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a b s t r a c t

A review of non-aculeate hymenoptera recorded in the world's Cretaceous amber assemblages is pro-
vided herein. Recorded are 287 species (265 named) representing 47 families in 17 amber assemblages.
The richest in family number is the Burmese (Kachin) amber (35), followed by Canadian (19), Spanish
(15), Kheta (12), Raritan (11), Charentese (10), Agapa (9) and Levantine (7) ones; hymenopterans in other
ambers are less well documented. In the eight mentioned amber faunas, the share of extinct families
decreases from 50/53 to 21 percent in a good correlation with their putative age, therefore suggesting a
contiguous character of the studied world fauna. This inference is confirmed by the fact that endemic
families are not recorded, with the only but prominent exception of the insular Burmese (Kachin) fauna
with its 8 endemic families (23% of known hymenopteran families there). The rate of gradual loss of
extinct families in succeeding amber assemblages shows that the main transformation took place during
the first half of the Late Cretaceous, and not the Cretaceous-Paleogene boundary. As taxonomic revisions,
two species are placed in different families than originally ascribed to, namely, Albiogonalys elongatus
Nel, Perrichot & N�eraudeau, 2003, is transferred to Praeaulacidae, and Phoriostephanus exilis Engel &
Huang, 2017, is transferred from Stephanidae to Roproniidae.

© 2021 Elsevier Ltd. All rights reserved.
1. Introduction

Hymenoptera with their 155,517 world species and 132 families
(Aguiar et al., 2013) are one of four megadiverse insect orders. Non-
aculeate Hymenoptera, which we treat herein, form more than half
of the above figures, that is, 89,255 species and 100 families or 57%
and 76%, respectively (Aguiar et al., 2013). Non-aculeate hyme-
nopterans are well represented in various Cretaceous ambers
(Rasnitsyn et al., 2016) and are highly diverse in their biology and
environmental ties, therefore, studying their biology and taxonomy
has the potential to provide a great amount of diverse information
on the past fauna, flora, biocenoses, climate, and landscapes, and a
review is of high interest. The review by Rasnitsyn et al. (2016) was
less detailed and, despite just having been undertaken a few years
ago, already is outdated because of the great amount of new
research during the last years, particularly concerning Burmese
amber inclusions (Ross, 2019, 2020a,b). We did our best to compile
gical Institute, Russian Acad-
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all taxa of non-aculeate hymenopterans recorded in Cretaceous
ambers (SI Table 1). Due to the high amount of world-wide
research, however, it might not be possible include every single
publication.

2. Material and methods

All data presented are based on the mentioned publications (SI
Tables 1 and SI references). Geographic and stratigraphic position of
the ambers considered is shown in Fig. 1. For the hymenopteran
taxa involved, we rely on the first descriptions/records unless a
later publication affects the taxonomic position of respective taxons
or adds their new records within different amber deposits (amber
group). The taxonomic changes introduced herein are presented in
the Systematic paleontology section:

3. Systematic paleontology

Order Hymenoptera Linnaeus, 1758
Superfamily Evanioidea Latreille, 1802
Family Praeaulacidae Rasnitsyn, 1972
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Fig. 1. Geographic and stratigraphic distribution of the Cretaceous ambers studied (modified from Rasnitsyn et al., 2016). Localities: 1. Lower Cretaceous: 1.1. Golling, Austria; 1.2.
Wessex Fm., Isle of Wight, U.K.; 1.3. Levantine amber belt (Lebanon, Jordan, Israel); 1.4. Choshi, eastern Honshu Isl., Japan; 1.5.a mainly Escucha Fm. (San Just, Arroyo de la Pascueta,
La Hoya) - upper Aptian, 1.5b mainly Utrillas Group (El Caleyu, El Soplao, Pefiacerrada, Salinillas de Burad�on) - Albian, Spain; 1.6. Begichevo Fm. (Zhdanikha, Kresty) Taimyr
Peninsula, Russia; 1.7. Arctic Coastal Plain, Alaska, U.S.A; 1.8. Hkamti amber, Sagaing Region, Myanmar; 1.9. Ch�ela Formation, Congo. 2. Upper Cretaceous: 2.1. Charentese amber
(Archingeay-Les Nouillers, ile d'Aix, Cadeul, Puy-Puy, Fouras, etc.), Western France; location for part of 2.4 (middle Cenomanian Anjou amber) is the same; 2.2. Hukawng Valley,
Myanmar; 2.3. Agdzhakend, Azerbaijan; 2.4. (part) Fourtou and Salignac, South-eastern France; 2.5. Agapa, Taimyr Peninsula, Russia; 2.6. Timmerdyakh, Yakutia, Russia; 2.7. Raritan
Fm., New Jersey and Maryland, U.S.A.; 2.8. Vendee, Western France, 2.9. Shavarshavan, Armenia; 2.10. Kheta Fm. (Yantardakh, Romanikha, Ugolyak), Taimyr Peninsula, Russia; 2.11.
Piolenc and Belcodene, Southern France; 2.12. Ajka, Csinger valley, Hungary; 2.13. Eutaw Fm. (Alabama - Santonian), Neuse River near Goldsboro (North Carolina - Campanian)
U.S.A.; 2.14. Kuji group - Campanian and Futaba group - Santonian, northern Honshu Isl., Japan; 2.15. Grassy Lake, Alberta, and Cedar Lake, Manitoba, Canada; 2.16. Hell Creek
Formation, North Dakota, U.S.A. 3. Controversially dated locality: Baikura, ? Ognevka Formation, Taimyr Peninsula, Russia.
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Genus Albiogonalys Nel, Perrichot & N�eraudeau (2003)
Type species. Albiogonalys elongatus Nel, Perrichot & N�eraudeau
(2003)
Remarks. The genus was described by Nel et al. (2003) within the
family Trigonalyidae (for the correct spelling of the name see Engel,
Lelej, 2020) from the Charentese amber. However, its hind wing
venation demonstrates free apical section of Cu leaving outer side
of cell cua far from A, as well as a short free apex (Nel et al., 2003,
fig.4). Both these features are not at all characteristic of Trig-
onalyidae which have free A lost and that of CuA shifted toward A
andmimicking its free apex (Rasnitsyn,1988). At the same time, the
holotype of A. elongatus even though being shown dorsally
(Rasnitsyn, 1988, fig. 1), shows its metasoma attached high on the
propodeum. Additionally, general appearance of the insect with its
antennae long and multisegmented, several basal metasomal seg-
ments much elongate and legs very long (particularly the hind
ones) suggest its evanioid affinities. That is why it is transferred
herein to Evanioidea based on the above features. It is attributes to
the family Praeaulacidae because their hindwings possess enclosed
cells which is diagnostic of Praeaulacidae, Othniodellithidae and
Anomopterellidae and because Othniodellithidae clearly differ in
the enlarged and modified head (normal in Albiogonalys), and
Anomopterellidae have venation modified (fore wing cells 2- and
3r-m fused on one long cell and hind wing RS fused withM distally)
unlike an ordinary venation of Albiogonalys.

Family Gasteruptiidae Ashmead, 1900

Type genus. Gasteruption Latreille, 1797
Remarks. We follow Townes (1950) in treating the family as
embracing also Aulacidae (as the subfamily Aulacinae); the same,
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contra Engel (2013), concerns the family Baissidae (Rasnitsyn,
2013). The reason most importantly, but not only is the existence
of transitional forms which are referred to by Townes (1950) and
are particularly abundant among Mesozoic fossils, but also a
consideration that, if treating Aulacinae as a full family, the same
should hold for Baissidae as well, which in our eyes is an explicitly
paraphyletic group (the mother rather than sister one in respect to
both Gasteruptiidae and Aulacinae; for details see Rasnitsyn, 2013).
Gasteruptiidae in the present wide sense display easily recogniz-
able synapomorphies not shared by Evaniidae (male antenna with
11, female with 12 flagellomeres), which confirm their monophyly
(Li et al., 2018).

Family Evaniidae Latreille, 1802.

Genus Cretevania Rasnitsyn, 1975

Cretevania sp.

Female evaniid wasp: Bouju, Perrichot (2020), fig. 3A.

Remark. The wasp from the Congo amber displays the unmistakable
diagnostic characters of Cretevania: large semicircular head tightly
appressed to short and high mesosoma, fore wing with incomplete
MþCu, long and narrow cell 3r (marginal), small cell 1mcu with
postfurcal 1cu-a, Cu practically straight from cu-a till apex (without
usual strong kinks at 1m-cu and 2cu-a), and metasoma with a long
petiolewhich is widened subapically and attached to propodeum at
theendof its rather longdorsalsurface.Thesearethereasonswhythe
wasp is attributed to the above genus.



Fig. 2. Share of extinct families of non-aculeate Hymenoptera in more rich Cretaceous amber assemblages. Only assemblages with 10 or more families considered.
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Superfamily Proctotrupoidea Latreille, 1802
Family Roproniidae Viereck, 1916
Genus Phoriostephanus Engel & Huang, 2017
Type species. Phoriostephanus exilis Engel & Huang (2017)

Remark. Phoriostephanus exilis Engel& Huang (2017) is described as
a member of the family Stephanidae (Engel, Huang, 2017). How-
ever, the illustrations provided (Engel, Huang, 2017 Figs 1e3)
demonstrate clearly that the wasp in question lacks the characters
diagnostic of Stephanidae. Its head lacks a crown of teeth around
the fore ocellus, and its hind femur is ordinary (not incrassate and
with no ventral teeth). At the same time, its wing venation is typical
of Proctotrupoidea: 3r cell triangular, 2r-m, 3r-m and 2m-cu
crossveins lost, and Cu with weak kinks at 1m-cu and 2cu-a. Within
Proctotrupoidea, a combination of the long metasomal petiole with
short scape excludes all families other than Roproniidae and Hel-
oridae. Ph. exilis is attributed to Roproniidae based on the cell 1mcu
which is quadrangular (triangular in Heloridae) and Cu which is
weakly but distinctly angular at 1m-cu and 2cu-a and not straight
there as in other Proctotrupoidea.
Table 1
General composition of more rich amber assemblages.a

Amber Age Species Families

Total Extinct Endemic

Levantine Barremian 13 7 3 (43%) 0
Spanish Albian 42 15 8 (53%) 0
Kachin mid-Cretaceous 105 35 18 (51%) 8
Charentese Cenomanian 10 10 3 (30%) 0
Agapa Cenomanian 10 9 4 (44%) 0
Raritan Turonian 17 11 4 (36%) 0
Kheta Santonian 36 12 4 (33%) 0
Canadian Campanian 44 19 4 (21%) 0

a Considered are only the assemblages with 10 or more species recorded,
including those identified up to genus or family level, or to superfamily level in case
of Chalcidoidea.
4. Discussion

By January 1, 2021, as many as 287 species of non-aculeate
Hymenoptera were recorded from Cretaceous amber assem-
blages, either named or unnamed but identified up to family level
(SI Table 1). This comprises 265 fully described species and 47
families recorded. The most diverse are Evaniidae with 28 species,
followed by ySerphitidae (22), Braconidae (20), Scelionidae (18),
yStigmaphronidae (17), Rotoitidae (15), Gasteruptiidae (14), Ich-
neumonidae (13) and yMaimetshidae (11). However, the above
figures also are a result of preferences of researchers interested in
certain groups and do not entirely depict the actual diversity.

Information about the relative abundance of various families in
different amber assemblages could be more indicative than the
total number of identified species, but unfortunately that infor-
mation is even less reliable due to the inconsistent rate of research
done on the different assemblages. A general impression, however,
is that in rather well-explored ambers, Scelionidae is the most
common family of non-aculeate hymenopterans. In Spanish amber
(Ortega-Blanco et al., 2009), Scelionidae comprise 60% and
3

yStigmaphronidae 18% of all Hymenoptera. In the collection of
Kachin amber at the Nanjing Institute of Geology and Palae-
ontology, Chinese Academy of Sciences (Zhang et al., 2018), Sce-
lionidae are the most abundant among the registered specimens,
followed by Evaniidae, ySerphitidae, Megalyridae and Gaster-
uptiidae. In Baikura amber (Rasnitsyn, 1980), Scelionidae are fol-
lowed in abundance by ySerphitidae, Mymarommatidae and
Rotoitidae. Agapa amber is richer in Scelionidae, with less abundant
yStigmaphronidae and Mymarommatidae, and even less
ySerphitidae. The Raritan fauna (Grimaldi and Ross, 2017) is equally
dominated in number by Scelionidae, followed (with awide gap) by
Braconidae. In the Kheta amber (Rasnitsyn, 1975), Scelionidae are
followed by ySerphitidae and, againwith awide gap, by Braconidae,
Mymarommatidae and Rotoitidae. A similar structure is found in
Canadian amber (McKellar and Engel, 2012, table 2): Scelionidae
are followed with a wide gap by ySerphitidae and Mymar-
ommatidae, then by Chalcidoidea (apparently mainly Rotoitidae).
Taking into account that in Cenozoic Mymarommatidae and
Rotoitidae turned into rare, relict groups, it is possible to conclude
that all known rich Cretaceous amber assemblages, even the latest
Canadian one, had a half of their dominated families extinct ot
nearly extinct now. Unlike this, the Cenozoic hymenopteran as-
semblages, both from amber and rock, included an absolutely
negligible share of extinct families (e.g., Rasnitsyn, 1977) and a tiny
one of those representing unquestionable relicts, such as Xyelidae
(Rasnitsyn, 1995), Blasticotomidae (Zhelokhovtzev and Rasnitsyn,
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1972), Mymarommatidae (Ortega et al., 2011), Heloridae (Muona,
2020), Scolebythidae (Brothers, Janzen, 1999), Embolemidae
(Olmi et al., 2010), Rhopalosomatidae (Lohrmann et al., 2019).

A comparison of the richer amber assemblages (with 12 or more
families recorded) in their taxonomic composition, as revealed by
SI Table 1, shows a pattern of a share of extinct families around 50%
during the Earlier Cretaceous that changes with its decrease up to
about 20% toward the Campanian age before the end of the
Cretaceous period (Fig. 2). The precise date when the decrease
started is not clear yet because the meaning of the high share of
extinct families in the Kachin assemblage is somewhat equivocal.
The established age of amberiferous deposits of Kachin, the earliest
Cenomanian (Shi et al., 2012). At the same time, the insular (iso-
lated) nature of the Kachin biota could be a reason why it was
enriched with old taxa (Rasnitsyn and €Ohm-Kühnle, 2018; Zhang
et al., 2018) in contrast to mainland mid-Cretaceous biotas that
might have already lost a part of their extinct families. Neverthe-
less, it is possible to infer that a loss of some 30% of extinct families
has started at some time near the boundary between the Early and
Late Cretaceous and continued at least for the next some 20 myr up
to the Campanian. The remaining 20% have been lost somewhere
within the interval of another some 20 myr between the Campa-
nian and Ypresian (earliest Eocene), when the youngest Cenozoic
insect assemblages are known that are rich enough for comparison
and known to lack any appreciable share of extinct families of
Hymenoptera. These are the Oise amber, France (Nel and Brasero,
2010) and Okanagan Highlands, SW Canada and NW USA
(Archibald et al., 2018). The precise dating of the above events re-
mains impossible, yet we can conclude that the available infor-
mation provides no support for the hypothesis of the end-
Cretaceous mass extinction or for a stronger decrease than during
the within-Cretaceous event.

Another important result implied by Table 1 is a unique abun-
dance of endemic families in the Kachin amber (23% of the families
recorded), as opposed to no endemic families found in any other
assemblages studied. This further supports the hypothesis of an
insular nature of the West Burma plate isolated in the midst of the
Tethys Sea (Rasnitsyn and €Ohm-Kühnle, 2018; Zhang et al., 2018;
Westerweel et al., 2019).

An interesting aspect of the taxonomic composition of non-
aculeate hymenopterans in Cretaceous amber is a lack of some
taxa that would be expected to be a part of it. The archaic sawfly
family Xyelidae is a long-known example for this (Rasnitsyn, 1969,
p. 21). Living Xyelidae are mainly (except for the tribeMacroxyelini)
and tightly connected with conifer trees (e.g., Taeger et al., 2010).
The absence of any Xyelidae and particularly of the genus Xyela
Dalman from any amber including the Baltic one is paradoxical for
many reasons. First, Xyela is a pine tree specialist, and Pinus L. is
well known to be abundant and diverse in the Baltic amber forest
and one of possible sources of that amber (Alexeev, 2018). Also, the
genus Xyela is recorded since the Early Cretaceous (Rasnitsyn,
1965), and not uncommon in the Cenozoic (Rasnitsyn, 1995).
Furthermore, Xyela wasps are small enough to get trapped in resin
and therefore should have been recorded from amber assemblages
(Zherikhin et al., 2009). Rasnitsyn (1969) hypothesized that this
lack of Xyelidae buried in amber could be due to an abundance of
ants, which however is not particularly convincing due to, the first,
scarcity of Cretaceous ants and the fact that ants comprise 10% of
the sample of contemporary resin containing Xyela. So, this enigma
remains unsolved.

One more intriguing case is the lack of Proctotrupidae which are
absent from all Cretaceous ambers despite their abundance as
Lower Cretaceous rock fossils (Rasnitsyn et al., 1998). Unlike Xye-
lidae, Proctotrupidae are recorded in Baltic amber (Brues, 1940),
and their absence in Cretaceous amber is as difficult to explain as in
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the case of Xyelidae. There are more families known from Lower
Cretaceous rock fossils that would also be expected in Cretaceous
amber but are still lacking there, such as Sepulcidae, Archae-
ocynipidae, Jurapriidae, or Praeichneumonidae. However, these are
not as common in the Cretaceous as Proctotrupidae, so their
absence from amber is less unusual.

Furthermore, it is worth to mention the case of Bipetiolarida, a
group comprising two superfamilies of tiny parasitic wasps, Ser-
phitoidea and Mymarommatoidae, abundant in most Cretaceous
ambers (see above), but later (Eocene through now) represented
only by the single and very rare family Mymarommatidae. Yet, the
Barremian Levantine amber provides only a unique find of two
males of the archaic Bipetiolarida Archaeoserphites Engel, 2016. This
could mean that the Barremian was the very dawn of bipetiolarids.

Concerning the trophic preferences of the non-aculeate hyme-
nopterans recorded from Cretaceous ambers, it is assumed that the
majority was carnivorous, with the remaining wasps being appar-
ently pollinivorous (Syspastoxyelidae, an analogue of smaller Xye-
lidae), xylomycetaphagous (Anaxyelidae, based on habits of the
unique living relative), or feeding whilst boring inside living twig
tissues (Cephidae, for the same reason) (for the biology of living
relatives and analogues see Rasnitsyn, 1969). No folivorous wasps
are found, except possibly a single species of the gall wasp
Cynipidae.

Except for Cynipidae, all recorded non-aculeate Apocrita are
parasitic. Many of them are expectably xylobiotic judging either by
the biology of their living relatives (Orussidae, Stephanidae, Meg-
alyridae) or by characteristic adaptations of the head (a support
which aids the enclosed wasp in getting out from the wood). These
adaptations support the head directly (the head is armedwith teeth
in Burmorussidae, Orussidae, Ohlhoffiidae and Stephanidae;
Jouault et al., 2020; Zhang et al., 2020) or indirectly, by a fixation of
the thorax/mesosoma in the enclosing tunnel (transverse carina-
tion or backward inclined toothlets on the mesonotum in Anax-
yelidae and many Gasteruptiidae, or desclerotized mesosomal
dorsum in Myanmarinidae, permitting the mesosoma to swell and
cling firmly in the tunnel; cf. Li et al., 2018). However, there are
probably other xylophilous wasps among those, which lack a clear
evidence of the above kind.

Hosts of the Cretaceous non-aculeate Apocrita are largely un-
known, except a few but important cases. Hosts of xylobiotic par-
asites most likely were larvae of xylophagous beetles and horntails.
Numerous Evaniidae probably were, as their living relatives, acting
as a predator within oothecae of cockroaches, which are equally
common in many Cretaceous ambers (Ross, 2019, 2020a,b). Minute
Bipetiolarida probably parasitized insect eggs (in many cases
possibly those of Psocoptera; Rasnitsyn and €Ohm-Kühnle, 2020).
Judging from their small body size, many Chalcidoidea recorded
from amber were egg parasites as well.

5. Conclusions

The Cretaceous fauna of non-aculeate Hymenoptera known as
amber inclusions is found to be rich and diverse, comprising 287
species (263265 named) and 47 families recorded in 17 amber as-
semblages by the end of 2020. The fauna is found unexpectedly
coherent in space and time: with the only exception being Kachin
amber, the fauna is uniform lacking endemicity of the assemblages
studied at the family level. A transformation of the fauna during
Cretaceous in terms of the gradual loss of ancient, now extinct
families, is demonstrated: a share of extinct families was decreasing
from 50% till near zero during at most 45 myr (by the beginning of
the Eocene). More than half of that amount of extinct families was
lost during the first some 20 myr (by the Campanian), that is, well
before the end of the Cretaceous. Overall, the presented data shows
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a decrease commencing well in the Cretaceous, rather than a
sudden mass extinction of non-aculeate Hymenoptera at the
CretaceousePaleogene boundary.
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