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Pereboriidae: a Permian clade of hemipteran insects with 
disjunctive distribution in the Northern and Southern parts 
of Pangea
ANDRÉ NEL, EKHONA ZOZO, ROMAIN GARROUSTE, and ROSE PREVEC

Nel, A., Zozo, E., Garrouste, R., and Prevec, R. 2023. Pereboriidae: a Permian clade of hemipteran insects with disjunc-
tive distribution in the Northern and Southern parts of Pangea. Acta Palaeontologica Polonica 68 (1): 85–93.

Afropereboria magnifica gen. et sp. nov., is the oldest African representative of the Permian “cicada-like” family 
Pereboriidae. The family diagnosis is discussed and emended. Synapomorphic characters of the Pereboriidae are 
proposed. The two genera Jifara and Scytophara are excluded from this family, confirming that Pereboriidae are 
strictly Permian. The relationships between the two Permian families Pereboriidae and Ignotalidae and the Triassic 
Curvicubitidae are still not clear and will need a phylogenetic analysis. We propose new putatively apomorphic diagnos-
tic characters for the Pereboriidae. We also discuss some characters supposed to discriminate the Pereboriidae from the 
Ignotalidae. The Permian Pereboriidae had a disjunctive distribution between the northern and southern parts of Pangea, 
under cool temperate climates, separated by the intertropical zones.

Key words:  Insecta, Hemiptera, Pereborioidea, disjunctive distribution, Pangea, Africa.

André Nel [anel@mnhn.fr; ORCID: https://orcid.org/0000-0002-4241-7651 ] (corresponding author) and Romain Gar-
rouste [garroust@mnhn.fr; ORCID: https://orcid.org/0000-0002-0880-5781 ], Institut de Systématique, Évolution, Bio-
diversité (ISYEB) Muséum national d’Histoire naturelle, CNRS, Sorbonne Université, EPHE, Université des Antilles, 
CP50, 57 rue Cuvier 75005 Paris, France.
Ekhona Zozo [ekhonazozo@gmail.com; ORCID: https://orcid.org/0000-0001-5351-6180 ], Department of Zoology and 
Entomology, Albany Museum, Makhanda, South Africa
Rose Prevec [r.prevec@am.org.za; ORCID: https://orcid.org/0000-0001-6674-1547 ] (corresponding author), Depart-
ment of Earth Sciences, Albany Museum, Makhanda, South Africa & Department of Botany, Rhodes University, Makhanda, 
South Africa.

Received 13 September 2022, accepted 31 November 2022, available online 19 January 2023.

Copyright © 2023 A. Nel et al. This is an open-access article distributed under the terms of the Creative Commons 
Attribution License (for details please see http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original author and source are credited.

Introduction
The Pereboriidae is a small family of large Permian cicada- 
like hemipterans, mainly known from their forewings 
(tegmina). Despite the revision by Shcherbakov (1984), 
this family is still rather poorly defined. Some taxa, cur-
rently attributed to this group, probably belong to other 
lineages. Their taxa are currently recorded from Russia and 
Brazil, and an enigmatic genus and species described from 
Southern Africa (Riek 1976). Thus, the family seems to 
have a disjunctive distribution between the northern and 
southern parts of Pangea during the Permian.

Over the past four years, our team has discovered and 
searched for fossil plants and insects in the new fossil local-
ity of Onder Karoo in the south-western Karoo Basin, near 
Sutherland in the Northern Cape Province of South Africa. 

It has yielded an extraordinary quantity of arthropods, some 
of which correspond to the first African records of some 
clades (Prevec et al. 2022).

Here we describe the oldest cicada-like insects of the 
family Pereboriidae from Africa. We complement the diag-
nosis of the family and discuss the phylogenetic positions of 
the included genera.

Institutional abbreviations.—AM, Albany Museum, Mak-
handa, South Africa.
Other abbreviations.—C, costa; CuA, cubitus anterior; 
CuP, cubitus posterior; M, median vein; RA, radius ante-
rior; RP, radius posterior; ScP, subcosta posterior.
Nomenclatural acts.—This work and the nomenclatural 
acts it contains, have been registered in ZooBank: urn:l-
sid:zoobank.org:pub:DFE39AD5-8510-4BFB-AB94-
CD419F103423
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Material and methods
The fossils were collected under a South African Heritage 
Resources Agency (SAHRA) permit (ID # 2310 to RP), 
and the specimens have been accessioned to the palaeontol-
ogy collections of the Department of Earth Sciences at the 
Albany Museum, Makhanda, Eastern Cape, South Africa. 
They were photographed with a Nikon D7200 SLR digital 
camera, and examined with a Zeiss Discovery V8 incident 
light microscope. To improve photo quality, we used polar-
izing filters and alcohol immersion. Drawings were made 
using Adobe Creative Cloud software. The fossils were exca-
vated from a highly fossiliferous, olive-grey siltstone layer at 
the Onder Karoo locality (Sutherland District of the Northern 
Cape Province, South Africa; see Prevec et al. 2022). The 
host rocks are attributed to the lowermost Abrahamskraal 
Formation, Beaufort Group, Karoo Supergroup, close to the 
boundary with the underlying Waterford Formation of the 
Ecca Group. Regional biostratigraphy, stratigraphic cor-
relation and geochronology, as well as an age estimate ob-
tained from U-Pb dating of zircons from a clay layer at the 
base of the fossiliferous deposit, have provided an age of 
266–269 Ma for the fossil assemblage, placing it within the 
Wordian Stage (Guadelupian) (see Prevec et al. 2022).

We follow the wing venation terminology of Nel et al. 
(2012) and Bourgoin et al. (2015) for the Acercaria (includ-
ing Hemiptera).

Systematic palaeontology
Insecta Linnaeus, 1758
Hemiptera Linnaeus, 1758
Prosbolopsemorpha Szwedo, 2018
Pereborioidea Zalessky, 1930
Pereboriidae Zalessky, 1930
Type genus: Pereboria Zalessky, 1930; Baitugan Formation, Roadian–
Wordian (Guadelupian), Perebore, Russian Federation.
Included genera: Gondwanaptera Pinto and Pinto de Ornellas, 1981 (Kun-
gurian, Cisuralian, Permian, Irati Formation, Paraná Basin, Brazil), Neu-
ropibrocha Becker-Migdisova, 1961 (Roadian–Wordian, Gua de lupian, 
Permian, Kuznetsk Basin, Russian Federation), Afro pere boria gen. nov. 
(see below), possibly also Borisrohdendorfia Becker- Migdisova, 1959 
(Roadian–Wordian, Guadelupian, Permian, Kuz netsk Basin, Russian 
Federation) and Perissovena Riek, 1976 (Lopingian, Permian, Norman-
dien Formation, KwaZulu-Natal, South Africa). We support the exclu-
sion of Jiphara Ren in Ren et al., 1995 (Lower Cretaceous, China) as 
proposed by Shcherbakov (2020), and exclude Scytophara Martynov, 
1937 (upper Permian, Kargala, Russian Federation) (see below).

Genus Afropereboria nov.
Zoobank LSID: urn:lsid:zoobank.org:act:968E0FE8-94F5-4BF4-921 
B-004DD547CB28
Type species: Afropereboria magnifica sp. nov.; by monotypy, see be-
low.
Etymology: Named after Africa and Pereboria.

Diagnosis.—Forewing characters: base of RP much more 
basal to level of branches of M; all branches of M well- 
defined; area of RP broad with numerous branches; numer-
ous small rectangular cells in apical part of forewing.
Stratigraphic and geographic range.—Wordian Stage 
(Guadelupian), Onder Karoo locality, Sutherland District of 
the Northern Cape Province, South Africa.

Afropereboria magnifica sp. nov.
Figs. 1–5.
Zoobank LSID: urn:lsid:zoobank.org:act:458DB3B7-F3B7-4C07-AD 
11-F7D9EBDB6687
Etymology: Named after the wonderful state of preservation of the 
wings, showing traces of coloration and detailed venation.
Type material: Holotype: AM11157a, b, adpression of a forewing, part 
and counterpart. Paratypes: AM11447a, b, adpression of a hind wing, 
part and counterpart; AM11141a, b, adpression of a forewing, part and 
counterpart. All form type locality and horizon.
Type horizon: Wordian Stage (Guadelupian).
Type locality: Onder Karoo locality, Sutherland District of the Northern
Cape Province, South Africa.

Diagnosis.—As for the genus. Presence of several broad 
dark zones in apical part of forewing and of hind wing.
Description.—Holotype (AM11157a, b; Figs. 1, 2). Part and 
counterpart of a forewing, with anal area (clavus) and base 
of wing missing. Wing with dark bands in apical part and a 
large dark spot between RP and M(P); basal half punctuate, 
probably sclerotized; wing large, preserved part 40 mm long, 
wing ca. 15.7 mm wide; costal area between C and R+ScP 
broad, 3.7 mm wide, with a series of transverse irregular 
veinlets, more or less curved; base of ScP, if present, not pre-
served; ScP apparently fused or appressed to R distally; con-
cave RP separating from RA 31.7 mm from wing apex; RA 
with several anterior branches with a net of cells between RA 
and C near wing apex, one long posterior branch of RA be-
tween main RA and RP; RP divided into two main branches 
4.3 mm distal of its base, anterior branch of RP subdivided 
into two branches, each of them being bifurcate; posterior 
branch of RP posteriorly pectinate with four branches; a 
very broad and large area between RP and M, 5.7 mm wide 
and ca. 20.6 mm long, with a series of irregular more or less 
transverse veinlets defining large cells between them; M 
divided into four main branches, each of them being forked 
several times; no nodal line at all, but one distal crossvein 
rp-m; a very broad and long area between M and CuA, 4.2 
mm wide, with a series of irregular more or less transverse 
veinlets defining large cells between them; CuA long and 
posteriorly curved, CuA posteriorly pectinate with at least 
four branches, 12.8 mm from its apex; even if the basal parts 
of M and CuA are not preserved, their general courses are 
clearly converging, so that these veins are certainly basally 
fused; a net of crossveins dividing apical part of wing into 
small rectangular cells; concave CuP simple and straight.

Paratype (AM11447a, b; Figs. 3). Part and counterpart 
of distal part of a hind wing. Wing with a dark band along 
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margin and a large dark spot between M and CuA; wing 
large, preserved part 29.2 mm long and 24.2 mm wide; 
Costal area and ScP not preserved; RA with several ante-
rior branches with a net of cells between RA and C near 
wing apex, RP with three main branches, each subdivided 
several times; a broad and large area between RP and M, 
at least 3.5 mm wide in its distal part, with a series of ir-
regular more or less transverse veinlets defining large cells 
between them; distal crossvein rp-m indistinct; M forked 
twice, and covering a rather narrow area; CuA with an 

anterior branch posteriorly pectinate and a trifurcation on 
posterior branch; no nodal line at all; a very broad and long 
area between CuA and CuP, at least 4.5 mm wide, with a 
series of irregular more or less transverse veinlets defining 
large cells between them; concave CuP long, curved and 
simple anal vein posteriorly pectinate; a broad and long 
area between CuP and anal vein.

Paratype (AM11141a, b; Figs. 4, 5). Adpression of distal 
half of a forewing, ca. 34.0 mm long; pattern of coloration 
the same as in holotype; branching of veins RA, RP and 

Fig. 1. Hemipteran insect Afropereboria magnifica gen. et sp. nov. (holotype AM11157a) from Onder Karoo locality, South Africa, lowermost 
Abrahamskraal Formation, Wordian Stage (Permian). Forewing, photograph (A1), explanatory drawing (A2). 
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M also nearly the same as in holotype, especially for tri-
furcation on posterior branch of M; a very broad and large 
area between RP and M, 5.5 mm wide; distal half of the 
area between ScP and Costa preserved, very broad, 4.8 mm 
wide, apparently more sclerotized than rest of wing; ScP 
appressed to R/RA; series of long oblique veinlets emerging 
from ScP weakly marked and narrower than other veins.
Stratigraphic and geographic range.—Onder Karoo local-
ity, lowermost Abrahamskraal Formation, Wordian Stage.

Discussion
All three specimens clearly belong to the same species char-
acterized by the multiplication of the cells and veinlets in 
distal part of wing, similar patterns of coloration and sim-

ilar venations. AM11157 and AM11141 are forewings be-
cause of the presence of a straight and concave CuP, a broad 
area between C and R(+ScP), and the shape of CuA and M. 
AM11141 has a broad costal area, typical of forewings of 
Cicadomorpha, while the hind wings have much narrower 
ones. AM11447 corresponds to a hind wing with a broad 
anal area. AM11141 differs from AM11157 in the presence 
of a trifurcation of posterior branch of M, a character not 
sufficient for a species separation.

The numerous branches of RA, RP, M, and CuA, plus 
the presence of numerous cells in the apical part of wing 
are characters of the Permian cicada-like Pereboriidae. 
These tegmina are very similar to those of Gondwanaptera 
(Permian of Brazil), Neuropibrocha (Permian of Russia), 
and Pereboria (Permian of Russia). Thus Afropereboria 
gen. nov. can be accurately attributed to this family.

Fig. 2. Hemipteran insect Afropereboria magnifica gen. et sp. nov. (holotype AM11157b) from Onder Karoo locality, South Africa, lowermost Abra ham-
skraal Formation, Wordian Stage (Permian). Forewing, photograph dry specimen (A1), under alcohol (A2). 
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Fig. 3. Hemipteran insect Afropereboria magnifica gen. et sp. nov. (paratype AM11447a) from Onder Karoo locality, South Africa, lowermost 
Abrahamskraal Formation, Wordian Stage (Permian). Hind wing, photograph under alcohol (A1), explanatory drawing (A2). 
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The previously described taxa in this family are based 
on forewings, thus the present discovery of a hind wing 
gives new information on this structure. The hind wing 
differs from the forewing in the narrower area between 
M and CuA, the vein M covering a narrower area than in 
forewing, the broader area between CuA and CuP. Another 
remarkable character is the presence of a broad anal area 
with numerous branches of anal vein.

Shcherbakov (1984) considered that the Pereboriidae is 
the type family of the Pereborioidea, a group that would 
also comprise the Ignotaliidae Riek, 1973. Shcherbakov 
(2000: fig. 2) and Shcherbakov and Popov (2002) consid-
ered the Pereboriidae as a “grade”, a paraphyletic group 
that has given birth to the Permian Ignotalidae Riek, 1973, 
and the Triassic Curvicubitidae Hong, 1984. Shcherbakov 
(1996) supposed that the Pereboriidae should be “the more 
primitive of the three”, which is incongruous from a phylo-
genetic perspective.

Szwedo et al. (2004: 16) attributed the Permian family 
Prosbolopseidae Becker-Migdisova, 1946, to the Pere borio-
idea, but the same authors also indicated that the Prosbolo-
pseidae belong to “the paraphyletic group Pros boloidea 
Hand lirsch, 1906, after Shcherbakov (1984)”. Szwedo (2018) 
included the Pereborioidea (for Curvicubitidae, Ignotalidae, 
and Pereboriidae) in a new clade Prosbolopsemorpha.

Shcherbakov (1984) proposed the following diagnosis for 
the Pereborioidea: “costal break absent; costal ‘complex of 
veins’ margin/‘hypocosta’ at base not separated, if weakly 
split, then with notch near the middle; CP not subdivided at 
base, if it weakly expressed then the costal field has a me-
dian projection. Sc without arc, fusing with Ra or R, or free 

over its whole extent, distally convex. Ra bears post-nodal 
branches. Nodal line expressed weakly or absent. Transverse 
m-cu (first) short, not passing along nodal line, without lon-
gitudinal segment. CuA without displacement along nodal 
line. Anal field wide, weakly inclined (the structure of the 
field in the Ignotaliidae is unknown). Macrosculpture, if 
expressed, is concentrated in the prenodal part of the wing, 
and in the post-nodal part is only developed in the form of 
patches, covered by granules”. He added the following di-
agnosis for the Pereboriidae: “Wing anterior margin at base 
moderately convex, edge pronounced, CP well developed, 
costal margin without median notch. ScP falls into RA or 
into R. First segment of CuA developed (basal cell distinct). 
Macrosculpture developed.”

The polarity “absence of a notch in median portion of 
costal margin (median projection)” is uncertain because of 
the lack of phylogenetic analysis. Also, a notch is present 
in Gondwanaptera and Neuropibrocha, and this part of the 
forewing is unknown in Pereboria (Zalessky 1930; Pinto 
and Pinto de Ornellas 1981: pl. 1). Also, the “presence of 
a notch” is a doubtful character for the Ignotaliidae, as no 
such notch is figured in Riek (1973: fig. 10) for Ignotala 
mirifica Riek, 1973, and the costal margin is not preserved 
in Megoniella multinerva Riek, 1973, second taxon listed in 
Ignotaliidae by Shcherbakov (1984). It would seem likely that 
the Pereboriidae have a notch and the Ignotaliidae have none.

Shcherbakov (1996: 37) indicated that the Ignotalidae are 
characterized by the vein ScP being “secondarily released” 
and “the basal cell of the forewing opened at apex”. The first 
character is not present in Afropereboria, precluding any 
affinities with this family.

Fig. 4. Hemipteran insect Afropereboria magnifica gen. et sp. nov. (paratype AM11141a), from Onder Karoo locality, South Africa, lowermost 
Abrahamskraal Formation, Wordian Stage (Permian). Forewing, photograph under alcohol. 
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Shcherbakov (2022: 230) proposed the following emen-
ded diagnosis for the Ignotaliidae: “moderately to very 
large, extremely polyneurous cicadas. Tegmen: Costal mar-
gin strongly convex at least proximally, area anterior to Sc 
wide. Sc free or distally connected with RA, with weak 
prenodal branches. Basal cell reduced. Membrane without 
punctures or granules. Hind wing: Costal margin strongly 
convex at base, nearly straight distally, with series of cou-
pling hooks. R stem short and oblique; R with several, M 
with few, and CuA with many branches in bundle.” The 
ScP appressed to R/RA and the membrane with punctures 
exclude Afropereboria gen. nov. from this family.

The Curvicubitidae currently comprises the two genera 
Beaconiella Evans, 1963 (Middle Triassic of Australia) and 
Curvicubitus Hong, 1984 (considered a junior synonym of 
Beaconiella by Shcherbakov 2021) (Triassic of China), after 
Shcherbakov (1996) (see also Evans 1963; Szwedo et al. 

2004). Note that Hamilton (1992: 428) suggested to erect 
a new family for Beaconiella but did not formally make it. 
Both have numerous branches of RA, RP, M, and CuA, but 
both differ from the Pereboriidae and Afropereboria in the 
area between RP and RA being distinctly broader than that 
between RP and M, and with the presence of a distinct nodal 
line (Evans 1963; Hong 1984; Shcherbakov 1996, 2021). 
Beaconiella lacks the numerous posterior branches of RA.

It is not easy at all to define the states of characters 
that would be putative apomorphies for the Pereboriidae. 
Nevertheless, Afropereboria gen. nov. has the following 
characters of the Pereboriidae: ScP basally fused or closely 
appressed to Radius; no nodal line. The characters of the 
forewing base are not preserved.

Nevertheless, after re-examining the original figures of 
Gondwanaptera, Neuropibrocha, and Pereboria, we pro-
pose a new set of characters appropriate for these taxa, 

Fig. 5. Hemipteran insect Afropereboria magnifica gen. et sp. nov. (paratype AM11141b), from Onder Karoo locality, South Africa, lowermost 
Abrahamskraal Formation, Wordian Stage (Permian). Forewing, photograph dry specimen. 
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meaning, very broad and large areas of same widths, be-
tween RP and M and between M and CuA, traversed by 
irregular veinlets and with their anterior and posterior 
margins (R, M and CuA) distinctly curved (putative apo-
morphies to separate them from the Ignotaliidae); a broad 
area between C and R(+ScP), with a series of long veinlets 
emerging obliquely from ScP, narrower than the other veins; 
RA with several distal anterior and posterior branches; RP 
and M with numerous branches, CuA with several distal 
branches separating at the same point; a net of small cells 
in apical part of wing. These characters (especially the pres-
ence of several anterior branches of RA, and of broad and 
large areas between RP, M and CuA, and the numerous 
branches of these main veins) can be considered as putative 
synapomorphies of these taxa. They complete the diagnosis 
proposed by Shcherbakov (1984).

All these characters are present in Afropereboria gen. 
nov. It has no nodal line, a character that discriminates it 
from the Prosboliidae. Some taxa in this latter family have 
also numerous branches of main veins, e.g., Dictyoprosbole 
membranosa Martynov, 1935 (Martynov 1935; Becker-
Migdisova 1961).

Afropereboria differs from Gondwanaptera as follows: 
base of RP much more basad level of branches of M vs. 
just distad them in Gondwanaptera; branches of M all 
well-defined vs. only two main well-defined branches in 
Gondwanaptera; area of RP broader with more numerous 
branches in Afropereboria; the numerous small cells in api-
cal part of forewing are very irregular in Gondwanaptera 
vs. rectangular in Afropereboria; CuA has a long and simple 
anterior branch in Afropereboria, absent in Gondwanaptera 
(Pinto and Pinto de Ornellas 1981).

Afropereboria differs from Pereboria and Neuropibrocha 
in the larger area of RP, of the same width as that of M, vs. dis-
tinctly narrower in Pereboria and Neuropibrocha (Zalessky 
1930; Becker-Migdisova 1961). Afropereboria shares with 
Neuropibrocha the rather rectangular small cells of apical 
part of forewing, while these are irregular in Pereboria.

Borisrohdendorfia Becker-Migdisova, 1959, a genus 
based on the extreme apical part of a forewing, is currently 
attributed to the Pereboriidae. This taxon shares with this 
family the numerous branches of main veins plus the pres-
ence of a series of small cells between them. These cells are 
very irregular, while they are rectangular in Afropereboria 
(Becker-Migdisova 1959; Rohdendorf 1962). The attribution 
of Borisrohdendorfia to the Pereboriidae remains rather 
poorly supported due to the lack of crucial structures of the 
basal two-third of the wing.

Perissovena Riek, 1976, is an unusual fossil from the 
upper Permian of KwaZulu-Natal Province, South Africa. It 
is based on a wing, probably a forewing, with the basal and 
apical parts missing. Riek (1976) only tentatively attributed 
it to the Pereboriidae. It shares with the Pereboriidae the 
numerous branches of main veins and large areas between 
RP, M, and CuA. However, it lacks the net of small cells in 
the distal part of wing that is typical of the group. It strongly 

differs from Afropereboria in the very large area of CuA 
while that of M is strongly reduced, and in the branched 
posterior branch of RA (Riek 1976).

Several other genera have been placed in the Pereboriidae, 
but these attributions are equivocal. In Jiphara (Mesozoic 
of China), RA, RP, M, and CuA branch many times, as is 
typical of the Pereboriidae, but it strongly differs from this 
family in lacking the numerous small cells in the apical part 
of the forewing, and in the absence of large and broad areas 
between RP, M, and CuA (Ren et al. 1995). As many extant 
Hemiptera similarly have numerous branches of R, M, and 
CuA, these characters are not sufficient for an attribution to 
the Pereboriidae. We support the exclusion of Jiphara from 
this family as proposed by Shcherbakov (2020). The removal 
of this Mesozoic taxon from consideration supports our asser-
tion that the Pereboriidae are an exclusively Permian family.

Scytophara Martynov, 1937, is based on a complete fore-
wing from the Permian of Russia. Its RA has numerous 
branches, but RP and CuA have very few; also the areas 
between RP, M, and CuA are not especially broad and large 
(Martynov 1937). Its attribution to the Pereboriidae is un-
likely.

Conclusions
The present discoveries demonstrate that the Pereboriidae 
were clearly present in the Permian of Africa. The Pere-
boriidae seem to have had a disjunctive palaeo-distribution, 
in sub-Angara (Siberia) and Gondwana (South America 
and Africa). These different areas of Pangea were all under 
cool temperate climates, but were separated by the much 
warmer and drier intertropical zones (Shi and Waterhouse 
2010). Similar Permian distributions are known for some 
“mixed floral elements” of northern and southern origins. 
Srivastava and Agnihotri (2010) suggested that the an-
tiquity of these plant clades could explain this phenome-
non, viz. “their ancestry or affiliation with Carboniferous 
floras” that shared a much broader global distribution prior 
to the development of a strong intertropical barrier. This 
hypothesis seems unlikely for the Pereboriidae that have 
no representatives at all in the Carboniferous. Thus the 
distribution of the Pereboriidae suggests that some faunal 
exchanges of insects between the southern and northern 
Permian land masses were possible during the Permian, 
despite the climatic obstacles, maybe along the coastal 
margins of Pangea. Similar results have been observed 
among the vertebrate Therapsida (Smith et al. 2006), al-
though these need to be taken with caution in some cases 
(Angielczyk and Kurkin 2003).
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