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Abstract

'The genus Bagnallella Salmon is restored and given a diagnosis. It takes an intermediate position between
Proisotoma Borner and Crypropygus Willem complexes and is characterized by the separation of the two
last abdominal segments (like in Proisotoma) and 3 and 5 s-chactae on the fourth and fifth abdominal
segments (like in Crypropygus and its allies). A list of and key to species belonging to Bagnallella is given.
Bagnallella biseta comb. nov., B. dubia comb. nov., B. sedecimoculata comb. nov., and B. tenella comb.
nov. are commented and redescribed. Morphology of Bagnallella davidi (Barra), comb. nov. is described
from the specimens from South Africa. So far B. david;i appears to be a complex of forms differing in size
of the furca and macrochaetae. Two types of strongly modified males were found and described. Antennae,
ventral side of abdomen, posterior edge of abdominal tergites, and mandibles are affected with epitoky.
The nature of the discovered strong polymorphism is unclear.

Keywords
Collembola, polymorphism, supermale

Copyright Mikhail Potapov et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC
BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.


mailto:charlene.janion-scheepers@uct.ac.za
http://zoobank.org/99A66CB2-FE4B-466C-B679-1B0589A50DFC
https://doi.org/10.3897/zookeys.1072.71307
https://zookeys.pensoft.net
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

168 Mikhail Potapov et al. / ZooKeys 1072: 167-186 (2021)

Introduction

Knowledge on the Collembola of South Africa has increased significantly over the last
decade, with most new species described from the Western Cape Province where the
majority sampling has been made (Janion-Scheepers et al. 2015). From these collec-
tions, a rich diversity of Isotomidae has been discovered, including Parisotoma (Po-
tapov et al. 2011) and Crypropygus (Potapov et al. 2020). From these collections, we
also recorded three known species (2 davidi, I tenella, P sedecimoculata), which re-
semble the genus Crypropygus but have Abd. V and VI separated. Thus, these species
cannot be attributed to any genus of the Crypropygus complex but rather belong to the
Proisotoma complex. This paper determines the position of these three species by recov-
ering a genus erected in the past by Salmon (1951). Also, several other species mostly
distributed in the Southern Hemisphere belong to this taxon. In addition, we describe
an unusual polymorphism in Proisotoma davidi (Barra, 2001) which remains unsolved.

Materials and methods
Abbreviations
A.B. A. Bedos

Abd. I-VI  abdominal segments I-VI
Ant. I-IV  antennal segments I-IV

bms basal micro s-chaeta on antennal segments
C.J. C. Janion-Scheepers

L.D. L. Deharveng

M macrochaeta

MNHN Museum national d’Histoire naturelle

ms micro s-chaeta(e) (= microsensillum(a) auct.)
PAO postantennal organ

s-chaetae  macro s-chaeta or s-chaetae (= macrosensillum(a) or sensillum(a) auct.)
SAMC South African Museum, Cape Town

Th. II-IIT  thoracic segments IT and IIT

Ti tibiotarsus

Redescription of the genus Bagnallella Salmon, 1951
Bagnallella Salmon, 1951
Type species. Folsomia sedecemoculata Salmon, 1943

Diagnosis. Anurophorinae with all abdominal segments clearly separated and a
Proisotoma-like furca: manubrium with few anterior chaetae (1+1-3+3), dens slender,
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crenulated, with rather numerous anterior and posterior chaetae, mucro clearly set off
from dens, with two or three teeth. 7+7-8+8 ocelli in known species. With simple or
bifurcate maxillary palp and four sublobal hairs, two or four prelabral chaetae. Macro
s-chaetae 22235 on Abd.I-V. Tergal macro s-chaetae on abdomen situated in front of
p-row of chaetae. B-row of chaetae on Ti.1-2 complete (both B4 and B5 present).
Ventral chaetae on Th.III present or absent. Sexual dimorphism present or absent.

Position of the genus in the subfamily Anurophorinae. To date an appropriate
generic name did not exist for the small group species related to Proisotoma Borner, 1901
sensu lato which were discussed in the monograph of Potapov et al. (2006). This group,
so-called “Proisotoma tenella, ripicola, biseta”, consists of forms sharing characters such
as: the three last abdominal segments separated, manubrium with anterior chaetae, four
prelabral chaetae, and presence of three and five s-chaetae on Abd.IV and V, respectively.

Recently, one more species, Proisotoma sedecimoculata (Salmon, 1943), became a
probable candidate to belong to this group (Potapov and Janion 2017). This species was
described by Salmon (1943) as Folsomia sedecimoculata and was afterwards proposed
as a generotype for the new genus Bagnallella Salmon, 1951. Bagnallella was erected
based on three last abdominal segments fused, bidentate mucro and eight ocelli. Later,
Bagnallella was lost in the taxonomy of the subfamily and was mostly treated as a junior
synonym of either Folsomia or Proisotoma. After the examination of the type specimen,
it was discovered that the three last abdominal segments were actually separated (Po-
tapov and Janion-Scheepers 2017). Here, we suggest restoring Bagnallella for the group
of species mentioned above, rather than erecting a new generic name. Several other
forms described under different generic names also fit to Bagnallella at lesser or larger
degree of accuracy. For these species, the two Bagnallella key characters were men-
tioned in the associated descriptions or were seen by us, apart from three forms with
unknown sensillar chaetotaxy. Nevertheless, we suppose the last ones (notated with
question marks in the list of species of Bagnallella below) belong to the genus. Among
these species, Bagnallella sedecimoculata is poorly described and so is not the best to be
a generotype, but we prefer to keep a generic name already created by John Salmon.

The incertae sedis genus Bagnallella combines the characters of two large generic
groups by the separation of its two last abdominal segments and the presence of three
and five s-chaetae on Abd.IV and V respectively in characteristic position. The former
character is a diagnostic feature of the Proisoroma Borner, 1901 complex, the latter
indicates basic set of s-chaetae in Cryptopygus Willem, 1902 and related genera belong-
ing to Cryptopygus complex (Potapov et al. 2006, 2013, 2020). The latter complex is
characterized by the fusion of the two last abdominal segments. The genus Bagnallella
takes a neatly intermediate position between Crypropygus (Cryptopygus complex, South-
ern Hemisphere) and Scutisotoma (Proisotoma complex, Northern Hemisphere). The
three genera share, apart from the characters of the subfamily, the presence of a furca, a
mid-tergal position of macro s-chaetae on body tergites, and the absence of any specific
apomorphy. The combinations of the two key characters mentioned above are shown
in Figure 1. After the separation of the two last abdominal segments, we suggest treat-
ing Bagnallella in the Proisotoma complex.
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Distribution and ecology of Bagnallella. The genus is distributed worldwide.
More local species (B. davidi, B. douglasi, B. mishai, B. biseta, B. koepckei) are distrib-
uted in the Southern Hemisphere that indicates further relation to the “austral” genus
Crypropygus. Due to apparent ruderal B. tenella and pioneer B. ripicola, the genus also
occurs in the Northern Hemisphere. The ecology of the former species is especially
remarkable, as B. tenella is often recorded in mass abundances (Agrell 1939; Arle 1970;
Neves and Mendonga 2016). We speculate that B. davidi has an unusual biology and
ecology due to its morphological modifications (described below).

World list of the genus Bagnallella

Bagnallella biseta (Rapoport, 1963), comb. nov.

Bagnallella davidi (Barra, 2001), comb. nov.

Bagnallella dubia (Deharveng, 1981), comb. nov.
Bagnallella douglasi (Mendonga, Queiroz & Silveira, 2015), comb. nov.
? Bagnallella koepckei (Winter, 1967), comb. nov.
Bagnallella mishai (Mendonga et Silveira, 2019), comb. nov.
? Bagnallella nigromaculosa (Folsom, 1932), comb. nov.

? Bagnallella paronai (Borner, 1907), comb. nov.

Bagnallella ripicola (Linnaniemi, 1912), comb. nov.
Bagnallella sedecimoculata (Salmon, 1943), comb. nov.
Bagnallella tenella (Reuter, 1895), comb. nov.

Key to known species of Bagnallella”

1 Mucro tridentate (Fig. 10) ...cccooviiviiiiiiiiiiiiiicccccce 2
— Mucro bidentate (Fig. 3).....ccccuviiiiiiiiiiiiiiiiiccie 3
2 Dens with 4 anterior and 4 posterior chaetae (Fig. 10)......cccovvveiiiinnnnnnnee

................................................................... B. davidi (Barra), South Africa
- Dens with 15-16 anterior and 12—13 posterior chaetae..........cccccccveerueunenee.
.................................................... B. mishai (Mendonga & Silveira), Brazil
3 Manubrium with 1+1 anterior chaetae (Fig. 3) ....cceviiiniiiiiiiicne, 4
— Manubrium with 2-3+2-3 anterior chactae (Fig. 7) ...coovovviicccieciennnnnnns 6
4 Dens with more than 20 anterior and 15 posterior chaetae. 4 prelabral chae-
TAC ettt ettt ettt ettt B. ripicola (Linnaniemi), Europe
- Dens with fewer than 17 anterior and 8 posterior chaetae (Figs 2, 3). 2 prela-
bral chaetae........ccoovviviiiiiiiiiicc e 5

* Some known species of the Proisotoma complex with insufficient description may belong to the genus
Bagnallella.
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6 Manubrium with 2+2 anterior chaetae, 7 0Celli coouvvveeeveeeeeeeeeeieeeeeeeeeeenn.

.................................. B. douglasi (Mendonga, Queiroz & Silveira), Brazil
- Manubrium with 3+3 anterior chaetae, 8 0celli ....eeeveeeoueeeeeeeeeeeeeeeeeeeeee. 7
7 Dens with more than 40 anterior chaetae...........coocvevvvviviiiciiecieeeeceee e

................. B. biseta (Rapoport), Argentina, B. koepckei (Winter), Peru**
— Dens with fewer than 30 anterior chaetae (Fig. 7) ......cccceuviicieininicrniniccnnnnes
B. tenella (Reuter), cosmopolitan, B. nigromaculosa (Folsom), Hawaii Is

Descriptions and remarks to species of the genus. Below we give the diagnosis,
description, remarks, and distribution, with, if possible, ecological remarks of all spe-
cies of Bagnallella. Some sections may be omitted if the associated species have good
morphological descriptions in the literature.

Bagnallella biseta (Rapoport, 1963), comb. nov.
Proisotoma biseta Rapoport, 1963

Material examined. Adult male from Argentina under label “Tucuman, 19/4/59, en-
tre maderas ...”, deposited in the Museum national d’Histoire naturelle (MNHN),
Paris, France. This individual was obviously among the material the original descrip-
tion was based on by E.H. Rapoport.

Diagnosis. Maxillary palp bifurcate, four prelabral chaetae. Dens with ~50 anteri-
or chaetae. Mucro bidentate. Anterior side of manubrium with 3+3 chaetae. 33/22235
sand 11/111 ms on body. Ventral chaetae absent on Th.III.

Description. Maxillary outer lobe with four sublobal hairs, maxillary palp bifur-
cate. Labral formula as 4/5,5,4. Guard chaeta e7 present on labium. Ant. III without
bms and with five distal s (including one lateral), without additional s-chaetae. Th. I,
II, and III without ventral chaetae. S-formula as 33/22235 (s), 11/111 (ms). Tibiotar-
sal tenent chaetae (1,1,1) clearly clavate. Tibiotarsi 1-2 with more than 24 chaetae.
Ventral tube with 6+5 chaetae (in the adult male studied). Retinaculum with 4+4 teeth
and two chaetae. Dens long and slender, with numerous crenulations, many (-50)
anterior and 17 (in the adult male studied) posterior chaetae. Anterior side of manu-
brium with 3+3 chaetae. Mucro bidentate.

Discussion. Our redescription is based on one individual of E. Rapoport, and
more material is needed to complete the understanding of B. biseta. The species obvi-
ously belongs to the genus Bagnallella by separation of two last abdominal segments
and s-chaetotaxy of Abd.IV and V. After chaetotaxy of tibiotarsi, ventral tube, and
dens, B. biseta appears to be a more polychaetotic species than its congeners. The close
relation of B. biseta and B. tenella (sharing 3+3 manubrial chaetae) is doubtful due to

** At present Bagnallella biseta cannot be reliably discriminated from Proisotoma koepckei based on the
existing descriptions. A similar problem exists with B. tenella and P nigromaculosa.
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difference in maxillary palp (bifurcate vs simple). The independence of B. koepckei and
B. paronai from B. biseta call for further verification. Bagnallella paronai is not included
in the key due to the incomplete diagnosis.

Distribution. Argentina and Chile (see Mari Mutt and Bellinger 1990 for details).

Bagnallella dubia (Deharveng, 1981), comb. nov.
Figures 3, 4

Crypropygus dubius Deharveng, 1981

Material examined. New Zealand, South Island, Central Otago, Pisa Range and Old
Man’s Range, high alpine zone, different sites, 17.02.2014, M. Minor leg.

Diagnosis. Maxillary palp bifurcate, two prelabral chaetae. Dens with 12-16
anterior chaetae. Mucro bidentate. Anterior side of manubrium with 1+1 chaetae.
33/22235 s and 10/100 ms on body. 2+2 ventral chaetae on Th.III.

Description. Colour grey. Cuticle, ocelli, outer mouth parts, and antennae as in
B. sedecimoculata. PAO as long as 0.8-0.9 Ant. I and as 1.4-1.5 as long as Claw IIL.
Ventral side of head with 4+4 postlabial chaetae. Th.III with 2+2 ventral axial chaetae.

Macrochaetae weakly differentiated, medial ones on Abd.V about as long as
0.4-0.5 of tergal midline. S-chaetae weakly differentiated. S-formula as 43/22235 (s),
10/100 (ms) (Fig. 4). S-chactae on Abd.I-III in mid-tergal position. Tibiotarsi 1-2

Bagnallella Scutisotoma

Figures 1-4. S-patterns of Abd. IV-VI in the genera Crypropygus Bagnallella and Scutisotoma (1) B. se-
decimoculata (2) and B. dubia (3, 4) 2, 3 furca, anterior view 4 macrochaetae and s and ms-chaetae on
body. s = s-chaetae, ms = ms-chaetae.
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with 21 chaetae, Tibiotarsi 3 with few additional chaetae. Tibiotarsal tenent chaetae
not developed. Ventral tube with 4+4 laterodistal and usually with five posterior chae-
tae. Retinaculum with 4+4 teeth and two chaetae. Anterior furcal subcoxae with 13-15
chaetae, posterior ones with 7-9. Anterior side of manubrium with 1+1 distal chaetae.
Dens with 12-16 anterior chaetae, posterior side of dens with crenulation and seven
chaetae (Fig. 3). Mucro bidentate. Ratio of manubrium : dens : mucro = 6.0-6.7 :
5.0-6.0 : 1. Males present, with two thin spurs on Tibiotarsi I.

Discussion. This species was named after its dubious position in generic system
of Proisotomal Crypropygus (Deharveng 1981). It resembles B. sedecimoculata (see the
Discussion below) and apparently belongs to the genus Bagnallella by separation of
two last abdominal segments and s-chaetotaxy of Abd.IV and V. Our specimens from
New Zealand match the first description.

Distribution. Bagnallella dubia was described from Marion Island and recorded
in Macquarie Island (Greenslade and Wise 1986) and alpine sites of New Zealand
(Babenko and Minor 2015). The species is possibly widely distributed in cold sites of
high altitudes of the Southern Hemisphere. Its occurrence in Australia (Greenslade
20006) needs to be verified.

Bagnallella douglasi (Mendonca, Queiroz & Silveira, 2015), comb. nov.
Proisotoma douglasi Mendonca, Queiroz & Silveira, 2015.
Discussion. The species can be attributed to Bagnallella by the two key characters
of the genus. It is characterized by 33/22235s, 11/111 ms, bifurcate maxillary palp,
long polychaetotic dens (34-35/14), and bidentate mucro. The presence of seven
ocelli and 2+2 chaetae on anterior side of manubrium are two unique characters
among members of the genus.

Distribution. This species is currently only known from SE Brazil.
Bagnallella mishai (Mendonca & Silveira, 2019), comb. nov.
Scutisotoma misha Mendonca & Silveira, 2019
Discussion. It is an easily recognizable species by 43/22235 s, 11/111 ms, simple max-
illary palp, dens (15-16/12-13), and tridentate mucro.

Distribution. One locality in southeastern Brazil.

Bagnallella ripicola (Linnaniemi, 1912), comb. nov.

Proisotoma ripicola Linnaniemi, 1912
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Diagnosis. Maxillary palp bifurcate, four prelabral chaetae. Ant. I with many addi-
tional chaetae. Dens long and slender, with 20-30 anterior chaetae or more. Mucro biden-
tate. Anterior side of manubrium with 1+1 chaetae. 33/22235 s and 11/111 ms on body.
Lateral s-chaetae on Abd.IV shifted to ventral side. Without ventral chaetae on Th.III.

Discussion. The full redescription is given by Fjellberg (2007).

Distribution and ecology. Europe. It prefers sandy places along the edge of water.

Bagnallella sedecimoculata (Salmon, 1943)
Figure 2

Folsomia sedecimoculata Salmon, 1943
Holotoma sedecimoculata (Salmon, 1943)
Proisotoma sedecimoculata (Salmon, 1943)

Material examined. South Africa, Western Cape, Stellenbosch, Jonkershoek Nature
Reserve, canyon to waterfall, SAF-086, 34.005570°S, 18.992067°E, 15/03/2008,
forest litter, Berlese, L.D. and A.B. leg.; Somerset, Helderberg, SAF-107, SAF-109,
SAF-116, 34.040883°S, 18.873649°F, alt. 600 m, 04/03/2009, native forest litter,
L.D. and A.B. leg.; Cape Town, Wynberg, Table Mountain, second collapse, SAF-
141, 33.987637°S, 18.405750°N, alt. 725 m, 10/03/2009, native forest litter, L.D.
and A.B. leg.; Constantia, Silvermine, in a small forest patch above Tokai, SAF-235,
34.038273°S, 18.395478°E, alt. 390 m, 06/11/2010, dead wood, D. Porco leg.; Kalk
Bay, Echo Valley, Spes Bona forest, SAF-555, 01/03/2019, Afromontane forest, moss
on rock, L.D. and A.B. leg.

New Zealand. NZL-049, Rotoiti: Lakes Rototongata and Rotoatua, 08/01/1996,
primary forest, litter, L.D. and A.B. leg.

Australia. Victoria, July 2010, University Ballarat, St. Helens, 37.629979°S,
143.890801°E, Eucalyptus plantation, moss, P. Greenslade. leg.

Macquarie Island, Bauer Bay, 54.5549°S, 158.8760°E, April 2016, Turf sample,
Berlese extraction, L. Phillips leg.

Diagnosis. Maxillary palp bifurcate, two prelabral chaetae. Dens slender, with
16-20 anterior chaetae. Mucro bidentate. Anterior side of manubrium with 1+1 chae-
tae. 33/22235 s and 10/100 ms on body. Without ventral chaetae on Th.III.

Description. Colour grey. Cuticle outwardly smooth. 8+8 ocelli, G and H smaller.
PAO about as long as 0.8 Ant. I and as 1.1-1.3 Claw III. Maxillary outer lobe with
four sublobal hairs and bifurcate maxillary palp. Labral formula as 2/554. Labium full
set of guards (e7 present), three proximal and four basomedian chaetae. Ventral side
of head with 4-5+4—5 postlabial chaetae. 11 chaetae on Ant.I, with three basal micro
s-chaetae (bms), of which one bms large, and two ventral s-chaetae (s), Ant.II with three
bms and one laterodistal s, Ant.III with one &ms and six distal s (including two lateral).
Thorax without ventral axial chaetae.
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Macrochaetae weakly differentiated, medial ones on Abd.V as long as 0.4-0.5 of
tergal midline. S-chaetae weakly differentiated. S-formula as 43/22235 (s), 10/100
(7ms). S-chaetae on Abd.I-III in mid-tergal position. General pattern of chaetotaxy as
in B. dubia (Fig.4). Ti.1-2 with 21 chaetae, Ti.3 with few additional chaetae. Tibio-
tarsal tenent chaetae not developed. Ventral tube with 4+4 laterodistal and usually
with six posterior chaetae (four in a transversal row). Retinaculum with 4+4 teeth and
two chaetae. Anterior furcal subcoxae with 11-15, posterior ones with 7-9 chaetae.
Anterior side of manubrium with 1+1 distal chaetae (Fig. 2). Dens with 17-19(16-20)
anterior chaetae, posterior side of dens with crenulation and seven chaetae (Fig. 2).
Mucro bidentate. Ratio of manubrium : dens : mucro = 5.3-6.3 : 5.9-6.7 : 1.

Discussion. Bagnallella sedecimoculata was described from New Zealand and was
designated as type species for the genus Bagnallella (see the discussion to the genus
above). The type specimen from New Zealand was studied (Potapov and Janion 2017),
although only one generic character (separation of two abdominal segments) was prov-
en. The redescription given above is based mostly on the South African material which
looks conspecific to one individual in hand from New Zealand (L.D. and A.B. leg.).
Bagnallella sedecimoculata resembles B. dubia and differs by ventral chaetae on Th.III
(absent vs present) and a few more anterior chaetae on dens (16-20 vs 12-16). The
latter character is not stable enough to separate the two species.

Distribution. Probably widely distributed. So far with scattered records in the
South Hemisphere (New Zealand, Australia, South Africa, Macquarie Island).

Bagnallella tenella (Reuter, 1895), comb. nov.
Figures 5-8

ILsotoma tenella Reuter, 1895
Proisotoma tenella (Reuter, 1895)
Proisotoma simplex Folsom, 1937
Proisotoma alba Yosii, 1939

Material examined. South Africa, Western Cape, Haarwegskloof, Swellendam,
34.3425°S, 20.3167°E, 18.vii.2017, litter trap (R17) with Dicerothamnus rhinoc-
erotis litter, O. Cowan leg.; Haarwegskloof, Swellendam, 34.3444°S, 20.3225°E,
18.vii.2017, litter trap (A17) with Medicago sativa litter, O. Cowan leg.; Eastern Cape,
Baviaanskloof, 33.7311°S, 23.9655°E, 24.iv.2013, BAV_F_49, A. Liu leg.; Free State
Province, Bankfontein Farm, 30.0567°S, 24.8942°E, 24.iv.2019, Berlese-Tullgren, tree
leaf litter, H. Badenhorst leg.

Cuba, Cienfuegos Province, 1984, J. Banasco-Almenteros leg.

Indonesia, Lombok Island, vic. Toko Nusa Sari, marine beech, 8.7411° S,
116.0011° E, 4.1V.2017, V. Makarov leg.

Brazil, Espirito Santo, Domingos Martins, Arace, 4.VI1.2000, M. Culik leg.



176 Mikhail Potapov et al. / ZooKeys 1072: 167-186 (2021)

S

S/ NN

\.\\\\R\“\ > 599l

Figures 5-8. Bagnallella tenella 5 chaetotaxy of posterior part of Abd. IV, Abd.V and VI 6 ocelli, PAO, and

Ant. 17 furca, lateral view 8 macrochaetae and s and ms-chaetae on body. s = s-chaetae, ms = ms-chaetae.

Diagnosis. Maxillary palp simple. Four prelabral chaetae. Dens slender, with ca
20-30 anterior chaetae. Mucro bidentate. Anterior side of manubrium with 3+3 chae-
tae. 33/22235 s and 11/111 ms on body. No ventral chaetae on Th.III.

Description. Colour grey of different intensity. Cuticle outwardly smooth. 8+8 ocelli,
G and H smaller. PAO (Fig. 6) about half as long as width of Ant.I and 0.8-0.9 as long
as Claw 3. Maxillary outer lobe with four sublobal hairs and simple maxillary palp. Labral
formula as 4/554. Labium without guards €7, with three proximal and four basomedian
chaetae. Ventral side of head with 4-5+4-5 postlabial chaetac. With several additional
chaetae on Ant.I. AntI with three basal micro s-chaetae (b7s), one dorsal large, Ant.IT
with three &ms, Ant. 111 without &ms. Thorax without ventral axial chaetae. Macrochaetae
rather long, differentiated (11/3334), medial ones on Abd.V about as long as tergal mid-
line. S-chaetae on tergites slightly shorter than ordinary chaetae. S-formula as 33/22235
(s), 11/111 (ms) (Figs 5, 8). S-chaetae subequal, on Abd.I-III in mid-tergal position. Mi-
cro s-chaetae on Abd.I-II in front of lateral s-chaetae, on Abd.III between medial and
lateral s-chaetae (Fig. 8). Tibiotarsal tenent chaetae (1,1,1) often present, weakly clavate
(see Discussion). Retinaculum with 4+4 teeth and 1-2 chaetae. Furca long. Anterior side
of manubrium with 3+3 chaetae arranged in two lines (Fig. 7). Dens with more than 20
anterior chaetae, posterior side of dens with crenulation and 7-10 chaetae (Fig. 7). Mucro
bidentate. Ratio of manubrium : dens : mucro = 7-8:9: 1.
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Discussion. The species belongs to the genus Bagnallel/a by having two last ab-
dominal segments separated and three and five s-chaetae on Abd. IV and V. It shares
3+3 anterior chactae on manubrium with B. biseta, B. koepckei, and B. paronai from
South America from which it differs by fewer chaetae on dens.

Number of posterior chaetae on dens, clavate tibiotarsal chaetae, and chaetae on
retinaculum vary. We treat all this variation within one species, but further study is
needed. The independence of Proisotoma nigromaculosa (Hawaiian Islands) is doubtful.

Although we have no material from Europe, Stach’s (1947) concept of P tenella
based on the specimens from Poland is accepted by us (for details see Potapov 2001;
Fjellberg 2007). Our tropical material fits Stach’s (1947) descriptions.

Distribution and ecology. Widely distributed cosmopolitan species. Common in
tropics. In higher latitudes only in protected soils.

Description of Bagnallella davidi and its forms in South Africa

Bagnallella davidi (Barra, 2001), comb. nov.
Figures 9-24

Proisotoma davidi Barra, 2001

Material examined. Typical form: South Africa, Free State Province, Bankfontein
Farm, 30.0567°S, 24.8942°E, 24.iv.2019, Berlese-Tullgren: tree leaf litter, H. Baden-
horst leg.; South Africa, Western Cape, Haarwegskloof, Swellendam, 34.3422°S,
20.3169°E, 18.vii.2017, litter trap (G18) with Pentameris eriostoma litter, O. Cowan
leg., South Africa, SAF 583 (11.m CJ SWB); Prince Albert: Swartberg North: road to
Swartberg Pass, 11/03/2019, meadow, moss, C.]. leg.

Short-haired form: South Africa, Western Cape, Haarwegskloof, Swellendam,
34.3534°S, 20.3042°E, 18.vii.2017, litter trap (A4) with Medicago sativa litter, O.
Cowan leg.; Cederberg Wilderness area, Litter trap CED588; South Arica, Western
Cape, Cederberg Wilderness area, Litter trap CED394; Jonkershoek Nature Reserve,
33.9891°S, 18.9575°E, 05.ix.2011, Litter trap (J4, 124); Jonkershoek Nature Reserve,
33.9891°S, 18.9575°E, 30.vii.2009, Litter trap, C.]. leg.; J2, 32.1; Landdroskop, Jan.
2012, H. Basson leg.; Prince Albert, Swartberg North, Swartberg crest, 12/03/2019,
SAF-612, SAF-618, meadow, litter and soil, L.D., C.J. and A.B. leg.

Intermediate form: South Africa, Western Cape, Haarwegskloof, Swellendam,
34.3345°S, 20.3187°E, 18.vii.2017, litter trap (R24) with Dicerothamnus rhinocero-
tis litter, O. Cowan leg.; Prince Albert, Swartberg North, Swartberg crest, SAF-612,
12/03/2019, meadow, litter, L.D., C.J. and A.B. leg.; Prince Albert, Swartberg North,
Swartberg crest, SAF-618, 12/03/2019, meadow, soil, L.D., C.]J. and A.B. leg.; Prince
Albert, Swartberg North, road to Swartberg Pass, SAF-601, 12/03/2019, meadow, lit-
ter and soil, L.D., C.J. and A.B. leg.; Prince Albert, Swartberg North, Swartberg crest,
SAF-614, 12/03/2019, moss on rock, Berlese, L.D., C.]J. and A.B. leg.
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Figures 9-14. Bagnallella davidi, normal long-haired (9—11) and short-haired form (12-14) 9, 12 macro-
chaetae and s and ms-chaetae on body 10, 13 posterior part of abdomen 11, 14 Abd.I. s = s-chactae, ms =

ms-chaetae.

“Clasping supermales”: SAF-601, South Africa: Western Cape: Prince Albert:
Swartberg North: road to Swartberg Pass, 12/03/2019, meadow, litter and soil, L.D.,
C.J. and A.B. leg.

“Spiny supermales”: SAF-554; South Africa: Western Cape: Kalk Bay: Echo Val-
ley: Spes Bona forest, 01/03/2019, Afromontane forest, moss and lichen on rock,
L.D. and A.B. leg.
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subadult supermale

lateral view

Figures 15-19. Bagnallella davidi, the “clasping supermale” 15 subadult individual, dorsal view
16, 17 adult, dorsal 16 and lateral 17 views 18 posterior part of abdomen in adult male, ventral view
19 mandible. Man = Manubrium.

Diagnosis. 3+3 postlabial chaetae. Maxillary palp simple. Dens with four anterior
and four posterior chaetae. Mucro tridentate, teeth arranged in a line. Anterior side of
manubrium with 1+1 chaetae. 43/22235 s and 10/100 ms on body (Figs 9-11). No
ventral chaetae on Th.IIIL. Typical form of species with long macrochaetae (Fig. 10).

Description. Maxillary outer lobe with four sublobal hairs, maxillary palp simple.
Labral formula as 4/5,5,4. Labium with five usual papillac (-E) and labial formula
A1B4CODA4EG, guard chaeta e7 absent, three proximal and four basomedian chae-
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tae. Ventral side of head with 3+3 chaetae. PAO shorter than Ant.I width (0.6-0.8).
Ant. I with 11 common chaetae, two ventral s-chaetae (s) and three bms, of which
one dorsal long, chaeta-like (this ms was calculated together with common chaetae
in first description, 12 at whole); Ant. II with three bms and one latero-distal s;
Ant. III with one bms and with six distal s (including two lateral), without additional
s-chaetae. Organite pin-like, not very small. Empodial appendage about half as long
as Claw. Anterior and posterior furcal subcoxae with 9—14 and 7-8 chaetae, respec-
tively. Male spurs on tibiotarsi 3 thin, stick-like. Th. I-III without ventral chaetae.
Ratio manubrium : dens : mucro as 4.4-5.0 : 3.3-3.8 : 1; dens : Claw as 3.3-3.6 (for
the typical form).

Discussion. Bagnallella davidi is a rather peculiar species of the genus due to few
chaetae on dens (vs many more chaetae both on anterior and posterior sides), triden-
tate mucro (shared with B. mishai only), and 3+3 postlabial chaetae (vs 4+4 or more
in other species). The first description is almost complete and, therefore, we made very
few additions concerning mouth parts. The species exhibits high variation in length
of macrochaetae and show different modifications of males. All the forms (described
below) can indicate either high plasticity of a single species or the complex of separate
although closely related species, calling for further morphological, biological, ecologi-
cal, and molecular investigations.

Distribution. Eastern Cape, Amatola Mountains (type location) and widely in the
Western Cape and Free State (our material) provinces of South Africa.

Polymorphism of Bagnallella davidi

1. “Typical “ form (Figs 9-11). B. davidi was described in this form (Barra 2001).
Macrochaetae on body segments are long. Ratios: Mac on Abd.V as long as 0.7-1.0
of tergal midline. Mac : Abd.V width = 0.7-1.0; Mac : mucro = 3.3-4.1; Mac : dens
= 0.8-1.1 (Fig. 9). In Proisotoma complex, so long macrochaetae is a unique character
among species of Bagnallella and sometimes occur in the genera Weberacantha Chris-
tiansen, Narynia Martynova and Folsomides Stach. This form was found in juvenile and
fully adult specimens, both in females and males.

2. “Short-haired” form (Figs 12—14). Macrochaetae are short, shorter than com-
mon chaetae on most abdominal segments. Ratios: Mac : Abd.V Mac on Abd.V as
long 0.2-0.3 of tergal midline; Mac : mucro = 0.9-1.4; Mac : dens 0.2-0.3. In spite
of their small size, macrochaetae are erect and stiff and so well recognized indicating
their possible ecomorphic nature although the integument and mouthparts are not
modified. Head and furca appear to be relatively larger than in typical form. Ratio
manubrium : dens : mucro as 5.1-6.6 : 4.1-5.8 : 1; dens : Claw as 3.3-4.5. All other
significant characters (s-chaetotaxy, mouth parts, chaetotaxy of extremities) are as in
typical form. All instars and both sexes can belong to this form.

We also found individuals with middle-sized macrochaetae (as in Fig. 15), which
is on Abd.V twice as long as mucro (vs 3.3—4.1 in typical form and 0.9-1.4 in short-
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Figures 20. Bagnallella davidi, anterior part of head and antennae in adult “clasping supermale”.

haired form) and half as long as dens (vs subequal to dens in typical form and 0.2-0.3
as dens in short-haired form).

Each studied population consists of only one of the forms, and we have not found
a continuous range of macrochaetae variability, apart from short-haired clasping adult
supermales occurring in “normal” populations.

3. “Clasping supermales” (Figs 15-20). Ant.I-III expanded and partly fused.
Antennae joints probably lost mobility. Inner side of Ant.Il and III is armed with
thickened, flame-shaped, and bifurcate chaetae which probably form a clasping organ.
Front of head have chitinized tubercles. Anal valves are armed with spines. Mandibles
without apical teeth. Macrochaetae short. Subadult clasping supermales, i.e., males
without fully developed genital plate and without developed ejaculatory duct, have
also expanded antennae although without modified chaetae on inner their side. They
show normal (longer than on adult supermales) macrochaetae and normal mandibles
and have no spines on anal valves (Fig 15-20). The females of the same population
belong to the form with middle-sized macrochaetae.

4. “Spiny supermales” (Figs 23-25). One of the males has a row of spiny p-chae-
tae on Abd.IV and strong thickened macrochaetae on lateral parts of Abd.VI. Other
macrochaetae on the body are weakly developed. Common chaetae on dorsum of Abd.
IV-VI curved at apex (Fig. 25). Mandibles without apical teeth and molar plate (Fig.
24). Outer mouth parts (labrum, maxillary outer lobe, and labium) not fully developed.
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adult modest male
of typical form

adult modest male
of «short-haired» form

Figures 21-25. Bagnallella davidi unmodified (21, 22) and “spiny supermale” (23-25) 21-23 lateral

view 24 mandible 25 posterior part of abdomen, lateral view. s = s-chaetae, M = macrochaetac.

Unmodified males are much more frequent than the two male forms described
above. In most populations, only unmodified males are known. They can show all pos-
sible length of macrochaetae and belong to associated forms (Figs 21, 22).
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Discussion

If present, the clasping organ of Collembola is formed by two symmetrical complexes
associated with, respectively, left and right antennae, or, more rarely, other limbs. Paired
“clasps” are evolutionary formed in different taxa, for example, in the family Sminthuridi-
dae, Vertagopus reuteri (Schott, 1893), Rhodanella minos Denis, 1928, Seira raptora (Zep-
pelini & Bellini, 2006) (Delamare Deboutteville et al. 1969; Betsch 1980; Fjellberg 1982;
Bellini et al. 2009). In “clasping supermales” of Bagnallella davidi, all modified chaetae
(curved spines, flame-shaped, flattened, and bifurcate) are found on the inner side of the
antennae, forming a unique type of clasping organ. This allows males to grasp females
between the two antennae at the axial region. The only possible similar case was described
in Vertagopus pseudocinereus Fiellberg, 1975, which clasps the female with right and left
antennae. This species has curved and serrated chaetae on antennae, without any strong
modifications (Goloschapova et al. 2006: fig. 2). We can assume that males of B. davidi
uses this unpaired “clasp” (Fig. 20) in a similar manner, for clasping onto the female.

The function of the spiny row in “spiny supermales” of B. davidi is more difficult
to explain. The armature of the posterior row on Abd.IV somewhat resembles back-
ward-shifting macrochaetae in males of Scutisotoma acorrelata Potapov, Babenko &
Fjellberg, 2006, while strong lateral macrochaetae on Abd. VI indicate some similarity
to Ephemerotoma huadongensis (Chen, 1985), which shows similar armature on both
Abd. V and VI (described by Potapov et al. 2015, 2020, respectively).

Acknowledgements

This work was partly funded by the SA (NRF) / Russia (RFBR) Joint Science and
Technology Research Collaboration project no. 19-516-60002 (FRBR) and no.
118904 (NRF) awarded to M. Potapov and C. Janion-Scheepers, respectively, and SA-
France (Protea I and II) awarded to L. Deharveng. We thank D. Porco, P. Greenslade,
O. Cowan, H. Badenhorst, H. Basson, V. Makarov, and M. Culik for providing their
material for study, and SANParks and Cape Nature for collecting permits.

References

Agrell T (1939) Zur Kenntnis der schwedischen Collembolen mit Beschreibung von vier neuen
Arten und einigen Varietiten. Opuscula Entomologica 1939: 159-168.

Arlé R (1970) Una nova especie de Onychiurus (Collembola — Onychiuridae) de ocorencia peri-
odica em Belem (Para). Boletim do Museu Paraense Emilio Goeldi. Serie zoologia 72: 1-11.

Babenko A, Minor M (2015) Austrodontella monticola sp. nov., a new species of Collem-
bola from montane New Zealand. Zootaxa 3974: 122-128. https://doi.org/10.11646/
zootaxa.3974.1.9


https://doi.org/10.11646/zootaxa.3974.1.9
https://doi.org/10.11646/zootaxa.3974.1.9

184 Mikhail Potapov et al. / ZooKeys 1072: 167-186 (2021)

Barra JA (2001) Proisotoma davidi sp. nov. from Cape Province (South Africa) (Collem-
bola). Deutsche Entomologische Zeitschrift 48: 23-26. https://doi.org/10.1002/
mmnd.4800480103

Bellini BC, Pais AP, Zeppelini D (2009) A new species of Seira Lubbock (Collembola: Ento-
mobryidae) from Brazil with sexually dimorphic legs. Zootaxa 2080: 38—-46. https://doi.
org/10.11646/zootaxa.2080.1.3

Betsch J-M (1980) Eléments pour une monographie des collemboles symphypléones (Hexa-
podes, Aptérygotes). Mémoires du Museum National d’Histoire Naturelle, Série A, Zo-
ologie 116: 1-227.

Bérner C (1901) Zur Kenntnis der Apterygoten-Fauna von Bremen und der Nachbardistrik-
te. Beitrag zu einer Apterygoten-Fauna Mitteleuropas. Abhandlungen des Naturwissen-
schaftlichen Vereins zu Bremen 17: 1-140. hteps://doi.org/10.5962/bhl.part.18332

Bérner C (1907) Collembolen aus Ostafrika, Madagaskar und Siidamerika. In: A. Voeltzkow
(Ed) Reise in Ostafrika in den Jahren 1903-1905, mit Mitteln der Hermann und Elise geb.
Heckmann Wentzel-Stiftung ausgefithrt. Wissenschaftliche Ergebnisse., E. Schweizerbar-
tsche Verlagbuchhandlung, Stuttgart, 47-178.

Chen BR (1985) Six new species of the family Isotomidae (Collembola). Contributions of
Shanghai Institute of Entomology 5: 183-193.

Deharveng L (1981) Collemboles des Tles subantarctiques de I'Océan Indien, Mission J. Travé
1972-1973. Comité National Francaise des Recherches Antarctiques 48: 33—109.

Delamare Deboutteville C, Jacquemart S, Poivre G (1969) Rescription de Rbodanella minos
(Denis) Bulletin de I'Institut Royal des Sciences Naturelles de Belgique 45: 1-11.

Denis J (1928) Sur deux collemboles de la Somalie italienne. Le dimorphism sexuel de Verzago-
pus minos sp. nov. Bollettino della Societd Entomologica Italiana 60: 1-6.

Fjellberg A (1982) Redescriptions of Vertagopus brevicaudus (Carpenter, 1900) and V. reuteri
(Schétt, 1893), two arctic species of Collembola (Isotomidae). Entomologia Scandinavica
13: 141-147. hteps://doi.org/10.1163/187631282X00048

Fjellberg A (1975) Vertagopus pseudocinerens n. sp. A new species of Collembola (Isoto-
midae) from North Norway. Insect Systematics & Evolution 6:212-214. https://doi.
org/10.1163/187631275X00037

Fjellberg A (2007) The Collembola of Fennoscandia and Denmark. Part II: Entomobryo-
morpha and Symphypleona. Fauna Entomologica Scandinavica 42: 1-264. https://doi.
0rg/10.1163/¢j.9789004157705.i-265

Folsom JW (1932) Hawaiian Collembola. Proceedings of the Hawaiian Entomological So-
ciety 8: 51-80.

Folsom JW (1937) Nearctic Collembola or springtails of the family Isotomidae. Bulletin of the
United States National Museum 68: 1-144. https://doi.org/10.5479/5i.03629236.168.1

Greenslade P (2006) The Invertebrates of Macquarie Island. Australian Antarctic Division,
Kingston, 326 pp.

Greenslade B, Wise KAJ (1986) Collembola of Macquarie Island. Records of the Auckland Inst.
Museum 23: 67-97.

Goloschapova NP, Potapov MB, Chernova NM (2006) Sexual behaviour in Isotomidae (Col-
lembola). Pedobiologia 50: 111-116. https://doi.org/10.1016/j.pedobi.2005.12.006


https://doi.org/10.1002/mmnd.4800480103
https://doi.org/10.1002/mmnd.4800480103
https://doi.org/10.11646/zootaxa.2080.1.3
https://doi.org/10.11646/zootaxa.2080.1.3
https://doi.org/10.5962/bhl.part.18332
https://doi.org/10.1163/187631282X00048
https://doi.org/10.1163/187631275X00037
https://doi.org/10.1163/187631275X00037
https://doi.org/10.1163/ej.9789004157705.i-265
https://doi.org/10.1163/ej.9789004157705.i-265
https://doi.org/10.5479/si.03629236.168.1
https://doi.org/10.1016/j.pedobi.2005.12.006

Taxonomy of the Proisotoma complex 185

Janion-Scheepers C, Deharveng L, Bedos A, Chown SL (2015) Updated list of Collembola spe-
cies currently recorded from South Africa. ZooKeys 503: 55-88. https://doi.org/10.3897/
zookeys.503.8966

Linnaniemi WM (1912) Die Apterygotenfauna Finlands. II, Spezieleller Teil. Druckerei der
Finnischen Literaturgesellschaft, Helsingsfors, 396 pp.

Mari Mutt JA, Bellinger PF (1990) A Catalog of the Neotropical Collembola, Including Nearc-
tic Areas of Mexico. Sandhill Crane Press, Gainesville, 237 pp.

Mendonga MC, Queiroz G, Silveira TC (2015) Two new species of Proisotoma Borner, 1901
from Southeastern Brazil (Collembola: Isotomidae). Soil Organisms 87: 61-60.

Mendonga MC, Silveira TC (2019) A peculiar new species of Scutisotoma Bagnall, 1949 (Col-
lembola: Isotomidae) from Brazil. Soil Organisms 91: 1-6.

Neves ACR, Mendonga MC (2016) Recaracterizagio da espécie Proisotoma tenella (Reuter,
1895) (Collembola: Isotomidae) In: Da-Silva ER, Passos MIS, Aguiar VM, Lessa CSS and
Coelho LBN (Eds), Anais do III Simpésio de Entomologia do Rio de Janeiro. Universidade
Federal do Estado do Rio de Janeiro, Rio de Janeiro, 52 pp.

Potapov M, Babenko A, Fjellberg A (2006) Taxonomy of the Proisotoma complex. Redefinition
of genera and description of new species of Scutisotoma and Weberacantha (Collembola,
Isotomidae). Zootaxa 1382: 1-74. https://doi.org/10.11646/zootaxa.1382.1.1

Potapov M, Gao Y, Deharveng L (2013) Taxonomy of the Cryptopygus complex. 1. Pauro-
pygus—a new worldwide littoral genus (Collembola, Isotomidae). ZooKeys 304: 1-16.
hteps://doi.org/10.3897/z00keys.304.4083

Potapov M, Janion C, Deharveng L (2011) Two new species of Parisotoma (Collembola:
Isotomidae) from the Western Cape, South Africa. Zootaxa 2771: 17-24. https://doi.
org/10.11646/zoo0taxa.2771.1.2

Potapov M, Janion-Scheepers C (2017) A review of Salmon’s Folsomia types from New Zealand
(Collembola). New Zealand Entomologist: Vol. 40:1-7.

Potapov MB, Janion-Scheepers C, Deharveng L (2020) Taxonomy of the Crypropygus complex.
III. The revision of South African species of Crypropygus and Isotominella (Collembola,
Isotomidae). ZooKeys 945: 99—127. https://doi.org/10.3897/zookeys.945.51860

Potapov M, Kahrarian M, Deharveng L, Shayanmehr M (2015) Taxonomy of the Proisoto-
ma complex. V. Sexually dimorphic Ephemerotoma gen. nov. (Collembola: Isotomidae).
Zootaxa 4052(3): 345-358. https://doi.org/10.11646/z0otaxa.4052.3.4

Potapov M, Huang C-W, Gulgenova A, Luan Y-X (2020) New and little known Isotomidae
(Collembola) from the shore of Lake Baikal and saline lakes of continental Asia. ZooKeys
935: 1-24. https://doi.org/10.3897/z00keys.935.49363

Reuter OM (1895) Finlands Collembola och Thysanura. Apterygogenea Fennica. Helsing-
fors, 203 pp.

Rapoport EH (1963) Collembolos de Bahia Blanca (Argentina). VI. Revista de la Sociedad
Entomoldgica Argentina 26: 35-39.

Salmon JT (1943) The genus Folsomia (Collembola) in New Zealand. Transactions and Pro-
ceedings of the Royal Society of New Zealand 73: 73-75.

Salmon JT (1951) Keys and bibliography to the Collembola. Zoology Publications from Vic-
toria University College 8: 1-82.


https://doi.org/10.3897/zookeys.503.8966
https://doi.org/10.3897/zookeys.503.8966
https://doi.org/10.11646/zootaxa.1382.1.1
https://doi.org/10.3897/zookeys.304.4083
https://doi.org/10.11646/zootaxa.2771.1.2
https://doi.org/10.11646/zootaxa.2771.1.2
https://doi.org/10.3897/zookeys.945.51860
https://doi.org/10.11646/zootaxa.4052.3.4
https://doi.org/10.3897/zookeys.935.49363

186 Mikhail Potapov et al. / ZooKeys 1072: 167-186 (2021)

Schéte H (1893) Systematik und Vebreitug Palaearktischer Collembola. Kongliga Vetenskaps-
Akademiens Handlingar 25: 1-100. hteps://doi.org/10.5962/bhl.title.8645

Stach ] 1947. The apterygotan fauna of Poland in relation to the world-fauna of this group of
insects. Family: Isotomidae. Polska Akademia Umiejetnosci, Acta Monographica Musei
Historiae Naturalis, Krakéw, 488 pp.

Willem V (1902) Les collemboles recueillis par I'expédition antarctique belge. Annals of the
Society for Entomology of Belgium 45: 260-262.

Winter C (1967) Beitrige zur Kenntnis der neotropischen Collembolenfauna. Senckenbergi-
ana Biologica 4: 37-69.

Yosii R (1939) Isotomid Collembola of Japan. Acta Entomologica 2: 344-392.

Zeppelini D, Bellini BC (2006) Two Seira Lubbock 1869 (Collembola, Arthropleona, Ento-
mobryidae) new to science, with remarkable secondary sexual characters. Zootaxa 1185:
21-35. https://doi.org/10.11646/z0otaxa.1185.1.2


https://doi.org/10.5962/bhl.title.8645
https://doi.org/10.11646/zootaxa.1185.1.2

	Taxonomy of the Proisotoma complex. VI. Rediscovery of the genus Bagnallella Salmon, 1951 and epitoky in Bagnallella davidi (Barra, 2001), comb. nov. from South Africa
	Abstract
	Introduction
	Materials and methods
	Abbreviations

	Redescription of the genus Bagnallella Salmon, 1951
	Bagnallella Salmon, 1951
	World list of the genus Bagnallella
	Key to known species of Bagnallella�
	Bagnallella biseta (Rapoport, 1963), comb. nov.
	Bagnallella dubia (Deharveng, 1981), comb. nov.
	Bagnallella douglasi (Mendonca, Queiroz & Silveira, 2015), comb. nov.
	Bagnallella mishai (Mendonca & Silveira, 2019), comb. nov.
	Bagnallella ripicola (Linnaniemi, 1912), comb. nov.
	Bagnallella sedecimoculata (Salmon, 1943)
	Bagnallella tenella (Reuter, 1895), comb. nov.
	Description of Bagnallella davidi and its forms in South Africa
	Bagnallella davidi (Barra, 2001), comb. nov.
	Polymorphism of Bagnallella davidi

	Discussion
	Acknowledgements
	References

