
1 
 

Eastern Palearctic oak cynipid inquilines 

(Hymenoptera: Cynipidae: Synergini) and associated 

gallwasps (Hymenoptera: Cynipidae: Cynipini) 

 

Ph.D. thesis 

 

Schwéger Szabina 

 

 

Supervisors: 

Dr. Pénzes Zsolt 

Dr. Melika George 

 

 

University of Szeged, Faculty of Science and Informatics  

Doctoral School of Environmental Sciences 

Department of Ecology 

 

 

2016 

Szeged 

  



2 
 

CONTENTS 

 

1. INTRODUCTION   

1.1. Cynipid gallwasps          4 

1.2. Host plants of oak gallwasps        6 

1.3. Synergini sensu stricto         8 

1.4. Origin and evolution of cynipid inquilines; phylogeny of Synergini  

sensu sricto           11 

1.5 Eastern Palearctic oak gallwasps (Cynipidae: Cynipini)     12 

1.6. Main objectives of the work        14 

 

2. MATERIALS AND METHODS   

2.1. Synergini sensu stricto         15 

2.1.1. Specimen collection         15 

2.1.2. DNA extraction, sequencing, alignment and phylogenetics   15 

2.1.3. Morphological descriptions        17 

 2.2. Oak gallwasps (Cynipidae: Cynipini)        17 

 

3. RESULTS 

3.1. Synergini sensu stricto         20 

3.1.1. Key to Cynipidae tribes        20 

3.1.2. Key to Synergini sensu stricto genera       25 

3.1.3. Agastoroxenia Nieves-Aldrey & Medianero, 2010     30 

3.1.4. Lithosaphonecrus Tang, Melika & Bozsó, 2013     30 

3.1.5. Rhoophilus Mayr, 1881        32 

3.1.6. Synophrus Hartig, 1843        33 

3.1.7. Ufo Melika & Pujade, 2005        34 

3.2. Saphonecrus Dalla Torre, 1910        34 

3.2.1. General comments         34 

3.2.2. Key to Palearctic Saphonecrus species      38 

3.2.3. Annotated List of worldwide Saphonecrus species     48 



3 
 

3.3. Synergus Hartig, 1841         56 

3.3.1. General comments         56 

3.3.2. Key to Eastern Palearctic Synergus species      58 

3.3.3. Annotated List of Eastern Palearctic Synergus species    63 

3.4. Phylogenetics of Synergini sensu stricto       68 

3.5. Eastern Palearctic Cynipini        72 

3.5.1. Eastern Palearctic oak gallwasps       72 

 

4. DISCUSSION 

4.1. Integrative taxonomy and phylogeny of Saphonecrus and Synergus species  74 

4.2. Phylogenetics of Synergini sensu stricto       75 

4.3. Eastern Palearctic oak gall inducers       78 

 

5. ACKNOWLEDGEMENTS           80 

6. REFERENCES           81 

7. SUMMARY           95 

8. ÖSSZEFOGLALÓ           98 

9. APPENDICES            101 

9.1. Morphological peculiarities and hosts of Lithosaphonecrus, Rhoophilus,  

 Synophrus,Ufo, Saphonecrus and Synergus      102 

9.2. Annotated list of Cynipini of the Eastern Palearctic (Cynipoidea: Cynipidae) 117 

9.3. Eastern Palearctic Cynipini species with uncertain status    150  

 



4 
 

1. INTRODUCTION   

 

1.1. Cynipid gallwasps 

Cynipidae lies within the superfamily Cynipoidea of the Hymenoptera, which includes 

approximately 3,000 described species (Fergusson 1995, Ronquist 1999). With the exception of 

the Cynipidae and some gall-inhabiting inquiline genera in Figitidae, the cynipoids are all 

parasitoids, and previous studies suggested that the cynipid gallwasps have evolved from 

parasitoid ancestors (Ronquist 1994, 1999). Cynipid gallwasps (Hymenoptera: Cynipidae) 

induce some of the world's most visually striking, and structurally complex plant galls. 

Approximately 1,440 cynipid gallwasp species were recognized (Liljeblad & Ronquist 1998, 

Ronquist 1999, Ronquist & Liljeblad 2001, Nieves-Aldrey 2001, Melika 2006), increased 

considerably recently, although Nordlander (1984) has estimated that the actual number is 

between 3,000 and 6,000. Ronquist & Liljeblad (2001) hypothesized that the gallwasps arose in 

Eurasia, around the Black Sea, and that the genera Eschatocerus (gall inducers on Acacia and 

Prosopis) and Rhoophilus (inquilines on Rhus galls) spread later to South America and South 

Africa, respectively. However, recent results may suggest alternative hypothesis, and as such the 

biogeographical history of the basal Cynipidae is still not clear (Nylander et al. 2004, Ronquist et 

al. 2015). 

Cynipids are divided into two main trophic groups: the gall inducers, and the gall-

associated inquilines. Inquilines develop in galls but can not induce them, except of few 

Synergus species have not lost the capability to induce galls (Csóka et al. 2005). In general, 

inquilinism is a form of cleptoparasitism, usually considered to represent a unilaterally beneficial 

relationship that benefits only the inquiline (Askew 1984, Ronquist 1994, 1999). This biological 

division is moderately reflected in the higher-level taxonomy of Cynipidae that has been changed 

recently. Instead of 8 tribes recognized earlier, the family is divided into 12 tribes (Ronquist et 

al. 2015) (Table 1). 

Most of the described species of Cynipidae are gall inducers (Table 1.). However, more 

than 220 species, classified traditionally into ten genera and placed to four tribes recently (Table 

1), develop as inquilines inside galls of other cynipids (Pujade-Villar et al. 2003, Nieves-Aldrey 

& Medianero 2010, Bozsó 2015, Bozsó et al. 2014, 2015, Ronquist et al. 2015). Inquiline 

cynipids feed obligately on plant tissues within developing galls, and to some extent, stimulate 
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the development of tissues characteristic to galls. Our research focuses particularly on inquilines 

that attack hosts in the Cynipini (oak gall wasps) associated to Fagaceae host plants. Some 

synthesis based on published data has also been done on oak gall inducers. 

 

Table 1. Classification, diversity and host associations of Cynipidae 

(after Ronquist et al. 2015, genera and species numbers updated by Sz. Schwéger) 

 
Tribes Genera Species Hosts Distribution  

Cynipini    41 954 

Gall inducer on Fagaceae (Quercus,  

Castanea, Castanopsis,  

Chrysolepis and Lithocarpus) 

Holarctic, Neotropical, Oriental 

Diplolepidini 2 55 Gall inducer on Rosa (Rosaceae) Holarctic 

Pediaspidini 2 2 Gall inducer on Acer (Aceraceae) Palearctic 

Eschatocerini 1 3 
Gall inducer on Acacia, Prosopis  

(Fabaceae) 
South Neotropical 

Qwaqwaiini 1 1 
Gall inducer on  

Scolopia spp. (Salicaceae) 
Afrotropical (South Africa) 

Paraulacini 2 6 

Inquilines or parasitoids in chalcidoid  

galls (Pteromalidae) on  

Nothofagus spp. 

(Nothofagaceae) 

South Neotropical 

Aylacini 

sensu stricto 
3 9 

Gall inducers on Papaver spp. 

 (Papaveraceae) 
Palearctic 

Aulacideini 9 78 

Gall inducers on Asteraceae, Lamiaceae, 

Valerianaceae and the tribe  

Fumarioideae (Papaveraceae) 
Holarctic 

Phanacidini 4 34 

Gall inducers on several genera of  

Asteraceae, rarely on Phlomis  

(Lamiaceae) and Eryngium 

 (Apiaceae) 

Palearctic, one species South 

Afrotropical (possibly introduced). 

Introduced in South America  

and Australia 

Diastrophini 4 43 

Gall inducers in galls on Rubus spp. and 

Potentilla spp. (Rosaceae), rarely on  

Smilax (Smilacaceae), and inquilines 

 in cynipid galls on Rubus spp. 

Synophromorpha) and Rosa spp.  

(Rosaceae) (Periclistus) 

Holarctic and Neotropical 

 (one species) 

Ceroptresini 1 24 
Inquilines in galls induced by Cynipini, 

 one genus, Ceroptres. 
Holarctic 

Synergini 

sensu stricto 
7 155 

Inquilines in cynipid galls on 

 Fagaceae genera, Quercus 

 (Agastoroxenia, Lithosaphonecrus, 

Saphonecrus, Synophrus, Synergus,  

Ufo). One genus (Rhoophilus) is an inquiline in 

Cecidosidae (Lepidoptera) galls on  

Rhus spp. (Anacardiaceae) 

Holarctic, Neotropical, Oriental, 

Oceanian 

Cynipidae 77       1364   
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1.2. Host plants of oak gallwasps 

Oak gallwasps, inducers and inquilines, are intimate parasites of trees belong to the familiy 

Fagaceae. In order to understand their evolution and recent distribution the knowledge of their 

host plant associations is important. Fagaceae is divided into two subfamilies: Fagoidea, with 

Fagus and Quercus genera, and Castaneoidea, with insect-pollinated Castanea, Castanopsis, 

Chrysolepis, Lithocarpus and Notholithocarpus, all five of which serve as hosts for Cynipini 

(Govaerts & Frodin 1998, Manos et al. 2008). The number of known species within Fagaceae is 

contraversial; from 900 to ca. 1,050 species are mentioned (Govaerts & Frodin 1998, Oh & 

Manos 2008). No gallwasps are known from some Fagaceae genera. The family Fagaceae 

formerly included the southern beeches of the genus Nothofagus distributed in South America 

and Australasia (Li et al. 2007). Though no Cynipini attack Nothofagus, they have been 

colonised by the gallwasp genera Paraulax Kieffer and Cecinothofagus Nieves-Aldrey & 

Liljeblad documented in Chile and Argentina, however no Cynipidae are known on this genus 

from Australasia (Nieves-Aldrey et al. 2009). Gallwasps are mainly associated to the following 

six genera of Fagaceae. 

Castanea (chestnuts) genus is represented by 8ï10 species, native to temperate regions of 

the Northern Hemisphere, with two known gallwasp species, Dryocosmus kuriphilus and D. 

zhuili (Zhu et al. 2015). No cynipid inquilines were reared yet from these galls, however, 

recently Synergus castaneus was described from China as the first cynipid inquiline species 

associated with Castanea galls (Bernardo et al. 2013). 

Castanopsis (chinquapin oaks) is a genus which involves about 120 species, all of which are 

restricted to eastern Asia (Oh & Manos 2008). Recently a number of new gallwasp and cynipid 

inquiline species were described from Castanopsis (Tang et al. 2016a, Schwéger et al. 2015a, b). 

Chrysolepis (golden chinquapin oaks) is a small genus, endemic to the western United 

States, with two species, Ch. chrysophylla and Ch. sempervirens. Few inquilines associate with 

few cynipid gallwasps develop on Chrysolepis are known (Burks 1979). 

Lithocarpus (stone oaks) is a large genus, distributed in east and southeast Asia, with more 

than 300 species (Govaerts & Frodin 1998). Recently this genus has been shown to host Cynipini 

(Tang et al. 2011a) and cynipid inquilines (Bozsó et al. 2014). 

Notholithocarpus (tanbark oaks or tanoaks) with only one known North American species, 

N. densiflorus, only recently was established (Govaerts & Frodin 1998, Manos et al. 2008, Oh & 
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Manos 2008). It is an evergreen tree, native to the western United States. It is most closely 

related to the north temperate oaks, Quercus, but not to the Asian Lithocarpus. Few cynipids are 

known to associate with this host (Burks 1979) including inquilines (Bozsó et al. 2015). 

Majority of Cynipini induce galls on members of a large genus Quercus which is divided 

into two long-established subgenera ï the strictly Asian subgenus Cyclobalanopsis and the more 

widespread subgenus Quercus (Camus 1936-54, Nixon 1989, 1993, Govaerts & Frodin 1998, 

Manos et al. 1999). Many of them are serving as host for inquilines, too. The subgenus Quercus 

is divided into discrete sections (Govaerts & Frodin 1998), including Lobatae (the red oaks), 

Protobalanus (the golden cup or intermediate oaks), Quercus sensu stricto (the white oaks), and 

Cerris. The latter comprise the Ilex group, too. Of the 4 oak sections in the subgenus Quercus, 

Quercus sensu stricto is Holarctic, Lobatae and Protobalanus are restricted to North America, 

and Cerris is restricted to the Palearctic. Worldwide, there are 531 recognised oak species 

(according to Govaerts & Frodin 1998), but generally reported as between 300 and 600 (Hubert 

et al. 2014). This total is divided between the Southeast Asian subgenus Cyclobalanopsis (76 

species), and the more widespread subgenus Quercus, with 455 species. The subgenus Quercus 

is most abundant in temperate regions of the Northern Hemisphere. In the Neotropics oaks 

extend southwards as far as the Colombian Andes (Nieves-Aldrey 2005). The Palearctic supports 

ca. 170 species, with ca. 130 species in the EP and only 29 species in the WP (Govaerts & 

Frodin 1998). The oak sections Cerris and Quercus sensu stricto are widespread in the EP, and 

the regional richness of oaks ï with 32 species in China (Linkuo & Tao 1998), at least 17 in 

Himalayan India, Nepal and Bhutan (Negi & Naithani 1995), and 6 in Japan (Ohwi 1961) ï 

exceeds the Western Palearcticôs 29 species. 

Oaks and their close relatives probably first diversified in Southeast Asia, either during 

the Palaeocene (65ï56 mya) or the Eocene (56ï35 mya) (Zhou 1992, 1993, Cannon & Manos 

2003, Manos et al. 1999), with an ancient divide into two monophyletic lineages: (i) the 

subgenus Cyclobalanopsis and the section Cerris of the subgenus Quercus and (ii) sections 

Lobatae, Quercus sensu stricto and Protobalanus of the subgenus Quercus (Manos et al. 2001), 

althought the placement of Cyclobalanopsis is equivocal (Hubert et al. 2014). The Asian 

distribution of Cyclobalanopsis, the Eurasian distribution of section Cerris, and the absence of 

fossils of these two groups from the Nearctic suggest that oaks originated and differentiated into 

these two basal lineages in Asia (Zhou 1992, 1993, Manos & Stanford 2001). 
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A striking feature of phylogenetic analyses of the oak gallwasps (Ács et al. 2007, Stone 

et al. 2009) is that (with the exception of host alternator species) they show the same deep divide 

between genera associated with section Cerris on one hand, and those associated with sections 

Quercus sensu stricto and the nearctic red oak section Lobatae on the other. If the divergence 

between the oak sections occurred in Eastern Asia, then it is plausible that this same region was 

the cradle for the origin and initial diversification of oak gallwasps and their inquilines. 

Nevertheless, althought there are clear host specific clades (Ács et al. 2010, Pénzes et al. 2012, 

Bozsó et al. 2014), the general pattern is to be explored.  

 

1.3.  Synergini sensu stricto 

According to the earlier classifications, Synophromorpha Ashmead, Periclistus Förster, 

Ceroptres Hartig, Agastoroxenia Nieves-Aldrey & Medianero, Lithosaphonecrus Tang, Melika 

& Bozsó, Saphonecrus Dalla Torre & Kieffer, Synophrus Hartig, Synergus Hartig, Ufo Melika & 

Pujade and Rhoophilus Mayr, were classified within the polyphyletic tribe Synergini (Burks 

1979, Ronquist 1999, Pénzes et al. 2012, Ronquist et al. 2015). A world-wide review of all 

cynipid inquilines was given in Pénzes et al. (2012). Recently, Periclistus and Synophromorpha 

were moved to the newly established Diastrophini tribe; a new tribe Ceroptresini was established 

for the Ceroptres genus, while the rest 7 genera, Agastoroxenia, Lithosaphonecrus, Saphonecrus, 

Synophrus, Synergus, Ufo, Rhoophilus, were put into the tribe Synergini sensu stricto (Ronquist 

et al. 2015, Table 1). 

Phylogeny of the oak gallwasp inquilines, based mainly on the Eastern and Western 

Palearctic species, has long been controversial, especially in the Synergini sensu stricto genera 

(Ács et al. 2010). Table 2 shows the number of described species including all  the newly 

described Synergus and Saphonecrus (Schwéger et al. 2015a, b; Results section). 

The number of known Synergini species is unevenly distributed among the 

zoogeographical regions (Table 2). This clearly reflects the differences in the intensity of 

sampling. Western Palaeartic (WP) is the best known. The Synergini fauna of Eastern Palearctic 

(EP) is being explored recently. It is expected to be more diverse and probably many new species 

will be described in the future. In part, this expectation can be explained by the diversity of 

potential host plant (detailed below), compared to the WP. Tropical regions are poorly studied. 
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Table 2. The world distribution and species richness of Synergini sensu stricto genera  
(WP, Western Palearctic, EP, Eastern Palearctic, OR, Oriental Region, NA, Nearctic, NT, Neotropical 

Region, ET, Ethiopian Region). 
 

Genera Hosts WP EP OR NA NT ET World 
Agastoroxenia  

Nieves-Aldrey& Medianero, 

2010 

Oak cynipid 

galls  

ï ï ï ï 1 ï 1 

Lithosaphonecrus Tang,  

Melika & Bozsó, 2013 

Oak cynipid 

galls 

ï 4 2 ï ï ï 6 

Synergus 

Hartig, 1840 

Oak cynipid 

galls 

30 19 ï 55 14 ï 118 

Saphonecrus  

Dalla Torre & Kieffer, 1910 

Oak cynipid 

galls 

6 25 2 3 ï ï 36 

Synophrus 

Hartig, 1843 

Oak cynipids 

galls 

7 ï ï ï ï ï 7 

Ufo  

Melika & Pujade, 2005 

Oak cynipid 

galls 

ï 3 1 ï ï ï 4 

Rhoophilus 

Mayr, 1881 

Rhus galls  ï ï ï ï ï 1 1 

Total:  43 48 5 58 15 1 170 

 

Inquilines which attack hosts in the gallwasp tribe Cynipini (gall inducer oak gallwasps) 

include six genera, Agastoroxenia, Saphonecrus, Synergus, Synophrus, Ufo, Lithosaphonecrus, 

earlier named as the Synergus complex of genera (Pénzes et al. 2012). One genus, Rhoophilus, 

with one species, Rh. loewi Mayr, known from South Africa, is an inquiline in Cecidosidae 

(Lepidoptera) galls on Rhus spp. (Anacardiaceae). It was recently examined in details (van Noort 

et al. 2007). Probably all seven genera form together a distinct monophyletic lineage (Ronquist 

et al. 2015) and Rhoophilus generally recovered as the sister taxon of all others (e.g. Ács et al. 

2010, Ronquist et al. 2015). The morphological taxonomy of Synergus complex has been studied 

in details (Mayr 1872; Wiebes-Rijks, 1979; Nieves-Aldrey & Pujade-Villar 1985, 1986; Pujade-

Villar & Nieves-Aldrey 1990, 1993; Liljeblad & Ronquist 1998; Liljebald et al. 2008; Pujade-

Villar et al. 2003, Melika 2006; Melika et al. 2012; Bozsó et al. 2015) and (i) supported the 

differentiation of these two lineages, and (ii) showed that five genera, Agastoroxenia, 

Saphonecrus, Synergus, Synophrus and Ufo morphologically differs from Ceroptres . 

Inconsistencies in the taxonomy of gallwasps were revealed by the DNA sequence-based 

studies. For example the presence of cryptic species, independently evolving lineages that are 

morphologically indistinguishable, had been demonstrated in many times (Ács et al. 2010, 

Kaartinen et al. 2010). Consequently it is becoming increasingly common to supplement 

morphological identifcation with molecular methods such as DNA barcoding (Hebert et al. 
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2003). Recently obtained data suggest that the variability of the widely-used region of the 

mitochondrial coxI gene together with cytb and the nuclear 28S D2 sequences can be used to 

define clusters of samples (MOTU, Molecular Operational Taxonomic Unit, Blaxter et al. 2005.) 

within the Synergus complex of genera (Ács et al. 2010). However, comparison of morphology-

based species identification with MOTU designations revealed substantial discordance 

(explained below). The application of morphological and molecular characters together helped 

us to establish a more reliable taxonomy for Synophrus (Pénzes et al. 2009), Synergus (Ács et al. 

2010), Ufo (Melika et al. 2012), Saphonecrus (Bozsó et al. 2014) and Lithosaphonecrus (Bozsó 

2015, Bozsó et al. 2015). 

 

Synergus Hartig 1941 

Thirty Synergus species are known from the Western Palearctic (Pujade-Villar et al. 

2003, Pénzes et al. 2012), which from about 80% of species was involved into a DNA sequence-

based delimitation and phylogenetic analysis (Ács et al. 2010). The analyses supported 

monophyly of the genus Synergus but rejected the traditional classification, namely the 

monophyly of the two sections within Synergus (Section I and Section II, Mayr 1872), and the 

monophyly of some morphospecies (S. hayneanus, S. pallipes, S. umbraculus, S. flavipes). The 

results showed that some distinct WP Synergus morphospecies belong to the same MOTU, while 

some morphospecies, e.g. Synergus umbraculus, S. hayneanus, revealed cryptic species. In other 

words some recognised WP Synergus species correspond to MOTUs, others clearly do not. The 

sequence data was unable to discriminate between S. gallaepomiformis, S. pallicornis, S. 

pallidipennis and S. pallipes. All these results suggested that some WP Synergus morphospecies 

should be revised. 

Before our work 12 valid species of Synergus were known from the Eastern Palearctic 

(Sadeghi et al. 2006, Bernardo et al. 2013, Abe et al. 2011, Pujade-Villar et al. 2014a, b, c). 

While all known WP Synergus species associate with galls on Quercus (subgen. Quercus 

sections Quercus and Cerris) precise host associations were known only for a few Eastern 

Palearctic Synergus species before 2008 (Abe 1990, 1992a, Abe et al. 2007). Large number of 

Synergus specimens was reared during 2008-2012 from different hosts which associate with 

Quercus and Quercus related genera within Fagaceae. The taxonomic assignment of undescribed 

species from Japan, the Far East Russia and Taiwan and the re-appraisal of known EP species 
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with a preliminary phylogenetic placement has been done (Schwéger et al. 2015a). However, 

taxonomic status of Nearctic Synergus is still equivocal (Pénzes et al. 2012).  

 

Saphonecrus Dalla Torre, 1910 and Lithosaphonecrus Tang, Melika & Bozsó, 2013 

Our knowledge about the taxonomic diversity of Saphonecrus has been expanded 

recently, especially in the EP region (Table 2). Before 2008 24 species of Saphonecrus were 

known worldwide covering the Palearctic, Nearctic and the Oriental region (Pénzes et al. 2012, 

Bozsó et al. 2014). The six WP species are associated mainly with galls on section Cerris oaks, 

including Mediterranean evergreen oaks (Quercus ilex L., Q. suber L., Q. coccifera L.) and Q. 

cerris L. in Central Europe, while some are associated with galls that develop on white oaks 

(section Quercus, e.g. Q. petraea Liebl., Q. robur L. in Central Europe (Schwéger et al. 2015b).  

In 2007, seven Saphonecrus species were listed for the EP (Abe et al. 2007) and two species, S. 

serratus Weld and S. areolatus Weld, were known from the Oriental Region (Weld 1926). 

Recently new species were described from Japan and China (Liu et al. 2012, Wang et al. 2010, 

Wachi et al. 2011b, Pujade-Villar et al. 2014a, c). The most complete molecular phylogenetic 

reconstruction of Saphonecrus with examination of known species was recently proposed with 

involving new lineages from Japan, Russia, China and Taiwan (Pénzes et al. 2012, Melika et al. 

2012, Bozsó et al. 2014, 2015). The taxonomic assignment of new species and the re-appraisal of 

all known Saphonecrus species worldwide based on morphological and molecular characters was 

evaluated by us (Schwéger et al. 2015b). Four Saphonecrus species listed for the Nearctic (Burks 

1979), they possess some non-typical character states for Saphonecrus, and thus their taxonomic 

assignment is questioned. 

 New genera, Lithosaphonecrus Tang, Melika & Bozsó and Lithonecrus Nieves-Aldrey & 

Butterill, and number of new species within genera of Synergini have recently been described 

(Bozsó et al. 2014, 2015; Melika et al. 2005, 2007, 2012; Pénzes et al. 2009; Nieves-Aldrey & 

Butterill 2014) which were examined in details by us and as the result some genera and species 

were synonymized (Schwéger et al. 2015b). 

 

1.4. Origin and evolution of cynipid inquilines; phylogeny of Synergini sensu stricto 

Ronquist et al. (2015) distinguished three major possible scenarios for the origin of 

cynipid inquilines. Several previous studies suggested the ñgall inducers firstò scenario wherein 
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the inquilines evolved once from herb gallers in the Northern Hemisphere. At first they lost the 

capability to induce galls and started to parasitize their closest relatives. Then, the inquilines 

radiated worldwide and parasitized several different Cynipini lineages. They found several 

phylogenetic evidences which shaded this hypothesis and they supported other scenario is called 

ñmultiple transitionsò instead of the previous one. It concerned that the first gall inducer cynipids 

associated with woody hosts in the Northern Hemsiphere and after there have been a multiple 

transitions between cynipid gallers and inquilines. In this second scenario, inquilines do not form 

a monophyletic unit and transitions could be host plant specific (e.g. result in separate radiation 

on Rosaceae and Fagaceae). Third scenario called ñinquiline firstò wherein the ancestral 

gallwasp was inquiline, possibly in Southern Hemisphere and the gall inducers evolved 

independently multiple times in different lineages of inquilines. Further studies are needed 

worldwide to test these hypotheses. 

The phylogeny of Synergini sensu stricto genera recently was investigated. The 

phylogenetic position of Synophrus and Ufo has been re-appraised and re-established (Bozsó et 

al. 2014, 2015; Melika et al. 2005, 2007, 2012; Pénzes et al. 2009; Nieves-Aldrey & Butterill 

2014).  

 

1.5.  Eastern Palearctic oak gallwasps (Cynipidae: Cynipini)  

Oak gallwasps (Hymenoptera: Cynipidae: Cynipini) are by far the most species-rich 

group of gallwasps, with more than 1,000 known species worldwide (Csóka et al. 2005, 

Ronquist et al. 2015). There are only a few Cynipidae (Hymenoptera) reviews on the EP species 

(Dalla Torre & Kieffer 1910, Abe et al. 2007). Both are out of time and since then dozens of new 

species were described and a large number of nomenclatorial changes have been done. Recently 

some review papers were published on EP cynipid inquilines (Cynipidae: Synergini) (Pénzes et 

al. 2012) and its genera in Synergini and Ceroptresini. Abe et al. (2007) listed all the known EP 

rose gallwasps (Diplolepidini) and herb gall wasps (ñAylaciniò), while the list of oak gallwasps 

(Cynipini) currently is far from completeness. The Eastern Palearctic as defined here includes 

Asia east to Iran, the Ciscaucasus (Transcaucasus) and the Ural Mountains. Species known only 

from more western regions, such as from Iran, the Transcaucasus, Dagestan are not included. 

Oak cynipid taxonomy and biology is in a period of rapid advance, both in terms of our 

understanding of cynipid biology and of resolving taxonomic issues within the Cynipini. New 
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genera, species and generations continue to be discovered in Japan (Ide et al. 2010, 2012, 2013, 

Wachi & Abe 2010), Taiwan (Melika et al. 2010, 2011, 2012, 2013, Tang 2015, Tang et al. 

2009, 2011a, b, 2012a, b, 2016a, b, c), China (Pujade-Villar & Wang 2012, Wang et al. 2013, 

Abe et al. 2014a, Pujade-Villar et al. 2014a), Vietnam (Abe et al. 2014b). In particular, Taiwan 

and China are areas with high oak (Quercus L., subgen. Cyclobalanopsis and Quercus) and oak 

relativesô (Castanea Miller, Castanopsis Miller, Lithocarpus Blume) species richness whose 

cynipid faunas remain little-studied, and future work will certainly reveal further new species. 

 

Table 3. Species richness of the EP oak gallwasps (Cynipini) with their host associations 
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Andricus Hartig, 1840 16 16 ï ï ï ï ï 2 

Aphelonyx Mayr, 1881 ï ï ï ï ï ï ï 2 

Belizinella Kovalev, 1965 2 2 ï ï ï ï ï ï 

Biorhiza Westwood, 1840 1 1 ï ï ï ï ï ï 

Callirhytis Foerster, 1869 1 1 ï ï ï ï ï 2 

Cerroneuroterus Melika & Pujade-

Villar, 2009 

3 3 ï ï ï ï ï ï 

Cyclocynips  

Melika, Tang, & Sinclair, 2013 

2 ï 2 ï ï ï ï ï 

Cycloneuroterus  

Melika & Tang, 2011 

17 ï 15  1 1 ï ï 

Cynips Linnaeus, 1758 1 1 ï ï ï ï ï ï 

Dryocosmus Giraud, 1859 12 2 2 2 4 ï 2 2 

Latuspina Monzen, 1954 9 9 ï ï ï ï ï ï 

Neuroterus Hartig, 1840 7 4 1 ï ï ï 2 2 

Plagiotrochus Mayr, 1881 7 ï 5 ï ï ï 2 ï 

Trichagalma Mayr, 1907 3 3 ï ï ï ï ï ï 

Trigonaspis Hartig, 1840 3 3 ï ï ï ï ï ï 

Ussuraspis Kovalev, 1965 1 1 ï ï ï ï ï ï 

TOTAL  85 46 25 2 5 1 6 10 

 

All the data on the EP Cynipini fauna is fragmented, published in numerous taxonomic 

paper (Abe 2006, 2007, Abe et al. 2012, 2014a, b, Ide et al. 2010, 2012, 2013, Melika et al. 

2010, 2012, 2013, Tang et al. 2009, 2011a, 2011b, 2016a, b, c). Thus our aim was to compile a 

list of all know EP Cynipini with including also species with uncertain status (nomena dubia).  
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In the Western Palearctic and Nearctic the majority of oak gallwasps associate with oaks 

of the Quercus subgenus Quercus (Stone et al. 2002, Melika 2006). Recent studies in the Eastern 

Palearctic have revealed a potentially rich oak gallwasp fauna associate with four Fagaceae 

genera, Castanea, Castanopsis, Lithocarpus, Quercus (subgenus Quercus and subgenus 

Cyclobalanopsis) (Abe et al. 2014a, b, Ide et al. 2010, 2012, 2013, Melika et al. 2011, 2013, 

Tang et al. 2011a, b; Melika et al. 2011). Numbers of recognised species in each genus of 

Cynipini are summarised in Table 3. Different host plants were colonized by the representatives 

of different genera. For instance, species of Andricus, Belizinella, Biorhiza, Cerroneuroterus, 

Cynips, Latuspina, Trichagalma, Trigonaspis, and Ussuraspis, associate only with Quercus 

subgenus Quercus. Number of genera associate mainly with the species of Quercus subgenus 

Cyclobalanopsis and only few species of Cycloneuroterus and Dryocosmus are known to 

associate with other three oak related genera: two Dryocosmus species with Castanea,   one 

Cycloneuroterus and four Dryocosmus species with Castanopsis, and one species of 

Cycloneuroterus with Lithocarpus. 

 

1.6.  Main objectives of the work 

My aim is to summarize the taxonomic problems, concerning the EP Synergini and Cynipini  

 fauna, using morphological and molecular data. The Main Objectives:  

1. Taxonomic and phylogenetic re-appraisal of Synergini sensu stricto genera; synonymization of  

some genera and species (Pénzes et al. 2012, Schwéger et al. 2015a, b). 

2. Combining keys for the identification of Synergini sensu stricto genera, with producing  

necessary colour plates with adequate morphological characters (Pénzes et al. 2012). 

3. Composing first keys to all EP Synergus species and to Palearctic Saphonecrus species, with  

 colour plates of adequate morphological characters (Schwéger et al. 2015a, b). 

4. New EP species of Saphonecrus (15 new species were described by us) and Synergus (8 new  

species were described by us), their detailed diagnoses, descriptions, biology, host associations  

(Schwéger et al. 2015a, b). 

5. Re-appraisal of all EP Synergus species and that of Palearctic Saphonecrus species  

(Schwéger et al. 2015a, b). 

6. Compilation of the up-to-date complete list of EP Cynipini (unpublished result). 
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2. MATERIALS AND METHODS  

 

2.1. Synergini sensu stricto 

  

2.1.1. Specimen collection  

All the wasps we obtained were laboratory reared from fresh galls collected in different 

localities in Japan, Russia, China and Taiwan during 2008ï2012 (coordinated by Graham N 

Stone, Univ. Edinburgh, UK). Galls were put into sealed plastic bags during the field work and 

taken to the laboratory for rearing. Galls collected in Japan, Russia and Taiwan during 2008 were 

reared at the University of Edinburgh, UK (reared by J. Nicholls); galls collected in later years in 

Taiwan and China were reared at the National Chung Hsing University, Taichuing, Taiwan 

(reared by C.-T. Tang). For rearing galls were placed in plastic containers at a room temperature, 

with square windows cut into the lids and covered with a mesh for the proper ventilation to avoid 

fungal infection. Containers were checked every day, and wasps that had emerged were aspirated 

and placed in 99% ethanol for further laboratory processing. All the reared wasps were sent to G. 

Melika (Plant Health and Molecular Biology Laboratory, National Food Chain Safety Office, 

Budapest) for further morphological identification. For the host plants identification Lu et al. 

(2006) and Govaerts & Frodin (1998) were used. 

 

2.1.2. DNA extraction, sequencing, alignment and phylogenetics 

Adults were preserved in 99% ethanol and stored at -20 °C until DNA extraction. Some 

specimens, including Synergus kawakamii were obtained as dry samples. Genomic DNA was 

extracted from one to three legs and/or the whole body of adult specimens, following the chelex 

extraction method presented in Nicholls et al. (2010). A fragment of the mitochondrial 

cytochrome c oxidase subunit I (coxI) gene was amplified using the forward primer LCO-1490 

(5' GGT CAA CAA ATC ATA AAG ATA TTG G 3') and HCO-2198 (5ô TAA ACT TCA GGG 

TGA CCA AAA AAT CA 3ô) (Folmer et al. 1994). A fragment of the D2 expansion segment of 

the nuclear 28S ribosomal array (28S D2) was amplified using the primers D2 forward (5ǋ-

CGTGTTGCTTGATAGTGCAGC-3ǋ) and D2 reverse (5ǋ-TCAAGACGGGTCCTGAAAGT-3ǋ) 

(Hancock et al. 1988). Each 25 µl PCR mix consisted of 0.25 µl of 5U/µl Taq DNA polymerase 

(Fermentas), 2.5 µl of 10X Taq buffer, 2.0 µl MgCl2 (25 mM), 0.5 µl dNTPs (10 mM), 0.5 µl of 

each primers (20 pmol), 2.0 µl template DNA, and 16.75 µl purified and distilled water. Cycling 
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conditions were 94°C for 2 minutes, followed by 35 cycles of 94°C for 30 seconds, 45°C 

(28SD2) or 50°C (coxI) for 30 seconds, and 72°C for 45 seconds, with a final step of 72°C for 10 

minutes. PCR products were purified from 1% agarose gel using the Millipore Ultrafree-DA 

DNA extraction kit. PCR products were sequenced directly by MWG-Biotech AG 

(http://www.mwg-biotech.com) or LGC Genomics Gmbh using Sanger method. Chromatograms 

were checked by eye using Staden package 2.0 (Bonfield et al. 1995). 28S D2 regions were 

sequenced in both directions, while coxI was sequenced only in the forward or both directions. 

New Synergus haplotypes are deposited in GenBank, under accession numbers KR270530 ï 

KR270560 and KR537436 ï KR537438 (detailed below.). Further fully overlapping sequences 

were downloaded from previous studies of gallwasp inquilines (Synergini) (Ács et al. 2010; 

Pénzes et al. 2009; Melika et al. 2012; Bozsó et al. 2014; Kaartinen et al. 2010, Bernardo et al. 

2013, Nylander et al. 2004; detailed below.). CoxI sequences were aligned without difficulty 

using Muscle 3.8.31 (Edgar et al. 2004) using the default settings as no gaps were detected. 636 

sequence positions were involved as characters in the following phylogenetic analysis. 

Sequences of the 28S D2 region were aligned using MAFFTXïINS-i version 7.157b using the 

default settings (Katoh et al. 2002, Katoh & Standley 2013) and resulted in 604 sequence 

positions. Following the alignments, phylogenetic reconstruction was carried out in a Bayesian 

framework using MrBayes 3.2.4 64-bit parallel version (Ronquist & Huelsenbeck 2003, Altekar 

et al. 2004, Ronquist et al. 2012) for the combined coxI+28S D2 dataset. Separate partitions with 

varying rate and unlinked parameters were defined for D2 and three coxI codon positions. For all 

four partitions, four-by-four nucleotide models were selected and a GTR substitution model 

space were sampled during the MCMC analyses (nst=mixed option) with gamma distributed rate 

variation across sites. Default priors were used for all parameters. 

Two independent runs were performed with the default MCMC parameters except the 

following settings: MCMC runs comprised 10 million generations sampled every 1000 

generations with 30% considered as burn-in. Sufficient convergence was achieved in the analysis 

diagnosed by the average standard deviation of split frequencies between the two independent 

runs (<0.01) and PSRF values (1 with <1% deviation). Rhoophilus loewi was used to root the 

phylogenetic tree (Ács et al. 2010). 
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2.1.3. Morphological descriptions  

The terminology used to describe gallwasp morphology follows recent cynipid studies 

(Melika et al. 2010; Liljeblad et al. 2008). Abbreviations for fore wing venation follow Ronquist 

& Nordlander (1989), cuticular surface terminology follows that of Harris (1979). Measurements 

and abbreviations used here include: F1ïF12, 1st and subsequent flagellomeres; POL (post-

ocellar line) is the distance between the inner margins of the posterior ocelli; OOL (ocellar-

ocular line) is the distance from the outer edge of a posterior ocellus to the inner margin of the 

compound eye; LOL, the distance between lateral and frontal ocelli. The width of the forewing 

radial cell is measured from the margin of the wing to the Rs vein.  

Images of wasp anatomy were produced with a digital Leica DC500 camera attached to a 

Leica DM2700M compound microscope with using the LAS Store&Recall software, followed 

by processing in Adobe Photoshop 6.0. Images of adult wasps were produced by Szabina 

Schwéger (all Synergus and Saphonecrus species), while some pictures of Ufo, Synophrus and 

Lithosaphonecrus were taken by Dr. Miklós Bozsó (Plant Health and Molecular Biology 

Laboratory, National Food Chain Safety Office, Budapest, Hungary). Gall images were taken in 

the field mainly by Chang-Ti Tang (National Chung Hsing University, Taichung, Taiwan) and 

Dr. György Csóka (NARIC, Forest Research Institute, Department of Forest Protection, 

Mátrafüred, Hungary). 

The type material is deposited in the following institutions: PHMB, Plant Health and 

Molecular Biology Laboratory, National Food Chain Safety Office, Budapest, Hungary (curator 

G. Melika); NCHU, Department of Entomology, National Chung Hsing University, Taichung, 

Taiwan (curator C.-T. Tang); USNM, U.S. National Museum of Natural History, Smithsonian 

Institution, Washington, DC, U.S.A. (curator M. Buffington). Morphological peculiarities are 

given in Appendix 9.1. 

 

2.2. Oak gallwasps (Cynipidae: Cynipini) 

The list of EP Cynipini includes those oak gallwasps (Cynipidae: Cynipini) whose names are 

(i) valid according to the rules of the International Code of Zoological Nomenclature (1999) 

(ICZN) and (ii) which were regarded as real biological entities in the literature. The vast majority 

of the listed species have been collected many times by G. Melika and other co-authors in 

Schwéger et al. (2015a, b) in different parts of the EP (Far East of Russia, Japan, South Korea, 
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China, Taiwan) and research done on those species (taxonomic and/or molecular phylogenetic 

and/or rearing work) supports their existence as distinct biological units. Rare species listed have 

also been carefully checked (type material of adult wasps and galls was examined where possible 

by G. Melika, and the relevant literature was analysed by me). This work is made more difficult 

by the fact that the types of some species have been lost (for example, some species described by 

Shinji (1938, 1940, 1941) from Japan). Recent nomenclatorial changes have been taken into 

account and these mean that some generic names are no longer used. All known literature names 

for specific species are linked to the currently recognised names under the Synonyms part. There 

are EP oak gallwasp species names in the literature that, although valid in the strict taxonomic 

sense, represent uncertain or questionable taxa. Some appeared in the literature only in the 

original description and have never since been collected or cited. Such species (species names) 

are also listed as nomina dubia (species with uncertain status) and are given after the valid 

species list.  

Summaries are presented for each species in alphabetical order in Appendix 9.2. in the 

following format:  

Synonyms. All known synonyms are given and, where appropriate, they are attributed to 

specific generations in the lifecycle. The names of many species have changed since their 

original description and thus we are listing all known synonyms for each species and generation. 

The validity of a taxon name according to the International Code of Zoological Nomenclature 

(ICZN) is based on the priority principle: valid species name is that which was first published. 

All other later published names that refer to the same species are junior synonyms. Gallwasp 

nomenclature is unusual in comparison to other insect groups in that in many cases alternate 

generations of a single biological entity were described as different species or even as members 

of different genera, and only later found to represent halves of the same lifecycle. In this case, 

the name of the first generation to be described is the valid name for the species, the second 

generationôs name becoming a junior synonym. So for oak gallwasps the term ñsynonymò refers 

both to real synonyms of a known 2-generation species and to synonyms linking alternate 

generations. We have included not only synonyms, but also all existing name combinations as 

the generic arrangement of many species has evolved over time.  

Lifecycle. We say which of sexual and asexual generations are known for the species, 

together with any specific literature involved in linking generations.  
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Geographic distribution. We provide an overview of the updated distribution of each 

species, and list the countries from which each species has been recorded across the EP.  

Host plants. The names used follow the revision by Govaerts & Frodin (1998).  

Gall location and structure. The plant part affected by a given gall is described. We 

describe the structure of the mature gall and, where possible, also summarise changes that take 

place during gall development. Galls are described as being unilocular (containing a single larval 

chamber) and multilocular (a single structure containing many larval chambers). Unilocular galls 

may be solitary or gregarious (many discrete galls clustered together). Some unilocular galls are 

also able to coalesce into an apparently multilocular structure when they develop in close 

proximity.  

Phenology. Data on the timing of gall development, the frequency and duration of 

diapause and of the flight periods of the adults are provided. 

Similar galls. We describe galls induced by other species that could be confused with the 

gall in question, and summarise diagnostic characters for their identification.  

In Appendix 9.3. the list of EP Cynipini species with uncertain status (nomena dubia or 

incertae sedis) is given. A common way for a taxon name to become a nomen dubium is loss of 

the original type material, which prevents revision of the taxon and establishment of synonymy 

with other taxa. 
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3. RESULTS 

3.1. Synergini sensu stricto 

Besides the tribe Ceroptresini, the tribe Synergini sensu stricto comprises inqulines associated 

mainly with Fagaceae. Table 2 includes currently known 7 genera belong to this tribe with the 

number of all the newly (Synergus and Saphonecrus) and recently (Synophrus, Ufo, 

Lithosaphonecrus) described species (Pénzes et al. 2009, Bozsó 2015, Bozsó et al. 2014, 2015, 

Melika et al. 2012, Schwéger et al. 2015a, b). To keep the integrity of formal descriptions, 

general comments are given in the Results section, too. 

 

3.1.1. Key to Cynipidae tribes  

For the identification of the Cynipidae tribes the next key is proposed, with original 

colour plates (unpublished). The key follows that of Ronquist et al. (2015), with some 

modifications and simplifications. 

Key to Cynipidae tribes 

 

1. Female antenna clavate; last flagellomere wider than penultimate; male antenna with either 

F2, F3 or both modified; ventral area of gena with 5ï9 vertical carinae; dorsolateral margin of 

pronotal plate strongly projecting laterad; scutellar foveae shallow or indistinct; mesopleural 

impression present, conspicuous                Paraulacini 

ï Female antenna filiform or slightly  expanded towards apex; last flagellomere not wider than 

penultimate; male antenna not modified or with only F1 modified; ventral area of gena without 

vertical carinae; dorsolateral margin of pronotal plate not projecting laterad; scutellar foveae and 

mesopleural impression present or absent           2 

2. Frons between antennal toruli with strong longitudinal carina; notaulus and scutellar foveae 

absent; dorso-axillar area large, triangular and situated in same plane as mesoscutellum; Rs+M 

and R1 of fore wing inconspicuous, basal vein absent é......................................... Eschatocerini 

ï Frons between antennal toruli without strong longitudinal carina; notaulus and scutellar foveae 

usually present; dorso-axillar area situated in different plane compared to mesoscutellum; Rs+M 

and R1 of fore wing usually conspicuous, basal vein present ....................................................... 3 

3. Scutellar foveae faint or absent (Figs 1, 4); mesopleuron with longitudinal impression (Figs 2, 

5); female antenna with 12 or more flagellomeres; male F1 not modified; hypopygium 

ploughshaped (Figs 3, 7) or hypopygial spine short (Fig. 6) ..........................................................4 
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ï Scutellar foveae usually well differentiated, deep, sometimes confluent and forming transverse 

depression (Figs 8, 11, 14); mesopleuron smooth or sculptured, without longitudinal impression 

(Figs 9, 12, 15); female antenna usually with 10ï11 flagellomeres, rarely more; male F1 usually 

modified; hypopygium never plough-shaped, with short or long hypopygial spine (Figs 10, 13, 

16) éééééééééééé........................................................ééééé.......................5 

4. Pronotum short dorsomedially, admedian depressions of pronotum not visible, pronotal plate 

absent; mesopleural impression broad, crenulate (Fig. 2); mesoscutellum dorsally convex, 

without rounded impressed area (Fig. 1); lateral propodeal carinae absent (Fig. 17); hypopygium 

plough-shaped (Fig. 3) ................................................................................................Diplolepidini  

 

FIGURES 1ï7. 1ï3, Diplolepis rosae, female: 1, mesosoma, dorsal view, 2, mesosoma, lateral 

view, 3, metasoma, lateral view (hyp, hypopygium). 4ï6, Pediaspis aceris, asexual female: 4, 

mesosoma, dorsal view, 5, mesosoma, lateral view, 6, metasoma, lateral view. 7, Pediaspis 

aceris, sexual female, metasoma, lateral view (hyp, hypopygium). 
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ï Pronotum longer dorsomedially, admedian depressions of pronotum clearly visible and with 

conspicuous pronotal plate; mesopleural impression linear, narrow, without crenulate sculpture 

(Fig. 5); mesoscutellum dorsally flat with rounded impressed area (Fig. 4); lateral propodeal 

carinae present (Figs 18ï19); hypopygium not plough-shaped (Figs 6ï7) ................ Pediaspidini 

5. Occiput with strong, sharp occipital carina (Fig. 20); hypopygium abrupt, not prolonged into a 

ventral spine; with dense tuft of long setae (Fig. 16); radial cell closed on anterior margin of fore 

wing ééé.............éé............................................................................................ Qwaqwaiini 

 

FIGURES 8ï16. 8ï10, Andricus anatolicus, asexual female: 8, mesoscutellum, dorsal view (scf, scutellar 

fovea), 9, mesosoma, lateral view, 10 metasoma, part, lateral view (hyp, hypopygium). 11ï13, 

Saphonecrus undulatus, female: 11, mesosoma, dorsal view (scf, scutellar fovea), 12, mesosoma, lateral 

view, 13, metasoma, part, lateral view. 14ï16, Qwaqwaia scolopiae, female: 14, mesoscutellum, dorsal 

view (scf, scutellar fovea), 15, mesosoma, lateral view, 16, metasoma, part, lateral view (hyp, 

hypopygium). 
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ï Occiput without distinct, sharp occipital carina (Figs 21ï22); hypopygium with more or less 

distinct, elongated, needle-like ventral spine, with subapical setae only rarely forming dense tuft 

(Figs 10, 13); radial cell closed or open ......................................................................................... 6 

 

FIGURES 17ï26. 17ï19, propodeum, posterodorsal view: 17, Diplolepis rosae, female, 18, Pediaspis aceris, 
asexual female (lpc, lateral propodeal carina), 19, Pediaspis aceris, sexual female. 20ï22, head, posterior 

view: 20, Qwaqwaia scolopiae, female (oc, occipital carina), 21, Andricus anatolicus, asexual female, 22, 

Saphonecrus undulatus, female. 23ï24, Neuroterus quercusbaccarum, asexual female: 23, mesosoma, lateral 

view, 24, mesoscutum, part, dorsal view (ppl, pronotal plate). 25ï26, Aulacidea acroptilonica, female: 25, 

mesosoma, lateral view (amd, admedian depression), 26, mesoscutum, part, dorsal view (amd, admedian 

depression, ppl, pronotal plate). 
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6. Basal part of pronotal plate small, short medially; admedian depressions of pronotum absent, 

or forming weak, shallow, continuous depression; pronotum dorsomedially short, 1/7 or less of 

length of outer lateral margin (Figs 23ï24) ...................................................................... Cynipini  

ï Basal part of pronotal plate usually bigger, visible; admedian depressions of pronotum usually 

clearly visible, more or less widely separated (Fig. 26); pronotum dorsomedially longer, 1/5 to 

1/3 as long as greatest length of outer lateral margin, rarely shorter but then admedian 

depressions present (Figs 25ï26) ................................................................................................... 7 

7. Distinct raised vertical carina from ventral margin of antennal socket present, at least close to 

antennal socket (Fig. 27); 2nd metasomal tergite in both sexes small, free, not fused with fourth, 

with dense hair patch anterolaterally (Fig. 28); female antenna with 10 flagellomeres; radial cell 

of fore wing always closed along anterior margin éé.......................éééé...... Ceroptresini 

 

 

FIGURES 27ï31. 27ï28, Ceroptres cerri, female: 27, head, frontal view (vc, vertical carina), 

28, metasoma, lateral view. 29, Synergus formosanus, female, head, frontal view; 30, mesosoma, 

posterior part, lateral view (su, longitudinal sulci on nucha), 31, Aulacidea acroptilonica, female, 

metasoma, lateral view. 
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ï Distinct raised vertical carina from ventral margin of antennal socket absent, sometimes 

several weaker carinae present in this region (Fig. 29); 2nd metasomal tergite either free, but not 

small, or fused with fourth into one large syntergite (Figs 13, 31); anterolateral hair patch present 

or not; female antenna with 10ï12 flagellomeres; radial cell of fore wing open or closed along 

anterior margin ............................................................................................................................... 8 

8. Abdominal terga 3+4 in both sexes fused into one large syntergite, occupying nearly entire 

metasoma (Fig. 13); dorsal part of pronotal plate incomplete, its lateral margins marked only 

ventrally (Figs 11ï12); head and/or mesosoma usually strongly sculptured (Fig. 29); nucha and 

first ring-shaped metasomal tergite with longitudinal sulci (Fig. 30)  

.................................................................................................................... Synergini sensu stricto 

ï Abdominal terga 3ï8 free in most cases (Fig. 31); if terga 3+4 fused in females into one large 

sclerite then the corresponding terga not fused in males and pronotal plate distinct, with lateral 

margins marked almost entirely (Fig. 26); nucha without longitudinal sulci (Fig. 25); first 

metasomal tergite usually crescent-shaped and smooth (Fig. 31) ................. Aulacini sensu lato*  

 

 * includes Diastrophini (with Periclistus and Synophromorpha), Phanacidini, Aylacini sensu stricto, 

Aulacideini. 

 

3.1.2. Key to Synergini sensu stricto genera 

For the identification of the seven inquiline genera of Synergini, we propose the 

following key, which is the most updated one, including elements and new pictures which were 

not presented in other, earlier proposed Synergini keys (Pénzes et al. 2012).  

 

Key to Synergini sensu stricto genera 

1. First metasomal tergite smooth, reduced to dorsal crescent-shaped projecting scale (Fig. 32); 

clypeus distinctly separated from lower face, anterior tentorial pit deep (Fig. 33) é.. Rhoophilus 

ï First metasomal tergite in a form of ring or collar, sulcate at least laterally (Fig. 34); clypeus 

indistinctly separated from lower face, anterior tentorial pit indistinct (Fig. 35) é.....é............. 2 

2. Head trapezoid in anterior view, strongly convex ventrally (Fig. 36); 2.5ï2.8x as broad as long 

in dorsal view; interocellar triangle narrow, posterior edge of frontal ocellus lies on a line 

between anterior edges of lateral ocelli (Fig. 37); anterior part of pronotum rectangular in dorsal 
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view, right angle between anterior and lateral sides present; lateral part of pronotum going down 

from dorsal part also nearly at a right angle; strong pronotal carina divides lateral part from 

frontal, both of which oriented almost at a right angle to each other; dorsomedian part of 

pronotum invisible in dorsal view (Figs 38ï39) ........................................................................ Ufo 

 

FIGURES 32ï35. 32ï33, Rhoophilus loewi, female: 32, first metasomal tergite (fmt), dorsal 

view, 33, head, frontal view (atp, frontal tentorial pit). 34, Synergus kawakamii, female, first 

metasomal tergite (fmt), dorsal view. 35, Synergus belizinellus, female, head, frontal view (atp, 

frontal tentorial pit). 
 

ï Head rounded or ovate in anterior view, less convex ventrally (Figs 40, 44, 48, 50); 1.6ï2.1x as 

broad as long from dorsal view; interocellar triangle always broader, posterior edge of frontal 

ocellus lies away from a line between anterior edges of lateral ocelli (Figs 41, 45, 49, 51); lateral 

pronotal carina absent or present; right angle between anterior and lateral sides absent; 

dorsomedian part of pronotum visible in dorsal view (Figs 42ï43, 46ï47, 52ï53) ...................... 3 

3. Pedicel 2.5x as long as scape and F2; male antenna with 11 flagellomeres ........ Agastoroxenia 

ï Pedicel shorter than scape and F2; male antenna with 12ï14 flagellomeres .............................. 4 

4. Lateral frontal carina present (Fig. 44); radial cell of forewing usually closed (Fig. 57), if open 

or partially open (in Synergus kawakamii and S. castaneus), then lateral pronotal carina present 

........................................................................................................................................... Synergus 

ï Lateral frontal carina absent (Figs 48, 50); radial cell of forewing open (Fig. 58) .é........é... 5 

5. Metapleural sulcus reaching posterior margin of mesopectus slightly higher than half of its 

height (Fig. 53); first metasomal tergite smooth medially, sulcate only laterally (Figs 54ï55) 

......................................................................................................................................... Synophrus 
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FIGURES 36ï49. 36ï39, Ufo nipponicus, female: 35ï37, head: 36, frontal view, 37, dorsal view (red 

line indicates that laterall ocelli in one row with frontal ocellus); 38ï39, mesoscutum: 38, dorsal view (no, 

notaulus), 39, lateral view (lpc, lateral propodeal carina). 40ï43, Saphonecrus connatus, female: 40ï41, 

head: 40, frontal view, 41, dorsal view; 42ï43, mesoscutum: 42, dorsal view, 43, lateral view (ms, 

metapleural sulcus). 44ï47, Synergus xialongmeni, female: 44ï45, head: 44, frontal view (lfc, lateral 

frontal carina), 45, dorsal view; 46ï47, mesoscutum: 46, dorsal view, 47, lateral view. 48ï49, 

Lithosaphonecrus huisuni, female, head: 48, frontal view, 49, dorsal view (fc, frontal carinae). 
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FIGURES 50ï58. 50ï51, Synophrus hungaricus, female, head: 50, frontal view (red arrow indicates 

broadened gena behind eye), 51, dorsal view. 52ï54, Synophrus politus, female: 52ï53, mesoscutum: 52, 

dorsal view, 53, lateral view (ms, metapleural sulcus); 54, first metasomal tergite, dorsal view (su, 

longitudinal sulci). 55, Synophrus pilulae, female, first metasomal tergite, dorsal view. 56, Synergus 

umbraculus, female, first metasomal tergite, lateral view. 57ï58, forewing, part, female: 57, Synergus 

khazani, 58, Saphonecrus chaodongzhui. 
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ï Metapleural sulcus reaching posterior margin of mesopectus at 1/4ï1/5 of its height (Fig. 43); 

first metasomal tergite sulcate laterally and dorsally (Figs 56, 59ï60) éé..............éééé... 6 

 

FIGURES 59ï69. 59ï60, Saphonecrus chinensis, metasoma: 59, part, lateral view, 60, part, 

dorsal view. 61ï63, metasoma, female, lateral view: 61, Lithosaphonecrus huisuni, 62, 

Saphonecrus chinensis, 63, Saphonecrus robustus. 64ï66, Lithosaphonecrus dakengi, female: 

64, antenna, 65ï66, mesosoma: 65, dorsal view, 66, lateral view. 67ï69, Saphonecrus serratus, 

female: 67, antenna, 68ï69, mesosoma: 68, dorsal view, 69, lateral view. 

 

6. Frons with numerous parallel rugae, extending from toruli to lateral ocelli (Figs 48ï49); 

syntergite posteriorly punctured or reticulate, with sculptured band extending for at least to 1/4ï1/5 

length of syntergite and reaches ventral edge of tergite (Fig. 61) éé..é.......................é........é 7 
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ï Frons without frontal rugae, smooth, alutaceous, microreticulate, micropunctate or coriaceous 

(Figs 50ï51); syntergite neither punctured nor reticulate, if indistinct punctures present than only 

as dorsoposterior patch, punctures never reaches ventral edge of tergite (Figs 62ï63) éééé... 

..éééééééééééééééééééééééééééééé........... Saphonecrus 

7. Female antenna with 11 flagellomeres, female F1 1.5ï1.9x as long as F2 (Fig. 64); lateral 

pronotal carina complete, sides of pronotum sharply angled in dorsal view (Figs 65ï66); body 

length 1.4ï1.9 mm ..................................................................................................Lithosaphonecrus 

ï Female antenna with 12 flagellomeres, female F1 1.2x as long as F2 (Fig. 67); lateral pronotal 

carina partially present, weak, sides of pronotum rounded in dorsal view (Figs 68ï69); body 

length 2.7 mm ééé...............................ééé....................éééé. Saphonecrus serratus*  

*for easier identification and some unique characters, S. serratus was keyed out away from 

Saphonecrus. 

 

Below a brief overview for the Synergini sensu stricto genera is given in alphabetical 

order (Pénzes et al. 2012, Schwéger et al. 2015a, b). 

 

3.1.3. Agastoroxenia Nieves-Aldrey & Medianero, 2010 

Morphologically, Agastoroxenia is related to Saphonecrus and Synophrus by the 13-segmented 

antenna in females; however, in males the antenna is also 13-segmented which is a unique 

autapomorphic feature among all the known genera of Synergini. With slightly expanded genae, 

weakly sulcated dorsal part of 1st metasomal tergite and the general sculpture of the mesoscutum 

and mesopleuron, this genus resembles Synophrus, but it has strong frontal carinae, a character 

state that is shared by the majority of the Synergus species. This genus, with one known species, 

Agastoroxenia panamensis Nieves-Aldrey & Medianero, is distributed in Panama, an inquiline 

reared from an unidentified Andricus stem gall on Q. lancifolia (Quercus, section Lobatae) 

(Nieves-Aldrey & Medianero 2010). We were unable to obtain specimens for DNA isolation, 

thus this genus is not represented in our phylogenetic analysis. 

 

3.1.4. Lithosaphonecrus Tang, Melika & Bozsó, 2013 

Only five EP Saphonecrus species, S. shirakashii, S. shirokashicola, S. naiquanlini, S. yukawai, 

and S. excisus, share the following two characters with Lithosaphonecrus: the female antenna 
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with 11 flagellomeres and presence of a lateral pronotal carina. However, morphologically 

Lithosaphonecrus is a very distinct genus containing species exclusively associated with 

Lithocarpus species.  A number of unique morphological characters separate the genus from all 

other inquiline species are as follows: rounded or very slightly trapezoid robust head with 

irregular interrupted frontal carinae extending from toruli to ocelli; the mesopleuron is 

reticuloso-striate; scutellar foveae are confluent or if median carina present then with an 

indistinct, glossy base with strong longitudinal parallel wrinkles; fused metasomal tergites 2+3 

are posteriorly punctured or reticulate, the sculptured band extending for at least to 1/4ï1/5 length 

of fused tergites, always reaching the ventral edge of the tergite. Moreover, in Lithosaphonecrus 

species, F1 in the female antenna 1.5ï1.9x longer than F2, F11 2.0x longer than F10; F1 in male 

antenna 2.6ï3.0x longer than F2, while in the above-mentioned Saphonecrus species, F1 in the 

female and male antennae are 1.1ï1.4x longer than F2; F11 in the female antenna always nearly 

equal to F10 length. In the mentioned Saphonecrus species, the frons is always smooth or 

alutaceous, shiny, never with carinae as in Lithosaphonecrus and metasomal tergite 2+3 without 

punctured or reticulate posterior band; if indistinct punctures present then only in a form of an 

anteroposterior patch, micropunctures never reach the ventral edge of the tergite. Molecular 

phylogeny support that Lithosaphonecrus forms a distinct lineage within Synergini, was 

described from China and Taiwan (Bozsó et al. 2015, online version in 2013). Lithonecrus 

Nieves-Aldrey & Butterill, with one species (L. papuanus Nieves-Aldrey & Butterill), emerged 

from undescribed galls, collected from Lithocarpus celebicus (Miq.) Rehd., was described from 

Papua New Guinea (Nieves-Aldrey & Butterill 2014). The only diagnostic character that was 

given by the authors to distinguish Lithonecrus from Lithosaphonecrus is the presence of the 

lateral pronotal carina in Lithonecrus and its absence in Lithosaphonecrus. However, the lateral 

pronotal carina is present in all Lithosaphonecrus species, too (Bozsó et al. 2015, online 2013). 

All  other characters are the same and thus, Lithonecrus was synonymized to Lithosaphonecrus 

(Schwéger et al. 2015b). Unfortunately no ñLithonecrusôô specimens were obtained for 

molecular phylogenetic analysis. Thus, Lithosaphonecrus papuanus (Nieves-Aldrey & Butterill, 

2014) has been established. Recently, a new inquiline, Synophrus vietnamensis Abe, Ide, Konishi 

& Ueno was described from Vietnam (Abe et al. 2014a). The examination of the detailed 

description and provided illustrations showed that this species errouneosly was assigned to 

Synophrus and based on all characters, it was transferred to Lithosaphonecrus: Lithosaphonecrus 
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vietnamensis (Abe, Ide, Konishi & Ueno) (Schwéger et al. 2015b). A key to species was given in 

Bozsó et al. (2015). Currently known Lithosaphonecrus species are summarized in Table 4.  

Morphological peculiarities and host galls of Lithosaphonecrus are depicted in Appendix 9.1. 

(Figs A1ïA24). 

 

Table 4. Lithosaphonecrus species: distribution and host associations 

Lithosaphonecrus species Distribution  Host gallwasp Host plant 

L. formosanus Melika & Tang, 2013 Taiwan undescribed bud, 

 catkin and stem galls 

Lithocarpus konishii 

 L. hancei  

and L. glabra 

L. dakengi Tang & Pujade-Villar, 2013 Taiwan bud gall L. hancei 

L. huisuni Tang, Bozsó & Melika, 2013 Taiwan bud gall L. glabra 

L. yunnani Tang, Bozsó & Melika, 2013 China bud gall L. fenestratus 

L. vietnamensis  

Abe, Ide, Konishi & Ueno, 2014 

Vietnam bud gall Castanopsis sp. 

L. papuanus  

Nieves-Aldrey & Butterill, 2014 

Papua  

New Guinea 

unknown gall L. celebicus 

 

3.1.5. Rhoophilus Mayr, 1881 

Rhoophilus is morphologically related to the Holarctic inquiline genera Synergus, Saphonecrus, 

and Synophrus, all of which typically attack oak cynipid galls (van Noort et al. 2007). A sister 

group relationship between Rhoophilus and the oak inquiline genera Synergus + Synophrus + 

Saphonecrus was hypothesized by Ronquist (1994) and Liljeblad & Ronquist (1998). Shared 

diagnostic characters include the following: the ventral margin of the clypeus is straight, not 

projecting over mandibles; radiating striae on the lower face reaching or almost reaching the 

compound eye; the distance between occipital and oral foramina is longer than the height of the 

occipital foramen; the position of the anterior end of the metapleural sulcus is high; the 

mesoscutum with strong transverse ridges, the mesopleuron also with longitudinal ridges; tarsal 

claws with a blunt small basal lobe. Rhoophilus loewi and the recently described south african 

cynipid gall-inducer Qwaqwaia scolopiae Liljeblad, Nieves-Aldrey & Melika on Scolopia 

mundii (Salicaceae) represent the only cynipid taxa with an Afrotropical (Aethiopian) 

distribution (Liljeblad et al. 2011). Eschatocerus (gall inducers on Acacia and Prosopis) and 

Rhoophilus may represent the remnants of the oldest primitive lineages of cynipids (Nylander et 

al. 2004, Ronquist et al. 2015). Morphological peculiarities of Rhoophilus are depicted in 

Appendix 9.1. (Figs A25ïA39). 
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3.1.6. Synophrus Hartig, 1843 

Morphologically, Synophrus appears most closely related to Saphonecrus (Melika 2006, Pénzes 

et al. 2009). Two morphological characters have been suggested to separate Synophrus from 

Saphonecrus: in Synophrus the metapleural sulcus reaches the anterior margin of the 

metapleuron at half or slightly higher of its height and the 2nd metasomal tergite has longitudinal 

sulci only laterally, being smooth dorsally, while in Saphonecrus the metapleural sulcus reaches 

the anterior margin of the metapleuron in the upper 1/3 of its height, and the entire 2nd 

metasomal tergite has longitudinal sulci (Pujade-Villar et al. 2003). In Synophrus lateral frontal 

carinae are absent; a male antenna has 13 flagellomeres; lateral propodeal carina is absent, the 

pronotum is rounded in dorsal view; the radial cell in the forewing is opened (Pénzes et al. 2009). 

Currently 7 Synophrus species are known, all from the Western Palearctic only (Table 5) and all 

of which are able to impose their own gall phenotypes on those of their hosts (Pénzes et al. 

2009). Originally described as a gall inducer (Hartig 1843), Synophrus was later transferred to 

the Synergini on the basis of adult morphology (Ronquist 1994). An inquiline life history is 

supported by further evidence. It was observed that S. politus emerged from irregularly spherical 

and highly lignified stem swelling galls that developed over the summer in the exact location in 

which spring bud galls of a known gall inducing wasp, Andricus burgundus Giraud were 

initiated (Pujade-Villar et al. 2003). This modification of the host gall is extreme among cynipid 

inquilines, and attack by Synophrus is always lethal to the host gallwasp. Synophrus is known 

from section Cerris of genus Quercus exclusively. Morphological peculiarities and modified 

galls of Synophrus are depicted in Appendix 9.1. (Figs A40ïA48). 

 

 

Table 5. Synophrus species: distribution and host associations 
 

Synophrus species Distribution  Host plants/galls 

S. hungaricus Melika & Mikó, 2009 WP: Hungary Quercus sect. Cerris 

S. libani Melika & Pujade-Villar, 2009 WP: Lebanon Quercus sect. Cerris 

S. olivieri Kieffer, 1898 WP: N.Africa, Iran, Caucasus Quercus sect. Cerris 

S. pilulae Houard, 1911 WP: Austria, Hungary Quercus sect. Cerris 

S. politus Hartig, 1843 WP: Europe, Turkey, Jordan Quercus sect. Cerris 

S. syriacus Melika, 2009 WP: Iran, Syria Quercus sect. Cerris 

S. hispanicus Pujade-Villar,  2009 WP: Iberia Quercus sect. Cerris 

Total: 7 species   

 



34 
 

 

3.1.7. Ufo Melika & Pujade, 2005 

Ufo was described from Japan with one species, U. abei Melika & Pujade-Villar (Melika et al. 

2005). Later, U. koreanus Melika, Pujade-Villar & Choi was described from Republic of Korea 

(Melika et al. 2007). Both species are inquilines in oak galls on Quercus subgenus Quercus 

section Cerris (Fagaceae). All Ufo species are known only from EP, synapomomorphies and 

generic diagnostic characters of which were discussed in details earlier (Melika et al. 2005, 

2007). Ufo shares some morphological characters with two allied genera, Saphonecrus and 

Synergus. Ufo and Saphonecrus, have the radial cell along the forewing margin opened and the 

female antenna is 13-segmented; both Ufo and Synergus have a distinct pronotal carina but in 

Synergus the forewing is with a closed radial cell and the female antenna is 14-segmented 

(Melika et al. 2005). These shared morphological characters place Ufo into the Synergini sensu 

stricto. Comparing to Synergus and Saphonecrus, Ufo possesses with a few synapomorphies: the 

head is trapezoid in frontal view and very narrow in dorsal view, rectangular aspect of the 

pronotum has distinct rectangular aspect in dorsal view, the tarsal claw with a very acute basal 

lobe. Based on these characters Ufo forms a distinct group within Synergini. Two species, U. 

shirakashii (Shinji) and U. shirokashicola (Shinji), were described from Japan from cynipid galls 

associated with Quercus subgenus Cyclobalanopsis (Wachi et al. 2011b) and later were 

transferred to Saphonecrus (Melika et al. 2012). Currently 4 Ufo species are known from the EP: 

U. abei Melika & Pujade-Villar, 2005, U. koreanus Melika, Pujade-Villar & Choi, 2007, U. 

cerroneuroteri Tang & Melika, 2012, U. nipponicus Melika, 2012. All these species are known 

to associate with oak gallwasps developing in section Cerris of genus Quercus oaks (Melika et 

al. 2012). Molecular phylogeny suggests that it is a sister taxon of a recently described 

Saphonecrus lineage (Pénzes et al. 2012, Bozsó et al. 2014, Schwéger et al. 2015b). 

Morphological peculiarities and host galls of Ufo are depicted in Appendix 9.1. (Figs A49ïA70). 

 

3.2. Saphonecrus Dalla Torre, 1910 

 

3.2.1. General comments 

Saphonecrus closely resembles Synergus (Pénzes et al. 2009, Ács et al. 2010, Melika et al. 2012, 

Schwéger et al. 2015a, b). The two genera can be separated by a combination of characters: 
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Saphonecrus species have an open radial cell in the fore wing, the female antenna usually with 

11 flagellomeres, and the lateral frontal carina absent. In contrast, most Synergus species have a 

closed radial cell, the female antenna with 12 flagellomeres and complete or partially complete 

lateral frontal carina always present (Pujade-Villar & Nieves-Aldrey 1990, Melika et al. 2006). 

Morphological peculiarities and host galls of Saphonecrus are depicted in Appendix 9.1. (Figs 

A71ïA100). However, in Synergus there are exceptions from these character states, Synergus 

castaneus, S. plagiotrochi, and the recently described Synergus kawakamii Tang & Melika from 

Taiwan (Schwéger et al. 2015b), are species with open or partially open radial cell of the fore 

wing. In these species, the female antenna with 12 flagellomeres, the notaulus is complete, 

reaching the anterior margin of the mesocutum, complete or incomplete lateral frontal carina 

present. Only one consistent morphological character is found to distinguish Saphonecrus from 

Synergus: the presence (Synergus) or absence (Saphonecrus) of the lateral frontal carina. The 

separation of this genus from Synergus has subsequently been widely questioned (Eady & 

Quinlan 1963, Ritchie 1984, Pujade-Villar & Nieves-Aldrey 1990), and the two genera have 

never been formally synonymised. Ritchie (1984) regarded the characters distinguishing 

Saphonecrus from Synergus as apomorphic, and saw Saphonecrus as a specialised monophyletic 

lineage within Synergus. Pujade-Villar & Nieves-Aldrey (1990) revised the European species 

and maintained the genus, but also questioned its validity. We consider Saphonecrus not to be 

monophyletic and closely allied to Synergus (Pénzes et al. 2012, Bozsó et al. 2014, 2015, 

Schwéger et al. 2015a, b).  

To this point 24 species of Saphonecrus were known worldwide (Pénzes et al. 2012, 

Bozsó et al. 2014). The WP species are associated mainly with galls on section Cerris of genus 

Quercus oaks, while some are associated with galls that develop on white oaks (section 

Quercus). The species generally have a single generation per year and emerge after 

overwintering in the gall, but those on evergreen oaks have at least the potential for two 

generations per year (Pujade-Villar & Nieves-Aldrey 1990). The European species can be 

divided into three groups on the basis of their biology: (i) species with one annual generation, 

and associated with galls on section Quercus oaks (S. connatus (Hartig)); (ii) also univoltine 

species, associated with galls on section Cerris oaks (S. undulatus (Mayr), S. haimi (Mayr), and 

S. irani Melika & Pujade-Villar); (iii) two Mediterranean species, with bivoltine life cycles, 

associated with galls on evergreen oaks of section Cerris (S. barbotini Pujade-Villar & Nieves-




