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ABSTRACT. An analysis of the geographical distribu-
tion of spider wasp genera (Hymenoptera, Pompilidae) of
the world was carried out. The faunas of the Neotropical and
Nearctic regions are the closest; the latter is associated with
the fauna of the Palaearctic region. The pompilid faunas
of the Palaearctic, Afrotropical and Oriental regions form
a single complex. The fauna of the Australasian region is
the most isolated, having the maximum similarity with that
of the Oriental region. The two largest subfamilies, Pep-
sinae and Pompilinae, with their joint share among other
subfamilies being 78 to 95%, constitute the main bulk of
the faunas of all biogeographic regions.

PE3IOME. IlpoBenen aHamm3 reorpagpuueckoro
pacrpocTpaHeHHus pofoB J0poxHBIX oc (Hymenop-
tera, Pompilidae) B o0beme MmupoBoii payrsr. Hanbomnee
OMM3KMMH HAa YpOBHE POJOB SIBISIOTCS  (payHbI
Heotpomnmueckoit n Heapkruueckoid obnacteid, B CBOIO
odepeb ocie Hsis cBsizana ¢ payHoit [laneapkrnueckoit
obmactu. ®aynel mommuiun  [laneapkruyeckod,
Adpotpormmaeckoii  u  OpHeHTanbHOM  obmacteit
00pa3yroT eauHbIN KomIuiekc. PayHa ABCTpaTHACKON
oOrmacTi sBIAETCS HambOolee W3OMUPOBAHHOW, WMes
HauOOIBIIee CXOJCTBO JHUIIE ¢ (payHOoi OpreHTaTsHON
obmactr. OcHOBY (hayHBI BCEeX 300reorpaduyecKux
obrnacrei cocTaBisIIOT nojcemeiictBa Pepsinae n Pom-
pilinae ¢ noneit B cocraBe odnacreit 78-95%.

Introduction

The family Pompilidae (spider wasps) is distributed
in six biogeographic regions of the world: Palaearctic,

Afrotropical, Oriental, Nearctic, Neotropical, and Aus-
tralasian. Representatives of the family inhabit a wide
range of natural and climate zones: from deserts to for-
ests, from coastal lands to mountains, from the tropics
to the tundra; but the highest species diversity is in the
tropical regions. A common biological feature of the
family is that these wasps are solitary, predatory insects
that exclusively provide their offspring with spiders,
although some groups in the family are kleptoparasites
[Loktionov, Lelej, 2014, 2017]. Spider wasps constitute
a monophyletic family supported by numerous morpho-
logical and behavioral traits [Shimizu, 1994]. The extant
fauna of the family comprises approximately 5000 spe-
cies [Aguiar et al., 2013; Loktionov, Lelej, 2017] from
217 genera (an updated number). Waichert et al. [2015]
reconstructed a molecular phylogeny of Pompilidae
from Bayesian and maximum-likehood analyses of four
nuclear molecular markers, resulting in the five current-
ly recognized subfamilies: Ceropalinae, Ctenocerinae,
Notocyphinae, Pepsinae, and Pompilinae. According to
their Bayesian divergence-time estimation analysis, the
family originated 43.3 million years ago (Ma). Most of
the extant subfamilies therefore originated from the late
Eocene to the Oligocene, and their current distributions
are the product of various dispersal events that occurred
over the course of approximately 40 million years. How-
ever, most recent data based on the phylogenomic study
of Mutillidae conducted using ultraconserved elements,
suggest that Pompilidae originated 68—71 Ma [Waldren
et al., 2023]. Other researchers estimate this time as
44 Ma [Branstetter et al., 2017], 72 Ma [Peters et al.,
2017], and 85 Ma [Wilson et al., 2012]. Up to date,
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26 extinct species of spider wasps are known, 19 of
them from compression fossils, six from amber, and one
from an ichnofossil of unclear age from the Ypresian to
Messinian (55.5-5.0 million years) [Rodriguez et al.,
2017; Waichert et al., 2019; Loktionov et al., 2023].

In this paper, the distribution of extant spider wasp
genera of the world is analyzed for the first time, the
composition of the faunas of the biogeographic regions is
shown, and similarities between these faunas are revealed.

Material and methods

The paper is based on an extensive reference data on the
family as well as examined materials from the following Rus-
sian and foreign institutions:

— Biologiezentrum des Oberosterreichischen Landesmuse-
ums, Linz, Austria;

— Federal Scientific Center of East Asia Terrestrial Biodi-
versity, Vladivostok, Russia;

— Hungarian Natural History Museum, Budapest, Hungary;

— Institute of Systematic Zoology, Krakow, Poland;

— Martin-Luther-Universitdt Halle-Wittenberg, Halle, Ger-
many;

— Museum fiir Naturkunde, Berlin, Germany;

— South China Agricultural University, Guangzhou, China;

— Zoological Institute, Saint Petersburg, Russia;

— Zoological Museum of Moscow State University, Mos-
cow, Russia.

A table of the distribution of spider wasp genera in the
Palaearctic, Afrotropical, Oriental, Nearctic, Neotropical, and
Australasian regions was compiled (Suppl. Table 1). The total
217 genera are arranged alphabetically within the five sub-
families which also are given in alphabetical order: Ceropali-
nae, Ctenocerinae, Notocyphinae, Pepsinae, and Pompilinae.
The source of distribution data for each genus is provided. The
distribution of subfamilies by the biogeographic region, with
indication of the number of genera for each region, as well as
the distribution of endemic genera by the biogeographic region,
with indication of the total number of endemic genera by region,
expressed in numbers and percentages is shown in Table 1.

Analysis of the similarity of the faunas was carried out
using PAST — PAlacontological STatistics program (version
4.03) [Hammer et al., 2006]. As a measure of similarity, the So-
rensen—Dice coefficient was used [Pesenko, 1972; Legendre,
Legendre, 1983], with bootstrap support in 1000 replications.
The similarity matrix obtained on the basis of the distribution
of 217 genera (Suppl. Table 1) is presented in Table 2. On its
basis, Terentyev’s galaxies were created to reflect the connec-
tions of the faunas of spider wasps between the biogeographic
regions (Fig. 1). The ordinations of faunas are shown on Figs
2, 3, and the dendrogram of the similarity is on Fig. 4. The
composition of faunas of spider wasps in the biogeographic
regions at the subfamily level is given in the bar chart (Fig. 5).

Table 1. Distribution of five subfamilies of spider wasps by biogeographic regions with numbers of endemic genera.
Ta6uauua 1. PacripocTpaHeHHe IISTH HOACEMEICTB JOPOXKHBIX OC 110 300reorpaduyeckuM 06IacTsIM C YHCIOM YHACMHYHbBIX POJIOB.

Subfamily Total number of genera / number of endemic genera Total sum
PAL AFR OR NEA NEO AUS
Ctenocerinae 0/0 18/17 2/1 0/0 0/0 6/6 2524
Ceropalinae 2/0 2/0 2/0 2/0 2/0 2/0 2/0
Notocyphinae 0/0 0/0 0/0 1/0 1/0 0/0 1/0
Pompilinae 46/18 47/22 26/8 26/4 31/13 13/3 107/68
Pepsinae 22/4 17/7 31/10 19/1 32/12 29/13 82/47
Total sum 70/22 84/46 61/19 48/5 66/25 50/22
g :fl‘;‘;gt;ffr‘;f;:femic 31% 55% 31% 10% 38% 44%

Abbreviations. Biogeographic regions: PAL — the Palaearctic region, AFR — the Afrotropical region, OR — the Oriental region, NEA —

the Nearctic region, NEO — the Neotropical region, and AUS — the Australasian region.

Cokpawenus. 3ooreorpadudeckue obdmactu: PAL — Ilaneapkrudeckas, AFR — Adporponuueckas, OR — Opuenranshas, NEA —
Heapkruueckast, NEO — Heorponmueckas u AUS — ABcTpanmiickast.

Table 2. Similarity matrix of 217 genera of spider wasps by biogeographic regions.
Taéamua 2. Marpuia cxonctsa 217 poioB JOPOKHBIX OC MO 300reorpahuueckuM 00IacTsIM.

PAL AFR OR NEA NEO AUS
PAL 1 0,42 0,47 0,37 0,28 0,32
AFR 0,42 1 0,35 0,26 0,20 0,28
OR 0,47 0,35 1 0,35 0,30 0,36
NEA 0,37 0,26 0,35 1 0,68 0,31
NEO 0,28 0,20 0,30 0,68 1 0,28
AUS 0,32 0,28 0,36 0,31 0,28 1

Abbreviations. Biogeographic regions as in the Table 1.

Cokpawenus. 3ooreorpaduueckue odnactu kak B Tadmnuue 1.
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The abbreviation CUG (common unique genus) used in the
text means a genus occurring in two or three biogeographic
regions, but nowhere else.

Results

The Palaearctic region comprises 70 genera from
three subfamilies: Pompilinae (46 genera, 66%), Pepsi-
nae (22, 31%) and Ceropalinae (2, 3%) (Fig. 5, Table 1).

AFR 84/46

PAL70/22

V.M. Loktionov

22 genera (31%) are endemic (Table 1). The fauna of the
Palaearctic region (Figs 1, 3, 4) is most similar to the
faunas of the Oriental (coefficient 0.47, with 10 UCG:
Clistoderes, Eopompilus, Machaerothrix, Macromeris,
Morochares, Mygnimia, Nipponodipogon, Platydialepis,
Stigmatodipogon, and Telostholus) and Afrotropical re-
gions (coeff. 0.42, with the six UCG: Arachnotheutes,
Ctenagenia, Dicyrtomellus, Gonaporus, Microcur-
gus, and Schistonyx). Poecilagenia is UCG for these

NEA 48/5

0.47

OR61/19

0.61-0.70

0.41-0.50
0.31-0.40

0.68

NEO 66/25

AUS 50/22

Fig. 1. Relationships between the spider wasp faunas of the biogeographic regions at the genus level, expressed using Terentyev’s galaxies
based on the Serensen—Dice coefficient of similarity. Area of the circles is proportional to the number of genera in a biogeographic region.
The dark sector denotes the proportion of endemics. Abbreviations: PAL — Palaearctic region, AFR — Afrotropical region, OR — Oriental re-
gion, NEA — Nearctic region, NEO — Neotropical region, and AUS — Australasian region. After names of the regions, total numbers of genera
and numbers of endemic genera (in the numerators and denominators respectively) are given.

Puc. 1. Ca3u payH 1OpOKHBIX OC 300reorpadudeckux obmacTeit MUpa Ha POJIOBOM ypPOBHE, BBIPAXKEHHBIC C IIOMOMIBIO uies | TepeHTheBa Ha
OcHOBE Mepsbl cxozicTBa Yekanosckoro—ChepeHcena. [lnomaas Kpyros MpoHopIHOHanbHa YHCTy POROB. TeMHBIH CeKTOp — OISt SHACMHUKOB.
Oonactu: PAL — Ilaneapkruueckas, AFR — Adporponmueckas, OR — Opuenranbsnas, NEA — Heapkrudeckas, NEO — Heorponnueckas
un AUS — ABcrpanuiickas. [Tocne Ha3BaHKs 007aCTH TaHO YHUCIIO POJOB (B YMCIUTENE) U YMCIIO POIOB-OHIEMHKOB (B 3HAMEHATEIIE).
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Fig. 2. Non-metric ordination of spider wasp faunas of biogeographic regions at the genus level based on the Serensen—Dice coefficient of simi-
larity. Abbreviations of biogeographic regions as in Fig. 1.

Puc. 2. Hemerpuueckast opauHais $hayH JOPOXKHBIX 0C 300reorpadiyeckux odnactell MUpa Ha POJOBOM YPOBHE Ha OCHOBE MEPBI CXOACTBA
Yexanosckoro—Crepencena. CokpalieHus Ha3BaHUH 300reorpaduueckux obdnacTeil kak Ha puc. 1.

0.901

Coordinate 2

0.00

~-0.45+

-0.79 0.00
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Fig. 3. Ordination of spider wasp faunas (in the space of two coordinates) of biogeographic regions at the genus level based on the Serensen—Dice
coefficient of similarity. Abbreviations of biogeographic regions as in Fig. 1.

Puc. 3. OpauHarust GayH (B IPOCTPAHCTBE JBYX KOOPMHAT) JOPOKHBIX OC 300reorpadm4eckux 00racTei Mupa Ha poIOBOM YPOBHE Ha OCHOBE
Mepbl cxozcTBa Yekanosckoro—Crepercena. CokpaiieHus Ha3BaHuid 30oreorpaduyeckux odacTeil kak Ha puc. 1.
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three regions. The similarity with the faunas of other
regions decreases in the following order: the Nearctic
(coeft. 0.37, with 1 UCG Lophopompilus), Australa-
sian (coeff. 0.32, no UCG), and Neotropical regions
(coeft. 0.28, no UCG).

The Afrotropical region is the richest by the number
of pompilid genera, it includes 84 genera from four
subfamilies: Pompilinae (47 genera, 56%), Pepsinae
(17, 20%), Ctenocerinae (18, 22%), and Ceropalinae
(2, 2%) (Fig. 5, Table 1). The level of endemism here is
the highest — 46 genera (55%) (Table 1). The fauna is most
similar to that of the Palaearctic region (coeff. 0.42, with
6 UCG, see above), and the fauna of the Oriental region
(coeff. 0.35, with four UCG: Atopompilus, Ctenocerus,
1845, Diplonyx, and Pygmachus) (Figs 1-3). The simi-
larity with faunas of other regions is less significant
(coeff. 0.20-0.28). There is the only UCG (Spuridiopho-
rus) with the fauna of the Australasian region.

AUS OR
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Q
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The Oriental region comprises 61 genera from
four subfamilies: Pepsinae (31 genera, 51%), Pompili-
nae (26, 43%), Ceropalinae (2, 2%), and Ctenocerinae
(2, 2%) (Figs 5, Table 1). Of them, 19 genera (31%) are
endemic (Table 1). The fauna is most similar to that of
the Palaearctic region (coeff. 0.47, with 10 UCG, see
above) and less similar to that of the Australasian region
(coeff. 0.36, with two UCG: Chrysagenia and Hetero-
dontonyx), the Afrotropical region (coeff. 0.35, with four
unique common genera, see above) and the Nearctic re-
gion (coeff. 0.35, no UCG) (Fig. 1-3). The minimum
similarity is to the fauna of the Neotropical region (co-
eff. 0.30, no UCG).

The Nearctic region comprises the smallest number
of genera — 48 from four subfamilies: Pompilinae
(26 genera, 54%), Pepsinae (19, 40%), Ceropalinae (2, 4%),
and Notocyphinae (1, 2%) (Fig. 5, Table 1). The level
of endemism is the lowest among the all regions —

AFR NEA NEO

0.4+

80

S ————

r’1

0.3- 155

100

Fig. 4. Dendrogram of the similarity of spider wasp faunas of biogeographic regions at the genus level based on the Serensen—Dice coefficient of similar-
ity. Bootstrap support for 1000 replications is shown at the base of branches. Abbreviations of biogeographic regions as in Fig. 1.

Puc. 4. Jlennporpamma cxojcrtsa (ayH TOPOXKHBEIX OC 300reorpaguyecknx obiacTell MHpa Ha POJOBOM ypPOBHE Ha OCHOBE MEphl CXOZCTBA
YekanoBckoro—CrepeHcena. B ocHoBanum BeTBeil ykasana Oyrcrpen-nomuepxkka mias 1000 mosropHOcTedt. CoOKpalleHusi Ha3BaHU

3o0reorpapuueckux odnacrei kak Ha puc. 1.
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Fig. 5. Composition of faunas of spider wasps in biogeographic regions at the subfamily level. The sector labels denote the numbers of genera
in the subfamily and percentages of genera in the subfamily of total fauna of the region (in the numerators and denominators respectively). Ab-

breviations of biogeographic regions as in Fig. 1

Puc. 5. CocraB dayH TOpOKHBIX OC 300reorpaduueckux obOnacTteii MHpa Ha ypPOBHE IMOACEMEWCTB. B MOAMMCSIX CEKTOPOB TaHO YHCIO
POIOB B IIOACEMEUCTBE (B YHCIIUTENIE) U MPOLEHT POJIOB MOACeMelcTBa 0T obmmel (ayHsl obmacTu (B 3HaMeHarene). COKpaIleHUs Ha3BaHHI

300reorpaduueckux obacreii kak Ha puc. 1.

5 genera (10%) (Table 1). The highest level of similarity
was revealed here, between the faunas of the Nearctic
and Neotropical regions (coeff. 0.68, a unique common
subfamily Notocyphinae and 14 UCG: Allaporus, Al-
lochares, Anoplioides, Chelaporus, Chirodamus, Di-
pogon, Entypus, Eragenia, Notocyphus, Priocnemella,
Priocnessus, Psorthaspis, Xenopompilus, and Xero-
chares) (Figs 1, 3, 4). The similarity with the faunas of
other regions is noticeably lower: the Palacarctic region
(coeft. 0.37, with a single UCG given above), Oriental
(coeff. 0.35, no UCQ), and Australasian regions (coeff.
0.31, no UCG). The lowest similarity is revealed with
fauna of the Afrotropical region (coeff. 0.26, no UCG).
The Neotropical region is represented by 66 genera
from four subfamilies: Pepsinae (32 genera, 48%), Pom-
pilinae (31, 47%), Ceropalinae (2, 3%), and Notocyphi-
nae (1, 2%) (Fig. 5, Table 1). 25 genera (38%) are en-
demic (Table 1). The fauna is most similar to that of the
Nearctic region (see above) (Figs 1, 3, 4). The similarity
with faunas of other regions is very low, the coefficient
of similarity varies from 0.20 (the Afrotropical region)
to 0.30 (the Oriental region); the only two UCG (Calo-

pompilus and Leptodialepis) are known for the fauna of
the Australasian region.

The Australian region comprises 50 genera from
four subfamilies: Pepsinae (29 genera, 58%), Pompili-
nae (13, 26%), Ctenocerinae (6, 12%), and Ceropalinae
(2, 4%) (Fig. 5, Table 1). 22 genera (44%) are endemic
(Table 1). The pompilid fauna of the region is the most
distinctive (Fig. 3). The highest similarity is revealed
with the fauna of the Oriental region (coeff. 0.36, with
two UCG, see above) (Fig. 1). The coefficient of simi-
larity with faunas of other regions varies from 0.28 to
0.32. There are UCG with the Afrotropical region (Spu-
ridiophorus) and the Neotropical region (two UCG, see
above).

Pepsinae is the largest cosmopolitan subfamily
comprising approximately 2600 species from 82 gen-
era (new updated data) (Table 1). It is represented by
22 genera in the Palaearctic region (31% of all sub-
families in the region), of them four genera (18%) are
endemic; 17 genera in the Afrotropical region (22%),
of them seven genera (41%) are endemic; 31 genera
in the Oriental region (51%), of them 10 genera (32%)
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are endemic; 19 genera in the Nearctic region (40%), of
them one genus (5%) is endemic; 32 genera in the Neo-
tropical region (48%), of them 12 genera (38%) are en-
demic; and 29 genera in the Australasian (58%), of them
13 genera (45%) are endemic (Table 1). The proportion
of the subfamily Pepsinae in the different regions varies
from 22 to 58% (Fig. 5).

According to molecular data, the subfamily Pep-
sinae originated approximately 31.4 Ma [Waichert et
al., 2015]. Until recently, fossil representatives of the
subfamily were known from the Eocene and Miocene
(47-5 Ma) [Rodriguez et al., 2017]. The recently de-
scribed fossil, which belongs to extant genus Crypto-
cheilus, is the oldest record of Pompilidae to date (early
Eocene, 56-54 Ma) [Waichert et al., 2019].

Pompilinae is the second largest subfamily, the
fauna of which comprises approximately 2000 species
[Rodriguez et al., 2016] from 107 genera (new updat-
ed data). It is distributed in six biogeographic regions
(Fig. 5): the Palaearctic region (46 genera, 66% of all
subfamilies in the region, of them 18 genera, 39% are
endemic), the Afrotropical region (47 genera, 56%, of
them 22 genera, 47% are endemic), the Oriental region
(26 genera, 43%, of them eight genera, 31% are en-
demic), the Nearctic region (26 genera, 54%, of them
four genera, 15% are endemic), the Neotropical region
(31 genera, 47%, of them 13 genera, 42% are endemic),
and the Australasian region (13 genera, 26%, of them
three genera, 23% are endemic) (Table 1). The propor-
tion of the subfamily in the different regions varies from
26 to 66% (Fig. 5).

According to molecular data, the subfamily originated
approximately 30.5 Ma [Waichert ez al., 2015]. Fossil rep-
resentatives of the subfamily are known from the Eocene
and Miocene (37-13 Ma) [Rodriguez et al., 2017].

Ctenocerinae is a small subfamily including
140 species from 25 genera (new updated data). It is
distributed in three biogeographic regions: the Afro-
tropical region (18 genera, 22% of all subfamilies in the
region, of them 17 genera, 94% are endemic), the Ori-
ental region (two genera, 2%, of them one genus, 50%
are endemic), and the Australasian region (six genera,
12%, all genera, 100% are endemic) (Table 1). In these
regions, Ctenocerinae occupies from 2 to 22% (Fig. 5).
24 of 25 genera of the subfamily are endemic.

According to molecular data, the subfamily origi-
nated approximately 27.9 Ma [Waichert et al., 2015].
No fossil representatives of the subfamily are known.

Ceropalinae is a small kleptoparasitic subfamily.
It includes two genera (Ceropales and Irenangelus) and
130 species distributed worldwide [Shimizu, Wahis, 2007
Waichert et al., 2022]. Both genera are known in all bioge-
ographic regions, and their share among other subfamilies
varies in the different regions from 2 to 4% (Fig. 5).

According to molecular data, the Ceropalinae origi-
nated approximately 28.4 Ma [Waichert et al., 2015],
but recent data suggest 7 Ma [Waichert et al., 2022].
No fossils are known.

Notocyphinae is the smallest subfamily represented
by the only genus, Notocyphus, whichis distributed exclu-

V.M. Loktionov

sively in the Nearctic and Neotropical regions (Table 1),
it includes 74 species [Krombein, 1979; Fernandez et
al., 2022]. The share of the Notocyphinae among other
subfamilies in the different regions is 2% (Fig. 5).

According to molecular data, the Notocyphinae orig-
inated approximately 23.1 Ma [Waichert et al., 2015].
No fossils are known.

Conclusion

The present analysis showed that the faunas of spi-
der wasp genera of the Nearctic and Neotropical regions
are the most similar (Figs 1-4), and the latter fauna is
associated with that of the Palaearctic region (Fig. 2).
The faunas of the Palaearctic, Afrotropical and Oriental
regions obviously cluster together (Figs 1-4). The fauna
of the Australasian region is the most isolated and spe-
cific (Figs 1, 3), having maximum similarity only with
the fauna of the Oriental region, through which it is con-
nected to that of the Palaearctic region (Fig. 2).

The two largest subfamilies, Pepsinae and Pompili-
nae, with their joint share among other subfamilies be-
ing 78 to 95%, constitute the main bulk of the faunas of
all biogeographic regions. The subfamily Ceropalinae is
equally represented in all regions, with the shares of 2 to
4%. Ctenocerinae are known from the Afrotropical, Ori-
ental, and Australasian regions, with the shares of 2 to
22%. Notocyphinae are distributed only in the Nearctic
and Neotropical regions, with the share of 2%.

Supplementary data. The following Supplementary Ta-
ble is available online.

Supplementary Table 1. Distribution of 217 genera of spi-
der wasps by biogeographic regions.
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