 
cuckoo wasp being reared from the nest of a host is given 

on the position of the parasitized cell relative to host cells. 
In addition, the number of occasions on which the host spe-
cies was not determined is also given. The results of the 
statistical analyses of the host preferences of C. angustula, 

Fig. 1. Map showing the locations of the trap-nests in Estonia. 
Solid circles indicate localities where potential hosts of cuckoo 
wasps were trapped and empty circles localities where no poten-
tial hosts were trapped.
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TABLE  potential hosts reared from trap-nests and their documented relationships with cuckoo wasps. Numbers of speci-
mens of the genus Hylaeus are only those recorded in 2010. Primary host species are marked with a plus (+), less preferred host species 
or less reliably documented relationships are marked with an asterisk (*).
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Ancistrocerus antilope 
A. claripennis 18 *
A. ichneumonideus 3
A. parietinus 89 *
A. parietum 
A. trifasciatus 1219 * * * +
Symmoprhus allobrogus * +
S. angustatus 3
S. bifasciatus + * *
S. connexus 13
S. crassicornis + *
S. debilitatus * * *
S. gracilis (Brulle, 1832) +
S. murarius *
Discoelius dufourii 1
D. zonalis (Panzer, 1801) 239 +
Euodynerus notatus 223 + + *
E. quadrifasciatus 10
Gymnomerus laevipes 
Crossocerus subulatus 3
Nitela borealis 
Passaloecus corniger 1
P. insignis 
P. singularis 
P. turionum 8
Pemphredon mortifer 2
Psenulus brevitarsis 
P. concolor 
P. pallipes 
Rhopalum clavipes 
Trypoxylon clavicerum 

+
T. minus 20 *
Agenioideus cinctellus (Spinola, 1808) 3
Anoplius caviventris *
Auplopus carbonarius 28 *
Dipogon bifasciatus *
D. subintermedius 
Anthophora furcata 3
Chelostoma rapunculi 11
Heriades truncorum 
Hylaeus cardioscapus 92
H. communis 
H. difformis 28
Megachile centuncularis 
M. lapponica 31
M. ligniseca (Kirby, 1802) 23
Osmia caerulescens 
O. bicornis 8  



95

C. fulgida and C. solida -
plained below in the respective species sections.
Chrysis angustula

Total: 111 specimens.
Ancistrocerus trifasciatus
Symmorphus allobrogus: 2 certain.
S. bifasciatus
S. debilitatus: 1 dubious.

Chrysis angustula
Table 2), but as the relative abundances of alternative hosts 

host-switching. Since there were more than two host spe-
cies, a Tukey-Kramer method was used to make pairwise 
comparisons: this indicated a preference for Symmorphus 
bifasciatus over S. allobrogus (p = 0.012) and Ancistrocer-
us trifasciatus (p < 0.001).
C. corusca

Symmorphus gracilis: 9 certain, 12 dubious.

C. equestris
Total: 19 specimens.
Discoelius zonalis: 11 certain, 8 dubious.

C. fulgida
Total: 
Symmorphus bifasciatus: 
S. crassicornis: 3 certain, 13 dubious.
S. murarius: 2 dubious.

Symmorphus crassicornis was preferred over S. bifascia-
tus (Table 2). Symmorphus murarius was omitted from the 

-
ing this study. Also the variable “location” was included as 

the results showed a preference for one host over the other 

therefore there was no evidence of host-switching. 
C. graelsii

Total: 
Euodynerus notatus: 2 certain, 2 dubious.

C. impressa
Total: 12 specimens
Ancistrocerus claripennis: 3 dubious.
A. parietinus: 3 dubious.
A. trifasciatus: 1 dubious.

C. iris
Total: 28 specimens.
Symmorphus allobrogus: 1 certain, 12 dubious.
S. bifasciatus: 1 dubious.
S. crassicornis: 1 dubious.
Host undetermined 13.

C. leptomandibularis
Total: 1 specimen.
Symmorphus debilitatus: 1 dubious.

C. pseudobrevitarsis
Total: 3 specimens.
Euodynerus notatus: 2 certain, 1 dubious.

C. schencki
Total: 2 specimens.
From Ancistrocerus trifasciatus: 2 dubious.

C. solida
Total: 120 specimens.
Ancistrocerus trifasciatus: 
Euodynerus notatus: 1 certain.
Symmorphus debilitatus: 2 dubious.

There was no preference for either of the two host spe-
cies, Euodynerus notatus and Ancistrocerus trifasciatus (p 

-
ence or host-switching (Table 2). Symmorphus debilitatus 
was not included in the analysis, because this species was 
only recorded as a host of C. solida in a single nest, from 
which the cuckoo wasp emerged from the outermost cell. 

A. trifasciatus is 
considered to be the main host of Chrysis solida in Estonia 
because of the numerous records of it being reared in as-
sociation with this species.
Trichrysis cyanea

Anoplius caviventris: 1 dubious.
Auplopus carbonarius: 1 certain, 2 dubious.
Dipogin bifasciatus: 1 dubious.

Trypoxylon minus: 2 dubious.
Host undetermined: 11.

TABLE 2. Host preferences of Chrysis angustula C. 
fulgida C. solida

abundance of potential hosts on the degree of parasitization (de-

Effect F value Pr > F
Chrysis angustula

Host species 3 <0.001
Symmorphus allobrogus 1 1.00 0.33
S. bifasciatus 1 0.10
S. debilitatus 1 0.02 0.89

Chrysis fulgida
Host species 1 0.032
Symmorphus bifasciatus 1 0.81

Chrysis solida
Host species 1 383
Ancistrocerus trifasciatus 1 0.13



Chrysis and a single 
representative of the genus Trichrysis were collected using 
trap-nests. As some Estonian species of Chrysis parasitize 
ground-nesting host species, the eleven species make up 
most of the species that parasitize cavity-nesting wasps. 

-
tion to a particular host species.

of the cuckoo wasps that emerged the host could not be 
determined for nearly half of them. The main reason for 
this was that all the cells of a nest were parasitized and 
therefore no host emerged. Although this problem was 

breeding in laboratory we could not prevent it. The risk of 
all nest cells being parasitized can be slightly reduced by 

nest the chances of at least some host specimens escaping 
parasitism within the same nest is higher, which enables 
the founder of the nest to be determined.

Only single species of hosts were recorded for Chrysis 
equestris and C. corusca. Nineteen individuals of C. eques-
tris were reared from trap-nests (all in 2011) and 11 of them 
parasitized Discoelius zonalis. This mason wasp species is 
recorded in the literature as a host of C. equestris, although 

on the host relationships of C. corusca -
istent, because it has only been regarded as a distinct spe-

which mentions the host is a species of mason wasp. In the 
current study Symmorphus gracilis was determined as the 
host species on 9 occasions and 12 C. corusca were reared 
from an outermost cell of the same host’s nest. The reason 

that on most occasions C. corusca parasitized all the brood 
cells within a nest. This is likely the result of the cuckoo 
wasp habit of continuously inspecting the nest of a host and 
laying eggs whenever nest development is at an appropri-

Some of the species of cuckoo wasps were relatively rare 
in the trap-nests and therefore, despite being able to deter-
mine their host(s), the data remained too limited to allow 
statistical analysis. These species were: C. graelsii, C. lep-
tomandibularis, C. pseudobrevitarsis and C. schencki. 
Only single specimens of C. graelsii and C. pseudobre-
vitarsis were reared from the middle cells of the nests of 
their host, which was Euodynerus notatus on both occa-
sions. This species has been previously mentioned as a host 

Saure, 1998). None of these cuckoo wasp species are rare 
in Estonia, and their rarity in mason wasp nests in trap-
nests is surprising.

parasitized several hosts: Chrysis angustula, C. fulgida, C. 
impressa, C. iris, C. solida and Trichrysis cyanea, all of 

on all four occasions, specimens of C. impressa hatched 
from an outermost cell of a host nest, so host nest sharing 

Ancistrocerus pari-
etinus was the host in two of these cases, it increases the 
likelihood that it is a host. Moreover, this mason wasp is 
also listed as a host of C. impressa in the literature (Mor-

Ancistrocerus trifasciatus was also 
determined as a host (although only based on emergence 
from one outermost cell and thus uncertain), we consider 
it unlikely that it is an important host of this cuckoo wasp. 
The potter wasp was very abundant in trap nests, but only 

C. impressa, which is 

Although many C. iris were reared from the trap-nests, 
-

ysis of its host-parasite relationships. Symmorhpus allo-
brogus C. iris, and the single 
instances of emergence from the nests of S. bifasciatus and 
S. crassicornis remain dubious, as the parasite emerged 
from the outermost cell on both occasions. S. allobrogus 
has not been recorded as a host of this cuckoo wasp be-
fore, but both S. crassicornis and S.murarius are recorded 

S. 
allobrogus is the preferred host of C. iris in Estonia, while 

Chrysis angustula, C. fulgida and C. solida were abun-
dant and all had more than one potential host. Therefore, 
we ran a statistical analysis to determine whether one host 
species was preferred over another. All potential hosts were 
included in the analysis for C. angustula, although it was 
apparent that the data on S. debilitatus and S. allobrogus 

S. bifasciatus was preferred over 
both S. allobrogus and Ancistrocerus trifasciatus, which 
means that S. bifasciatus was the preferred host species. 
It was not possible to compare S. bifasciatus and S. debili-
tatus S. debilitatus. There was 
also no evidence of host-switching, since the percentage 

-
ent on the abundance of the other potential hosts.

Trichrysis cyanea was 
-

cient data for a statistical analysis of its preferences. This 
cuckoo wasp is known to be a generalist parasitizing nests 
of various cavity nesting wasps and bees (Tormos et al., 

of its host species were not detected with certainty in this 
study and it appears that  is the main 
host of this species in Estonia. Curiously all the host spe-
cies store spiders for their offspring, which indicates that 
this species might be a specialist of a particular type of 
food provision rather than of a particular host. Neverthe-
less this is unlikely since T. cyanea is reported as parasite 
of various wasps storing a different type of food, i.e. Pem-
phredon lethifer and Psenulus pallipes, which store aphids 



Symmorphus 
bifasciatus on most occasions, statistical analysis indi-
cate that S. crassicornis was the preferred host of Chrysis 
fulgida. Thus, while C. fulgida was attracted to the nests 
of both hosts, the common S. bifasciatus was parasitized 
only when there were no nests of the preferred host. The 
ability to parasitize a more abundant host in addition to the 
preferred host is a good strategy, which enables individuals 
to survive in less favourable situations, while retaining its 
own niche as a parasite of the less common species.

Although two different hosts were determined for C. sol-
ida it was clearly a specialist on Ancistrocerus trifasciatus, 
and the single certain record of E. notatus is an infrequent 

-
ed for either host due to limited data, as both species were 
only present at two locations.

Based on the results, it can be concluded that there is lit-
tle overlap in the host species of species of the genus Chry-
sis in Estonia (Table 1). Although both C. angustula and 
C. fulgida used Symmorphus bifasciatus as a host, it was 
only the primary host of C. angustula and the less preferred 
host of C. fulgida, which was only parasitized when the 
preferred host was rare. Chrysis graelsii and C. pseudobre-
vitarsis
host species, Euodynerus notatus. In this case both cuckoo 
wasp species are competing for the same resource. Never-
theless this is not contrary to the theory of host specializa-
tion as a driver of speciation since these cuckoo wasps are 
from different species groups and therefore specialization 
on this host may have evolved independently. Alternative-
ly, one of these cuckoo wasps may have a different species 
as its primary host, but further data would be needed to 
determine this.

Reliable data is too limited to determine trends in host 
selection of cuckoo wasps at a geographic scale. How-
ever, differences in host specialization in different areas 
are likely since the distribution areas of the cuckoo wasps 
studied reach central Europe and beyond, where more po-
tential host species are available than in northern Europe. 
Moreover, the abundances of host species differ in areas 
with different climates, which would affect the availability 
of the different hosts even when the same host species are 

on parasitizing a single species or limited number of re-
lated species. This is supported by the fact that most of the 
host records determined in this study have been recorded 

C. angustula is reported as a para-
site of Ancistrocerus trifasciatus, Symmorphus bifasciatus 
and S. debilitatus

S. con-
nexus
Although this mason wasp was also recorded in our study 
it is a very rare species in Estonia where it has no impor-
tance as a host of C. angustula. Specialization on a limited 
number of closely related species occurs in C. iris, which 
is known to be a parasite of Symmorphus murarius -

S. crassicornis in France (Buys-
S. 

allobrogus in our study. Although we have no data on the 
abundance of these three species of Symmorphus in Eu-
ropean countries it is likely that this cuckoo wasp selects 
different species of this genus as hosts depending on their 
availability.

Several published host-parasite relationships were not 

species being recorded in the trap-nests. Strikingly, this in-
cluded host species that were frequently recorded in trap 
nests like Ancistrocerus antilope, which is known to be 
a host of C. longula and C. pseudobrevitarsis (Brechtel, 

Symmorphus bifascia-
tus, which is recorded as a host of C. solida
and which is recorded as a host of C. 
angustula and C. fulgida

host-parasite relationships were not found due to different 

However, it is also likely that the earlier host-parasite re-
cords are erroneous as they were based on inappropriate 
methods that did not take into account the possibility of 
nest usurpation (more than one potential host species in a 
nest).

C. ignita is known to be a parasite of numerous cavity 
nesting wasps and bees, making it one of the least spe-

hosts of this cuckoo wasp we recorded the following spe-
cies in trap-nests (source identifying a species as a host of 
C. ignita is given in parentheses): Ancistrocerus antilope 

A. parietinus
& Tcharntke, 1999), A. parietum A. trifas-
ciatus Gymnomerus laevipes
Osmia bicornis (Schneider, 1991), Symmorphus bifascia-
tus S. murarius (Trautmann & Trautmann, 
1919) and  (Coudrain et al., 2013). Al-
though C. ignita is not rare in Estonia, we did not record 

host selection of this cuckoo wasp. Evidently, species of 
the C. ignita
the above studies, and some species were not split from C. 
ignita at the time of the earlier studies. Therefore, unless it 
is known that C. ignita sensu stricto was the parasite such 
host records are for C. ignita in the wide sense (sensu lato).

Our study revealed that cuckoo wasps have far narrow-
er host preferences than indicated in the literature. Their 
niches overlap minimally, enabling high species diversity 
to persist without species competing intensely for hosts. 
At the same time, narrow specialization places species at a 
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