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Abstract

Phenotypic characters are traditionally the main information for species discrimination in taxonomic studies of invertebrates. How-
ever, the presence of inter- and intraspecific polymorphism makes it difficult to identify species in many groups such as Neotropical 
social wasps. Herein, we examined different sources of biological information such as adult morphology, male genitalia, nest archi-
tecture, and genetic data applying an integrative taxonomic approach to study pinned museum specimens belonging to the social 
wasp genus Pseudopolybia de Saussure, 1863. Based on multiple independent lines of evidence, we described a new Neotropical 
swarm-founding social wasp, Pseudopolybia cryptica sp. n. Moreover, we proposed a phylogenetic hypothesis for Pseudopolybia 
including this new species. Our taxonomic findings applying an integrative approach reinforce that the social wasp diversity in the 
Neotropics may be underestimated due to morphological similarity.
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1. Introduction

Accurate species delimitation is essential for multiple 
disciplines such as ecology, evolution, conservation bio-
logy, among others (Adams et al. 2014). However, spe-
cies delimitation between closely related species is often 
difficult since traditional taxonomy depends on the evolu-
tion of informative and consistent phenotypic characters 
(Bickford et al. 2007; Gokhman 2018; Matos-Maraví et 
al. 2019). Social wasps (Hymenoptera: Vespidae) exem-
plify this issue since they show different sibling species 
mor pho logically similar (Menezes et al. 2011; Buck et 
al. 2012; Lopes and Menezes 2017; Schmid-Egger et al. 
2017). Hence, as in other taxonomic groups, the combina-
tion of different sources of biological information such 
as morphology and genetics is necessary to better under-
stand the diversity of social wasps.

Pseudopolybia de Saussure, 1863 is a Neotropical ge-
nus of swarm-founding social wasps (Vespidae: Polisti-
nae: Epiponini) comprising four species: Pseudopolybia 
compressa (de Saussure, 1854), Pseudopolybia	difficilis 
(Ducke, 1905), Pseudopolybia langi Bequaert, 1944, 
and Pseudopolybia vespiceps (de Saussure, 1863). They 
are distinguished by the third segment of the labial palpi 
bearing a short, stout, curved bristle near its apex, and the 
number of palpal segments being six maxillary and four 
labial (Richards 1978; Andena et al. 2007). The genus dis-
tribution is from Nicaragua to southern Brazil, and they 
are found mainly in rainforests (Richards and  Richards 
1951; Richards 1978; West-Eberhard et al. 1995). Nests 
of P. compressa, P. difficilis, and P. vespiceps have been 
described (Wenzel 1998). They are usually arboreal with 
spherical or tapering envelope and the entrance hole is a 
simple hole at the lowest point of the envelope (Richards 
1978).

Although there are only four described species within 
Pseudopolybia several taxonomic problems persist (e.g. 
Bequaert 1938; Richards 1978; Andena et al. 2007). For 
instance, P. compressa and P. vespiceps show striking 
color variation that was treated as different “morphs” (see 
Richards 1978). Thus, P. compressa included the morphs 
compressa (de Saussure), luctuosa (Smith), and laticinc-
ta (Ducke), while P. vespiceps comprised the “morphs” 
vespiceps (de Saussure) and testacea (Ducke). These 
names were first described as distinct species or variet-
ies, but later reduced to varieties of their respective spe-
cies (Bequaert 1938). Interestingly, the forms of P. com-
pressa (e.g. laticincta and luctuosa) were found on the 
same nest from Ecuador (Ducke 1910). Hence, Andena 
et al. (2007) conclude that these “morphs” suggested by 
 Richards (1978) “do not merit any treatment other than 
synonyms”.

In the present paper, we use an integrative taxonom-
ic approach, i.e. analyzing the variation of mitochondri-
al genetic markers with molecular species delimitation 
methods, adult morphology, nest architecture, and male 
genitalia, to assess the taxonomic status of pinned muse-
um specimens previously identified as P. compressa from 
Central-West and Northeast of Brazil. Based on multi-

ple independent lines of evidence, we described a new 
Neotropical swarm-founding social wasp, Pseudopolybia 
cryptica sp. n.

2. Methods

2.1. Taxon sampling, morphological 
analysis, and distribution map for 
Pseudopolybia species

Three colonies from the new species were collected 
during a survey in Central-West and Northeast of Brazil 
in the years 1997, 2000, and 2008 by SM in the Brazil-
ian states of Mato Grosso and Bahia. We analyzed a total 
of 83 Pseudopolybia specimens deposited in the Inver-
tebrate Collection of Instituto Nacional de Pesquisas da 
Amazônia (INPA, Manaus, Brazil) and Museum of Zool-
ogy of the Universidade de São Paulo (MZUSP, São Pau-
lo, Brazil) (Supplementary material S1). Additionally, we 
also examined and compared the type material of three 
Pseudopolybia species: the holotypes of Pseudopolybia 
compressa morph. compressa and Pseudopolybia vespi-
ceps (= Xanthocaba nigrolineata) deposited in the Nat-
ural History Museum (London, England), and the lecto-
type of Pseudopolybia	difficilis as well as a specimen of 
P. compressa morph. laticincta deposited in the Muséum 
National d’Histoire Naturelle (Paris, France) (Supple-
mentary material S1). We examined Pseudopolybia lan-
gi and Pseudopolybia compressa morph. luctuosa using 
only the original description (for details see Bequaert 
(1944) and Smith (1857), respectively).

For adult morphological structures and male genita-
lia we used the terminology following the original des-
criptions, Richards (1978), Andena et al. (2007), and 
Somavilla et al. (2018). The procedure for extraction 
and clearing of male genitalia followed the protocol pro-
posed by Somavilla et al. (2018). We separated for study 
and description the following male genitalia structures: 
paramere, aedeagus, digitus, and cuspis. All observations 
and photographs of adult morphological structures and 
male genitalia were performed through a digital camera 
Leica DMC4500 coupled to a stereomicroscope Leica 
M205A and also using the Leica Application Suite soft-
ware v4.10.0. A nest collected in Nova Mutum (Mato 
Grosso, Brazil) was photographed by SM, in situ, with a 
film camera and we edited the photographs using Adobe 
Photoshop CS6 Extended v13.

Additionally, we produced a distribution map for 
Pseudopolybia species based on a compilation of litera-
ture and collection records from museums (see Supple-
mentary material S1). We georeferenced the localities 
from each specimen using the on-line Google Maps Plat-
form. We excluded missing or inaccurate locality data, 
but the exception was a P. vespiceps specimen from Santa 
Catarina. The geographical coordinates were converted 
to decimal degrees and imported into a free and open-
source geographic information system, QUANTUM-GIS 
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v2.18.18 (Open Source Geospatial Foundation Project, 
Beaverton, OR, USA), to produce a distribution map.

2.2. Molecular dataset, phylogenetic 
inference, and species 
delimitation analyses

We followed standard laboratory protocols (Menezes et 
al. 2015, 2017) to sequence two gene fragments from 
six specimens collected between 1999 and 2016: the 
mitochondrial loci Cytochrome oxidase subunit I (COI) 
and 16S ribosomal DNA (16S). For PCR amplification 
we used the following primers: for COI, 5’-GGAG-
GATTTGGAAATTGATTAGTTCC-3’ (CI-J-1718) and 
5′-GGTAAAATTAAAATATAAACTTC-3′ (CI-N-2191) 
(Simon et al., 1994), and for 16S, 5’-CACCTGTTTAT-
CAAAAACAT-3’ (LR13943F) and 5`-CGTCGATTT-
GAACTCAAATC-3` (LR13392R) (Costa et al. 2003). 
Sanger sequencing was conducted by Centro de Recursos 
Biológicos e Biologia Genômica (CREBIO), Universida-
de Estadual Paulista ‘Júlio de Mesquita Filho’ (Jabotica-
bal, São Paulo, Brazil). We carried out sequence quality 
control and assembly using the program GENEIOUS R7. 
We retrieved from GenBank nine DNA sequences (see 
Supplementary Table S1). All new DNA sequences were 
deposited in GenBank (accession numbers MT740709–
MT740713 and MT738236–MT738241). Sequences 
were aligned using the default parameters of ClustalW 
(Thomp son et al. 1994) implemented in MEGA v7.0.26 
(Kumar et al. 2016). All alignments were visually in-
spected and corrected. The most appropriate model of 
nucleotide evolution and the best-fitting partitioning 
scheme were selected using PartitionFinder2 (Lanfear et 
al. 2017) under the Bayesian information criterion (see 
Supplementary Table S2). We also computed a Kimura 
Two-Parameter (K2P) pairwise distances using MEGA 
v7.0.26 (Supplementary Table S3).

Phylogenetic inference was conducted by maximum 
likelihood using IQ-TREE (ver. 1.6.12, see http://www.
cibiv.at/software/iqtree; Nguyen et al. 2015) with a com-
bined morphological and molecular dataset (concatenat-
ed COI and 16S sequences). We used the morphological 
matrix provided by Andena et al. (2007) with few modi-
fications: we excluded the characters 2, 3, 13, 15, and 23, 
because they were not informative for our analysis, and 
adapted the character states of the characters 11, 17, and 
21 (Supplementary Table S4). We used Agelaia pallipes 
(Olivier, 1792), Angiopolybia pallens (Lepeletier, 1836), 
and Apoica pallens (Fabricius, 1804) as outgroups based 
on previous phylogenetic studies (Andena et al. 2007; 
Menezes et al. 2020). Finally, we used the Jukes-Can-
tor type model for morphological data with ascertain-
ment bias correction (MK+ASC) and calculated branch 
supports with 1000 replicates of ultrafast bootstrap ap-
proximation (UFboot) (Minh et al. 2013) and SH-like 
approximate likelihood ratio test (SH-aLRT) (Guindon 
et al. 2010) as implemented in the IQ-tree software. The 
consensus tree was visualized and edited using the pro-
gram FigTree v1.4.0.

We carried out single-locus molecular species deli-
mitation analyses with three methods based on different 
approaches: a sequence similarity clustering method, the 
automatic barcode gap discovery (ABGD) (Puillandre et 
al. 2012); and two tree-based coalescence methods, the 
Bayesian Poisson Tree Processes (bPTP) (Zhang et al. 
2013) and the multi-rate Poisson Tree Processes (mPTP) 
(Kapli et al. 2017). The ABGD analyses were performed 
on the web-based interface http://wwwabi.snv.jussieu.fr/
public/abgd/ (Puillandre et al. 2012), with default values 
for both the proxy of the minimum relative gap width (X 
= 1.5) and the scanned range of prior intraspecific diver-
gence (Pmin-Pmax = 0.001-0.1). Moreover, we checked 
the robustness of the ABGD results by changing the pa-
rameter values one at a time, particularly by increasing 
Pmax to 0.2 and by decreasing/increasing X (to 1 and 2). 
The bPTP and mPTP analyses were performed through 
the web interfaces http://species.h-its.org/ptp/ and https://
mptp.h-its.org/#/tree, respectively. We used as input max-
imum likelihood COI and 16S trees and concatenated 
maximum likelihood tree (generated by MEGA v7.0.26), 
removing the outgroups and using 300000 Markov chain 
Monte Carlo (MCMC) generations.

3. Results

Based on our integrative taxonomic approach, we can hy-
pothesize that Pseudopolybia specimens collected in the 
Brazilian states of Mato Grosso and Bahia belong to a 
new species that we describe below. We consider several 
morphological characters including male genitalia (Fig. 
1 and Table 1), nest architecture (Fig. 2), and two mito-
chondrial markers, COI and 16S, under a phylogenetic 
and molecular species delimitation approach (Fig. 3).

3.1. Taxonomy

Pseudopolybia cryptica Somavilla & 
Menezes, sp. nov.

http://zoobank.org/6EF0EE9C-A6B5-43AD-9CB2-4C5AE-
C299 480

Fig. 1A–I

Type locality. Nova Mutum, Mato Grosso, Brazil.

Description. Female (Fig. 1A, B, C). Size: 13.0 mm. 
Forewing in length 9.5 mm. Head: (1) clypeus about 1.3 
times wider than long, evenly convex in medial portion 
with lateral lobe flat; in contact with the eyes by less than 
the width of the antennal socket; lateral margins of the 
clypeus and upper margin sinuous; upper margin sepa-
rated by less than the width of the antennal socket; apex 
of clypeus acute; entire surface of clypeus silver pubes-
cent with yellowish and long bristles in apical portion; 

http://www.ncbi.nlm.nih.gov/nuccore/MT740709
http://www.ncbi.nlm.nih.gov/nuccore/MT740713
http://www.ncbi.nlm.nih.gov/nuccore/MT738236
http://www.ncbi.nlm.nih.gov/nuccore/MT738241
http://www.cibiv.at/software/iqtree
http://www.cibiv.at/software/iqtree
http://wwwabi.snv.jussieu.fr/public/abgd/
http://wwwabi.snv.jussieu.fr/public/abgd/
http://species.h-its.org/ptp/
https://mptp.h-its.org/#/tree
https://mptp.h-its.org/#/tree
http://zoobank.org/6EF0EE9C-A6B5-43AD-9CB2-4C5AEC299%C2%AD480
http://zoobank.org/6EF0EE9C-A6B5-43AD-9CB2-4C5AEC299%C2%AD480
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Table 1. Morphological differences between P. compressa (de Saussure, 1854) and Pseudopolybia cryptica sp. n.

Morphological characters P. compressa (de Saussure) P. cryptica sp. n.
General color black, extensive yellow marks black, few yellow marks mainly on the face
Frontal furrow narrow deep
Distance between the lateral ocelli short, less than the diameter of the ocelli larger, equal to the diameter of the ocelli
Pronotal carina, in the middle region lower high
Tegula shape elongated globose
Posterior margin of the propodeum and 
orifice of the propodeal muscle elevated not elevated

Propodeal valve translucid not translucid

Tergum I–VI black, with or without yellow apical band, 
sparse bristles entire dark brownish, row of bristles

Aedeagus, apical portion fine denticulation intermediate denticulation
Aedeagus, lateral apodema with a projection in the central curvature without a projection in the central curvature
Paramere, spine base with long and dense bristles with long and sparse bristles
Digitus with dense bristles with sparse bristles

Figure 1. Pseudopolybia cryptica Somavilla & Menezes, new species. A: Female, lateral view. B: Female, dorsal view. C: Female 
face, frontal view. D: Male face, frontal view. E-I: Male genitalia. E: Paramere inner view. F: Aedeagus ventral view. G: Aedeagus 
lateral view. H: Digitus lateral view. I: Cuspis lateral view.
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punctures very shallow and spaced; (2) frons and vertex 
with long and spaced bristles and yellowish pubescence; 
punctures shallow, medium sized, separated by approxi-
mately one diameter; (3) eyes with middle bristles and 
spaced; (4) malar space with half of the antennal socket; 
(5) mandible with approximately 2.3 times longer than 
wide; with a long bristle band in the lower region; (6) 
middle region of the gena with width smaller than the 
eyes in profile; silver pubescence evident; middle bristles 
spaced; punctures very shallow and spaced; (7) diameter 
of the medial ocellus, 0,24 mm; (8) interocelar distance, 
0,22 mm; (9) posterior region of head without occipital 
carena. Mesosoma: (1) pronotum with short and dense 
pubescence, concentrated on lateral part; pronotal cari-
na produced high, lamellated with long bristles in front; 
punctures shallow, separated by less than one diameter; 
(2) Mesepisternum with dorsal groove present, at least 
as anterior trace with the same pattern of punctuation but 
becoming sparser laterally; short and dense pubescence; 
scrobal furrow wide, shallow; (3) tegula globose; (4) scu-
tum with dense pubescence, central area more shinning; 
punctuation small, shallow, separated by one diameter or 
more, becoming sparser centrally; with a thin line in the 

upper central region; (5) scutellum with the same pattern 
of punctuation in the scutum, with a thin line in the entire 
central region; (6) propodeum with dense silver pubes-
cent; long yellowish bristles laterally; posterior margin of 
the propodeum not elevated, muscle propodeal valve not 
translucid; (7) propodeal muscle large. Metasoma: (1) 
Tergum I compressed, cap-shape; punctures very weak, 
spaced; short and dense goldenish pubescence; (2) ter-
gum II wider than long; punctures very weak, spaced; 
short and dense goldenish pubescence, row of short bris-
tles; (3) tergum III–VI punctures pubescence like tergum 
II; (4) sternum II–V with punctures very weak; short and 
dense goldenish pubescence. Color: Black, mandibles, 
and malar space is blackish and yellowish; the lateral and 
apical part of clypeus, inner orbits, two spots on base of 
antennal scape, and part of antennal pedicel yellowish; 
flagellomere brownish; gena with a small yellow band, 
sometimes reaching the gena basis. Scutum, scutellum, 
metanotum, and mesepisternum blackish; margin of pro-
notum in dorsal view, yellow; tegula black; legs black to 
dark-brown in the portion of tibiae and tarsi; wings hya-
line and venation dark-brown; tergum I–VI and sternum 
dark brownish and without apical yellow bands.

Figure 2. Nest of Pseudopolybia cryptica Somavilla & Menezes, new species. A: In situ. B: Frontal view. C: Internal comb view. 
D: Entrance. E: Comb lateral view. F: Comb ventral view.
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male (Fig. 1D). Size: 11.0 mm. Forewing in length 8.5 
mm. Like female except that the gena and clypeus are 
narrower and entirely yellow; the mandible is blackish 
and yellowish; the clypeus is covered with a long and 
dense golden pubescence; the frons is also yellowish in 
the interantennal area and antennal pedicel; small yellow-
ish marks are present in the pronotal carina, end of tegu-
la, anterior mesepisternum region, beneath of the coxae 
and femur; legs brownish. Male genitalia (Fig. 1E): (1) 
Paramere more long than wide, approximately two times 
longer than wide at the middle, basal angle obtuse, apical 
angle broad, long and curved spine very pointed apically, 
with long and dense bristles, mainly on spine base; (2) 
aedeagus apical portion with intermediate denticulation, 
extended on the apical portion to the end of the medi-
an expansion, an area near serration darker, lateral mar-
gin straight, penis valve widely dilated and with a slight 
central entrance, ventral process rounded and dilated in 
the sides, forming a “U”, lateral apodema without a pro-
jection in the central curvature; (3) digitus pointed api-
cally, with long and spaced hairs, punctation strong and 
forming a central band around the base of the digitus; (4) 
cuspis very pointed and tapering abruptly apically, with 
small and spaced hairs.

Nest (Fig. 2). The single arboreal nest of the new species 
used for nest’s architecture description was collected by 
SM in the Buriti Farm, Nova Mutum, Mato Grosso, Bra-
zil. It was in a rubber plantation close to a small lake. The 
spherical nest form flattened laterally was built around 
five meters from the ground in a rubber tree with thin 
branches incorporated in the upper part of the nest, and it 
measured approximately 42 cm in length and 27 cm wide 
(Fig. 2A and B). The nest’s envelope is predominantly 

gray (Fig. 2B) made with long fiber, typical of supple pa-
per (Wenzel 1998). The external envelope is composed of 
many layers of sheets, and in the upper part of the nest is 
very hard and the lateral downward to the entrance is soft. 
The fourteen spherical multipedicellate combs stacked 
downward, growing gradually at margins sometimes in 
contact with envelope, cocoon with simple caps (Fig. 2C, 
E and F). The simple entrance hole at the bottom usually 
has than more one layer (Fig. 2D).

Diagnosis. Color black, with few yellow marks mainly 
on the face and mandibles, clypeus, inner orbits, base 
of antennal scape, antennal pedicel and gena; clypeus 
wider than long, in contact with the eyes by less than 
the width of the antennal socket; frontal furrow deep; te-
gula globose; tergum I–VI dark brownish; sternum dark 
brownish; tergum and sternum without apical yellow 
bands.

Etymology. The specific epithet “cryptica” refers to the 
Greek word kryptikos that means hidden because the 
species was previously classified as Pseudopolybia com-
pressa.

Distribution. Approximate range of the new species is 
shown in Fig. 4. To date, Pseudopolybia cryptica sp. n. 
has been recorded in Bahia and Mato Grosso Brazilian 
states.

Material examined. Type material: Holotype ♀, ‘Brasil, Mato Grosso | 
Nova Mutum, Buriti Farm | 13º51′90.3″S, 056º11′61.9″W | 23.viii.2000, 
Nest, S. Mateus leg.’ (INPA). – Paratypes 1 ♂, 5 ♀, ‘Brasil, Mato 
Grosso | Nova Mutum, Buriti Farm | 13º51′90.3″S, 056º11’61.9″W | 
23.viii.2000, Nest, S. Mateus leg.’ (INPA); 1 ♂, 3 ♀, ‘Brasil: Bahia, 
Lençóis | 12º35′17.0″S, 041º22′96.3″W | 23.x.2008, S. Mateus leg.’ 

Figure 3. Phylogeny of Pseudopolybia inferred from the combined Maximum likelihood analysis of molecules (mitochondrial 
markers COI and 16S) and morphology, with molecular species delimitation analyses ABGD, bPTP, and mPTP (vertical bars). Val-
ues below to the nodes represent ultrafast bootstrap (left) and SH-aLRT (right) supports as reported by IQ-Tree.
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(INPA); 1 ♂, 12 ♀, ‘Brasil, Mato Grosso | Serra Dourada, 04.xi.1997 | S. 
Mateus & Noll leg.’ (INPA); 1 ♀, ‘Brasil, Mato Grosso | Serra Dourada, 
04.xi.1997 | S. Mateus & Noll leg.’ (Coleção Entomológica “Prof. J.M.
F.Camargo”); 1 ♀, ‘Brasil, Mato Grosso | Serra Dourada, 04.xi.1997 
| S. Mateus & Noll leg.’ (MZUSP); 1 ♀, ‘Brasil, Mato Grosso | Serra 
Dourada, 04.xi.1997 | S. Mateus & Noll leg.’ (AMNH).

Phylogenetic position. The new species is reconstructed 
as sister to P. compressa based on the analysis of par-
tial sequences of COI and 16S and morphological char-
acters (Fig. 3). The detected level of genetic divergence 
between the new species and other congeneric range from 

8.29–18.44% for COI and 3.34–11.08% for 16S (Supple-
mentary Table S3).

3.2. Key to Pseudopolybia species

The following key is a revised and adapted version with 
few modifications of the key provided by Andena et al. 
(2007). Thus, P. cryptica would run down to P. compressa 
and P. vespiceps (couplet 3) and the following changes 
could be made to include the new species.

1  Dorsal pronotal carina is very weak; first metasomal segment much longer than wide; eyes densely haired; small 
species (approximately 6–8 mm); yellow with three brown stripes on the scutum; metasoma brownish  ................ 
 ....................................................................................................................................... P. langi Bequaert (Fig. 5A)

1’  Dorsal pronotal carina lamellate laterally; first metasomal tergum nearly as broad as or much broader than long; 
eyes with or without hairs; larger species (approximately 13–15 mm); yellow to black  ...................................... 2

2  The first and second metasomal segment a little longer than wide; metanotum not compressed; yellow with black 
marks on the head and mesosoma; three black stripes on the scutum; metasoma brownish  .................................... 
 .................................................................................................................................... P. difficilis (Ducke) (Fig. 5B)

2’  The first and second metasomal segment approximately twice as wide as long; metanotum slightly to strongly 
compressed; dark yellow with three black stripes on the scutum or blackish species with pale marks  ................ 3

3  Dark yellow species with brown to blackish marks; prestigma much longer than wide; clypeus narrowly separated 
from eyes; eyes bare; the tip of the clypeus weakly pointed; metanotum slightly compressed; the malar space 
longer than fourth antennal article  .................................................................  P. vespiceps (de Saussure) (Fig. 5C)

3’  Blackish species with pale marks; prestigma approximately as long as wide; clypeus touching the eyes; eyes with 
hairs; the tip of the clypeus sharply pointed; metanotum strongly compressed; the malar space about as long as 
fourth antennal article  ............................................................................................................................................ 4

4  Blackish species with wide pale marks in the face; pronotal carina lower in the middle region; tegula elongated 
with an inferior yellow spot; tergum I–VI black, with or without a yellow apical band, sparse bristles  ................. 
 ....................................................................................................................... P. compressa (de Saussure) (Fig. 5D)

4’  Blackish species with few pale marks in face; pronotal carina high in the middle region; tegula more globose 
entirely black; tergum I-VI entire dark brownish, row of bristles  ................................... P. cryptica sp. n (Fig. 1).

Figure 4. Map of South and Central America showing the current geographic distribution of Pseudopolybia species. For locality 
information see Supplementary material S1.
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3.4. Phylogenetic reconstruction and 
molecular species delimitation 
analyses

The phylogenetic inference using a concatenated matrix 
(morphology and mitochondrial DNA) is summarized 
in Fig. 3. Pseudopolybia is supported as a monophyletic 
group. Pseudopolybia langi is sister to the clade with all 
other species (100% UFboot and SH-aLRT) and P.	diffici-
lis is sister to a clade composed of P. vespiceps, P. crypti-
ca, and P. compressa (93% UFboot and 95% SH-aLRT). 
Our phylogenetic tree is very similar to previously pro-
posed phylogeny for the genus (see AndenA et al. 2007), 
but here we included the new species that was recovered 
with high support (99% UFboot and SH-aLRT) as sister 
of P. compressa.

The evolutionary divergences of COI and 16S using 
K2P are given in Supplementary Table S3. The aver-
age genetic distance within Pseudopolybia for COI was 
12.09% and 16S was 7.8%. Pseudopolybia cryptica dif-
fers from P. compressa by a genetic distance of more than 
8% for COI and 3.3% for 16S. The intraspecific genetic 
distance for COI and 16S within P. compressa range from 
0.0%–3.36% and 0.47%, respectively (Supplementary 
Table S3). The ABGD, bPTP, and mPTP methods con-
sistently identify P. cryptica as a distinct hypothetical 
species and also the other Pseudopolybia species already 
described (see bars in Fig. 3).

4. Discussion

Our integrated evaluation of adult morphology, male gen-
italia, nest architecture, and results from molecular spe-
cies delimitation support the new species P. cryptica and 
indicate a sister species relationship with P. compressa. 
From the morphological point of view, P. cryptica cannot 
be confused with any Pseudopolybia species, except for 
P. compressa (Fig. 5D). The blackish general color of P. 
cryptica is very similar to P. compressa, but P. cryptica 
does not present extensive yellow marks, mainly in the 
tergum I and II. Moreover, the metasoma of P. cryptica is 
entire brownish and not black like P. compressa. Despite 
P. compressa has color variants described as three “mor-
photypes” [P. compressa morph. compressa (de Saussure, 
1854), P. compressa morph. luctuosa (Smith, 1857), and 
P. compressa morph. laticincta (Ducke, 1904)], we no-
ticed that they are morphological different of P. cryptica. 
According to Smith (1857) and Richards (1978), the P. 
morph. luctuosa is smaller and black, with a few yellow 
marks, and it is very similar to the P. compressa morph. 
compressa and P. compressa morph. laticincta. Pseudo-
polybia cryptica is different, since it is darker than all oth-
er P. compressa morphs, and it is larger than the P. com-
pressa morph. luctuosa. Additionally, the male genitalia 
was another important character in the diagnosis of this 
new species, since it has aedeagus with intermediate den-

Figure 5. Pseudopolybia species, lateral view. A: Pseudopolybia langi Bequaert, 1944. B: Pseudopolybia	difficilis (Ducke, 1905) 
lectotype. C: Pseudopolybia vespiceps (de Saussure, 1863) type. D: Pseudopolybia compressa (de Saussure, 1854) holotype.
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ticulation in apical portion and paramere with long and 
sparse bristles in the spine base as differences when com-
pared with the male genitalia of P. compressa (Table 1).

Concerning our molecular data, the species delimitation 
analyses have been carried out with a clustering (ABGD) 
and tree-based (bPTP and mPTP) methods on two mito-
chondrial markers, COI and 16S. Empirical studies have 
shown that species delimitation methods based on sin-
gle-locus data tend to under- and oversplit species (da Sil-
va et al. 2017; Pentinsaari et al. 2017; Renner et al. 2017). 
Additionally, despite P. cryptica showed high genetic 
distance when compared with other congeners (e.g. more 
than 8% for COI), a species-delimitation decision consid-
ering genetic distance using only mitochondrial markers 
has to be taken with extreme caution (e.g. Mueller 2006; 
Waichert et al. 2019). First, in the Epiponini wasps queen 
number may vary from many to few during the colonial 
cycle (cyclic oligogyny) and such colony strategy can lead 
to differences between nuclear and mitochondrial genetic 
structure at microgeographi cal scales (Ross and Shoe-
maker 1997). Second, mitochondrial markers are sup-
posed to be linked, non-recombining locus with maternal 
inheritance, and likely evolved under similar constraints. 
We are aware of the limitations caused by stochasticity of 
the coalescent process and gene flow for single-locus spe-
cies delimitation methods as well as the use of only mito-
chondrial mar kers, but for our study, we take advantage 
of using these methods within an integrative taxonomic 
framework. For instance, our morphology-based analy-
sis and the three molecular species delimitation methods 
with two mitochondrial markers consistently recognize P. 
cryptica as a distinct taxon and confirm that it cannot be 
assigned to any known described Pseudopolybia species 
including the three “morphotypes”.

Despite several studies performed molecular species 
delimitation approaches to identify Hymenoptera species 
(Fernández-Flores et al. 2013; Schwarzfeld and Sperling 
2015; Williams et al. 2015; Hurtado-Burillo et al. 2017; 
Waichert et al. 2019; Brasero et al. 2020; Sabadini et al. 
2020), molecular methods have not previously been ap-
plied to alpha-taxonomic problems in Epiponini wasps. 
Notably, based on morphological and molecular results 
for Synoeca species, Menezes et al. (2015) and Lopes 
and Menezes (2017) argued that the social wasp diversity 
in the Neotropical region may be underestimated due to 
morphological similarity of these insects, and hence they 
recommended the combination of morphology, po pu-
lation-level sampling, and genetics to systematic  studies 
for the group. Our findings here reinforce the need of 
combining independent sources of biological data for the 
diversity study of social wasps.

5. Authors’ contributions

A.S. and R.S.T.M. designed the study, funding acquisition, project ad-
ministration, and led the writing of the manuscript. P.C.S.B. carried 
out the molecular laboratory work under supervision of R.S.T.M. S.M. 

collected samples. A.S., R.S.T.M., P.C.S.B., and M.A. performed the 
analyses. All authors gave final approval for publication.

5. Acknowledgements

We are thankful to Dr. Gavin Broad and Dr. Jaswinder Boparai for 
support in Natural History Museum (London). We also are grateful 
to Mr. José Mario Ribeiro Mendes, the owner of Buriti Farm in Nova 
Mutum, Mato Grosso, for sampling permit in its farm and hospitality. 
AS is thankful to the Fundação de Amparo à Pesquisa do Estado do 
Amazonas (FAPEAM – FIXAM, process number 062.01427/2018) and 
REFAUNA-MCTIC Program for financial support. RSTM is grateful to 
the Fundação de Amparo à Pesquisa do Estado de São Paulo (FAPESP) 
process number #2015/02432-0 and the Conselho Nacional de Desen-
volvimento Científico e Tecnológico (CNPq) by grant no. 431249/2018-
0. PCSB is thankful to CNPq for a scholarship (132264/2018-8). MA 
is thankful to Coordenação de Aperfeiçoamento de Pessoal de Nível 
Superior for a scholarship (88887.492572/2020-00).

6. References

Adams M, Raadik TA, Burridge CP, Georges A (2014) Global Biodiver-
sity Assessment and Hyper-Cryptic Species Complexes: More Than 
One Species of Elephant in the Room. Systematic Biology 63(4): 
518–533. 

Andena SR, Noll FB, Carpenter JM, Zucchi R (2007) Phylogenetic 
analysis of the neotropical Pseudopolybia de Saussure, 1863, with 
description of the male genitalia of Pseudopolybia vespiceps (Hy me-
noptera: Vespidae, Epiponini). American Museum Novitates 3586: 
1–11.

Bequaert JC (1938) A new Charterginus from Costa Rica, with notes on 
Charterginus, Pseudochartergus, Chartergus, Pseudopolybia, Epi-
pona, and Tatua (Hymenoptera, Vespidae). Revista de Entomologia 
9: 99–117.

Bequaert JC (1944) The social Vespidae of the Guianas, particularly of 
British Guiana. Bulletin of the Museum of Comparative Zoology 
94: 247–304.

Bickford D, Lohman DJ, Sodhi NS, Ng PKL, Meier R, Winker K, In-
gram KK, Das I (2007) Cryptic species as a window on diversity and 
conservation. TRENDS in Ecology and Evolution 22(3): 148–155.

Brasero N, Martinet B, Michez D, Lecocq T, Valterova I, Rasmont P 
(2020) Taxonomic revision of the Sylvarum group of bumblebees 
using an integrative approach. Systematics and Biodiversity 18(1): 
12–28.

Buck M, Cobb TP, Stahlhut JK, Hanner RH (2012) Unravelling cryptic 
species diversity in eastern Nearctic paper wasps, Polistes (Fusco-
polistes), using male genitalia, morphometrics and DNA barcoding, 
with descriptions of two new species (Hymenoptera: Vespidae). 
Zootaxa 3502: 1–48.

Costa MA, Del Lama MA, Melo GAR, Sheppard WS (2003) Molec-
ular phylogeny of the stingless bees (Apidae, Apinae, Meliponini) 
inferred from mitochondrial 16S rDNA sequences. Apidologie 34: 
7–84.



Somavilla et al.: Integrative taxonomy reveals a new wasp species34

Da Silva R, Peloso PLV, Sturaro MJ, Veneza I, Sampaio I, Schneider 
H, Gomes G (2017) Comparative analyses of species delimitation 
methods with molecular data in snappers (Perciformes: Lutjaninae). 
Mitochondrial DNA Part A 29(7): 1108–1114. 

Ducke A (1910) Révision des guêpes sociales polygames d’Amérique. 
Annales Musei Nationalis Hungarici 8: 449–544. [in French].

Fernández-Flores S, Fernández-Triana JL, Martínez JJ, Zaldívar-Ri-
verón A (2013) DNA barcoding species inventory of Microgastrinae 
wasps (Hymenoptera, Braconidae) from a Mexican tropical dry fo-
rest. Molecular Ecology Resources 13(6): 1146–1150.

Gokhman VE (2018) Integrative Taxonomy and Its Implications for 
Species-Level Systematics of Parasitoid Hymenoptera. Entomologi-
cal Review 98(7): 834–864.

Guindon S, Dufayard JF, Lefort V, Anisimova M, Hordijk W, Gascuel 
O (2010) New algorithms and methods to estimate maximum-like-
lihood phylogenies: assessing the performance of PhyML 3.0. Sys-
tematic Biology 59(3): 307–321.

Hurtado-Burillo M, May-Itzá WJ, Quezada-Eúan JJG, de La Rúa P, 
Ruiz C (2017) Multilocus species delimitation in Mesoamerican 
Scaptotrigona stingless bees (Apidae: Meliponini) supports the ex-
istence of cryptic species. Systematic Entomology 42: 171–181. 

Kapli P, Lutteropp S, Zhang J, Kobert K, Pavlidis P, Stamatakis A, Flou-
ri T (2017) Multi-rate Poisson tree processes for single-locus species 
delimitation under maximum likelihood and Markov chain Monte 
Carlo. Bioinformatics 33(11): 1630–1638.

Kumar S, Stecher G, Tamura K (2016) MEGA7: Molecular Evolution-
ary Genetics Analysis Version 7.0 for Bigger Datasets. Molecular 
Biology and Evolution 33(7): 1870–1874.

Lanfear R, Frandsen PB, Wright AM, Senfeld T, Calcott B (2017) Par-
titionFinder 2: New Methods for Selecting Partitioned Models of 
Evolution for Molecular and Morphological Phylogenetic Analyses. 
Molecular Biology and Evolution 34(3): 772–773. 

Lopes RB, Menezes RST (2017) Synoeca ilheensis sp. nov., a new so-
cial wasp (Hymenoptera, Vespidae, Polistinae) from Brazilian low-
land Atlantic Forest. Zootaxa 4300(3): 445–450. 

Matos-Maraví P, Wahlberg N, Antonelli A, Penz CM (2019) Species 
limits in butterflies (Lepidoptera: Nymphalidae): reconciling clas-
sical taxonomy with the multispecies coalescent. Systematic Ento-
mology 44: 745–756. 

Menezes RST, Andena SR, Carvalho AF, Costa MA (2011) First records 
of Synoeca septentrionalis Richards, 1978 (Hymenoptera, Vespidae, 
Epiponini) in the Brazilian Atlantic Rain Forest. ZooKeys 151: 
75–78.

Menezes RST, Brady SG, Carvalho AF, Del Lama MA, Costa MA 
(2015) Molecular Phylogeny and Historical Biogeography of the 
Neotropical Swarm- Founding Social Wasp Genus Synoeca (Hyme-
noptera: Vespidae). PLoS ONE 10(3): e0119151. 

Menezes RST, Brady SG, Carvalho AF, Del Lama MA, Costa MA 
(2017) The roles of barriers, refugia, and chromosomal clines un-
derlying diversification in Atlantic Forest social wasps. Scientific 
Reports 7(7689): 1–16.

Menezes RST, Lloyd MW, Brady SG (2020) Phylogenomics indicates 
Amazonia as the major source of Neotropical swarm-founding social 
wasp diversity. Proceedings of the Royal Society B 287: 20200480.

Minh BQ, Nguyen MA, von Haeseler A (2013) Ultrafast approximation 
for phylogenetic bootstrap. Molecular Biology and Evolution 30(5): 
1188–1195.

Mueller RL (2006) Evolutionary rates, divergence dates, and the per-
formance of mitochondrial genes in Bayesian phylogenetic analysis. 
Systematic Biology 55(2): 289–300.

Nguyen LT, Schmidt HA, von Haeseler A, Minh BQ (2015) IQ-TREE: 
A Fast and Effective Stochastic Algorithm for Estimating Maxi-
mum-Likelihood Phylogenies. Molecular Biology and Evolution 
32(1): 268–274.

Pentinsaari M, Vos R, Mutanen M (2017) Algorithmic Single-Locus 
Species Delimitation: Effects of Sampling Effort, Variation and 
Nonmonophyly in Four Methods and 1870 Species of Beetles. Mo-
lecular Ecology Resources 17(3): 393–404. 

Puillandre N, Lambert A, Brouillet S, Achaz G (2012) ABGD, Automat-
ic Barcode Gap Discovery for primary species delimitation. Mole-
cu lar Ecology 21(8): 1864–1877.

Renner M, Heslewood MM, Patzak S, Schäfer-Verwimp A, Heinrichs J 
(2017) By how much do we underestimate species diversity of liver-
worts using morphological evidence? An example from Australasian 
Plagiochila (Plagiochilaceae: Jungermanniopsida). Molecular Phy-
logenetics and Evolution 107: 576–593.

Richards OW (1978) The social wasps of the Americas: excluding the 
Vespinae. British Museum (Natural History) London, 580 pp.

Richards OW, Richards MJ (1951) Observations on the social wasps of 
South America (Hymenoptera, Vespidae). Transactions of the Royal 
Entomological Society of London 102: 1–174.

Ross KG, Shoemaker DD (1997) Nuclear and mitochondrial genetic 
structure in two social forms of the fire ant Solenopsis invicta: in-
sights into transitions to an alternate social organization. Heredity 
78(6): 590–602.

Sabadini CP, Machado CB, Vilhena PD, Garófalo CA, Del Lama MA 
(2020) Species delimitation and phylogenetic relationships in the 
genus Trypoxylon (Hymenoptera: Crabronidae) using molecular 
markers: an alternative to taxonomic impediment.Systematics and 
Biodiversity 18(4): 315–327.

Schmid-Egger C, van Achterberg K, Neumeyer R, Morinière J, Schmidt 
S (2017) Revision of the West Palaearctic Polistes Latreille, with 
the descriptions of two species – an integrative approach using mor-
phology and DNA barcodes (Hymenoptera, Vespidae). ZooKeys 
713: 53–112.

Schwarzfeld MD, Sperling FAH (2015) Comparison of five methods for 
delimitating species in Ophion Fabricius, a diverse genus of parasit-
oid wasps (Hymenoptera, Ichneumonidae). Molecular Phylogenet-
ics and Evolution 93: 234–248.

Simon C, Frati F, Bechenbach A, Crespi B, Liu H, Flook P (1994) Evo-
lution, weighting, and phylogenetic utility of mitochondrial gene 
sequence and compilation of conserved polymerase chain reaction 
primers. Annals of the Entomological Society of America 87: 651–
701.

Smith F (1857) Catalogue of Hymenopterous insects in the collection 
of the British Museum. Part V. Vespidae. Printed by order of the 
Trustees, London, 147 pp.

Somavilla A, Oliveira ML, Andena SR, Carpenter JM (2018) An illus-
trated atlas for male genitalia of the New World Polistes Latreille, 
1802 (Vespidae: Polistinae). Zootaxa 4504(3): 301–344.

Thompson JD, Higgins DG, Gibson TJ (1994) CLUSTAL W: improving 
the sensitivity of progressive multiple sequence alignment through 
sequence weighting, position-specific gap penalties and weight ma-
trix choice. Nucleic Acids Research 22(22): 4673–4680.

Waichert C, Wilson JS, Pitts JP, von Dohlen CD (2019) Phylogenetic 
species delimitation for the widespread spider wasp Ageniella ac-
cepta (Hymenoptera: Pompilidae), with new synonyms. Insect Sys-
tematics & Evolution 62: 1–18.



Arthropod Systematics & Phylogeny 79, 2021, 25–35 35

West-Eberhard MJ, Carpenter JM, Hanson PE (1995) The vespid wasps 
(Vespidae). In Hanson PE, Gauld ID (Eds) The Hymenoptera of 
Costa Rica. Oxford University Press, Oxford, 561–587.

Wenzel JW (1998) A Generic Key to the Nests of Hornets, Yellowjack-
ets, and Paper Wasps Worldwide (Vespidae: Vespinae, Polistinae). 
American Museum Novitates 3224: 1–39.

Williams PH, Byvaltsev AM, Cederberg B, Berezin MV, Ødegaard F, 
Rasmussen C, Richardson LL, Huang J, Sheffield CS, Williams ST 
(2015) Genes Suggest Ancestral Colour Polymorphisms Are Shared 
Across Morphologically Cryptic Species in Arctic Bumblebees. 
PloS ONE 10(12): e0144544.

Zhang J, Kapli P, Pavlidis P, Stamatakis A (2013) A general species 
delimitation method with applications to phylogenetic placements. 
Bioinformatics 29(22): 2869–2876.

Supplementary material 1

File 1

Authors: Somavilla A, Barroso PCS, Aragão M, Mateus 
S, Menezes RST (2021)

Data type: .pdf
Explanation note: File 1: Supplemental material.pdf — 

Supplementary material S1. Pseudopolybia speci-
mens examined (type and additional material) and the 
current geographic distribution of each species based 
on data from literature and museum collections. — 
Supplementary Table S1. Geographical information, 
collection year, preservation type, and GenBank ac-
cession reference for all samples used in this study. 
*Represent new sequences generated in this study. 
— Supplementary Table S2. Models of molecular 
evolution by genes and codon positions implement-
ed in the Maximum likelihood analysis to infer the 
phylogenetic relationship of Pseudopolybia species. 
— Supplementary Table S3. Pairwise genetic diver-
gence between sequences of COI and 16S of Pseu-
dopolybia species. Analyses were conducted using 
the Kimura 2-paramenter model. — Supplementary 
Table S4. Character matrix for Pseudopolybia based 
on Andena et al. (2017) with few modifications. The 
following symbols are used: (–) inapplicable and (P) 
polymorphic.

Copyright notice: This dataset is made available un-
der the Open Database License (http://opendata-
commons.org/licenses/odbl/1.0). The Open Data-
base License (ODbL) is a license agreement intended 
to allow users to freely share, modify, and use this 
Dataset while maintaining this same freedom for oth-
ers, provided that the original source and author(s) 
are credited.

Link: https://doi.org/10.3897/asp.79.e64304.suppl1

http://opendatacommons.org/licenses/odbl/1.0
http://opendatacommons.org/licenses/odbl/1.0
https://doi.org/10.3897/asp.79.e64304.suppl1


ZOBODAT - www.zobodat.at
Zoologisch-Botanische Datenbank/Zoological-Botanical Database

Digitale Literatur/Digital Literature

Zeitschrift/Journal: Arthropod Systematics and Phylogeny

Jahr/Year: 2021

Band/Volume: 79

Autor(en)/Author(s): Somavilla Alexandre, Barroso Paulo C. S., Aragao Marcos,
Mateus Sidnei, Menezes Rodolpho S. T.

Artikel/Article: An integrative taxonomic and phylogenetic approach reveals a new
Neotropical swarm-founding social wasp, Pseudopolybia cryptica sp. n. (Vespidae:
Polistinae: Epiponini) 25-35

https://www.zobodat.at/publikation_series.php?id=20960
https://www.zobodat.at/publikation_volumes.php?id=68408
https://www.zobodat.at/publikation_articles.php?id=493198

