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Abstract

Species identification of earthworms using morphology can be challenging and inconclusive as homoplasy
in many characters is high. The use of molecular DNA technology, such as the use of conserved regions in
mtDNA and nuclear DNA has unravelled the phylogenetic background of several earthworm species. The
current study utilised the cytochrome ¢ oxidase subunit I (COI) mitochondrial marker to reconstruct the
phylogeny of Kazimierzus Plisko, 2006 species from the Western and Northern Cape provinces of South
Africa. Phylogenetic reconstructions were implemented using Bayesian Inference, as well as Maximum
Likelihood. Both tree building methods adhered to the monophyly of the majority of the taxa. Results
showed that species fell into two clades and validated eleven currently known Kazimierzus species (K.
circulatus (Plisko, 1998), K. franciscus (Pickford, 1975), K. guntheri (Pickford, 1975), K. hamerae (Plisko,
1998), K. kleinoodi Nxele & Plisko, 2017, K. nietvoorbiji Nxele & Plisko, 2017, K. nieuwoudtvillensis
Nxele & Plisko, 2017, K. occidualis (Plisko, 1998), K. pearsonianus (Pickford, 1975), K. phumlani Nxele
& Plisko, 2017, K. sophieae (Plisko, 2002)). Cryptic diversity is evident in K. occidualis with genetic diver-
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gence greater than 12% amongst populations. Kazimierzus franciscus and K. [jungstroemi (Pickford, 1975)
have a low genetic variability suggesting close relatedness or probably conspecificity. A group of specimens
from Clanwilliam are morphologically identical to K. sophieae, but are genetically distinct and may belong
to undescribed species. This study demonstrates the importance of integrative taxonomy in earthworms
in order to present reliable taxonomic and biogeographic data.

Keywords
DNA, COI, mtDNA, taxonomy, earthworms, cryptic diversity

Introduction

Earthworms constitute a large component of soil invertebrates and are regarded as
soil engineers (Jouquet et al. 2006). They alter soil properties and enhance nutrient
cycling (Lavelle 1988) which determines plant community composition. Regardless
of their importance, African earthworm fauna have not received much attention and
their evolutionary relationships are subject to debate. Species identification is pos-
sible by investigating their anatomy (Chang et al. 2007, Csuzdi 2010, Csuzdi and
Zicsi 2003, Plisko and Zicsi 1991), but the structural simplicity of their body plan
and existence of cryptic species may hinder taxonomic classification (Dominguez
et al. 2015). Traditional morphology-based identification also requires substantial
taxonomic expertise in this group, because it involves observation of minute mor-
phological characters (Richard et al. 2010). As such, the use of molecular DNA
technology in species delineation is an important complement to morphological
classification of earthworms.

The use of DNA sequences has increased in the recent past, because it is less subjec-
tive than morphological characters, allows for the analysis of several characters (Scot-
land et al. 2003) and is applicable at all developmental stages (Decaéns et al. 2013;
Chang and James 2011). The molecular studies of earthworms that have used the
mitochondrial cytochrome ¢ oxidase subunit I (COI) gene in integrative taxonomy
have shown good results (Blakemore 2013a, b; Blakemore et al. 2010; Bantaowong
et al. 2011; Huang et al. 2007; Richard et al. 2010; King et al. 2008; Rougerie et al.
2009; Chang et al. 2009; James et al. 2010). This marker is able to distinguish the in-
tra- and interspecific genetic variation and groups conspecifics together, because COI
sequences are variable enough to differentiate between taxa, but are less variable in
conspecifics (Rougerie et al. 2009; Stoeckle and Hebert 2008; Valentini et al. 2008).

According to Nxele (2012), knowledge of the taxonomic diversity of the indigenous
megadriles in South Africa is incomplete. Therefore, integration of taxonomic methods
is vital to improve the knowledge and understanding of the megadrile fauna. Further-
more, Plisko (2013) stressed that a molecular study on indigenous South African mega-
driles is essential in order to reveal the evolutionary relationships amongst them. Against
this background, the phylogenetic relationships in Kazimierzus, a genus occurring in the
Western and Northern Cape provinces of South Africa, was investigated.
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Materials and methods

Sampling

In order to obtain earthworms of Kazimierzus, qualitative sampling was carried out in
2011 and 2015 during the rainy season (July—September) in the Western and Northern
Cape, South Africa. Besides the focus on type localities, potential sites other than the
type localities were also sampled. Earthworms were collected by digging and hand sort-
ing. Collected specimens were anaesthetised in 20% ethanol solution, fixed in 4% for-
malin solution and preserved in 75% ethanol for taxonomic purposes. A subsample was
preserved in absolute ethanol for molecular analysis. All specimens were examined using
a Wild Heerbrugg stereomicroscope and were identified according to the descriptions in
Plisko (1996, 1998, 2002), Pickford (1975), Michaelsen (1913) and Nxele et al. (2017).
All specimens are at the KwaZulu-Natal Museum, Pietermaritzburg, South Africa.

Genomic DNA extraction, amplification and sequencing

Tissue from the posterior section of the earthworm was used. All DNA extractions were
performed using the ZR Genomic DNA™ Tissue MicroPrep kit, following the manu-
facturer’s standard protocol. The concentration of DNA in each sample was estimated
using the NanoDrop 2000 (Thermo Scientific). A fragment of the mitochondrial cy-
tochrome ¢ oxidase subunit I (COI) gene was amplified using LCO1490 (5 GGT-
CAACAAATCATAAAGATATTGG 3’) and HCO2198 (5° TAAACTTCAGGGT-
GACCAAAAAATCA 3’) primers (Folmer et al. 1994). Polymerase chain reactions
(PCR) were performed in a final volume of 25 pl using the BIO RAD T100 Thermal
Cycler and contained: 2 pl of DNA template (approximately 35 ng/ul), 12.5 pl One
Taq Quick-Load 2X Master Mix with standard buffer, 0.5 pl of 10 uM forward and
reverse primers and sterile water. The thermocycler conditions were as follows: 95 °C
for 2.30 min for initial denaturation, followed by 35 cycles at 95 °C for 30 sec dena-
turation, 50 °C to 52 °C for 45 sec annealing and 72 °C for 75 sec extension. A final
extension step at 72 °C for 10 min completed the reactions.

Sequencing of the 675 bp fragment of the COI mtDNA was conducted at Inqaba
Biotechnical Industries (Pty) Ltd.

Sequence alignment and phylogenetic analysis

Identity of sequences was verified by the Basic Local Alignment Search Tool (BLAST)
in the National Centre for Biotechnology (NCBI). Sequences of Amynthas minimus
(Horst, 1893) and Amynthas corticis (Kinberg, 1867) were included as outgroup
taxa. The sequences for outgroup taxa were obtained from GenBank (Accession nos:
AB542509.1, AB542469.1) and current sequences are added as supplementary data.
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All specimens are at the KwaZulu-Natal Museum. The sequences were aligned using
CLUSTAL X 2.1 (Larkin et al. 2007). These alignments were then manually edited
using BIOEDIT 3.3.19.0 (Hall 1998). Unreliable nucleotides (low signal strength),
as well as primers sequences, were trimmed off at both the 5" and 3’ ends. The pro-
gramme JMODELTEST v.0.1.1 (Darriba et al. 2012) was used to select the best-fit
evolutionary model using the AKAIKE Information Criterion (AIC; Akaike 1973).
Phylogenetic analyses were based on two approaches, Bayesian Inference (BI) was per-
formed using MRBAYES 3.2 (Huelsenbeck and Ronquist 2001) and Maximum Like-
lihood (ML) analysis was performed using GARLI (Zwickl 2011). In each case, the
best-fit evolutionary model selected by JMODELTEST was specified.

Clade support was evaluated by 1000 bootstrap replicates for the ML analysis and
posterior probability values for the Bayesian analysis. For Bayesian analyses, all MR-
BAYES analyses were run for 5000000 generations with a sampling frequency of 1000.
The deviation of split frequencies was less than 0.01 at the conclusion of all analyses
which confirmed that the MCMC chains had converged. The programme TRACER
v1.5 (Drummond and Rambaut 2007) was used to check that the Effective Sampling
Size > 200 and that posterior distribution for all parameters was unimodal. Consen-
sus trees were generated using PHYLIP 3.69 (Felsenstein 2005) and viewed in FIG
TREE v1.3.1 (Rambaut 2009). Uncorrected p genetic distances were obtained for the
sequenced specimens using MEGA 6 (Tamura et al. 2013). Each species is represented
by one specimen, except where the species appeared in more than one clade on the
phylogenetic tree. Sequences have been deposited in GenBank (Table 1).

Results

Phylogenetic analyses

The sequences were 675 bp. Variable sites were 431 bp and conserved sites 233 bp
showing great differentiation amongst taxa.

Most species pair comparisons showed a genetic distance above 13%), except for K.
ljungstroemi and K. franciscus which have one percent genetic distance between them
(Table 2).

The MI and BI trees were congruent, therefore, support values were annotated
on to the branches of the most likely trees generated for each of the datasets analysed
(ML run with no bootstrap, rooted using outgroup species (Amynthas minimus and
Amynthas corticis).

Bootstrap values and posterior probabilities below 50% and 0.50, respectively, were
not shown on the trees. Two clades, A and B, are distinct; clade A separates further to
clades C and D whilst clade B separates to clades E and F (Fig. 1). Both tree building
methods support monophyly of the majority of taxa (Fig. 1). Kazimierzus sophieae is
paraphyletic, found in two distinct clades; one shared with K. sp and the second clade
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Table I. Genbank COI sequences for investigated Kazimierzus species.

87

Species Specimen catalog # Genbank #
K. circulatus NMSA/OLIG.04942/3a,c MN982467-68
K. franciscus NMSA/OLIG.09659a,b,c MN982469-71
K. guntheri NMSA/OLIG.04986a,b,e MN982474-75; MN982478
K. hamerae NMSA/OLIG.04956a,b,c MN982461-63
K. kleinoodi NMSA/OLIG.04987 MN982480
K. ljungstroemi NMSA/OLIG.06960b,d,e MN982472-73; MN982482
K. nietvoorbiji NMSA/OLIG.04988a,c MN982456-57
K. niewwoudtvillensis NMSA/OLIG.04990b,c,d MN982458-60
K. occidualis NMSA/OLIG.04958a,c,d; NMSA/OLIG.04962 MN982464-66; MN982485
K. pearsonianus NMSA/OLIG.04984 MN982479

K. phumlani
K. sophieae

K sp.

NMSA/OLIG. 04951/2b,c,e
NMSA/OLIG.04950a,c; NMSA/

MN982453-55
MN982483-84; MN982486-87

OLIG.04963a,b
NMSA/OLIG.04989a,d,e

MN982476-77; MN982481
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Figure 1. COI gene phylogram showing relationships amongst Kazimierzus species. Numbers above
nodes are bootstrap support/posterior probabilities from Maximum Likelihood and Bayesian analyses.

Letters A—F represents different clades.
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Table 2. Pairwise p genetic distances (%) between the investigated Kazimierzus species/lineages.

Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1. K. nietvoorbiji
2. K. phumlani 21.1
3. K. hamerae 22.3 20.1
4. K. sophieae 254 255 169
5. K sp 20.3 183 17.5 23.0
6. K. sophieae 23.1 20.1 21.5 255 19.0
7. K. nieuwoudtvillensis 18.8 20.7 199 255 174 226
8. K. circulatus 19.0 17.5 185 23.8 17.9 19.5 16.6
9. K. occidualis 18.7 155 209 252 182 19.6 17.7 15.8
10. K. occidualis 19.0 169 222 263 19.5 209 19.0 172 3.0
11. K. occidualis 21.5 219 23.1 28.5 21.5 242 204 19.8 155 16.1
12. K. franciscus 19.9 199 22.0 26.8 19.3 21.7 19.1 199 18.7 19.8 23.6
13. K. ljungstroemi 19.9 204 222 27.3 188 219 19.3 19.8 187 19.6 234 1.1
14. K. guntheri 13.6 21.1 21.1 26.6 20.7 23.1 19.3 204 19.5 187 19.3 21.4 21.5
15. K kleinoodi 13.2 21.4 239 285 21.9 23.8 20.9 225 19.5 20.7 22.6 22.6 22.8 15.0
16. K. pearsonianus 14.0 22.6 23.8 27.3 23.4 254 222 22.0 21.7 223 23.6 222 22.0 15.0 15.8

with Kazimierzus hamerae (clade D). The two species in clade C, K. circulatus and K.
niewwoudtvillensis, are sister taxa. Kazimierzus phumlani and K. occidualis are sister taxa
comprising clade E. Clade F has six species including a strongly-supported sub-clade,
composed of K. franciscus and K. ljungstroemi. The other species (K. guntheri, pearsoni-
anus, kleinoodi and nietvoorbiji) form the other sub-clade.

Discussion

Morphological examination revealed eleven currently known species (circulatus, fran-
ciscus, guntheri, hamerae, kleinoodi, nietvoorbiji, niewwoudtvillensis, occidualis, pearsoni-
anus, phumlani and sophieae). However, the current phylogenetic analysis resulted in
additional lineages that suggest cryptic diversity (Fig. 1) and a new species, K. sp. Most
lineages had strong support but weak branch support was noted in deeper nodes with
some clades having bootstrap values less than 50%, hence not annotated on the tree.
Genetic distances also support the relationships observed in the phylogenetic tree. Ge-
netic distances between species were all greater than 13% and generally much greater
than that, consistent with the recommendations of Hebert et al. (2003), Decaéns et al.
(2013) and Huang et al. (2007) for separation of species by genetic distance using the
CO1 barcode (Table 2).

Kazimierzus hamerae is similar in appearance to K. sophieae, but molecular data
confirmed that they are separate species. The phylogenetic tree (Fig. 1), however, high-
lights, unexpectedly, that K. sophieae specimens that were collected from two localities,
one in Clanwilliam and the other in van Rhyn’s Pass, fall into two clades. The two clad-
es may be because K. sophieae is polyphyletic or there is no morphological divergence
of these taxa, but are different species genetically (25.5% divergence). The type locality
of K. sophieae is Nieuwoudtville, which is close to van Rhyn’s Pass. It is likely that the
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specimens of K. sophieae from van Rhyn’s Pass that are in the same clade as K. hamerae
are the real K. sophieae. The specimens of K. sophieae from Clanwilliam that are in the
same clade as K. sp. may possibly be an undescribed species; however, a comparison of
sequences of K. sophieae specimens and those from the type locality, Nieuwoudtville is
necessary. It seems that morphological evolution is not rapid in this complex of taxa
and there is presence of cryptic diversity. Clade D has poor ML support (52%) but BI
support is high (0.99). The low ML support may suggest that the present data are not
sufficient to resolve this polytomy fully.

Cryptic diversity was observed in K. occidualis. Finding cryptic diversity is com-
mon in earthworms, Novo et al. (2010) reporting five cryptic species within the com-
plex of Hormogaster elisae. Richard et al. (2010) reported cryptic species in Lumbricus
terrestris and Pérez-Losada et al. (2009) found cryptic diversity within Aporrectodea
caliginosa species complex. The observations support the view that diagnosis, based on
morphology, only underestimates taxonomic diversity.

The specimens of Kazimierzus franciscus and Kazimierzus ljungstroemi were col-
lected in two neighbouring forests, Duiwelbos and Koloniesbos in Marloth Nature
Reserve, Swellendam. Duiwelbos is the type locality of K. franciscus, whilst the type
locality for K. ljungstroemi is Great Winterhoek, Tulbagh District. Therefore, it is pos-
sible that all specimens belong to K. franciscus, but it would be of benefit to collect
specimens from Winterhoek and compare them with the ones collected from Marloth
Nature Reserve.

Although analysis of other conserved genomic regions in both mtDNA and nucle-
ar DNA in the future would benefit the study of Kazimierzus species, the phylogenetic
analysis of COI recovered several well-supported phylogenetic relationships, some of
which are congruent with existing classification.
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Abstract

A new genus and three new species of the spider family Palpimanidae Thorell, 1870 from Kenya are de-
scribed. Sceliscelis Oketch & Li, gen. nov. is close to Sarascelis Simon, 1887 and Scelidocteus Simon, 1907
but differs in the structure of the male palp. The new species reported are Sceliscelis marshi Oketch & Li,
sp. nov., Scelidocteus raitave Oketch & Li, sp. nowv., and Hybosida machondogo Oketch & Li, sp. nov.
Sceliscelis marshi sp. nov. is described from males and females collected from Tsavo in south Kenya. Sce-
lidocteus taitave sp. nov. can be distinguished from other congeners, as well as from the morphologically
similar Scelidomachus socotranus Pocock, 1899, by the shape of the palpal “conductor”. Hybosida machon-
dogo sp. nov. differs from other six-eyed Hybosida spp. by possessing rudimentary posterior median eyes.
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Introduction

Palpimanidae Thorell, 1870 is a small family of araneophagous spiders recognized by
the coriaceous carapace, haplogyne genitalia, two spinnerets and especially by the first
pair of legs with dorsally enlarged femora and well-developed prolateral scopula on
the tibia, metatarsus and tarsus. A total of 152 species in 18 genera are distributed in
tropical and subtropical zones worldwide, absent only in the Nearctic and Australia
(Li 2020). Within Africa, the family is known to include 56 species belonging to 12
genera (WSC 2020), although some of these species are certainly misplaced in the fam-
ily (Zonstein and Marusik 2013; Zonstein et al. 2018).

More than 800 spider species and subspecies belonging to 55 families are known
from Kenya (WSC 2020). However, Palpimanidae have not been thoroughly studied.
Up to now, only three species have been described: Scelidocteus incisus Tullgren, 1910,
Hybosida lesserti Berland, 1920 and H. scabra Simon & Fage, 1922. In this paper, one
new genus and three new species of palpimanid spiders found during the examination
of spiders collected in various protected sites in Kenya are described.

Materials and methods

All spiders were preserved in 95% alcohol. Specimens were examined and measured
using a LEICA M205C stereomicroscope. Images were captured using an Olympus
C7070 wide zoom digital camera mounted on an Olympus SZX12 dissecting micro-
scope or on an Olympus BX51 compound microscope. Male and female copulatory
organs were dissected, and the specimens were then photographed on glass slides fitted
with cotton wool to ensure a white, uniform background. Digital images were pre-
pared using Helicon Focus version 6.0 image stacking software and then edited using
Adobe Photoshop CS4 version 11.0.0.

Leg lengths and palp segments are given in the following sequence: total (femur,
patella, tibia, metatarsus, tarsus). Internal structures of the genitalia were illustrated
after being cleared in lactic acid, then placed in alcohol for a few minutes. Measure-
ments are given in millimeters. Holotypes and paratypes are deposited in the National
Museums of Kenya (NMK), Nairobi, Kenya.

Abbreviations. AER — anterior eye row, ALE — anterior lateral eyes, am — ac-
companying membrane, AME — anterior median eyes, co — “conductor”, ch — re-
ceptive chamber, cy — cymbium, ds — dorsal portion of scutum, em — embolus, Ft
— fine threads, Gr — grape-shaped glands, hle — hook-like extension, MOQ — me-
dian ocular quadrangle, pe — palm-like embolic extension, PER — posterior eye row,
PLE — posterior lateral eyes, PME — posterior median eyes, Re — rigid extensions
of posterior wall of epigastric fold, rt — retrolateral thorn, sco — scopula, Sr — sac-
like recepracle.
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Taxonomy

Family Palpimanidae Thorell, 1870
Subfamily Chediminae Simon, 1893

Sceliscelis Oketch & Li, gen. nov.
http://zoobank.org/9F855192-68DE-4B2C-8324-804D599234C4

Type species. Sceliscelis marshi sp. nov.

Etymology. This genus possesses some characteristics that are also found in
Sarascelis Simon, 1887 and Scelidocteus Simon, 1887, such as the dentate segments of
leg I (which include at least the dorsal surface of the coxa and basal part of the femur)
and the spiral embolus. The name is a combination of “Sceli” from Scelidocteus and
“Scelis” from Sarascelis. The gender is feminine.

Diagnosis. The new genus closely resembles Sarascelis in general appearance by
having much larger AMEs (Fig. 1A; also see Jézéquel 1964, fig. 5a—c, Zonstein and
Marusik 2013; figs 5, 6). It can, however, be distinguished from Sarascelis, Scelidocteus
and the close ally Szeriphopus Simon, 1887 by (1) having a greatly extended bulb (vs.
the more or less bulky palpal structures of Sarascelis and Steriphopus) (2) the large
AMEs (Steriphopus has considerably smaller AMEs) (3) the shape of the thoracic fovea,
which is an elongated Q-shape in Sceliscelis (vs. a longitudinal slit or anchor-like in
Sarascelis and Scelidocteus) (4) the presence of a hook-like extension at the distal end of
a sword-like “conductor” (vs. extension absent in other members of the family) (5) the
poorly developed scopula on metatarsus and tarsus I (6) the rugose carapace in Scelis-
celis gen. n. (vs. smooth or finely rugose in Sarascelis, Scelidocteus and Steriphopus) (see
Zonstein and Marusik 2013). Females of Sceliscelis can be distinguished from those of
Sarascelis and Scelidocteus by the wavy, rigid extension of the genital area and by a pair
of divergent sac-like receptacles.

Description. Medium-sized. Carapace dome shaped, coarsely granulated and
hairless, medially elevated, fovea longitudinal, open posteriorly (elongated Q-shape).
Eight eyes, MOQ trapezoidal; AME largest, about 3 times as large as PME; ALE, PLE
and PME subequal to each other. AER straight. Labium triangular, notched, longer
than wide but broader at base. Chelicerae directed ventrally, 2 times longer than cl-
ypeus, granulate. Endites trapezoidal, about 1.5 times longer than wide. Abdomen
clay yellow, oval and covered with short, gray setae in both sexes. Femur of male palp
slender, longer than wide, patella shorter than “conductor”. Cymbium with setae,
pointed at tip and indented (prolateral view). Embolus spiral, with accompanying
membrane and a silvery, palm-like embolic extension. “Conductor” sword-shaped,
longer than wide, slightly longer than embolus. Endogyne wavy anteriorly, forming a
rigid epigastric wall.

Composition. This genus currently includes only the type species.
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Sceliscelis marshi Oketch & Li, sp. nov.
http://zoobank.org/01D83454-CC28-45A1-91B5-87D1424A3C6A
Figs 1, 2

Type material. Holotype <, Kenya, Taita Taveta County, near Mtito Andei, Tsavo
West National Park, Rhino Sanctuary, 38°19.96'E, 03°1.230'S, 730 m, 28.VIL.2016,
sifting leaf litter, Grace Kioko leg. Paratype 19, same data as holotype.

Etymology. This species is named after Mr. Brian Marsh OBE, the founder of
the Marsh Christian Trust Awards for Ecologists in Africa, which the third author was
awarded in 2019; noun (name) in genitive case.

Diagnosis. See diagnosis of the genus.

Description. Male. Habitus as in Fig. 1A—-C. Total body length 3.83. Color in
alcohol: carapace, sternum, chelicerae, labium, leg I coxa and epigastric scutum uni-
formly reddish orange to reddish brown, entire palp and most of leg I slightly pal-
er reddish orange, legs II-1V with yellowish femur and patella and darkened distal
segments. Carapace 2.13 long, 1.75 wide. Fovea longitudinal, open posteriorly. Eye
sizes and interdistances: AME 0.13, PME 0.05, PLE 0.06, ALE 0.06, AME-AME
0.09, PME-PME 0.19, AME-PME 0.09, AME-ALE 0.06, PME-PLE 0.13, ALE-PLE
< 0.01. AER almost straight. Labium triangular 0.25 long, 2 times the length of la-
bium notch, clypeus 2 times shorter than length of chelicerae. Sternum 1.00 long,
0.78 wide, granulate. Endites trapezoidal, pale yellow anteriorly. Abdomen as in genus
description. Palp: Patella sub-globular, as long as 1/3 length of tibia. Tibia 0.35 long,
0.31 wide. Cymbium about 2 times longer than wide.

Female. Cephalothorax in dorsal and ventral aspects as in Fig. 2A, B, respectively.
Color in alcohol: carapace, sternum, chelicerae, labium, leg I coxa and epigastric scu-
tum and abdomen same as in male. Body length 5.1. Carapace 3.1 long, 2.2 wide,
fairly granulate. Eye sizes and interdistances: AME 0.15, PME 0.08, PLE 0.06, ALE
0.06, AME-AME 0.09, PME-PME 0.19, AME-ALE 0.06, PME-PLE 0.13, ALE-PLE
< 0.01. Notch is approximately %2 the length of labium which is 0.24 long. Clypeus/
chelicera length ratio 1:1. Epigastric scutum sclerotized, book lung operculum visible,
lateral sclerites present, posterior edge strongly undulate. Vulva not visible through in-
tegument, distant from epigastric fold, with stalked grape-shaped glands. Receptacles
oval, mounted on a pair of irregular receptive chambers, separated (Fig. 2C, D). Leg
and palp measurements in Table 1.

Distribution. This species is currently known only from the type locality.

Table . Type male (female) leg and palp measurements.

Femur Patella Tibia Metatarsus Tarsus Total
Palp 0.91 (0.85) 0.15(0.13) 0.35(0.37) - 0.50 (0.42) 1.91 (1.77)
1 0.85 (0.94) 0.94 (0.80) 0.70 (0.75) 0.30 (0.25) 0.31 (0.22) 3.10 (2.96)
11 1.00 (0.69) 0.50 (0.50) 0.65 (0.63) 0.50 (0.38) 0.32 (0.31) 2.97 (2.51)
it 0.63 (0.52) 0.50 (0.41) 0.50 (0.50) 0.35 (0.47) 0.24 (0.22) 2.22 (2.51)
v 1.25 (0.78) 0.30 (0.50) 0.88 (0.81) 0.75 (0.56) 0.25 (0.25) 3.31 (2.90)
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Figure 1. Sceliscelis marshi sp. nov., male holotype A=C habitus in dorsal, ventral and lateral aspects
D-F palp: D prolateral E ventral and F retrolateral aspects. Abbreviations: am—accompanying membrane,
co — “conductor,” cy — cymbium, ds — dorsal portion of scutum, em — embolus, hle — hook-like extension,
pe — palm-like embolic extension. Scale bars: 1 mm (A=C), 0.1 mm (D-F).
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C, D endogyne, ventral and dorsal aspects, respectively. Abbreviations: Bl — book lung operculum,

ch — receptive chamber, ds — dorsal portion of scutum, Gr — grape-shaped glands, Ls — lateral sclerite,
Re — rigid extension of posterior wall of epigastric fold, sco — scopula, St — sac like receptacle. Scale
bars: 1 mm (A, B), 0.2 mm (C, D).
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Genus Scelidocteus Simon, 1907

Type species. Scelidocteus pachypus Simon, 1907, by subsequent designation.

Notes. All seven described species of this genus are endemic to Africa, the majority
of them in West and Central African countries. Scelidocteus taitave sp. nov. is the first
species to be recorded from Kenya and East Africa (WSC 2020). Scelidocteus resembles
Scelidomachus and Chedima Simon, 1873 in general appearance, especially in having
an anteriorly blunt (not rounded) carapace with pronounced, obtuse anterolateral cor-
ners, but can be distinguished from Chedima by the uniformly colored abdomen (vs.
spotted) with short gray setae and the eye shape and arrangement (MOQ in Chedima
is longer than wide, whereas it is subquadrate in Scelidocteus).

Scelidocteus taitave Oketch & Li, sp. nov.
http://zoobank.org/DE20171E-AD59-4DFF-901B-9B139F91DC5F
Figs 3, 4

Type material. Holotype &, Kenya, Taita Taveta County, Taita Hills, Mbololo Forest,
30°26.85'E, 03°20.36'S, 1631 m, 2.VII1.2018, Ambata Oketch leg. Paratypes 1 a4,
2 @, same data as holotype.

Etymology. The specific name is a combination of Taita and Taveta, the county
from which the specimens were collected; noun in apposition.

Diagnosis. Males of this species differ from those of other members of Scelidocteus
by the uniquely spiral-shaped embolus (Fig. 3C-E cf. Pocock 1903, fig. 3; de Lessert
1930, fig. 4; Jézéquel 1964, figs 2A, B, 4a, b). Females of S. zaitave sp. nov. differ from
those of other species by the structure of the endogyne; the orientation of sac-like re-
ceptacles (touching medially, with a space below them) mounted on oval, membranous
receptive chambers and the outline of a rigid extension of the posterior wall of the
epigastric fold (Fig. 4C, D; Jézéquel 1964, figs 1, 3).

Description. Male. Fig. 3A, B. Total body length 3.90. Color in alcohol: cara-
pace and chelicerae orange-red, legs I, endites, sternum and labium orange, legs II-IV
lighter, yellowish. Carapace 1.88 long, 1.50 wide at leg II, oval in dorsal view, finely
granulate, cephalic part slightly elevated behind eye area. Thoracic fovea a longitudinal,
deep slit, approximately 0.10 long. Eye sizes and interdistances: AME 0.13, ALE 0.006,
PLE 0.06, PME 0.06, AME-AME 0.05, AME-ALE 0.08, PME-PME 0.09, AME-
PLE 0.04, ALE-PLE <0.01, PLE-PME 0.24. AER slightly procurved, almost straight,
PER strongly recurved. Chelicerae flattened anteriorly towards the fangs, 1.60 long,
cheliceral furrow with several peg-like teeth. Stridulatory mound absent. Clypeus ap-
proximately 2 times shorter than length of chelicerae. Sternum 1.09 long, 0.86 wide
at leg II; shield shaped, rebordered, finely granulate. Endites almost D-shaped, labium
notch 0.13 long, about a quarter of labium length. Leg I: coxa, patella and tibia pos-
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Figure 3. Scelidocteus taitave sp. nov., male holotype A, B dorsal and ventral habitus respectively
C-E palp: C prolateral D ventral E retrolateral aspects. Abbreviations: am — accompanying membrane,
cl — claw like extension, co — “conductor”, em — embolus, cy — cymbium rt — retrolateral thorns, sco

scopula. Scale bars: Imm (A, B), 0.2mm (C-E).
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Figure 4. Scelidocteus taitave sp. nov., female paratype A, B habitus € endogyne ventral D same, ventral
E same, enlarged F leg I. Abbreviations: ch — receptive chamber, Ft — fine threads, Gr — grape-shaped glands,
Re - rigid extensions of posterior wall of epigastric fold, Sr — sac like receptacle. Scale bars: 1mm (A, B).
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Table 2. Type male (female) palp and leg measurements.

Femur Patella Tibia Metatarsus Tarsus Total
Palp 0.66 (0.61) 0.24 (0.21) 0.38 (0.37) - 0.35 (0.39) 1.63 (1.58)
1 1.38 (1.41) 0.65 (0.81) 1.00 (1.09) 0.38 (0.38) 0.40 (0.38) 3.81 (4.07)
11 0.88 (0.85) 0.69 (0.70) 0.80 (0.80) 0.50 (0.41) 0.40 (0.28) 3.27 (3.04)
it 0.90 (1.00) 0.60 (0.75) 0.60 (0.69) 0.60 (0.74) 0.40 (0.44) 3.10 (3.62)
v 0.90 (1.38) 0.80 (0.80) 0.90 (1.00) 0.84 (1.00) 0.40 (0.50) 3.84 (4.68)

sess dark, thorn-like outgrowths and well developed prolateral scopula on tibia and
metatarsus. Tarsus I with weakly developed scopula. Leg and palp measurements as in
Table 2. Abdomen oval with short, grey setae, dorsal portion of epigastric scutum very
small, pedicel short, spinnerets short and unsegmented. Palp (Fig. 3C-E): tibia, as long
as wide, approximately 2.5 times wider than femur. Cymbium long and thin, taper-
ing distally. “Conductor” bifurcate; embolus long and spiral, obscuring some parts of
tegulum. Embolus ends with a bleached, claw-like structure at apex.

Female. General appearance as in Fig. 4A, B. Coloration as in male. Total length
4.88. Carapace 2.19 long, 1.72 wide. Eye sizes and interdistances: AME 0.13, ALE
0.06, PLE 0.06, PME 0.06, AME-AME 0.05, ALE-AME 0.08, ALE-PLE < 0.01,
PLE-PME 0.20, PME-PME 0.7. Sternum 1.25 long, 1.00 wide, labium 0.5 long,
0.44 wide at the base, labium notch 1/3 length of labium. Vulva with fine, thread-like
structures and 3 pairs of stalked, grape-shaped glands attached to a pair of relatively
ovate and membranous receptive chambers.

Distribution. This species is currently known only from the type locality.

Genus Hybosida Simon, 1898

Type species. Hybosida lucida Simon, 1898, by monotypy.

Diagnosis. All four described species of this genus have six eyes, PMEs are absent (Si-
mon 1898, Platnick 1979, Saaristo 2010). H. dauban Platnick, 1979 and H. lucida Simon,
1898 are endemic to Seychelles and H. scabra and H. lesserti are known from East Africa.

Hybosida machondogo Oketch & Li, sp. nov.
http://zoobank.org/D4F9BC3A-3196-498E-89F0-F0750B28A377
Figs 5, 6

Type material. Holotype d, Kenya, Nyeri County, Naro Moru Town, Mount Ken-
ya National Park, Naro Moru Gate, Forest Valley, 37°10.16'E, 00°10.61'S, 2488 m,
25.VIL.2017, Grace Kioko leg.

Other material examined. 2 & subadults, Kenya, Uasin Gishu County, Endebbes
Town, Mount Elgon National Park, Mutamaiyo Camp Site, 34°43.07'E, 01°4.02'N,
2824 m, 7.VIL.2017, Grace Kioko leg.
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Figure 5. Hybosida machondogo sp. nov. male holotype A—C habitus: A dorsal B ventral and C prolateral
aspects) D=F palp: D prolateral E ventral F retrolateral. Scale bars: 1 mm (A-C), 0.2 mm (D-F). Abbre-
viations: cy — cymbium, ds — dorsal portion of scutum, em — embolus, pa — patella, Ta — tegula apophysis.

Etymology. The specific name is a combination of two Swahili words “macho”,
meaning eyes, and “ndogo”, meaning small, referring to the indiscernible posterior
median eyes of this species.
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Figure 6. Hybosida machondogo sp. nov., subadult male, habitus A dorsal view B ventral € male holo-
type, ocular area, anterodorsal D thoracic fovea, dorsal. Scale bars: 0.5 mm (A-D).

Diagnosis. Like other members of Chediminae, Hybosida machondogo sp. nov.
possess contiguous lateral eyes and accessory structures of the male palp (see Zonstein
and Marusik 2013, figs 1-9; Zonstein et al. 2018). It closely resembles H. lesserti by
having (1) a more compact carapace with the cephalic part narrowed (2) an elevated
carapace with a steep posterior slope (3) a strongly convex carapace in lateral view and
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(4) poorly developed scopula on both the metatarsi and tarsi of legs I (see Berland
1920, figs 128, 131). However, H. machondogo sp. nov. differs from H. lesserti and
other members of this genus by having (1) 8 eyes instead of 6, (2) a bulb with relatively
long, sharp and less curved apophysis (vs. strongly curved in H. lesserti).

Description. Male. Fig. 5A-C. Total body length 2.05. Carapace, pedicel and
sternum reddish orange, 1.11 long, 0.83 wide at leg II, carapace dome-shaped and
covered with white setae at the edges, finely rugose. Thoracic region higher than ce-
phalic region, steeply sloping towards pedicel (Fig. 5C). Fovea crescent-like, bipartite
(Figs 5A, 6D), wide distally (sulci diverging). Sternum with long, gray setae. Eyes: AER
strongly recurved, PER slightly procurved (Fig. 6C). Eye sizes and interdistances: AME
0.09, PME < 0.01, PLE=ALE=0.04, AME-AME 0.05, AME-ALE 0.08, AME-PLE
0.06, PME-PME 0.09. Clypeus about 2 times higher than diameter of AME. Labium
deeply notched (smoothly recurved in all described palpimanids). Endites colored
as sternum, depressed proximally, covered with gray setae. Legs: yellowish without
spines. Femur I enlarged and longer than patella; scopula on tibia, metatarsus and
tarsus weakly developed (compared to Scelidocteus). Femur 11 somewhat longer than
femora III-1V (Fig. 5C), tarsal claws long and unidentate. Metatarsi II-1V with distal
preening comb. Generally, leg integument appears rough. Leg and palp measurements
as in Table 3. Abdomen: unsclerotized, uniformly yellowish, oval, narrow towards the
pedicel and wide at the middle. Pedicel considerably exposed, lateral and postgastric
scutum extensions absent, dorsal portion of scutum present but short. Spinnerets short
yellowish and unsegmented.

Palp yellowish, femur longer than tibia, patella about 2 times shorter than femur.
Tibia enlarged, almost conical in prolateral view, 1.86 times wider than patella, about
2 times wider than femur. Cymbium about 1.5 times longer than tibia, slightly shorter
than apophysis. Tegular region is membranous, apophysis pointed, extends anteriorly.
Embolus short, blunt and directed laterally (Fig. 5SD-F).

Female. Unknown.

Distribution. This species is currently known only from the type locality.

Notes. This species is peculiar because it is at odds with the initial description of
the type species of the genus Hybosida, which states that the number of eyes is 6. It
does, however, resemble Hybosida in the shape of the carapace, the fovea and the gen-
eral structure of the male palp. It is therefore treated as belonging to this genus.

Table 3. Male palp and leg measurements.

Femur Patella Tibia Metatarsus Tarsus Total
Palp 0.60 0.24 0.38 - 0.29 1.51
1 0.80 0.55 0.45 0.25 0.30 2.35
11 0.60 0.30 0.45 0.35 0.35 2.05
it 0.55 0.30 0.45 0.40 0.30 2.00

v 0.60 0.30 0.65 0.50 0.35 2.40
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Abstract

A small collection containing thirty-nine lots of South African Streptaxidae land snails is housed in the
collection of the Museum of New Zealand Te Papa Tongarewa (NMNZ). This material previously be-
longed to British/South African malacologist Henry C. Burnup, who either donated it to, or exchanged
it with New Zealand-based Swiss malacologist Henry Suter, whose land snail collection was eventually
acquired by the NMNZ. The lots contain type specimens of eight taxa (species and subspecies) and are
presented herein in the form of an annotated and illustrated catalogue.

Keywords
Gastropoda, hunter snails, South Africa, Stylommatophora

Introduction

A small but important collection of land snails is part of the Mollusca collection of the
Museum of New Zealand Te Papa Tongarewa (NMNZ, Wellington, New Zealand),
which has come to our attention during ongoing efforts to reorganize the museum’s
terrestrial and freshwater gastropod holdings (see also Salvador and Breure 2020). This
material comprises thirty-nine lots of land snail shells from South Africa belonging to

Copyright R.B. Salvador, |.D.Ablett. 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.
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the family Streptaxidae, commonly known as hunter snails. The shells belonged to the
collection of Henry Clifden Burnup and the labels of ten lots indicate that they were
part of the material used by him to describe some new South African streptaxid species
and subspecies (Burnup 1914).

Burnup (1852-1928) was born in England and moved to South Africa in 1874,
where he devoted himself to malacology (Meanwell 1928). Most of his collection was
presented to what was then the Natal Museum (now KwaZulu-Natal Museum), Piet-
ermaritzburg, South Africa, but throughout the years he also contributed many speci-
mens to the Natural History Museum (NHM, London, UK) and sent them to col-
leagues worldwide (Meanwell 1928; Tomlin 1928). Some specimens made their way
to the NMNZ via an indirect route, through one of those exchanges with colleagues.

The labels of the small Burnup collection at the NMNZ, although not original,
bear the indication that they belonged to Henry Suter’s collection. Suter (1841-1918)
was a Swiss-born naturalist who immigrated to New Zealand, where he began to study
molluscs (Hyde 2017). Suter exchanged material with malacologists and collectors
worldwide and gathered a large collection; the land snails were eventually acquired by
the NMNZ (Hyde 2017; Salvador 2019). More importantly, the labels of ten lots from
Burnup’s material indicate that these types of shells type are specimens from Burnup’s
1914 publication.

As such, given that the NMNZ’s Burnup collection contains potential type speci-
mens, herein we investigate their status as types and provide a full annotated and il-
lustrated catalogue of the material.

Material and methods

Soon after describing the species, Burnup sent the ‘type’ specimens of all his new taxa
to the NHM (Tomlin 1928) and indicated so (or his future intention of doing so) in
his publications (e.g., Burnup 1914: 31 and subsequent figure legends). Our under-
standing is that these would be the holotypes. Burnup also sent other specimens (para-
types) to the NHM, as well as keeping some in the Natal Museum. Evidently, he also
sent specimens to colleagues like Henry Suter in New Zealand and Henry A. Pilsbry
in Philadelphia, USA.

Unfortunately, the original labels of Suter’s specimens were discarded when Suter’s
collection was incorporated into the NMNZ’s collection, but the information on them
was transcribed. Suter kept careful notes regarding the provenance of the material and
it is expected that the transcribed labels would bear the same information, as is the
case for Dautzenberg’s specimens at the NMNZ, for which some of the original labels
remain (Salvador and Breure 2020). Similar to Dautzenberg’s material, ten of Burnup’s
lots indicate that the specimens are paratypes. To investigate this, we compared the
locality and date noted on the available labels against the type locality defined in Burn-
up’s publications. Unfortunately, the labels in the NMNZ have no information on
the collector(s) recorded, which would be an important source of supporting evidence
given that Burnup (1914) indicated the collectors in his publication.
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Nine of ten Burnup lots with “paratype” indication at NMNZ proved to contain
type specimens (or at least potential types). Below, we present an illustrated anno-
tated catalogue of all Streptaxidae taxa with type specimens present in the NMNZ’s
Burnup collection. The taxa are listed alphabetically according to their specific or sub-
specific name, followed by information about the original description and type locality
(Burnup 1914), type specimens (including those in the NHM), current taxonomic
status (van Bruggen 1980; Herbert and Kilburn 2004; MolluscaBase 2020), and a
brief discussion. In order to provide a comprehensive guide to Burnup’s Streptaxidae
material in the NMNZ collection, we present below the non-type material as well: one
lot was included in the main text and figured for future reference, as it was erroneously
recorded as a paratype; the remaining lots are listed in the Appendix I. Finally, the
Appendix I also compiles the information about the paratypes of the species treated
herein that are housed in the KwaZulu-Natal Museum (NMSA).

Additional Burnup paratypes came to the NHM in 1937 with the donation of the
collection of Matthew William Kemble Connolly (1872-1947). It should be noted
that in many cases these subsequent paratype specimens were added to the holotype
and paratype lots earlier donated by Burnup himself. In some cases, the registration
numbers of both lots and the number of specimens contained in these lots do not
add up. It is unclear if this means that specimens have later been lost or if they were
incorrectly numbered since the Connolly register entries do not often give the number
of specimens. In the list below, locality data for NHM specimens that were originally
presented by Burnup come directly from specimen labels. Locality data for those speci-
mens from the Connolly collection come from the registers, since no original labels
seem to be available for these lots.

Systematics

Ennea farqubari var. avena Burnup, 1914
Fig. 1A, B

Ennea farquhari var. avena Burnup, 1914: 46, pl. 4, figs 28-31.

Type locality. “Maritzburg; also Pinetown and Durban (Burnup), Nottingham Road
(Taynton), all in Natal” (Burnup 1914: 406).

Type material. Paratypes NMNZ M.207153 (1 shell, Pietermaritzburg, ex H.
Suter colln 5706); NMNZ M.207154 (1 shell, Durban, ex H. Suter colln 5707).

Current taxonomic status. Synonymous with Gulella farqubari (Melvill & Pon-
sonby, 1895) (van Bruggen 1980: 27).

Discussion. Burnup’s (1914) figs 28-30 depict the type specimen from Pieter-
maritzburg and his fig. 31, another specimen (a paratype) from Durban. Those lo-
calities coincide with the two specimens at the NMNZ, making them paratypes.
Further type specimens are in the NHM collection, namely, the holotype (NHMUK
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1914.12.19.12, Maritzburg, presented by Burnup), four paratypes from Pietermar-
itzburg (NHMUK 1914.12.19.28-29, Maritzburg, presented by Burnup; NHMUK
1937.12.30.849-850, Maritzburg, ex. Connolly collection), and another three para-
types from Durban (NHMUK 1914.12.19.30-32, presented by Burnup; NHMUK
1937.12.30.848, ex. Connolly collection).

Ennea maritzburgensis var. contracta Burnup, 1914
Fig. 1C

Ennea maritzburgensis var. contracta Burnup, 1914: 66, pl. 4, figs 42—44.

Type locality. “Nottingham Road (A. ]. Taynton), very plentiful; also Karkloof and
Curry’s Post (Taynton), all in Natal” (Burnup 1914: 66).

Type material. Paratypes NMNZ M.207175 (3 shells, Nottingham Road, ex H.
Suter colln 5712).

Current taxonomic status. Junior homonym of Ennea contracta Quadras & Mol-
lendorft, 1895. Accepted as Gulella maritzburgensis (Melvill & Ponsonby, 1893) (Her-
bert and Kilburn 2004: 181).

Discussion. The locality of the present specimens matches the type locality; they
are thus considered paratypes. Further type specimens in the NHM include the holo-
type (NHMUK 1914.12.19.16, Nottingham Road, presented by Burnup) and five
paratypes (NHMUK 1914.12.19.55-57, Nottingham Road, presented by Burnup;
NHMUK 1937.12.30.1048-1050, Natal, ex. Connolly collection), all housed in a
single lot.

Ennea darglensis var. illovoensis Burnup, 1914
Fig. 1D

Ennea darglensis var. illovoensis Burnup, 1914: 49, pl. 4, figs 33-35.

Type locality. “Ntimbankulu, Mid-Illovo (Burnup)” (Burnup 1914: 49).

Type material. Paratypes NMNZ M.207156 (3 shells, Ntimbankulu, ex H. Suter
colln 5709).

Current taxonomic status. Accepted as Gulella darglensis illovoensis (Burnup,
1914) (van Bruggen 1980: 16).

Discussion. The locality of the present specimens matches the type locality;
they are thus considered paratypes. Further type specimens in the NHM include
the holotype (NHMUK 1914.12.19.14, Ntimbankulu, presented by Burnup) and
six paratypes (NHMUK 1914.12.19.37-40, Ntimbankulu, presented by Burnup;
NHMUK 1937.12.30.783-784, Natal, ex. Connolly collection), all housed in a
single lot.
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1 mm

Figure I. Burnup’s type specimens in the NMNZ collection. All figures to scale (bar = 1 mm), except
for Fig. 1G, not to scale (bar = 0.5 mm) A paratype of Ennea farquhari var. avena Burnup, 1914, NMZN
M.207153 B paratype of Ennea farqubari var. avena Burnup, 1914, NMZN M.207154 C paratype of
Ennea maritzburgensis var. contracta Burnup, 1914, NMNZ M.207175 D paratype of Ennea darglensis var.
illovoensis Burnup, 1914, NMNZ M.207156 E paratype of Ennea inhluzaniensis Burnup, 1914, NMNZ
M.207160 F specimen of Gulella elliptica manca (Burnup, 1914), NMNZ M.207151 G paratype of En-
nea melvilli Burnup, 1914, NMNZ M.207157 H paratype of Ennea mooiensis Burnup, 1914, NMNZ
M.207158 | paratype of Ennea ponsonbyi Burnup, 1914, NMNZ M.207159 } paratype of Ennea isipin-
goensis var. sturanyi Burnup, 1914, NMNZ M.207149.
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Ennea inhluzaniensis Burnup, 1914
Fig. 1E

Ennea inhluzaniensis Burnup, 1914: 71, pl. 5, figs 53-55.

Type locality. “Inhluzani Hill, Dargle, Natal (Burnup)” (Burnup 1914: 71).

Type material. Paratypes NMNZ M.207160 (2 shells, Inhluzani, ex H. Suter
colln 5713).

Current taxonomic status. Accepted as Gulella inhluzaniensis (Burnup, 1914)
(Herbert and Kilburn 2004: 166).

Discussion. The locality of the present specimens matches the type locality; they
are thus considered paratypes. Further type specimens in the NHM include the holo-
type (1914.12.19.6, Inhluzani, presented by Burnup) and four paratypes NHMUK
1914.12.19.49-50, Inhluzani, presented by Burnup; NHMUK 1937.12.30.967-968,
Natal, ex. Connolly collection), all housed in a single lot.

Ennea elliptica var. manca Burnup, 1914
Fig. 1F

Ennea elliptica var. manca Burnup, 1914: 39, pl. 3, figs 13, 14.

Type locality. “Fort Nottingham; also Curry’s Post, Natal (A. J. Taynton)” (Burnup
1914: 39).

Material. NMNZ M.207151 (1 shell, Nottingham Road, ex H. Suter colln 5704).

Current taxonomic status. Synonymous with Gulella elliptica elliptica (Melvill &
Ponsonby, 1898) (van Bruggen 1980: 20).

Discussion. The locality of the present specimen (Nottingham Road) is not a perfect
match to the type locality given by Burnup (1914), although it is definitely in the same
area. Burnup (1914) recorded Fort Nottingham as a different locality than Nottingham
Road (see entry for G. melvilli below). As such, the present specimen is not considered
type material. The types can be found in the NHM collection: holotype (NHMUK
1914.12.19.10, Fort Nottingham, presented by Burnup) and two paratypes NHMUK
1914.12.19.23-24 Fort Nottingham, presented by Burnup), all housed in a single lot.
A further specimen in the NHM (NHMUK 1937.12.30.801, ex. Connolly collection),
despite being noted as a paratype (though original label reads ‘co-type’), is not in fact a
type, as it was collected in Karkloof, which is not part of the type locality (Burnup 1914).

Ennea melvilli Burnup, 1914
Fig. 1G

Ennea melvilli Burnup, 1914: 55, pl. 3, figs 21-23.
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Type locality. “Nottingham Road (Taynton); also Karkloof (McBean), Curry’s Post
and Fort Nottingham (Taynton), Dargle and Edendale (Burnup)” (Burnup 1914: 55).

Type material. Paratypes NMNZ M.207157 (4 shells, Nottingham Road, ex H.
Suter colln 5710).

Current taxonomic status. Accepted as Gulella melvilli (Burnup, 1914) (Herbert
and Kilburn 2004: 189).

Discussion. The locality of the present specimens matches the type locality; they are
thus considered paratypes. Further type specimens in the NHM include the holotype
(NHMUK 1914.12.19.4, Nottingham Road, presented by Burnup) and three para-
types NHMUK 1937.12.30.1051-1054, Natal, ex. Connolly collection), all housed
in a single lot, and another two paratypes from Dargle NHMUK 1914.12.19.25-27,
presented by Burnup).

Ennea mooiensis Burnup, 1914
Fig. 1H

Ennea mooiensis Burnup, 1914: 62, pl. 5, figs 49-51.

Type locality. “Game Pass, Upper Mooi River, Natal (Burnup)” (Burnup 1914: 63).

Type material. Paratypes NMNZ M.207158 (3 shells, Game Pass, ex H. Suter
colln 5711).

Current taxonomic status. Accepted as Gulella mooiensis (Burnup, 1914) (Her-
bert and Kilburn 2004: 191).

Discussion. The locality of the present specimens matches the type locality; they
are thus considered paratypes. Further type specimens in the NHM include the holo-
type (NHMUK 1914.12.19.5, Game Pass, Upper Mooi River, Natal, presented by
Burnup) and three paratypes NHMUK 1937.12.30.1076-1079, Natal, ex. Connolly
collection), all housed in a single lot, and a further lot of four paratypes (NHMUK
1914.12.19.45-48, Game Pass, presented by Burnup).

Ennea ponsonbyi Burnup, 1914
Fig. 11

Ennea ponsonbyi Burnup, 1914: 78, pl. 5, figs 67-69.

Type locality. “Gowie’s Kloof, Grahamstown, Cape of Good Hope (Farquhar)” (Burn-
up 1914: 79).

Type material. Paratypes NMNZ M.207159 (2 shells, Grahamstown, ex H. Sut-
er colln 5714).

Current taxonomic status. Accepted as Gulella ponsonbyi (Burnup, 1914) (Her-
bert and Kilburn 2004: 189).
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Discussion. The locality of the present specimens does not match exactly the type
locality, since there is no mention of Gowie’s Kloof on the label. However, Burnup
(1914: 79) stated that “all the specimens I have seen (...) come from the same local-
ity”, so we can assume that the locality Gowie’s Kloof was likely simply omitted on the
new NMNZ label. The type specimens in the NHM include the holotype NHMUK
1914.12.19.1, Gowie’s Kloof Grahamstown, presented by Burnup) and three para-
types NHMUK 1937.12.30.1163-1165, Grahamstown, ex. Connolly collection), all
housed in a single lot.

Ennea isipingoensis var. sturanyi Burnup, 1914
Fig. 1]

Ennea isipingoensis var. sturanyi Burnup, 1914: 36, pl. 3, figs 4-6.

Type locality. “Ntimbankulu, Mid-Illovo (Burnup). Other localities: Karkloof (Tayn-
ton), Maritzburg, Howick and Dargle (Burnup)” (Burnup 1914: 37).

Type material. Paratypes NMNZ M.207149 (3 shells, Karkloof, ex H. Suter
colln 5703).

Current taxonomic status. Synonymous with Gulella isipingoensis (Sturany, 1898)
(Herbert and Kilburn 2004: 188).

Discussion. The locality of the type figured by Burnup (1914) is Ntimbankulu.
The NMNZ specimens, from Karkloof, are paratypes. Further type specimens in the
NHM include the holotype (NHMUK 1914.12.19.7, Ntimbankulu, presented by
Burnup) and four paratypes (NHMUK 1914.12.19.33-36, Ntimbankulu, present-
ed by Burnup; NHMUK 1937.12.30.978-979, Natal, ex. Connolly collection), all
housed in a single lot, and four further possible paratypes (NHMUK 1914.12.19.18—
21, Ntimbankulu, presented by Burnup) which were not listed as type material in the
original register entry yet match the type locality. A specimen noted as ‘possible syn-
type’ is housed in the Manchester Museum, UK, under the registry number MANCH.
EE.5867 (McGhie 2008; Ablett et al. 2019). That specimen is labelled ‘Natal’ and
lists Spence as collector, which does not coincide with the data published in Burnup
(1914). There is also no mention of anyone named Spence in Burnup’s land snail
material (or at all) in the KwaZulu-Natal Museum. We conclude that the Manchester
Museum specimen is, therefore, not part of the type series.

Concluding remarks

The present specimens from Burnup’s collection include previously unrecognised type
specimens of eight taxa. Further historical type material of terrestrial snails has also
been recently re-discovered in the NMNZ collection (Salvador and Breure 2020),
which although focused on New Zealand and Australasia, has a wealth of land snails
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from other parts of the world, a large part of which was obtained via Suter’s collection
or in earlier days of the then Dominion Museum. There is still much information
locked away in this extralimital material (Salvador 2019), including surprising type
specimens such as the present ones. Thus, we are confident that future study of this col-
lection (and similar ones worldwide) will uncover more of these lost treasures, which
need to be made available to the scientific community and the public.
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Appendix |

Below are listed the paratypes of the species treated herein, housed in the collection
of the KwaZulu-Natal Museum (NMSA), Pietermaritzburg, South Africa: Ennea
Jarqubari var. avena Burnup, 1914: NMSA B5847/T2692 (1 shell, Pietermar-
itzburg, Botanical Gardens, J. Farquhar colln, ex Albany Museum 1980), NMSA
E8226/T281 (4 shells, Durban, ]. Farquhar colln, ex Albany Museum 1980),
NMSA E8227/T282 (2 shells, Durban, J. Farquhar colln, ex Albany Museum 1980),
NMSA W517/T1942 (2 shells, Durban, ex Transvaal Museum 1978). Ennea mar-
itzburgensis var. contracta Burnup, 1914: NMSA 2563/T568 (4 shells, Notting-
ham Road, A.J. Taynton, ex H.C. Burnup colln), NMSA B7397/T2830 (4 shells,
Nottingham Road, ex Albany Museum 1980), NMSA E8233/T288 (3 shells, Not-
tingham Road, Farquhar colln, ex Albany Museum 1980), NMSA W520/T1946
(4 shells, Nottingham Road, ex Transvaal Museum 1978), NMSA W1734/T1989
(14 shells, Karkloof, A.]J. Taynton), NMSA W1739/T1992 (132 shells + 3 broken
pieces, Nottingham Road), NMSA W1741/T1993 (3 shells, Karkloof, A.]. Tayn-
ton, ex H.C. Burnup), NMSA W1742/T1994 (2 shells, Curry’s Post, A.J. Taynton,
ex H.C. Burnup colln). Ennea darglensis var. illovoensis Burnup, 1914: NMSA
2560/T546 (5 shells, Mid-Illovo, Ntimbankulu, Backworth [farm], H.C. Burnup;
van Bruggen, 1980: fig. 5), NMSA B6697/1T2791 (22 shells, Mid-Illovo, Ntim-
bankulu), NMSA E8232/T287 (3 shells, Mid-Illovo, Ntimbankulu, H.C. Burn-
up, J. Farquhar colln, ex Albany Museum 1980), NMSA W521/T1947 (4 shells,
Mid-Illovo, Ntimbankulu, ex Transvaal Museum 1978). Ennea inhluzaniensis
Burnup, 1914: NMSA 2551/T559 (7 shells [in two lots], Dargle, Nhlosane, farm
‘Furth’, H.C. Burnup, ex W. Falcon colln), NMSA B5853/T2626 (2 shells, Dar-
gle, Nhlosane, J. Farquhar colln, ex Albany Museum 1980), NMSA W516/T1941
(4 shells, Dargle, Nhlosane [Inhluzani] Mt., ex Transvaal Museum 1978), NMSA
W830/T1960 (5 shells, Dargle, Nhlosane). Ennea elliptica var. manca Burnup,
1914: NMSA 2547/T548 (1 shell, Fort Nottingham, A.J. Taynton), NMSA 2552/
T548 (2 shells, Curry’s Post, A.]J. Taynton), NMSA B6530/T2790 (1 shell, Curry’s
Post, A.J. Taynton, Burnup colln), NMSA E8236/T291 (1 shell, Fort Nottingham,
J. Farquhar colln, ex Albany Museum 1980). Ennea melvilli Burnup, 1914: NMSA
2565/T569 (14 shells, Nottingham Road, A.J. Taynton), NMSA B5845/T2690 (4
shells, Nottingham Road, ]. Farquhar colln, ex Albany Museum 1980), NMSA
B5846/T2691 (9 shells, Nottingham Road, J. Farquhar colln, ex Albany Museum
1980), NMSA E8235/T290 (3 shells, Nottingham Road, J. Farquhar colln, ex Al-
bany Museum 1980), NMSA W518/T1943 (4 shells, Nottingham Road, ex Trans-
vaal Museum 1978). Ennea mooiensis Burnup, 1914: NMSA 2544/T571 (121
shells [in four lots], Kamberg, Game Pass, H.C. Burnup, ex W. Falcon), NMSA
B5852/T2694 (4 shells, Kamberg, Game Pass, J. Farquhar colln, ex Albany Museum
1980), NMSA B7400/12833 (3 shells, Kamberg, Game Pass, ex Albany Museum
1980), NMSA W268/T1936 (4 shells, Kamberg, Game Pass, upper Mooi River, ex
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Transvaal Museum 1978). Ennea ponsonbyi Burnup, 1914: NMSA 2540/T577 (4
shells, Grahamstown, Gowie’s Kloof, A. Gowie, ex McGregor Museum, Kimberley),
NMSA W174/T1900 (3 shells, Grahamstown, Gowie’s Kloof, J. Farquhar, ex H.C.
Burnup). Ennea isipingoensis var. sturanyi Burnup, 1914: NMSA E8237/T292
(2 shells, Mid-Illovo, Ntimbankulu, ex Albany Museum 1980), NMSA W1732/
T1988 (1 shell, Pietermaritzburg, Town Bush, 1911).

There are further — non-type — specimens of Streptaxidae (all Gulella spp.) from
Suter’s collection at the NMNZ that originally belonged to Burnup: G. arnoldi (Stu-
rany, 1898): NMNZ M.207176 (1 shell, Umkomaas, ex H. Suter colln 4217); G. ca-
lopasa (Melvill & Ponsonby, 1903): NMNZ M.207193 (1 shell, Port Shepstone, ex
H. Suter colln 5228), NMNZ M.207195 (1 shell, Pinetown, ex H. Suter colln 4893);
G. columnella (Melvill & Ponsonby, 1901): NMNZ M.207194 (1 shell, Karkloof,
ex H. Suter colln 4895); G. crassidens (L. Pfeiffer, 1859): NMNZ M.207145 (1
shell, Pietermaritzburg (“Maritzburg”), ex H. Suter colln 4873), NMNZ M.207146 (1
shell, Pinetown, ex H. Suter colln 4890); G. daedalea (Melvill & Ponsonby, 1903):
NMNZ M.207150 (7 shells, Umfolosi Drift, ex H. Suter colln 5231); G. darglensis
(Melvill & Ponsonby, 1908): NMNZ M.207155 (2 shells, Inhluzani, ex H. Suter
colln 5708); G. dunkeri (L. Pfeiffer, 1855): NMNZ M.207166 (3 shells, Durban, ex
H. Suter colln 4214); G. elliptica (Melvill & Ponsonby, 1898): NMNZ M.207177 (2
shells, Pietermaritzburg (“Maritzburg”), ex H. Suter colln 4111), NMNZ M.330538
(1 shell, Umfolosi Drift, ex H. Suter colln 5231); G. euthymia (Melvill & Ponsonby,
1893): NMNZ M.207172 (4 shells, Pietermaritzburg (“Maritzburg”), ex H. Suter
coll 4104), NMNZ M.207173 (2 shells, Umkomaas, ex H. Suter colln 4218); G.
Jarqubari (Melvill & Ponsonby, 1895): NMNZ M.207152 (3 shells, Grahams-
town, ex H. Suter colln 5705); G. formosa (Melvill & Ponsonby, 1898): NMNZ
M.330537 (5 shells, Pinetown, ex H. Suter colln 4890); G. gouldi (L. Pfeiffer, 1856):
NMNZ M.207163 (3 shells, Durban, ex H. Suter colln 4112), NMNZ M.207170 (5
shells, Pietermaritzburg (“Maritzburg”), ex H. Suter colln 4212); G. instabilis (Stu-
rany, 1898): NMNZ M.207167 (4 shells, Umkomaas, ex H. Suter colln 4220); G.
isipingoensis (Sturany, 1898): NMNZ M.207147 (3 shells, Durban, ex H. Suter
colln 4882), NMNZ M.207148 (3 shells, Ntimbankulu, ex H. Suter colln 5702);
G. maritzburgensis (Melvill & Ponsonby, 1893): NMNZ M.207174 (4 shells, Pi-
etermaritzburg (“Maritzburg”), ex H. Suter colln 4213); G. menkeana (L. Pfeiffer,
1853): NMNZ M.207165 (4 shells, Umkomaas, ex H. Suter colln 4216); G. natalen-
sis (Craven, 1880): NMNZ M.207164 (2 shells, Umkomaas, ex H. Suter colln 4211);
G. obovata (L. Pfeiffer, 1855): NMNZ M.207171 (3 shells, Umkomaas, ex H. Suter
colln 4215); G. planti (L. Pfeiffer, 1856): NMNZ M.207190 (2 shells, Durban,
ex H. Suter colln 4101), NMNZ M.207191 (3 shells, Durban, ex H. Suter colln
4873); G. queketti (Melvill & Ponsonby, 1896): NMNZ M.207192 (3 shells, Um-
komaas, ex H. Suter colln 4210); G. separata (Sturany, 1898): NMNZ M.207169
(2 shells, Umkomaas, ex H. Suter colln 4219); G. wahlbergi (Krauss, 1848): NMNZ
M.207161 (3 shells, Durban, ex H. Suter colln 4113).
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Abstract

A new genus of Baetidae, Pedicelliops gen. nov., and a new species, P capillifer sp. nov., are described from
Guinea (West Africa) based on larvae. The new genus is characterized by having strongly enlarged pedicelli
and very short flagella, a brush of dense, short setae between prostheca and mola of both mandibles, a
small rectangular labrum, an apicolaterally pointed maxillary palp, a labial palp with a small distolateral
protuberance and long setae ventrally on glossae and paraglossae. The femora of all legs are covered with
numerous long, fine setae. The patellotibial suture is absent on the fore tibia and present on middle and
hind tibiae. The claw is pointed with two rows of denticles. No spines are present on the posterior margins
of the abdominal tergites. The imago remains unknown and the relationships with other African genera
of Baetidae remains tentative. Despite being easily identifiable and of a fairly large size (body length ca.
5 mm), only two larvae were found in two highly sampled localities in West Africa.

Keywords

Filtering adaptation, Guinea, mayflies, Protopatellata, systematics

Introduction

The family Baetidae has the highest species diversity among mayflies, comprising ca.
1,100 species in 114 genera (updated from Sartori and Brittain 2015; Jacobus et al.
2019), which is close to one third of all mayfly species worldwide. They have a cos-
mopolitan distribution excluding Antarctica and New Zealand. Investigations of the

Copyright T. Kaltenbach, J-L Gattolliat. 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.
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molecular phylogeny of the order Ephemeroptera revealed the primitive status of the
family (Ogden and Whiting 2005; Ogden et al. 2009). The generic diversity of Baeti-
dae is the highest in the Afrotropical realm (ca. 40 genera), followed by the Neotropi-
cal (ca. 27 genera) and Oriental (ca. 26 genera) realms and finally the Nearctic (20
genera), Palacarctic (17 genera) and the Australasian (ca. 12 genera) realms (Gattolliat
and Nieto 2009; Gattolliat 2012).

West Africa has attracted the attention of mayfly researchers for a long time and
many collections and studies were done in that region. Between 1974 and 1989, the
French ORSTOM (Office de la recherche scientifique et technique outre-mer), pres-
ently the IRD (Institut de Recherche pour le Développement), conducted field re-
search in West Africa as part of an important onchocerciasis control program (Lévéque
et al. 2003). Aquatic macroinvertebrates were collected in about 100 localities, mainly
in Guinea, Ivory Coast, and Mali. Most localities were sampled regularly over a period
of several years. As the systematics of aquatic insects was still poorly known at the time,
important alpha taxonomic research was done and several articles were published in-
cluding descriptions of new species and genera. The majority of mayflies known from
West Africa were described based on material collected during this programme (e.g.
Elouard and Forge 1978; Gillies 1980, 1989, 1993, 1997; Elouard 1986a, b; Elouard
and Gillies 1989; Elouard and Hideux 1991; Gillies and Elouard 1990; Whauillot and
Gillies 1993a, b, 1994; Gattolliat 2006; Gattolliat and Sartori 2006; Edia et al. 2015).
However, only part of the material collected was sorted and identified. All the re-
maining unidentified material is now housed in the Museum of Zoology in Lausanne
(Switzerland). The present study is based on larvae collected in 1985 and 1987 in two
different locations in Guinea.

Materials and methods

The specimens were collected in 1985 and 1987 from two different areas of Guinea
(West Africa). Specimens were preserved in 70-80% ethanol. Larvae were dissected in
Cellosolve (2-Ethoxyethanol) with subsequent mounting on slides in liquid Euparal,
using an Olympus SZX7 stereomicroscope.

Drawings were made using an Olympus BX43 microscope. Photographs of larvae
were taken with a Canon EOS 6D camera and the Visionary Digital Passport ima-
ging system (http://www.duninc.com). Images were processed using Adobe Photoshop
Lightroom (https://adobe.com/ch_de/products/photoshop-lightroom) and Helicon Fo-
cus version 5.3 (http://www.heliconsoft.com). Photographs were subsequently enhanced
with Adobe Photoshop Elements 13 (https://adobe.com/ch_de/products/photoshop).

Approximate GPS coordinates to sample locations were attributed using Google
Earth (http://www.google.com/earth/download/ge/) and Elouard et al. (1990: fig.9)
and distribution maps were generated with SimpleMappr (https://simplemappr.net,
Shorthouse 2010).

The terminology used in the manuscript follows Hubbard (1995) and Kluge (2004).
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Abbreviations

MZL Museum of Zoology Lausanne (Switzerland).

Results

Pedicelliops gen. nov.
http://zoobank.org/0BD8D226-CC87-4807-9608-247830E581C5
Figures 1-7

Type species. Pedicelliops capillifer gen. et sp. nov., by present designation.

Diagnosis. Larva. This new genus is distinguished by the combination of the fol-
lowing characters: A) body elongate and slender, head clearly hypognathous (Figs 1, 2);
B) base of antennae close to each other, with carina between them (Fig. 2d); C) anten-
na shorter than head length, with strong bilateral enlargement of pedicellus (Fig. 3a);
D) labrum small and rectangular, distal margin with medial emargination and small,
square process, dorsal surface with long, stout, simple setae, erratically distributed in
distal part, not arranged in one arc (Fig. 4a); E) right mandible with a stick-like, api-
cally denticulate prostheca and a brush of short, fine setae between prostheca and mola
(Fig. 4b, ¢); F) left mandible with a robust prostheca, apically with a comb-shaped
structure and with a brush of short, fine setae between prostheca and mola (Fig. 4d, e);
G) hypopharynx with medial tuft of stout setae (Fig. 4g); H) maxillary palp 2-seg-
mented (Fig. 4h); I) glossae basally broad, narrowing toward apex, slightly shorter than
paraglossae, ventrolateral margin with a row of short, thin setae and a row of long, sim-
ple setae close to margin, apically with some robust, long, curved setae; stout paraglos-
sae with convex outer margin and apex, ventrolateral margin with a row of long, simple
setae; labial palps segment II with distolateral protuberance, directed distally, segment
II conical (Fig. 4i, j); J) legs with many long, simple setac on margins and on both
surfaces of femur, femoral patch absent on all legs, patellotibial suture absent on foreleg
and present on middle and hind legs, claw robust and pointed, with two rows of den-
ticles (Figs 5, 6); K) fore protoptera with a protuberance near inner margin (Fig. 2a, b);
L) posterior margin of abdominal tergites I-VIII smooth without spines (Fig. 1a).

Imagines. Unknown.

Etymology. Pedicelliops is an arbitrary combination of letters with allusion to the
Latin pedicellus and the Greek iops. Pedicellus is with reference to the striking second
segment of the antennae and Zops with reference to the Baetidae which look and move
like small fishes. The gender is masculine.

Description. Larva. (Figs 1-6).

Bodly. Elongate and slender, head hypognathous (Figs 1, 2).

Head. Antenna (Figs 3a, b, 2¢c, d) shorter than head length with strong bilateral
enlargement of pedicellus. Antennae bases in close proximity to each other, with small
carina between them.
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Figure 1. Pedicelliops capillifer gen. et sp. nov., habitus, larva a dorsal view b, ¢ lateral views d ventral

view. Scale bars: 1 mm.

Labrum (Fig. 4a). Small in comparison to other mouthparts, rectangular, wider
than long; dorsal surface with long, stout, simple setae, erratically distributed in distal
part, not arranged in one arc; ventrally with marginal row of setae composed of ante-
rolateral long, simple setac and medial long, bifid setae.
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Figure 2. Pedicelliops capillifer gen. et sp. nov., larva morphology a head and thorax, lateral view b pro-

tuberance on fore protopteron ¢ head, lateral view d head, ventral view (arrow: carina). Scale bars: 1 mm.

Right mandible (Fig. 4b, c). Incisor and kinetodontium fused, both with well-
developed denticles; inner margin of innermost denticle without a row of thin setae;
prostheca stick-like, apically denticulate; margin between prostheca and mola with a
brush of abundant, short, fine setae.
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Figure 3. Pedicelliops capillifer gen. et sp. nov., larva morphology a antenna b scale of pedicellus ¢ gill I
d margin of gill I e paraproct. Scale bars: 0.1 mm.
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Figure 4. Pedicelliops capillifer gen. et sp. nov., larva morphology a labrum b right mandible ¢ right pros-
theca d left mandible e left prostheca f seta on left mandible g hypopharynx and superlinguae h maxilla
i labium (left: ventral view, right: dorsal view) j paraglossa (ventral view). Scale bar: 0.1 mm.
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Left mandible (Fig. 4d—f). Incisor and kinetodontium fused, both with well-de-
veloped denticles; prostheca robust, apically with comb-shaped structure; margin be-
tween prostheca and mola with a brush of abundant, short, fine setae.

Hypopharynx (Fig. 4g). With a dorsomedial tuft of stout setae on lingua.

Maxilla (Fig. 4h). Apically with three stout canines and three denti-setae; distal
denti-seta tooth-like, following same direction as canines, other denti-setae slender,
bifid and pectinate; maxillary palp with two segments.

Labium (Fig. 4i, j). Glossae basally broad, narrowing toward apex, slightly shorter
than paraglossae; ventrolateral margin with a row of short, thin setae and a row of long,
simple setae close to inner margin, apically with some robust, long, curved setae. Para-
glossae with convex outer margin and apex; ventrolateral margin with a row of long,
simple setae; apical margin with three rows of long, stout setae (Fig. 4j). Labial palps
segment II with distolateral protuberance, segment III conical.

Thorax. Fore protoprera (Fig. 2a, b). With a protuberance near inner margin.

Hind protoptera. Absent.

Foreleg (Figs 5a—c, 6a). Femur with many long, simple setae on dorsal and ventral
margins and on both lateral surfaces; femoral patch absent; apex of femur with ventral
lobe poorly developed; patellotibial suture absent; c/aw robust and pointed, with two
divergent rows of denticles.

Middle and hind legs (Figs 5d—f, 6b, c). More slender than foreleg; femnur with same
setation as foreleg; femoral patch absent; anterior outer projection of femur apex directed
towards the inner side of femur (Fig. 5d); patellotibial suture present; c/aw as in foreleg.

Abdomen. Iergites. Posterior margin of segments I-VIII smooth, without spines.

Gills (Fig. 3¢, d). Seven pairs of gills on segments I-VII, dorsally oriented.

Paraproct (Fig. 3e). Without prolongation at posterior margin, with stout, mar-
ginal spines; cercotractor with few minute, marginal spines.

Caudal filaments (Fig. 1a, d). Inner margin of cerci with 2— 18 long, thin setae per seg-
ment, increasing in number distally; paracercus bilaterally with 3 to more than 12 long,
thin setae per segment, increasing in number distally. Paracercus not reduced, but broken.

Description. Imagines. Unknown.

Distribution (Fig. 7). West Africa: Guinea.

Pedicelliops capillifer gen. et sp. nov.
http://zoobank.org/1A749009-4120-46F5-B79A-DEACAC30AF56
Figures 1-7

Diagnosis. Larva. As the genus is monospecific, it is difficult to propose a relevant
specific diagnosis. We can presume specific differences in the shape of the labial and
maxillary palps, and in the setation of the forefemur. Species with less derived charac-
ters (shape of the pedicel, reduction of the labrum) may also be expected.

Etymology. With reference to the remarkable setation found ventrally on the glos-
sae and paraglossae, and on the femora.
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Type-material. Holotype. GUINEA © larva; Bas. Niger, River Niandan, Loc. Sas-
sambaya; ca. 400 m; 25.i.1985; leg. ]J.-M. Elouard; on slides; GBIFCH 00592365,
GBIFCH 00592366; thorax and abdomen in alcohol; GBIFCH 00515518; MZL.
Paratype. GUINEA * larva; Boussoulé, Milo River; ca. 360 m; 14.iv.1987; leg. J.-M.
Elouard; on slides; GBIFCH 00592319, GBIFCH 00592320; MZL.

Description. Larva. (Figs 1-6). Body length 5.2 mm.

Colouration (Fig. 1a—d). Colouration strongly altered due to long term storage of
the larvae in alcohol, with the cuticle becoming transparent. Head, thorax and abdo-
men dorsally brown, fore protoptera ecru. Head, thorax and abdomen light brown
ventrally. Legs and caudalii light brown.

Head. Antenna (Fig. 3a, b). Short, ca. 2/3 of head length. Pedicellus bilaterally
strongly enlarged and distally elongate on both sides. Scapus and pedicellus laterally
with ovoid scales.

Labrum (Fig. 4a). Length 0.6x maximum width. Distal margin with medial emar-
gination and a small, square process. Dorsal surface with long, stout, simple setae,
erratically distributed in distal part, not arranged in one arc. Ventrally with marginal
row of setae composed of anterolateral long, simple setae and medial long, bifid setae.
Ventral surface with ca. three short, spine-like setae near lateral margin.

Right mandible (Fig. 4b, c). Incisor with four denticles; kinetodontium with three den-
ticles. Margin between prostheca and mola straight; with setae along whole margin from
prostheca to mola, shorter than 1/5 of prostheca. Tuft of setae present at apex of mola.

Left mandible (Fig. 4d—f). Incisor with five denticles; kinetodontium with three
denticles. Margin between prostheca and mola straight; with setae along whole mar-
gin, shorter than 1/5 of prostheca, and a minute denticle toward subtriangular pro-
cess. Subtriangular process long and slender, above level of area between prostheca and
mola. Tuft of setae present at apex of mola.

Both mandibles with lateral margins convex. Basal half laterally with small, spatu-
late setae.

Hypopharynx and superlinguae (Fig. 4g). Lingua longer than wide and longer than
superlinguae; with well-developed medial tuft of stout setae. Superlinguae distally
rounded, lateral margins straight; long, fine, simple setae along distal margin.

Maxilla (Fig. 4h). Galea-lacinia ventrally with two simple, apical setae under ca-
nines. Medially with one spine-like seta and two short, simple setae. Maxillary palp
ca. 1.3x as long as length of galea-lacinia; palp segment II 1.3x length of segment ;
segment I widening in distal part; short, fine, simple setae scattered over distal part of
surface of segment II; segment I laterally with short, robust setae; apex of segment 11
laterally pointed.

Labium (Fig. 4i, j). Inner margin of glossa with a row of short, fine, simple setae;
ventral surface with a row of long, fine, simple setae close to margin; apex with six long,
robust setae, curved toward inner side, and two shorter, spine-like setae; outer margin
bare. Paraglossa with outer margin and apex convex and inner margin concave, slightly
curved inward; ventrally with three rows of long, robust setae in apical area, four short,
fine, simple setae in anteromedial area and a row of four long, simple setae on margin;
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Figure 5. Pedicelliops capillifer gen. et sp. nov., larva morphology a foreleg (anterior view) b fore claw
c fore femur and trochanter (posterior view) d apex of middle and hind femur e middle tibia and tarsus
f hind tibia and tarsus. Scale bars: 0.2 mm.
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Figure 6. Pedicelliops capillifer gen. et sp. nov., larva morphology: a foreleg b middle leg ¢ hind leg. Scale

bar: 0.5 mm.

dorsally with a row of six long, spine-like setae near inner margin. Labial palp with seg-
ment I 0.9x length of segments II and III combined. Segment I with few short, fine,
simple setae ventrally. Segment II with slender, distolateral protuberance, directed dis-
tad; distomedial protuberance 0.3x width of base of segment III; ventral surface with
short, fine, simple setae; dorsally without spine-like setae near outer margin. Segment
II conical; length 0.8x width; ventrally covered with short, spine-like setae and short,
fine, simple setae.

Thorax. Fore protoprera (Fig. 2a, b). With a protuberance near inner margin.

Hind protoptera. Absent.

Foreleg (Figs 5a—c, 6a). Ratio of foreleg segments 1.4: 1.0: 0.8: 0.4. Fernur. Broad,
length ca. 2x maximum width. With many long, simple setae on dorsal and ventral
margins as well as on anterior and posterior surface; length of setaec mostly ca. 0.6x
maximum width of femur; femoral patch absent. 77bia. Dorsal margin bare; with a
row of medium, spine-like setae along ventral margin; one medium, spine-like seta
at distomedial margin. Patellotibial suture absent. Zarsus. Dorsal and ventral margins
bare, with short to medium, spine-like setae scattered over surface. Claw robust and
distally pointed, with two divergent rows of denticles; denticles with different sizes,
two apical denticles clearly larger than other denticles; subapical setae absent (Fig. 2b).

Middle and hind leg (Figs 5d, e, 6b, ). Ratio of middle and hind leg segments 1.2:
1.0: 0.6: 0.3. Femur. Length ca. 3x maximum width. With same setation as foreleg;
femoral patch absent. 7ibia. Dorsal margin bare. Ventral margin margin with a row
of short, spine-like setae. Patellotibial suture present on basal V2 area. Zarsus. Dorsal
margin bare. Ventral margin with a row of short, spine-like setae. Claw as foreleg.
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1120 1680 km

Figure 7. Pedicelliops capillifer gen. et sp. nov., distribution a Africa, green: Guinea b Guinea.
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Abdomen. Gills (Fig. 3c, d). Seven pairs of gills on segments I-VII. Margin un-
dulated, with short, stout, curved setae. Tracheae partly extending from main trunk
to inner and outer margins. Gill I as long as the length of segments II and 2/3 of III
combined. Gills II-VII unknown.

Paraproct (Fig. 3e). With nine stout, marginal spines. Surface scattered with mi-
cropores. Cercotractor with convex margin and a few minute, marginal spines.

Distribution. West Africa: Guinea (Fig. 7).

Discussion

Pedicelliops gen. nov. clearly belongs to the family Baetidae based on the long, slender,
pisciform body shape; the labrum with distinctly expressed median incision; the shape
of the right and left prostheca; the fused incisor and kinetodontium of both mandi-
bles; the shape of the glossae (basally widened, most part narrow); and the anterior
outer projection of the femur apex, which is directed toward the inner side of the
femur (middle and hind legs only, in fore femur not like this; Fig. 5a, d) (Wang and
McCafferty 1996; Kluge 2004). The new genus can be assigned to the Protopatellata
according to the rank free system of Kluge (Kluge 1997; Kluge and Novikova 2011),
based on the absence of a patellotibial suture in the foreleg and its presence in mid-
dle and hind legs of the larva. The following characters differentiate Pedicelliops gen.
nov. from all other genera of Protopatellata: short antennae with bilaterally strongly
enlarged pedicelli (Fig. 3a); small labrum in comparison to other mouthparts (Fig. 4);
labium with long and short setae on ventral surface of glossae and paraglossae and the
labial palps with a distolateral protuberance (Fig. 4i, j), directed distad; and femora of
all legs with long setation on dorsal and ventral margins as well as on anterior and pos-
terior surfaces (Fig. 5a, b). From the illustrations, it appears that Micksiops bicaudatus
(Gillies, 1990) also has glossae and paraglossae with short and long setae on ventral
side (Gillies 1990: fig. 91), but labrum, mandibles, maxillae and legs are dissimilar to
Pedicelliops gen. nov. Bugilliesia sudanensis (Ulmer, 1916), B. grisea (Gillies, 1990) and
B. guineensis (Gillies, 1990) similarly have long setae ventrolaterally on the paraglos-
sae, the labial palp segments II have a distolateral protuberance, both mandibles have
a brush of setae between prostheca and mola, and incisors and kinetodontium of both
mandibles are fused. However, labrum, maxillary palps and legs are dissimilar (Gillies
1990: figs 67-70, 74-81, 84). Knowledge of the imaginal stages, especially of the male
genitalia is of major importance to confirm the possible relationship of Pedicelliops
gen. nov. with Rhithrocloeoninae (sensu Kluge 2012b). Indeed, Bugilliesia Lugo-Ortiz
& McCafferty, 1996, and related genera belonging to this subfamily, possess a unique
character: the loss of the last segment of the gonostylus. Most other African genera
of Protopatellata were previously assigned to the Centroptiloides complex (Lugo-Ortiz
and McCafferty 1998). This complex also includes highly adapted taxa such as the
carnivorous genera Nesoptiloides Demoulin, 1973 or Barnumus McCafferty & Lugo-
Ortiz, 1998. Most genera of this complex have the right incisor and kinetodontium
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only partially fused and the claws have two rows of denticles increasing in size pro-
gressively. Protopatellata are mainly distributed in the Afrotropics, with the exception
of Indocloeon Miiller-Liebenau, 1982, with a large repartition in the Oriental realm
(Kluge 2012a; Kaltenbach and Gattolliat 2017; Kluge and Chanaporn 2020). As seen
in Pedicelliops gen. nov., Indocloeon also generally presents labial palps with a distolat-
eral protuberance, setae between prostheca and mola, and claws with two rows of den-
ticles, with the apical denticles strongly enlarged. However, /ndocloeon does not present
any of the peculiar adaptations of Pedicelliops gen. nov. as listed above.

The genus Varipes Lugo-Ortiz & McCafferty, 1998 from South America also has
femora and trochanters with long, dense setae (including transverse rows of setae,
which are absent in Pedicelliops gen. nov.), claws with two rows of denticles and labial
palp segments II with a distolateral protuberance. However, as the two genera differ in
many other aspects and as Varipes is not part of the Protopatellata (Dominguez et al.
2006), the similarities are most certainly due to convergence.

Pedicelliops capillifer gen. et sp. nov. has protuberances close to the inner margin
of the fore protoptera (Fig. 2a, b). Comparable structures are described from a few
other Baetidae as well: Monocentroptilum badium (Kopelke, 1980) from East Africa
has a pair of small protuberances on the mesonotum (Kluge 2018: fig. 1), Asiobaetodes
eloi Gatrolliat, 2012 from Borneo has paired protuberances on the pronotum and on
the base of the inner margin of the fore protoptera (Gattolliat 2012: fig. 17) and the
Neotropical Paracloeodes binodulus Lugo-Ortiz & McCafferty, 1996 has small protu-
berances between the fore protoptera (Dominguez et al. 2006: fig. 550).

The remarkable long and dense setation of the femora of all legs and ventrally
on glossae and paraglossae probably represent adaptations for filtering by Pedicelliops
capillifer gen. et sp. nov. This type of foraging is known or assumed from cases across
various families of mayflies (e.g. Oligoneuriidae, Isonychiidae) (Sartori and Brittain
2015), but also from some Baetidae (e.g. Ophelmatostoma camerunense (Ulmer, 1920),
Pseudopannota bertrandi (Demoulin, 1967), Guajirolus Flowers, 1985) (Waltz and Mc-
Cafferty 1987; Dominguez et al. 2000).

The description of Pedicelliops gen. nov. is based on only two larvae, which were
collected over three decades ago. Remarkably, these larvae were found in the two most
regularly sampled localities by the ORSTOM team in West Africa (around fifty visits
over the years 1984 to 1987). Most of the material from this region was studied by one
of the authors (Gattolliat 2006), and because of its large size and its ease of recognition,
we can assume that no additional material was overlooked. It could mean that this spe-
cies is extremely rare, or it occurs in microhabitats which were not or only rarely sam-
pled and the two specimens were collected by chance. Alternatively, the species may be
prone to deteriorating environmental conditions over the last decades.

The number of localities and different habitats sampled in West Africa are limited
and there are still vast regions where no collection activities have occurred. It would be
prudent to assume that the number of genera and species of Baetidae will continue to
increase with further field work and collections in these regions.
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