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Abstract

Investigations of material collected partly in 1999 and mainly between 2006 and 2016 in New Guinea, mostly along the high, central
mountain chain of the island, further increased our knowledge of the diversity of the genus Labiobaetis Novikova & Kluge on this
island. Previously, 37 species were reported from New Guinea. We have identified six new species using a combination of morpho-
logy and genetic analysis (COI). They are described and illustrated based on their larvae. Five of the six new species belong to the
group petersorum, which is endemic to the island. Additionally, Labiobaetis xeniolus Lugo-Ortiz & McCafferty is also assigned to
this group. The morphological characterisation of the group petersorum is enhanced, and a key to all species of this group is pro-
vided. Complementary descriptions and remarks to the morphology of known species of the group petersorum are provided. Addi-
tionally, a genetic analysis (COI) including most species and several additional Molecular Operational Taxonomic Units (MOTUs)
of the group petersorum is discussed. One of the new species belongs to the group vitilis. The morphological characterization of
this group is slightly enhanced, and the obtained COI sequence was added to the genetic analysis of the group petersorum. The total

number of Labiobaetis species worldwide is augmented to 162.
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Introduction

The genus Labiobaetis Novikova & Kluge, 1987 is
part of the Baetidae, which is the most divers family of
Ephemeroptera, including approximately one third of all
mayfly species worldwide (> 1160 species) in ca. 118
genera (Sartori and Brittain 2015; Jacobus et al. 2019;
updated by the authors). Labiobaetis is the most divers
genus of Baetidae and one of the most divers amongst
mayflies in general, with 156 previously described spe-
cies (Barber-James et al. 2013; Kaltenbach and Gattolliat
2018,2019, 2020, 2021 and citations therein; Kaltenbach
et al. 2020, 2022a and citations therein). The distribution
of Labiobaetis is nearly worldwide, except for the Neo-
tropical realm, New Zealand, New Caledonia and some
remote islands. The history and concept of Labiobaetis

were summarized in detail by Shi and Tong (2014) and
Kaltenbach and Gattolliat (2018).

This contribution will focus on further new species of
Labiobaetis from New Guinea. The first six species of
Labiobaetis from New Guinea were reported by Lugo-Or-
tiz et al. (1999). Subsequently, a large study was carried
out by Kaltenbach and Gattolliat (2018) with the descrip-
tion of 26 new species, followed by two smaller studies
with additional new species (Kaltenbach et al. 2021a;
Kaltenbach and Gattolliat 2021). Presently, a total of 37
species of Labiobaetis are reported from New Guinea. Six
additional species are described in this study, augmenting
the total number for New Guinea to 43 species, which
is the highest density of different species worldwide for
this genus. Five of the new species belong to the group
petersorum, erected in Kaltenbach and Gattolliat (2018),

Copyright Thomas Kaltenbach 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.
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which is the focus in this study. The morphological defi-
nition of the group is enhanced, another already known
species was added (L. xeniolus Lugo-Ortiz & McCafferty,
1999), and COI sequences of the group are analysed. One
of the new species belongs to the group vitilis, erected
in Kaltenbach and Gattolliat (2018). The morphological
characterization of the group is slightly enhanced, and the
obtained COI sequence was added to the genetic analysis
of the group petersorum.

New Guinea, the second largest island after Greenland,
is known for its exceptional diversity. It is a geological
composite consisting of many separate terranes; the evo-
lutionary history of the biota involves connections to the
Australian landmass, uplift, volcanism, and rifting that
accompanied the tectonic events (Allison 2010). There
is strong evidence that recent environmental change in
the extremely structured central highlands of New Guin-
ea with its ongoing formation of rich aquatic resources,
remote valleys and mountain blocks has been the prima-
ry driver of diversification of aquatic insects in that area
(Toussaint et al. 2013, 2014).

Given the extraordinary diversity of New Guinea,
the limited collection efforts in the past, the presence of
many unexplored areas, and the exceptional richness of
Labiobaetis on the island, it is reasonable to anticipate the
discovery of numerous additional species through future
collection efforts.

Materials and methods

All specimens were preserved in 70%—-96% ethanol. The
dissection of larvae was done in Cellosolve (2-Ethoxyetha-
nol) with subsequent mounting on slides with Euparal lig-
uid, using an Olympus SZX7 stereomicroscope.

Photographs of larvae were taken using a Canon EOS
6D camera and processed with the programs Adobe Photo-
shop Lightroom (http://www.adobe.com) and Helicon Fo-
cus version 5.3 (http://www.heliconsoft.com). Photographs
of larval parts on slides were taken with an Olympus BX43
microscope equipped with an Olympus SC 50 camera and
the program Olympus CellSense v. 4.1. The SEM picture
was taken using a FEI Quanta FEC 250 electron micro-
scope (Thermo Fisher). All photographs were subsequently
enhanced with Adobe Photoshop Elements 13.

The DNA of part of the specimens was extracted using
non-destructive methods allowing subsequent morpho-
logical analysis (see Vuataz et al. 2011 for details). We
amplified a 658 bp fragment of the mitochondrial gene
cytochrome oxidase subunit 1 (COI) using the prim-
ers LCO 1490 and HCO 2198 (Folmer et al. 1994, see
Kaltenbach and Gattolliat 2020 for details). Sequencing
was done with Sanger’s method (Sanger et al. 1977).
Forward and reverse sequencing reads were assembled
and edited in CodonCode Aligner 10.0.2 (Codon-Code
Corporation, Dedham, MA), and aligned using MAFFT
(Katoh et al. 2019) with default settings as implemented
in Jalview 2.11.2.6 (Waterhouse et al. 2009). The num-
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ber of parsimony-informative sites of the alignment was
calculated in MegaX (Kumar et al. 2018; Stecher et al.
2020). Pairwise COI distances were calculated using the
dist.dna function of the ape 5.7-1 package (Paradis and
Schliep 2019) for R 4.2.3 (R Core Team 2023), under the
raw model and the pairwise.deletion option, correspond-
ing to uncorrected p-distances (see Srivathsan and Meier
2012) with missing data removed in a pairwise way.
Mean, minimum and maximum distances within and
between COI putative species, referred to as Molecular
Operational Taxonomic Units hereafter (MOTUs), were
calculated using the ddply function of the plyr 1.8.8 pack-
age (Wickham 2011). The COI sequences were attributed
to species based on morphological evidence, with seven
additional MOTUs within L. cf. xeniolus (L. cf. xeniolus
A-G) defined according to the most conservative species
delimitation method (i.e., GMYC; see below).

Before reconstructing the COI gene tree, the best evo-
lutionary model (GTR+ I" +]) was estimated following the
second-order Akaike information criterion (AICc; Hurvich
and Tsai 1989) implemented in JModelTest 2.1.10 (Dar-
riba et al 2012) with five substitution schemes and six "
categories and all other parameters set to default. To ac-
commodate different substitution rates among COI codon
positions, we analysed our data set in two partitions, one
with first and second codon positions and one with third
positions (1 + 2, 3). Bayesian inference (BI) gene tree re-
construction was conducted in MrBayes 3.2.7a (Ronquist
et al. 2012). Two independent analyses of four MCMC
chains run for three million generations with trees sampled
every 1’000 generations were implemented, and the first
10% of generations were discarded as burn-in after visually
verifying run stationarity and convergence in Tracer 1.7.2
(Rambaut et al. 2018). The sequence GBIFCH00975629,
corresponding to L. kokoda sp. nov. (Table 1), was used
as outgroup as it is the only non-member of the group pe-
tersorum (see Results). The consensus tree was visualized
and edited in iTOL 6.7.4 (Letunic and Bork 2021).

To explore COI evolutionary divergence and compare
it to our morphological identifications, we applied three
single-locus species delimitation methods to our COI
data set: the distance-based ASAP (Assemble Species by
Automatic Partitioning; Puillandre et al. 2020), the tree-
based PTP (Poisson Tree Processes; Zhang et al 2013)
and GMYC (General Mixed Yule-Coalescent; Pons et al.
2006; Fujisawa and Barraclough 2013) approaches. The
ASAP method, which is an improvement of the widely
used ABGD (Automatic Barcode Gap Discovery; Puil-
landre et al. 2012) approach, has the advantage of pro-
viding a score (i.e., asap-score) that designates the most
likely number of hypothetical species. The PTP approach
exploits the differences between the relationships among
and within species, using the number of substitutions from
a phylogenetic tree. The GMYC model, which also ex-
ploits intra and interspecies phylogenetic differences, uses
time rather than direct number of substitutions, and thus
requires a time-calibrated ultrametric tree as input. ASAP
was applied to our COI alignment using the ASAP web-
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server available at https://bioinfo.mnhn.fr/abi/public/asap/
asapweb.html, computing the genetic distances under sim-
ple p-distances with all other settings set to default. Input
maximum likelihood tree for PTP was generated in RAx-
ML-NG 1.1.0 (Kozlov et al. 2019) from our COI align-
ment, selecting the all-in-one (ML search + bootstrapping)
option and MRE-based bootstrap convergence criterion.
The best model of evolution and the partition scheme
specified above, as well as 50 random and 50 parsimo-
ny starting trees were implemented. PTP was conduct-
ed on the web service available at https://mptp.h-its.org,
selecting the partition with the lowest asap-score. Input
BI ultra-metric tree for GMYC was generated in BEAST
1.10.4. (Suchard et al. 2018). To avoid potential biases in
threshold estimation, the identical COI haplotypes were
pruned (see Talavera et al. 2013) using Collapsetypes
4.6 (Chesters 2013). Input BEAST file was created in
BEAUTI 1.10.4 (Suchard et al. 2018), implementing the
best model of evolution and the partition scheme speci-
fied above, and selecting a relaxed molecular clock (un-
correlated lognormal) model, a coalescent (constant size)
prior (see Monaghan et al. 2009) and a UPGMA starting
tree. Two independent MCMC chains were run for 30 mil-
lion generations, sampling trees every 1000 generations.
Run stationarity and convergence was visually verified in
Tracer and the independent log and tree files were com-
bined using LogCombiner 1.10.4 (Suchard et al. 2018) af-
ter discarding the first 10% of the trees as burn-in. The ma-
ximum clade credibility tree, generated in TreeAnnotator

Table 1. Sequenced specimens.

Species Specimen GenBank GenSeq
voucher #
catalogue # (COl) Nomenclature
L. gladius GBIFCH00465179 MH619486 genseg-4 COI
L. janae GBIFCHO0465181 MH619483 genseg-1 COI
GBIFCHO0465182 MH619489 genseq-2 COI
L. amber GBIFCH00763716 0Q947296 genseq-2 COI
sp. nov.
L. bilibil sp. nov. GBIFCHO0763602 0Q947297 genseq-2 COI
L. kinibeli GBIFCH00829887 0Q947310 genseq-2 COI
Sp. Nov. GBIFCHO0975628 0Q947311 genseq-1 COI
GBIFCH00975632 0Q947312 genseq-2 COI
GBIFCH00763775 0Q947309 genseq-2 COI
L. nabire GBIFCH00980888 0Q947313 genseqg-1 COI
Sp. Nov. GBIFCH00980889 0Q947314 genseq-2 COI
L. cf. petersorum GBIFCH00763702 0Q955856 genseq-4 COI
L. cf. xeniolus A GBIFCH00829891 0Q947299 genseqg-4 COI
GBIFCH00829892 0Q947300 genseq-4 COI
GBIFCH00829890 0Q947298 genseq-4 COI
L. cf. xeniolus B GBIFCH00829889 0Q947302 genseqg-4 COI
GBIFCH00829888 0Q947301 genseq-4 COI
L. cf. xeniolus C GBIFCH00763703 0Q947303 genseq-4 COI
L. cf. xeniolus D GBIFCH00975631 0Q947304 genseqg-4 COI
L. cf. xeniolus E  GBIFCHO0975627 0Q947305 genseg-4 COI
L. cf. xeniolus F GBIFCHO0763704 0Q947306 genseg-4 COI
GBIFCH00975630 0Q947307 genseq-4 COI
L. cf. xeniolus G GBIFCH00829894 0Q947308 genseqg-4 COI
L.sp. 1 GBIFCH00763711 0Q947315 genseq-4 COI
L. kokoda GBIFCH00975629 0Q947316 genseg-1 COI
Sp. nov.

1.10.4 (Suchard et al. 2018) with all options set to default,
was used as input for GMYC, which was run in R using
the SPLITS package 1.0-20 (Ezard et al. 2021). We fa-
voured the single-threshold version of the GMYC model
because it was shown to outperform the multiple-thresh-
old version (Fujisawa and Barraclough 2013).

The GenBank accession numbers are given in Table 1,
nomenclature of gene sequences follows Chakrabarty et
al. (2013).

The distribution maps were generated with the program
SimpleMappr (https://simplemappr.net, Shorthouse 2010).

The dichotomous keys were elaborated with the sup-
port of the program DKey v. 1.3.0 (http://drawwing.org/
dkey, Tofilski 2018).

The terminology follows Hubbard (1995), Kluge
(2004) and Kluge 2005 (term “protopteron”). The term
“blank” is used to describe an unpigmented area of cuti-
cle (Kluge et al. 2023).

Results
New species descriptions
Abbreviations:

MZB Museum Zoologicum Bogoriense (Indonesia);

MZL Muséum cantonal des Sciences Naturelles, Laus-
anne (Switzerland);

ZSM Zoologische Staatssammlung Miinchen (Germany).

List of Labiobaetis species treated in this paper

petersorum group
1. L. petersorum (Lugo-Ortiz & McCafferty, 1999)
L. xeniolus (Lugo-Ortiz & McCafferty, 1999)
L. gladius Kaltenbach & Gattolliat, 2018
L. janae Kaltenbach & Gattolliat, 2018
L. amber sp. nov.
L. bilibil sp. nov.
L. kinibeli sp. nov.
L. nabire sp. nov.
9. L. simbuensis sp. nov.
vitilis group
10. L. kokoda sp. nov.

O0: LGN Lh =l 1

Labiobaetis petersorum group of species
(diagnosis enhanced from Kaltenbach and Gattolliat 2018)

Following combination of characters: A) antennal scape
without distolateral process; antennal pedicel distally with
triangular scales; flagellum usually with dots in middle part
(Fig. 6a, b); B) labrum sub-rectangular, wide; dorsal, sub-
marginal arc of setae well developed, composed of long,
simple setae (Fig. 2a, b); C) both mandibles with outer-
most denticle blade-like enlarged (Fig. 9c¢, d, £, g); D) hy-

alpineentomology.pensoft.net
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popharynx apically with well-developed tuft of stout setae,
distolaterally with two additional tufts of setae; superlin-
guae distolaterally protruding (Fig. 3a); E) maxillary palp
segment II distally pointed, constricted (Fig. 3c); F) labial
palp segment II with thumb-like distomedial protuberance,
apically rounded (Fig. 4d); G) hind protoptera absent; H)
femur wide; dorsal margin with numerous short to medi-
um, spine-like setae (usually > 40); apex on posterior side
with stout setae on fore and middle leg, not on hind leg
(Fig. 5a, e); I) claw with convex ventral margin; with long,
fine, subapical seta in anterior position (between apex and
first denticle. Subapical setae fine and transparent, some-
times difficult to see; seems to break easily and may also
stick to the claw) (Fig. 12j, k); J) tergalii present on seg-
ments [1-VII; usually large, tracheae strongly pigmented;
anal margin with both long and short setae (Fig. 13d, e).

The L. petersorum group is known from New Guinea
only, including the following species:

Labiobaetis petersorum

Labiobaetis xeniolus (new assignment to the group)
Labiobaetis gladius

Labiobaetis janae

Labiobaetis amber sp. nov.

Labiobaetis bilibil sp. nov.

Labiobaetis kinibeli sp. nov.

Labiobaetis nabire sp. nov.

Labiobaetis simbuensis sp. nov.

1. Labiobaetis petersorum (Lugo-Ortiz & McCafferty,
1999)

Pseudocloeon petersorum: Lugo-Ortiz et al. 1999.

Labiobaetis petersorum: Kaltenbach and Gattolliat 2018: fig. 16a—d.

Remarks to morphology. Larva. Based on the original
description and the figures in Lugo-Ortiz et al. 1999, most
of the diagnostic characters of group petersorum are pres-
ent. Exceptions are: the presence of dots on the flagellum;
two additional distolateral tufts of setae on hypopharynx;
stout setae on posterior apex of fore and middle legs;
anal margin of the tergalii with both short and long setae.
These characters remain unknown until reexamination of
type material. Subapical setae are also not described for
this species.

Labiobaetis cf. petersorum: we studied specimens
morphologically very similar to L. petersorum, but col-
lected in a location far away from the type locality of
L. petersorum (Fig. 38a, b). Unfortunately, we cannot
compare COI sequences, because of the lack of a se-
quence from the type locality or nearby. Because of the
geographical distance, we prefer to remain prudent and
denominate these specimens as “cf. petersorum”. Inter-
estingly, they have all characters of the group petersorum,
except subapical setae.

Material examined (L. cf. petersorum). INDONESIA
7 larvae; Papua Barat, Tamrau, Mts N of Kebar, san-
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dy sunny riverbank; 00°47'02"S, 133°04"20"E; 758 m;
07.xi.2013; leg. M. Balke; (BH032); 1 on slide; GBI-
FCH00763702; 6 in alcohol; GBIFCH00975710; MZL.

2. Labiobaetis xeniolus (Lugo-Ortiz & McCafferty,
1999)

Pseudocloeon xeniolum: Lugo-Ortiz et al. 1999.

Remarks to morphology. Larva. Based on the original
description and the figures in Lugo-Ortiz et al. 1999, most
of the diagnostic characters of group petersorum are pres-
ent. Exceptions are: the presence of dots on the flagellum;
two additional distolateral tufts of setae on hypopharynx;
stout setae on posterior apex of fore and middle legs;
anal margin of the tergalii with both short and long setae.
These characters remain unknown until complete re-ex-
amination of type material. Additionally, subapical setae
are also not mentioned in the original description, but
may have been overlooked. However, based on stacking
videos, the fore legs of two paratypes have no subapical
setae, other legs are not embedded in the slides (Lugo-Or-
tiz et al. 1999: 20).

MOTUs (see discussion in Kaltenbach et al. 2020). We
studied specimens with the same morphology as L. xenio-
lus, collected in different locations far away from the type
locality of L. xeniolus (Fig. 38a, b). The most important
characters for the species assignment are: short, conical
labial palp segment III; tergalii with remarkably strong
development and pigmentation of tracheae; paraproct
with poorly developed marginal spines. Based on COI
sequences, we can distinguish seven different MOTUs
(L. cf. xeniolus A—G; Table 1; Fig. 39). Unfortunately, a
sequence from the type locality of L. xeniolus or nearby is
lacking. We remain prudent and denominate these spec-
imens as “cf. xeniolus”. Interestingly, these specimens
have all characters of the group petersorum, including
subapical setae. This is pointing into the direction that
L. xeniolus from the type locality equally might have all
characters of the group petersorum, incl. subapical setae.

Material examined. Labiobaetis xeniolus. Paratypes.
PAPUA NEW GUINEA -« 2 larvae; Morobe Prov., Pov-
erty Cr., Mt. Missim; 1600 m; 18.ix.1983; J.T. and D.A.
Polhemus; on slides; PERC0012578, PERC0012579;
Purdue University.

Labiobaetis cf. xeniolus A. PAPUA NEW GUIN-
EA « larva; Western Highlands Prov., Simbai, Kairong
River; 05°14'50"S, 144°2827"E; 1850 m; 02.iii.2007;
leg. Kinibel; (PNG 139); on slide; GBIFCH00829891;
MZL - larva; Enga Prov., Wapanamanda; 05°38'06"S,
143°5520"E; 1500 m; 06.xi1.2006; leg. M. Balke and
Kinibel; (PNG 128); on slide; GBIFCH00829892;
MZL - larva; Madang Prov., Simbai area; 05°12'42"S,
144°35'31"E; 1800-2400 m; 08.iii.2007; leg. Kinibel;
(PNG 151); on slide; GBIFCH00975618; MZL.

Labiobaetis cf. xeniolus B. PAPUA NEW GUINEA -
2 larvae; Central Prov., Tapini; 08°20'31"S, 146°59'49"E;
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870 m; 29.x.2007; leg. Kinibel; (PNG 161); in alcohol;
GBIFCHO00515640, GBIFCH00829889; MZL ¢ 1 larva;
Central Prov., Kokoda Trek; 09°14'20"S, 147°40'32"E;
1400 m; i.2008; leg. Posman; (PNG 171); on slide;
GBIFCHO00829888; MZL.

Labiobaetis cf. xeniolus C. PAPUANEW GUINEA-« 16
larvae; Morobe Prov., Menyamya, Mt. Inji; nr 07°14'49"S,
146°0120"E; 1700 m; 14.xi.2006; leg. M. Balke and Ki-
nibel; (PNG 96); 1 on slide; GBIFCH00763703; 15 in
alcohol; GBIFCH00829886; MZL.

Labiobaetis cf. xeniolus D. PAPUA NEW GUINEA -«
2 larvae; Western Highlands Prov., Kundum; 05°16'06"S,
144°27'52"E; 1400 m; 03.iii.2007; leg. Kinibel; (PNG
142); 1 on slide; GBIFCH00975631; 1 in alcohol;
GBIFCH00515635; MZL.

Labiobaetis cf. xeniolus E. PAPUA NEW GUIN-
EA ¢ 2 larvae; Central Prov., Kokoda Trek; 09°01'57"S,
147°44'27"E; 1400 m; 1.2008; leg. Posman; (PNG
172); 1 on slide; GBIFCH00975627; 1 in alcohol; GBI-
FCH00515638; MZL.

Labiobaetis cf. xeniolus F. PAPUA NEW GUIN-
EA ¢ 6 larvae; Madang Prov., Simbai area; 05°13'23"S,
144°37'17"E; 1200 m; 10.iii.2007; leg. Kinibel; (PNG
152); 2 onslides; GBIFCH00515634, GBIFCH00763704;
4 in alcohol; GBIFCH00975619, GBIFCHO00975668,
GBIFCH00829896; MZL - 2 larvae; Madang Prov., Sim-
bai area; 05°13'20"S, 144°37'37"E; 1200 m; 11.i1i.2007;
leg. Kinibel; (PNG 153); on slides; GBIFCH00515637,
GBIFCH00975630; MZL.

Labiobaetis cf. xeniolus G. PAPUA NEW GUIN-
EA « 4 larvae; Central Prov., Woitape; 08°31'35"S,
147°14'06"E; 1600 m; 1.2008; leg. Posman; (PNG 165); 3
on slides; GBIFCH00592681, GBIFCH00975666, GBI-
FCHO00829894; 1 in alcohol; GBIFCH00515627; MZL.

3. Labiobaetis gladius Kaltenbach & Gattolliat, 2018
Labiobaetis gladius: Kaltenbach and Gattolliat 2018.

Additional description. Larva. Re-examination of
type material confirmed that the species has all of the
diagnostic characters of the group petersorum as list-
ed above. This includes characters not or not correct-
ly described or illustrated in the original description
(Kaltenbach and Gattolliat 2018: figs 17—18): flagellum
with brown dots in middle part (as Fig. 6b); hypopha-
rynx distolaterally with two additional tufts of setae
(as Fig. 3a); anal margin of tergalii with both short and
long, fine setae (as Fig. 6e); claw with convex ventral
margin and with subapical seta (as Fig. Sk, 1); femur
posterior apex with stout setae on fore and middle legs,
not on hind leg (as Fig. Se).

Material examined. Paratypes. PAPUANEW GUINEA
« 3 larvae; Simbu Prov., Mt. Wilhelm, Pindaunde Creek, S5
(oria 6); 05°49'58"S, 145°06'08"E; 2350 m; 18.viii.1999; leg.
L. Cizek; on slides; GBIFCH00456173, GBIFCH00465177,
GBIFCH00456178; MZL.

4. Labiobaetis janae Kaltenbach & Gattolliat, 2018

Labiobaetis janae: Kaltenbach and Gattolliat 2018.

Additional description. Larva. Re-examination of type
material confirmed that the species has most of the diag-
nostic characters of the group petersorum as listed above.
This includes characters not or not correctly described
or illustrated in the original description (Kaltenbach and
Gattolliat 2018: figs 19-20): hypopharynx distolaterally
with two additional tufts of setae (as Fig. 3a); anal margin
of tergalii with both short and long, fine setae (as Fig. 6e);
claw with very slightly convex ventral margin; claw with
subapical seta (as Fig. 51); femur posterior apex with stout
setae on fore and middle legs, not on hind leg (as Fig. Se).
The flagellum has no brown dots, as it is usually the case
in the group petersorum.

Material examined. Paratypes. INDONESIA « Papua
Prov., Lake Habemma, stream; 04°07'46"S, 138°40'46"E;
3200 m; 19.x.2011; leg. M. Balke; (PAPO7); on slide;
GBIFCHO00465182; MZL.

5. Labiobaetis amber sp. nov.
https://zoobank.org/289249EE-9562-44D6-A5F5-A602900CB96A
Figs 1-7, 38

Diagnosis. Larva. Following combination of characters
differentiates L. amber sp. nov. from other species of the
group petersorum: A) labrum length 0.6 maximal width
(Fig. 2a); B) both mandibles without denticles between
prostheca and mola (Fig. 2d, f); C) labial palp segment II
with broadly rounded, thumb-like, distomedial protuber-
ance; segment 111 nearly oblong (Fig. 4d); D) paraglossa
dorsally with row of four long, spine-like setae near inner,
distal margin (Fig. 4c); E) tibia with row of medium, stout,
apically rounded setae on dorsal margin (Fig. 5f); posteri-
or surface scattered with short, lanceolate setae (Fig. Sh);
F) claw with ca. ten denticles (Fig. 5k); G) posterior
margin of abdominal tergum IV with triangular, pointed
spines, mostly slightly wider than long (Fig. 6¢).

Description. Larva (Figs 1-7). Body length
6.2-8.2 mm. Cerci: ca. 3/4 of body length. Paracercus:
ca. 1/2 of cerci length. Antenna: approx. twice as long as
head length.

Cuticular colouration (Fig. 1a, b). Head, thorax and
abdomen dorsally mainly brown, with pattern as in Fig. la.
Forewing pads light brown with dark brown and grey
stripes; abdominal tergum I grey with brown streak along
distal margin; terga 1I-1V grey-brown, laterally brighter,
with distolateral brown spots; terga V-VI off-white, la-
terally with darker areas; terga VII-VIII dark brown, la-
terally with whitish streak, medially with light brown line;
tergum [X grey-brown with bright area medially; tergum
X off-white. Thorax and abdomen ventrally grey-white,
sterna VII-VIII darker. Legs off-white, femur medially
with large grey area, with large blanks in distal and proxi-
mal area; tarsus distally grey-brown. Caudalii grey.
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Figure 1. Labiobaetis amber sp. nov., larva habitus: a. Dorsal view; b. Ventral view. Scale bars: 1 mm.

Hypodermal colouration (Fig. 6b). Antenna with dark
brown dots in middle part of flagellum.

Antenna (Fig. 6a, b) with scape and pedicel sub-cylin-
drical, without distolateral process at scape.

Labrum (Fig. 2a, b). Sub-rectangular, length 0.6x
maximum width. Distal margin with medial emargination
and small process. Dorsally with medium, fine, simple se-
tae scattered over surface; submarginal arc of setaec com-
posed of ca. ten long, simple setae. Ventrally with mar-
ginal row of setaec composed of lateral and anterolateral
long, feathered setae and medial long, bifid setae.

Right mandible (Fig. 2c, d). Incisor and kinetodon-
tium fused. Incisor with three denticles, outer denticle
blade-like enlarged; kinetodontium with four denticles,
inner margin of innermost denticle with row of thin setae.
Prostheca robust, apically denticulate. Margin between
prostheca and mola straight, smooth. Tuft of setae at apex
of mola present.

Left mandible (Fig. 2e, f). Incisor and kinetodontium
fused. Incisor with four denticles, outer denticle blade-
like enlarged; kinetodontium with three denticles. Pros-
theca robust, apicolaterally with small denticles and
comb-shaped structure. Margin between prostheca and
mola straight, smooth. Subtriangular process rather short,
basally broad, above level of area between prostheca and
mola. Tuft of setae at apex of mola present.

Both mandibles with lateral margins almost straight.
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Hypopharynx and superlinguae (Fig. 3a). Lingua ap-
prox. as long as superlinguae. Lingua longer than broad;
medial tuft of stout setae well developed, distolaterally
with two additional tufts of setae; distal half laterally not
expanded. Superlinguae distolaterally protruding; lateral
margins angulate; fine, long, simple setae along distal
margin.

Maxilla (Fig. 3b, d). Galea-lacinia ventrally with two
simple, apical setae below canines. Inner dorsal row of
setae with three denti-setae, distal denti-seta tooth-like,
middle and proximal denti-setae slender, bifid and pecti-
nate. Medially with one feathered, spine-like seta and
ca. six long, simple setae. Maxillary palp slightly longer
than length of galea-lacinia; 2-segmented; palp segment
11 slightly longer and narrower than segment [; setae on
maxillary palp fine, simple, scattered over surface of seg-
ments | and 1I; apex of last segment without distolateral
excavation, apically pointed, constricted.

Labium (Fig. 4a—e). Glossa basally broad, narrowing
toward apex; much shorter than paraglossa; inner margin
with ca. nine spine-like seta; apex with three long, robust,
apically pectinate setae; outer margin with ca. five spine-
like setae; ventral surface with fine, simple, scattered se-
tae. Paraglossa sub-rectangular, slightly curved inward;
apex rounded; with three rows of long, robust, distally
pectinate setae in apical area and ca. two short, simple
setae in anteromedial area; dorsally with four long, spine-
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Figure 2. Labiobaetis amber sp. nov., larva morphology: a. Labrum; b. Section of labrum, dorsal focus; ¢, d. Right mandible;
e, f. Left mandible. Scale bars: 50 pm.

like setae near inner margin. Labial palp with segment I
slightly shorter than length of segments II and Il com-
bined. Segment II with broadly rounded, thumb-like, di-
stomedial protuberance; distomedial protuberance 0.5x
width of base of segment I1I; ventral surface with short,

fine, simple setae; dorsally with row of ca. six spine-
like setae near outer margin. Segment III nearly oblong;
length 1.1x width; ventrally covered with short, spine-
like, simple setae and short, fine, simple setae.

Hind protoptera absent.
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1 i e . ; \ A, ; i 3 - i
Figure 3. Labiobaetis amber sp. nov., larva morphology: a. Hypopharynx and superlinguae; b. Maxilla; ¢. Maxillary palp; d. Section
of maxilla. Scale bars: 50 um.
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Figure 4. Labiobaetis amber sp. nov., larva morphology: a. Labium; b. Glossa and paraglossa, ventral focus; c. Section of paraglos-
sa, dorsal focus; d. Labial palp, ventral focus; e. Section of labial palp, dorsal focus. Scale bar: 50 pm.
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Figure 5. Labiobaetis amber sp. nov., larva morphology: a. Fore leg; b. Fore femur, dorsal margin; ¢. Fore femur, apex; d. Fore
femur, ventral margin; e. Fore femur, apex, posterior side; f. Fore tibia, dorsal margin; g. Fore tibia, ventral margin; h. Fore tibia,
posterior surface; i. Fore tarsus, dorsal margin; j. Fore tarsus, ventral margin; k. Fore claw; 1. Tip of fore claw. Scale bars: 50 um.

alpineentomology.pensoft.net



Alpine Entomology 7 2023, 83-134 93

f

Figure 6. Labiobaetis amber sp. nov., larva morphology: a. Base of antenna; b. Antenna; ¢. Abdominal tergum IV; d. Tergalius I'V;
e. Anal margin of tergalius 1V; f. Paraproct; g. Larval protogonostylus (11, I1I: segments II and III). Scale bars: 50 pm.

alpineentomology.pensoft.net



94

Kaltenbach, T. et al.: New species of Labiobaetis from New Guinea

Figure 7. Labiobaetis amber sp. nov., larva, distal part of fore
claw with subapical setae; SEM picture. Scale bar: 20 um.

Legs (Figs Sa—k, 7). Ratio of foreleg segments
1.4:1.0:0.6:0.2. Femur. Fore femur length ca. 2.7x ma-
ximum width, middle and hind femur less wide. Dorsal
margin with a row of ca. 50 curved, spine-like setae;
length of setaec 0.16x maximum width of femur. Apex
rounded, with many short, stout, lanceolate setae. Apex
on posterior side with short, stout, apically truncate setae
on fore and middle leg, absent on hind leg. Stout, lance-
olate, pointed setae scattered along ventral margin, few
such setae on surface of distomedial half; femoral patch
reduced on fore and middle leg, well developed on hind
leg. Tibia. Dorsal margin with row of medium, stout,
apically rounded setae. Ventral margin with row of short,
curved, spine-like setae, on apex a tuft of fine, simple
setae. Anterior surface with short, stout, lanceolate setae
along patellatibial suture. Posterior surface with short,
stout, apically rounded, scattered setae. Patellatibial su-
ture present on basal half. Tarsus. Dorsal margin with
row of short, spine-like setae. Ventral margin with row
of curved, spine-like setae increasing in length distally.
Claw with one row of ca. ten denticles; distally pointed;
with long, fine, transparent subapical seta on posterior
side and short subapical seta on anterior side.

Abdominal terga (Fig. 6¢). Surface with irregular
rows of U-shaped scale bases. Posterior margin of terga:
I smooth, without spines; II-VII with triangular spines,
mostly slightly wider than long; VIII-IX with spines be-
coming slenderer and longer.

Abdominal sterna. Posterior margin of sterna: 1-VI
smooth, without spines; VII-IX with small, triangular
spines.

Tergalii (Fig. 6d, e). Present on segments [I-VII. Mar-
gin with small denticles intercalating fine, simple setae.
Anal margin with both short and long, fine setae. Trache-
ae extending from main trunk to inner and outer margins.
Tergalius 1V as long as length of segments V and /2 VI
combined. Tergalius VII as long as length of segment
VIII and 2 IX combined.

Paraproct (Fig. 6f). Distally not expanded, with ca. 33
stout, marginal spines. Surface scattered with U-shaped scale
bases. Cercotractor with numerous small, marginal spines.

Etymology. With reference to Amber village, the type
locality of the species.
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Distribution. Indonesia, Papua Prov. (Fig. 38a).

Biological aspects. The specimens were collected at
an altitude of 1200 m.

Type material. Holotype. INDONESIA - larva;
Papua Prov., River Je, Loc. Arfak, East of Amber vil-
lage; 01°10'59"S, 133°54'44"E; 1200 m; 16.vi.2016,
leg. Sumoked and M. Balke; (BH 68); on slide; GBI-
FCHO00763716; MZB. Paratypes. INDONESIA - 28 lar-
vae; same data as holotype; 2 on slides; GBIFCH00763717,
GBIFCHO00592774; MZL; 23 in alcohol; GBI-
FCHO00515646, GBIFCHO00515647, GBIFCHO00975600,
GBIFCHO00975607, GBIFCH00975712; MZL.

6. Labiobaetis bilibil sp. nov.
https://zoobank.org/0AC9992D-3D71-47B1-824D-81526F0BOC5D
Figs 8-13, 38

Diagnosis. Larva. Following combination of charac-
ters differentiates L. bilibil sp. nov. from other species of
the group petersorum: A) labrum length 0.5x maximal
width (Fig. 9a); B) both mandibles with row of minute
denticles between prostheca and mola (Fig. 9e, h); C) la-
bial palp segment II with extended, slightly hooked, di-
stomedial protuberance; segment III conical (Fig. 10c);
D) paraglossa dorsally with row of 2—4 long, spine-like
setae near inner, distal margin (Fig. 10b); E) tibia with
row of short and medium, stout, lanceolate, pointed setae
on dorsal margin (Fig. 12a, e); posterior surface scattered
with short, lanceolate setae (Fig. 12g); F) claw with ca.
eight denticles (Fig. 12k); G) posterior margin of abdomi-
nal tergum IV with triangular, pointed spines, longer than
wide (Fig. 13c).

Description. Larva (Figs 8-13). Body length
8.8-9.5 mm. Cerci: broken. Paracercus: ca. 0.4x body
length. Antenna: approx. 2.5% as long as head length.

Cuticular colouration (Fig. 8a, b). Head, thorax and
abdomen dorsally brown, with pattern as in Fig. 8a.
Forewing pads light brown with dark brown and grey
stripes; abdominal terga II-IV and VII-VIII darker.
Thorax ventrally grey; abdominal sternum I grey, 1I-V
beige and VI-X light brown to brown. Legs brown with
brighter areas, femur with elongate proxomedial and dist-
odorsal blanks. Caudalii light brown.

Hypodermal colouration (Fig. 13b). Antenna with
dark brown dots in middle part of flagellum.

Antenna (Fig. 13a, b) with scape and pedicel sub-cy-
lindrical, without distolateral process at scape.

Labrum (Fig. 9a, b). Sub-rectangular, length 0.5x
maximum width. Distal margin with medial emargination
and small process. Dorsally with medium, fine, simple
setae scattered over surface; submarginal arc of setae
composed of ca. ten long, simple setae. Ventrally with
marginal row of setae composed of anterolateral long,
feathered setae and medial long, bifid setae.

Right mandible (Fig. 9c—e). Incisor and kinetodon-
tium fused. Incisor with three denticles, outer denticle
blade-like enlarged; kinetodontium with three denticles,
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Figure 8. Labiobaetis bilibil sp. nov., larva habitus:; a. Dorsal view; b. Ventral view. Scale bars 1 mm.

inner margin of innermost denticle with row of thin setae.
Prostheca robust, apically denticulate. Margin between
prostheca and mola straight, with row of minute denti-
cles. Tuft of setae at apex of mola present.

Left mandible (Fig. 9f-h). Incisor and kinetodon-
tium fused. Incisor with three denticles, outer denticle
blade-like enlarged; kinetodontium with three denticles.
Prostheca robust, apicolaterally with small denticles and
comb-shaped structure. Margin between prostheca and
mola straight, with row of minute denticles. Subtrian-
gular process above level of area between prostheca and
mola. Tuft of setae at apex of mola present.

Both mandibles with lateral margins almost straight.

Hypopharynx and superlinguae (Fig. 10a). Lingua lon-
ger as superlinguae. Lingua longer than broad; medial tuft
of stout setae well developed, distolaterally with two addi-
tional tufts of setae; distal half laterally slightly expanded.
Superlinguae distolaterally protruding; lateral margins an-
gulate; fine, long, simple setae along distal margin.

Maxilla (Fig. 10b—d). Galea-lacinia ventrally with two
simple, apical setae below canines. Inner dorsal row of
setae with three denti-setae, distal denti-seta tooth-like,
middle and proximal denti-setae slender, bifid and pecti-
nate. Medially with one feathered spine-like seta and ca.
eight long, simple setae. Maxillary palp approx. as long
as length of galea-lacinia; 2-segmented; palp segment 11
approx. as long and much narrower as segment I; setae on
maxillary palp fine, simple, scattered over surface of seg-
ments | and II; apex of last segment without distolateral
excavation, apically slightly pointed, constricted.

Labium (Fig. 11a—d). Glossa basally broad, narrow-
ing toward apex; much shorter than paraglossa; inner

margin with ca. seven spine-like seta; apex with three
long, robust, apically pectinate setae; outer margin with
ca. six spine-like setae; ventral surface with fine, sim-
ple, scattered setae. Paraglossa sub-rectangular, slightly
curved inward; apex rounded; with three rows of long,
robust, distally pectinate setae in apical area and one
short, simple seta in anteromedial area; dorsally with 2—4
long, spine-like setae near inner margin. Labial palp with
segment [ approx. as long as length of segments Il and
I combined. Segment II with elongate, slightly hooked
distomedial protuberance; distomedial protuberance 0.6
width of base of segment I1I; ventral surface with short,
fine, simple setae; dorsally with row of ca. five spine-like
setae near outer margin. Segment III conical; length ap-
prox. width; ventrally covered with short, spine-like, sim-
ple setae and short, fine, simple setae.

Hind protoptera absent.

Legs (Fig. 12a-k). Ratio of foreleg segments
1.6:1.0:0.7:0.2. Femur. Fore femur length ca. 2.3x ma-
ximum width, middle and hind femur less wide. Dorsal
margin with a row of ca. 55 curved, spine-like setae, in
proximal part a partial 2" row; length of setae 0.13x ma-
ximum width of femur. Apex rounded, with many short,
stout, spine-like, pointed setae. Apex on posterior side
with short, stout, apically pointed setae on fore and mid-
dle leg, absent on hind leg. Stout, lanceolate, pointed se-
tae scattered along ventral margin, few such setae on sur-
face of distomedial half; femoral patch reduced on fore
and middle leg, well developed on hind leg. Tibia. Dorsal
margin with row of short and medium, stout, lanceolate,
pointed setae. Ventral margin with row of short, curved,
spine-like setae, on apex a tuft of fine, simple setae.
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Anterior surface with short, stout, lanceolate, pointed  with row of curved, spine-like setae increasing in length
setac mostly along patellatibial suture. Posterior surface  distally, and row of short, spine-like setae near ventral
with short, stout, apically rounded, scattered setae. Patel-  margin. Claw with one row of ca. eight denticles; distal-
latibial suture present on basal 4/5 area. Tarsus. Dorsal  ly pointed; with long, fine, transparent subapical seta on
margin with row of short, spine-like setae. Ventral margin  posterior side.

Figure 9. Labiobaetis bilibil sp. nov., larva morphology: a. Labrum; b. Section of labrum, dorsal focus; ¢, d. Right mandible; e. Right man-
dible, margin between prostheca and mola; f, g. Left mandible; h. Left mandible, margin between prostheca and mola. Scale bars: 50 pm.
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Figure 10. Labiobaetis bilibil sp. nov., larva morphology: a. Hypopharynx and superlinguae; b. Maxilla; ¢. Maxillary palp;
d. Section of maxilla. Scale bars: 50 pm.
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Figure 11. Labiobaetis bilibil sp. nov., larva morphology: a. Labium; b. Glossa and paraglossa, ventral focus; ¢. Labial palp, ventral
focus; d. Section of labial palp, dorsal focus. Scale bar: 50 um.
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Figure 12. Labiobaetis bilibil sp. nov., larva morphology: a. Fore leg; b. Fore femur, dorsal margin; ¢. Fore femur, ventral margin;
d. Fore femur, apex, posterior side; e. Fore tibia, dorsal margin; f. Fore tibia, ventral margin; g. Fore tibia, posterior surface; h. Fore
tarsus, dorsal margin; i. Fore tarsus, ventral margin; j. Tip of fore claw; k. Fore claw. Scale bars: 50 pm.
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Figure 13. Labiobaetis bilibil sp. nov., larva morphology: a. Base of antenna; b. Antenna; ¢. Abdominal tergum IV; d. Tergalius IV;
e. Anal margin of tergalius IV f. Paraproct. Scale bars: 50 pm.
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Abdominal terga (Fig. 13c). Surface with irregular
rows of U-shaped scale bases. Posterior margin of terga:
I smooth, without spines; II-IX with triangular, sharply
pointed spines, longer than wide.

Abdominal sterna. Posterior margin of sterna: -V
smooth, without spines; VI-IX with small, triangular spines.

Tergalii (Fig. 13d, e). Present on segments I[-VII.
Margin with small denticles intercalating fine, simple
setae. Anal margin with both short and long, fine setae.
Tracheae extending from main trunk to inner and outer
margins. Tergalius IV as long as length of segments V and
VI combined. Tergalius VII as long as length of segments
VIII and 2 IX combined.

Paraproct (Fig. 6f). Distally not expanded, with
ca. 21 stout, marginal spines. Surface scattered with
U-shaped scale bases. Cercotractor with numerous
small, marginal spines.

Etymology. Dedicated to the indigenous Bilibil people
of the Madang region, where the type locality is.

Distribution. Papua New Guinea (Fig. 38a).

Biological aspects. The specimens were collected at
an altitude of 350 m.

Type material. Holotype. PAPUA NEW GUINEA -
larva; Madang Prov., Adalbert Mts., Sewan; 04°41'01"S,
145°26'55"E, 350 m; 03.v.2006; leg. M. Balke and Mana-
ono; (PNG 50); on slide; GBIFCH00592772; ZSM.
Paratypes. PAPUA NEW GUINEA ¢ 19 larvae; same

data as holotype; 4 on slides; GBIFCH00592571, GBI-
FCH00592572, GBIFCH00592573, GBIFCH00763602;
MZL; 15 in alcohol; GBIFCH00515641, GBI-
FCHO00515642, GBIFCH00975601, GBIFCH00975616,
GBIFCHO00975711; MZL.

7. Labiobaetis kinibeli sp. nov.
https://zoobank.org/4E9B39F3-B746-46E9-8F06-843900896 1 F6
Figs 14-19, 38

Diagnosis. Larva. Following combination of characters
differentiates L. kinibeli sp. nov. from other species of
the group petersorum: A) labrum length 0.55x maximal
width (Fig. 15a); B) both mandibles with row of minute
denticles between prostheca and mola; subtriangular pro-
cess of left mandible with minute denticles on basal out-
er margin (Fig. 15e, h, 1); C) labial palp segment II with
thumb-like, apically rounded distomedial protuberance;
segment III slightly pentagonal (Fig. 17d); D) paraglos-
sa dorsally with row of four long, spine-like setae near
inner, distal margin (Fig. 17c); E) fore tibia with two
rows of short, stout, lanceolate, pointed setae on dorsal
margin (Fig. 18a, e); posterior surface without scattered,
stout setae; F) claw with ca. eight denticles (Fig. 12k); G)
posterior margin of abdominal tergum IV with triangular
spines, mostly slightly wider than long (Fig. 19c¢).

Figure 14. Labiobaetis kinibeli sp. nov., larva habitus: a. Dorsal view; b. Ventral view. Scale bars 1 mm.
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Figure 15. Labiobaetis kinibeli sp. nov., larva morphology: a. Labrum; b. Section of labrum, dorsal focus; ¢, d. Right mandible;
e. Right mandible, margin between prostheca and mola; f, g. Left mandible; h. Left mandible, margin between prostheca and mola;
i. Left mandible, subtriangular process. Scale bars: 50 pm.
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Figure 16. Labiobaetis kinibeli sp. nov., larva morphology: a. Hypopharynx and superlinguae; b. Maxilla; ¢. Maxillary palp;

d, e. Sections of maxilla. Scale bars: 50 pm.

Description. Larva (Figs 14-19). Body length
7.6-8.5 mm. Cerci: ca. 2/3 of body length. Paracercus:
ca. 0.8x cerci length. Antenna: approx. 2.5% as long as
head length.

Cuticular colouration (Fig. 14a, b). Head, thorax
and abdomen dorsally reddish-brown. Abdominal terga
IX-X brighter. Thorax ventrally off-white; abdominal

sterna light reddish-brown. Legs brown with, femur with
elongate proxomedial and distodorsal blanks. Caudalii
light brown.

Hypodermal colouration. Antenna with dark brown
dots in middle part of flagellum (Fig. 19b). Abdominal in-
tersegmental membranes with dark purple-brown anterior
margins (Fig. 14a).
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Figure 17. Labiobaetis kinibeli sp. nov., larva morphology: a. Labium; b. Glossa and paraglossa, ventral focus; ¢. Section of pa-
raglossa, dorsal focus; d. Labial palp, ventral focus; e. Section of labial palp, dorsal focus. Scale bar: 50 pm.
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Figure 18. Labiobaetis kinibeli sp. nov., larva morphology: a. Fore leg; b. Fore femur, dorsal margin; ¢. Fore femur, ventral margin;
d. Fore femur, apex, posterior side; e. Fore tibia, dorsal margin; f. Fore tarsus, dorsal margin; g. Fore claw. Scale bars: 50 um.
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Figure 19. Labiobaetis kinibeli sp. nov., larva morphology: a. Base of antenna; b. Antenna; ¢. Abdominal tergum IV; d. Tergalius
IV; e. Anal margin of tergalius IV; f. Paraproct; g. Larval protogonostylus (II, III: segments II and III). Scale bars: 50 pm.

Antenna (Fig. 19a, b) with scape and pedicel sub-cy-
lindrical, without distolateral process at scape.

Labrum (Fig. 15a, b). Sub-rectangular, length 0.55x
maximum width. Distal margin with medial emargination
and small process. Dorsally with medium, fine, simple se-
tae scattered over surface; submarginal arc of setae com-
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posed of ca. 13 long, simple setae. Ventrally with margin-
al row of setae composed of anterolateral long, feathered
setae and medial long, bifid setae.

Right mandible (Fig. 15c—e). Incisor and kinetodon-
tium fused. Incisor with three denticles, outer denticle
blade-like enlarged; kinetodontium with three denticles,
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inner margin of innermost denticle with row of thin setae.
Prostheca robust, apically denticulate. Margin between
prostheca and mola straight, with row of minute denti-
cles. Tuft of setae at apex of mola present.

Left mandible (Fig. 15f-i). Incisor and kinetodon-
tium fused. Incisor with three denticles, outer denticle
blade-like enlarged; kinetodontium with three denticles.
Prostheca robust, apicolaterally with small denticles and
comb-shaped structure. Margin between prostheca and
mola straight, with row of minute denticles. Subtrian-
gular process above level of area between prostheca and
mola, basally on outer margin with minute denticles Tuft
of setae at apex of mola present.

Both mandibles with lateral margins almost straight.

Hypopharynx and superlinguae (Fig. 16a). Lingua
longer as superlinguae. Lingua longer than broad; medial
tuft of stout setae well developed, distolaterally with two
additional tufts of setae; distal half laterally not expand-
ed. Superlinguae distolaterally protruding; lateral mar-
gins rounded; fine, long, simple setae along distal margin.

Maxilla (Fig. 16b—e). Galea-lacinia ventrally with two
simple, apical setae below canines. Inner dorsal row of
setae with three denti-setae, distal denti-seta tooth-like,
middle and proximal denti-setae slender, bifid and pecti-
nate. Medially with one feathered spine-like seta and ca.
cight long, simple setac. Maxillary palp approx. as long
as length of galea-lacinia; 2-segmented; palp segment 11
approx. 1.2x as long as segment I, and much narrower;
setac on maxillary palp fine, simple, scattered over sur-
face of segments I and II; apex of last segment without
distolateral excavation, apically pointed, constricted.

Labium (Fig. 17a—¢). Glossa basally broad, narrowing
toward apex; much shorter than paraglossa; inner margin
with ca. nine spine-like seta; apex with three long, robust,
apically pectinate setae; outer margin with ca. six spine-
like setae; ventral surface with fine, simple, scattered se-
tac. Paraglossa sub-rectangular, slightly curved inward;
apex rounded; with three rows of long, robust, distally
pectinate setae in apical area and one short, simple seta in
anteromedial area; dorsally with row of four long, spine-
like setae near inner margin. Labial palp with segment I
approx. as long as length of segments Il and I1I combined.
Segment II with thumb-like, apically rounded, distomedi-
al protuberance; distomedial protuberance 0.5x width of
base of segment I1I; ventral surface with short, fine, sim-
ple setae; dorsally with row of ca. eight spine-like setae
near outer margin. Segment I11 slightly pentagonal; length
approx. 0.9x width; ventrally covered with short, spine-
like, simple setae and short, fine, simple setae.

Hind protoptera absent.

Legs (Fig. 18a—g). Ratio of foreleg segments
1.4:1.0:0.5:0.2. Femur. Fore femur length ca. 2.5x ma-
ximum width, middle and hind femur less wide. Dorsal
margin with row of ca. 43 curved, spine-like setae; length
of setae 0.13x maximum width of femur. Apex rounded,
with many short, stout, spine-like, pointed setae. Apex on
posterior side with short, stout, apically pointed setae on
fore and middle leg, absent on hind leg. Stout, lanceolate,
pointed setae scattered along ventral margin; femoral

patch absent on fore leg, rudimentary on middle leg, and
reduced on hind leg. Tibia. Dorsal margin of fore leg with
two rows of short, stout, lanceolate, pointed setae, 2" row
poorly developed on middle leg and only one row on hind
leg. Ventral margin with row of short, curved, spine-like
setae, on apex a tuft of fine, simple setae. Anterior surface
with short, stout, lanceolate, pointed setae in distal part
and along patellatibial suture. Posterior surface without
stout setae in dorsal half, some stout setae in ventral half
along patellatibial suture. Patellatibial suture present on
basal 2/3 area. Tarsus. Dorsal margin with row of short,
spine-like setae. Ventral margin with row of curved,
spine-like setae increasing in length distally. Claw with
one row of ca. eight denticles; distally pointed; with long,
fine, transparent subapical seta on posterior side.

Abdominal terga (Fig. 19¢). Surface with irregular
rows of U-shaped scale bases. Posterior margin of terga:
[ smooth, without spines; Il with rudimentary, rounded
spines; [1I-VI with triangular spines, mostly slightly wid-
er than long; VII-IX with triangular spines, longer than
wide; mostly 2-3 spines basally fused.

Abdominal sterna. Posterior margin of sterna: [-VI
smooth, without spines; VII-IX with small, triangular
spines.

Tergalii (Fig. 19d, e). Present on segments [I-VII.
Margin with small denticles intercalating fine, simple
setae. Anal margin with both short and long, fine setae.
Tracheae extending from main trunk to inner and outer
margins. Tergalius IV as long as length of segments V and
VI combined. Tergalius VII as long as length of segments
VIII and 3/4 IX combined.

Paraproct (Fig. 19f). Distally not expanded, with
ca. 53 stout, marginal spines. Surface scattered with
U-shaped scale bases. Cercotractor with numerous small,
marginal spines.

Etymology. Dedicated to the successful collector of
the specimens, Mr. Kinibel (Papua New Guinea).

Distribution. Papua New Guinea (Fig. 38a).

Biological aspects. The specimens were collected at
altitudes between 900 m-2000 m, partly together with
Labiobaetis gindroi Kaltenbach & Gattolliat, 2018 and
Labiobaetis rutschmannae Kaltenbach & Gattolliat, 2018.

Type material. Holotype. PAPUA NEW GUINEA -
larva; Western Highlands Prov., Lugup River; 05°17'14"S,
144°28'13"E; 1700 m; 04.iii.2007; leg. Kinibel; (PNG
143); on slide; GBIFCH00975628; ZSM. Paratypes.
PAPUA NEW GUINEA ¢ 6 larvae; same data as holotype;
1 on slide; GBIFCH00975609; MZL; 5 in alcohol; GBI-
FCH00515639, GBIFCH00975665, GBIFCH00975667;
MZL « 1 larva; Central Prov., Tapini, Loloipa River; near
08°20'31"S, 146°59'49"E; 940 m; 31.x.2007; leg. Kini-
bel; (PNG 163); on slide; GBIFCH00829887; MZL « 3
larvae; Western Highlands Prov., Simbai; 05°15'10"S,
144°32'49"E; 2000 m; 28.i1.2007; leg. Kinibel; (PNG
136); 1 on slide; GBIFCH00975632; MZL; 2 in alco-
hol; GBIFCHO00515633; MZL ¢ 2 larvae; Western High-
lands, Simbai; 05°15'52"S, 144°32'43"E; 1800-2000 m;
26.i1.2007; leg. Kinibel; (PNG 134); 1 in alcohol; GBI-
FCHO00975760; 1 on slide; GBIFCH00763775; MZL.
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8. Labiobaetis nabire sp. nov.
https://zoobank.org/9CCF94C8-B0BD-499D-93DA-BA6CC143420A
Figs 20-25, 38

Diagnosis. Larva. Following combination of characters
differentiates L. nabire sp. nov. from other species of the
group petersorum: A) labrum length 0.6x maximal width
(Fig.21a); B) both mandibles with smooth margin between
prostheca and mola (Fig. 21c, e); C) labial palp segment
I with thumb-like, distomedial protuberance, distal mar-
gin of protuberance slightly concave; segment II1 oblong
(Fig. 23d); D) paraglossa dorsally with two long, spine-
like setac near inner, distal margin (Fig. 23c); E) tibia
with row of short, stout, apically rounded setae on dorsal
margin (Fig. 24e); posterior surface without scattered,
stout setae; F) claw with ca. nine denticles (Fig. 24g); G)
posterior margin of abdominal tergum IV with triangular
spines, mostly slightly wider than long (Fig. 25¢); H) legs

with hypodermal, oblong, orange-brown spot medially on
posterior side of femur (Fig. 20a).

Description. Larva (Figs 20-25). Body length 6.3—
7.2 mm. Cerci: nearly as long as body length. Paracercus:
ca. 0.5x cerci length. Antenna: approx. 2.5x as long as
head length.

Cuticular colouration (Fig. 20a, b). Head, thorax and
abdomen dorsally grey-brown, with pattern as in Fig. 20a.
Abdominal terga VI, IX and partly X brighter; [-IX la-
terally with bright marks. Thorax and abdomen ventrally
off-white. Legs with different shades of grey and brown
as in Fig. 20b; femur with elongate proxomedial and dis-
todorsal blanks. Caudalii grey-brown.

Hypodermal colouration. Antenna with dark brown
dots in middle part of flagellum (Fig. 25b). Abdominal
intersegmental membranes in distal part of abdomen with
dark brown anterior margins (Fig. 20a). Femora on posteri-
or side with medial, oblong, orange-brown spots (Fig. 20a).

Figure 20. Labiobaetis nabire sp. nov., larva habitus: a. Dorsal view; b. Ventral view. Scale bars 1 mm.
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Figure 21. Labiobaetis nabire sp. nov., larva morphology: a. Labrum; b. Section of labrum, dorsal focus; ¢, d. Right mandible;
e, f. Left mandible. Scale bars: 50 pum.
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Figure 22. Labiobaetis nabire sp. nov., larva morphology: a. Hypopharynx and superlinguae; b. Maxilla; ¢. Maxillary palp;
d, e. Sections of maxilla. Scale bars: 50 pm.
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Figure 23. Labiobaetis nabire sp. nov., larva morphology: a. Labium; b. Glossa and paraglossa, ventral focus; ¢. Section of pa-
raglossa, dorsal focus; d. Labial palp, ventral focus; e. Section of labial palp, dorsal focus. Scale bar: 50 um.

Antenna (Fig. 25a, b) with scape and pedicel sub-cy-
lindrical, without distolateral process at scape.

Labrum (Fig. 21a, b). Sub-rectangular, length 0.6x
maximum width. Distal margin with medial emargination
and small process. Dorsally with medium, fine, simple
setac scattered over surface; submarginal arc of setae

composed of ca. eight long, simple setae. Ventrally with
marginal row of setae composed of anterolateral long,
feathered setae and medial long, bifid setae.

Right mandible (Fig. 21c, d). Incisor and kinetodon-
tium fused. Incisor with three denticles, outer denticle
blade-like enlarged; kinetodontium with four denticles,
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Figure 24. Labiobaetis nabire sp. nov., larva morphology: a. Fore leg; b. Fore femur, dorsal margin; ¢. Fore femur, ventral margin; d. Fore
femur, apex, posterior side; e. Fore tibia, dorsal margin; f. Fore tarsus, dorsal margin; g. Fore claw; h. Tip of fore claw. Scale bars: 50 um.
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Figure 25. Labiobaetis nabire sp. nov., larva morphology: a. Base of antenna; b. Antenna; ¢. Abdominal tergum IV; d. Tergalius IV;

e. Anal margin of tergalius 1V; f. Paraproct. Scale bars: 50 um.
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inner margin of innermost denticle with row of thin setae.
Prostheca robust, apically denticulate. Margin between
prostheca and mola straight, smooth, without denticles.
Tuft of setae at apex of mola present.

Left mandible (Fig. 21e, f). Incisor and kinetodon-
tium fused. Incisor with four denticles, outer denticle
blade-like enlarged; kinetodontium with three denticles.
Prostheca robust, apicolaterally with small denticles and
comb-shaped structure. Margin between prostheca and
mola straight, smooth, without denticles. Subtriangular

Tuft of setae at apex of mola present.

Both mandibles with lateral margins almost straight.

Hypopharynx and superlinguae (Fig. 22a). Lingua
longer than superlinguae. Lingua longer than broad; medi-
al tuft of stout setae well developed, distolaterally with two
additional tufts of setae; distal half laterally not expanded.
Superlinguae distolaterally protruding; lateral margins
rounded; fine, long, simple setae along distal margin.

Maxilla (Fig. 22b-e). Galea-lacinia ventrally with two
simple, apical setaec below canines. Inner dorsal row of
setae with three denti-setae, distal denti-seta tooth-like,
middle and proximal denti-setae slender, bifid and pecti-
nate. Medially with one feathered spine-like seta and ca.
cight long, simple setac. Maxillary palp approx. as long
as length of galea-lacinia; 2-segmented; palp segment
I approx. as long as segment [, and narrower; setae on
maxillary palp fine, simple, scattered over surface of seg-
ments [ and II; apex of last segment without distolateral
excavation, apically pointed, constricted.

Labium (Fig. 23a—¢). Glossa basally broad, narrowing
toward apex; much shorter than paraglossa; inner margin
with ca. seven spine-like seta; apex with three long, robust,
apically pectinate setae; outer margin with ca. six spine-
like setae; ventral surface with fine, simple, scattered setae.
Paraglossa sub-rectangular, slightly curved inward; apex
rounded; with three rows of long, robust, distally pectinate
setae in apical area; dorsally with two long, spine-like se-
tac near inner margin. Labial palp with segment | approx.
as long as length of segments Il and I1I combined. Seg-
ment I with thumb-like, distomedial protuberance; dis-
tal margin of protuberance slightly concave; distomedial
protuberance 0.5% width of base of segment III; ventral
surface with short, fine, simple setae; dorsally with row of
ca. five spine-like setae near outer margin. Segment I11 ob-
long; length approx. width; ventrally covered with short,
spine-like, simple setae and short, fine, simple setae.

Hind protoptera absent.

Legs (Fig. 24a-h). Ratio of foreleg segments
1.3:1.0:0.6:0.2. Femur. Fore femur length ca. 2.5x ma-
ximum width, middle and hind femur slightly less wide.
Dorsal margin with row of ca. 25 short to medium, curved,
spine-like, apically rounded setae; length of setae 0.13%
maximum width of femur. Apex rounded, with many short,
stout, apically rounded setae. Apex on posterior side with
short, stout, apically rounded setae on fore and middle leg,
absent on hind leg. Stout, lanceolate, pointed setae scattered
along ventral margin; femoral patch rudimentary on fore
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and middle leg, reduced on hind leg. Tibia. Dorsal mar-
gin with row of short, stout, apically rounded setae. Ven-
tral margin with row of short, curved, spine-like setae, on
apex a tuft of fine, simple setae. Anterior surface with short,
stout, lanceolate, pointed setae along patellatibial suture.
Posterior surface with very few stout setae. Patellatibial su-
ture present on basal 2/3 area. Tarsus. Dorsal margin with
row of short, apically rounded setae. Ventral margin with
row of curved, spine-like setae increasing in length distally.
Claw with one row of ca. nine denticles; distally pointed;
with long, fine, transparent subapical seta on posterior side.

Abdominal terga (Fig. 25c). Surface with irregular
rows of U-shaped scale bases. Posterior margin of terga:
[ smooth, without spines; I[I-III with poorly developed
spines; [V=V with triangular spines, mostly slightly wider
than long; VI-IX with triangular spines, longer than wide.

Abdominal sterna. Posterior margin of sterna: [-VI
smooth, without spines; VII-IX with small, triangular spines.

Tergalii (Fig. 25d, e). Present on segments II-VII.
Margin with small denticles intercalating fine, simple
setac. Anal margin with both short and long, fine setae.
Tracheae extending from main trunk to inner and outer
margins. Tergalius [V as long as length of segments V, VI
and 1/3 VII combined. Tergalius VII as long as length of
segments VIII and 1/3 IX combined.

Paraproct (Fig. 25f). Distally not expanded, with
ca. 33 stout, marginal spines. Surface scattered with
U-shaped scale bases. Cercotractor with numerous small,
marginal spines.

Etymology. Referring to the type locality in Nabire
Regency, Central Papua Prov, Indonesia.

Distribution. Indonesia, Central Papua Prov. (Fig. 38a).

Biological aspects. The specimens were collected at an
altitude of 774 m, together with Labiobaetis papuaensis
Kaltenbach & Gattolliat, 2018.

Type material. Holotype. INDONESIA - larva; Pap-
ua Prov., Road Nabire-Enarotali KM 55; 03°29'48"S,
135°43'S3"E; 774 m; 22.x.2011; leg. M. Balke;
(PAP09); on slide; GBIFCH00980888; ZSM. Paratypes.
INDONESIA < 11 larvae; same data as holotype; 3 on
slides; GBIFCH00592568, GBIFCH00592569, GBI-
FCHO00980889; MZL; 8 in alcohol; GBIFCH00975588,
GBIFCH00975615; MZL.

9. Labiobaetis simbuensis sp. nov.
https://zoobank.org/B1E53880-E581-4F58-863F-32CA0910B01A
Figs 26-31, 38

Diagnosis. Larva. Following combination of characters
differentiates L. simbuensis sp. nov. from other species
of the group petersorum: A) labrum length 0.6x max-
imal width (Fig. 27a); B) both mandibles with row of
minute denticles on margin between prostheca and mola
(Fig. 27d, e, g h); C) labial palp segment Il with small,
thumb-like, hooked distomedial protuberance; segment
IIT oblong (Fig. 29d); D) paraglossa dorsally with three
long, spine-like setae near inner, distal margin (Fig. 29¢);
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Figure 26. Labiobaetis simbuensis sp. nov., larva habitus: a. Dorsal view; b. Ventral view. Scale bars 1 mm.

E) tibia with row of short, spine-like setae on dorsal mar-
gin (Fig. 30a, e); posterior surface of tibia without scat-
tered, stout setae; F) claw with ca. nine denticles (Fig. 30i);
G) posterior margin of abdominal tergum IV with triangu-
lar or rounded spines, wider than long (Fig. 31c¢).

Description. Larva (Figs 26-31). Body length 4.7—
6.1 mm. Caudalii: broken. Antenna: broken.

Cuticular colouration (Fig. 26a, b). Head, thorax and
abdomen dorsally light brown. Head, thorax and abdo-
men ventrally beige. Legs light brown. Caudalii beige.

Hypodermal colouration. Antenna without dark
brown dots on flagellum (Fig. 31b).

Antenna (Fig. 31a, b) with scape and pedicel sub-cy-
lindrical, without distolateral process at scape.

Labrum (Fig. 27a, b). Sub-rectangular, length 0.6x
maximum width. Distal margin with medial emargination
and small process. Dorsally with medium, fine, simple
sctae scattered over surface; submarginal arc of setae
composed of ca. seven long, simple setae. Ventrally with
marginal row of setae composed of anterolateral long,
feathered setae and medial long, bifid setae.

Right mandible (Fig. 27¢, d). Incisor and kinetodon-
tium fused. Incisor with three denticles, outer denticle

blade-like enlarged; kinetodontium with three denticles,
inner margin of innermost denticle with row of thin setae.
Prostheca robust, apically denticulate. Margin between
prostheca and mola straight, with row of minute denti-
cles. Tuft of setae at apex of mola present.

Left mandible (Fig. 27f-i). Incisor and kinetodon-
tium fused. Incisor with three denticles, outer denticle
blade-like enlarged; kinetodontium with three denticles.
Prostheca robust, apicolaterally with small denticles and
comb-shaped structure. Margin between prostheca and
mola straight, with row of minute denticles. Subtrian-
gular process above level of area between prostheca and
mola. Tuft of setae at apex of mola present.

Both mandibles with lateral margins almost straight.

Hypopharynx and superlinguae (Fig. 28a). Lingua
much longer than superlinguae. Lingua longer than
broad; medial tuft of stout setae well developed, disto-
laterally with two additional tufts of setae; distal half la-
terally not expanded. Superlinguae distolaterally slightly
protruding; lateral margins rounded; fine, long, simple
setae along distal margin.

Maxilla (Fig. 28b—d). Galea-lacinia ventrally with two
simple, apical setae below canines. Inner dorsal row of
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Figure 27. Labiobaetis simbuensis sp. nov., larva morphology: a. Labrum; b. Section of labrum, dorsal focus; ¢, d. Right mandible;
e. Right mandible, margin between prostheca and mola; f, g. Left mandible; h. Left mandible, margin between prostheca and mola;
i. Left prostheca. Scale bars: 50 pm.
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Figure 28. Labiobaetis simbuensis sp. nov., larva morphology: a. Hypopharynx and superlinguae; b. Maxilla; ¢. Maxillary palp;
d. Section of maxilla. Scale bars: 50 um.
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Figure 29. Labiobaetis simbuensis sp. nov., larva morphology: a. Labium; b. Glossa and paraglossa, ventral focus; ¢. Section of
paraglossa, dorsal focus; d. Labial palp, ventral focus; e. Section of labial palp, dorsal focus. Scale bar: 50 pm.
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Figure 30. Labiobaetis simbuensis sp. nov., larva morphology: a. Fore leg; b. Fore femur, dorsal margin; ¢. Fore femur, ventral
margin; d. Fore femur, apex, posterior side; e. Fore tibia, dorsal margin; f. Fore tibia, ventral margin; g. Fore tarsus, dorsal margin;
h. Fore tarsus, ventral margin; i. Fore claw. Scale bars: 50 pm.
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Figure 31. Labiobaetis simbuensis sp. nov., larva morphology: a. Base of antenna; b. Antenna; ¢. Abdominal tergum I'V; d. Tergalius
1V; e. Anal margin of tergalius IV; f. Paraproct. Scale bars: 50 pm.

setae with three denti-setae, distal denti-seta tooth-like,
middle and proximal denti-setae slender, bifid and pecti-
nate. Medially with one feathered spine-like seta and ca.
seven long, simple setae. Maxillary palp slightly longer
than length of galea-lacinia; 2-segmented; palp segment
II 1.5% as long as segment 1, slightly narrower; setae on
maxillary palp fine, simple, scattered over surface of seg-
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ments | and II; apex of last segment without distolateral
excavation, apically pointed, constricted.

Labium (Fig. 29a—¢). Glossa basally broad, narrowing
toward apex; much shorter than paraglossa; inner mar-
gin with ca. eight spine-like seta; apex with three long,
robust, apically pectinate setae; outer margin with ca. four
spine-like setae; ventral surface with fine, simple, scat-
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tered setae. Paraglossa sub-rectangular, slightly curved
inward; apex rounded; with three rows of long, robust,
distally pectinate setae in apical area; dorsally with three
long, spine-like setae near inner margin. Labial palp with
segment | approx. as long as length of segments II and
[T combined. Segment II with small, thumb-like, hooked
distomedial protuberance; distomedial protuberance 0.3%
width of base of segment III; ventral surface with short,
fine, simple setae; dorsally with row of ca. five spine-like
setae near outer margin. Segment III oblong; length ap-
prox. width; ventrally covered with short, spine-like, sim-
ple setae and short, fine, simple setae.

Hind protoptera absent.

Legs (Fig. 30a—i). Ratio of foreleg segments
1.5:1.0:0.6:0.2. Femur. Fore femur very wide, length ca.
2.2x maximum width, middle and hind femur less wide.
Dorsal margin with row of ca. 26 long, curved, spine-like
setae, and some short spine-like setae in between; length
of setae 0.17x maximum width of femur. Apex rounded,
with medium, spine-like, pointed setac. Apex on posteri-
or side with short, stout, pointed setae on fore and middle
leg, absent on hind leg. Stout, lanceolate, pointed setae
scattered along ventral margin; femoral patch absent on
fore leg, rudimentary on middle leg and hind leg. Tib-
ia. Dorsal margin with row of short, spine-like, pointed
sctae. Ventral margin with row of short, curved, spine-
like setae, on apex a tuft of fine, simple setae. Anterior
surface with short, stout, lanceolate, pointed setae along
patellatibial suture. Posterior surface without stout setae.
Patellatibial suture present on basal 2/3 area. Tarsus.
Dorsal margin with one or few short, stout setae. Ventral
margin with row of curved, spine-like setae increasing in
length distally. Claw with one row of ca. nine denticles;
distally pointed; with long, fine, transparent subapical
seta on posterior side.

Abdominal terga (Fig. 31c). Surface with irregular
rows of U-shaped scale bases. Posterior margin of ter-
ga: I-1I smooth, without spines; I11I-V with triangular or
rounded spines, wider than long; VI-IX with triangular
spines, mostly wider than long.

Abdominal sterna. Unknown.

Tergalii (Fig. 31d, e). Present on segments II-VII.
Margin with small denticles intercalating fine, simple
setae. Anal margin with both short and long, fine setae.
Tracheae extending from main trunk to inner and outer
margins. Tergalius IV as long as length of segments V, VI
and 1/3 VII combined.

Paraproct (Fig. 311). Distally not expanded, with
ca. 35 stout, marginal spines. Surface scattered with
U-shaped scale bases. Cercotractor with numerous small,
marginal spines.

Etymology. Referring to the type locality in Simbu
Prov., Papua New Guinea.

Distribution. Papua New Guinea,
(Fig. 38a).

Biological aspects. The specimens were collected at
an altitude of 2350 m, together with Labiobaetis wilhel-
mensis Kaltenbach & Gattolliat, 2018 and Labiobaetis
gladius Kaltenbach & Gattolliat, 2018.

Simbu Prov.

Type material. Holotype. PAPUA NEW GUINEA -
larva; Simbu Prov., Mt. Wilhelm, Pindaunde Creek, S5,
oria. 6; 05°49'57"S, 145°06'08"E; 2350 m; 18.viii.1999;
leg. L. Cizek; on slide; GBIFCH00592493; MZL.
Paratype. PAPUA NEW GUINEA - 1 larva; same data as
holotype; on slide; GBIFCH00975591; MZL.

Labiobaetis vitilis group of species
(diagnosis slightly enhanced from Kaltenbach and
Gattolliat 2018)

Following combination of characters: A) antennal scape
without distolateral process (Fig. 37a); B) labrum dor-
sally with submarginal arc of simple setae; C) maxillary
palp without distolateral excavation (Fig. 34c); D) labial
palp segment Il with short thumb-like distomedial pro-
tuberance, segment III rather long (Fig. 35d); E) ante-
rior surface of femur medially usually with stout setae
(Fig. 36a, d); F) hind protoptera absent; G) tergalii pres-
ent on abdominal segments [I-VII.

The L. vitilis group is known from New Guinea only,
including the following species:

Labiobaetis vitilis (Lugo-Ortiz & McCafferty, 1999)
Labiobaetis altus Kaltenbach & Gattolliat, 2018
Labiobaetis gindroi Kaltenbach & Gattolliat, 2018
Labiobaetis paravitilis Kaltenbach & Gattolliat, 2018
Labiobaetis wilhelmensis Kaltenbach & Gattolliat, 2018
Labiobaetis kokoda sp. nov.

10. Labiobaetis kokoda sp. nov.
https://zoobank.org/91 E672B7-A49D-4490-9D3F-6A2B92FD41 EA
Figs 32-38

Diagnosis. Larva. Following combination of charac-
ters differentiates L. kokoda sp. nov. from other species
of Labiobaetis: A) labrum length 0.7% maximal width;
dorsal submarginal arc of setae consisting of one plus
3-5 simple setae, 1% and 2" setae after submedian seta
closely together (Fig. 33a—c); B) incisor and kinetodon-
tium of right mandible with four and three denticles;
margin between prostheca and mola slightly convex,
smooth (Fig. 33d, e); C) incisor and kinetodontium of left
mandible with three and three denticles; margin between
prostheca and mola almost straight, smooth (Fig. 33f, g);
D) hypopharynx with well-developed medial tuft of stout
setae (Fig. 34a); E) maxillary palp longer than galea-lac-
inia; segment II without distolateral excavation, apically
pointed, constricted (Fig. 34b, c); F) labial palp segment
11 with thumb-like, distomedial protuberance; segment I11
oblong (Fig. 35a, d); G) femur dorsally with row of ca.
12 long, spine-like setae on margin; several such setae
additionally in partial 2™ row near margin (Fig. 36a, b);
H) claw with ca. 14 denticles (Fig. 361); I) posterior mar-
gin of abdominal tergum IV with triangular or rounded
spines, wider than long (Fig. 37c); J) antennal scape with-
out distolateral process (Fig. 37a).
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Figure 32. Labiobaetis kokoda sp. nov., larva habitus: a. Dorsal view; b. Ventral view. Scale bars 1 mm.

Description. Larva (Figs 32-37). Body length ca. 3
mm (immature). Cerci: broken. Paracercus ca. 0.4x body
length. Antenna ca. 2.5% head length.

Cuticular colouration (Fig. 32a, b). Antenna light
brown, darker at distal margins of segments. Head,
thorax and abdomen dorsally brown, with pattern as
in Fig. 32a; abdominal terga I, V and IX-X brighter.
Head, thorax and abdomen ventrally light brown; ab-
dominal sterna VI-VIII darker, IX-X brighter. Legs
light brown, darker along dorsal margins of tibia and
tarsus, femur medially and apically darker. Caudalii
light brown.

Antenna (Fig. 37a) with scape and pedicel sub-cylin-
drical, without distolateral process at scape. Pedicel dis-
tally with triangular scales.

Labrum (Fig. 33a—c). Sub-rectangular, length 0.7x
maximum width. Distal margin with deep medial emar-
gination and small process. Dorsally with medium, fine,
simple setae scattered over surface; submarginal arc of
setae composed of 3-5 long, simple setae, 1 and 2™ seta
after submedian seta closely together. Ventrally with mar-
ginal row of setae composed of anterolateral long, feath-
ered setae and medial long, bifid setae.

Right mandible (Fig. 33d, e). Incisor and kinetodon-
tium fused. Incisor with four denticles; kinetodontium
with three denticles, inner margin of innermost denti-
cle with row of thin setae. Prostheca robust, apically
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denticulate. Margin between prostheca and mola slightly
convex, smooth. Tuft of setae at apex of mola present.

Left mandible (Fig. 33f, g). Incisor and kinetodon-
tium fused. Incisor with three denticles; kinetodontium
with three denticles. Prostheca robust, apicolaterally with
small denticles and comb-shaped structure. Margin be-
tween prostheca and mola almost straight, smooth. Sub-
triangular process above level of area between prostheca
and mola. Tuft of setae at apex of mola present.

Both mandibles with lateral margins almost straight.

Hypopharynx and superlinguae (Fig. 34a). Lingua
slightly longer than superlinguae. Lingua longer than
broad; medial tuft of stout setae well developed, distolat-
erally with two additional tufts of setae; distal half lateral-
ly slightly expanded. Superlinguae distolaterally slightly
protruding; lateral margins rounded; fine, long, simple
setae along distal margin.

Maxilla (Fig. 34b—d). Galea-lacinia ventrally with two
simple, apical setae below canines. Inner dorsal row of setae
with three denti-setae, distal denti-seta tooth-like, middle
and proximal denti-setae slender, bifid and pectinate. Medi-
ally with one feathered spine-like seta and ca. six long, sim-
ple setae. Maxillary palp ca. 1.1x length of galea-lacinia;
2-segmented; palp segment II subequal in length to segment
[; setae on maxillary palp fine, simple, scattered over sur-
face of segments I and II; apex of last segment without dis-
tolateral excavation, apically slightly pointed, constricted.
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Figure 33. Labiobaetis kokoda sp. nov., larva morphology: a. Labrum; b, ¢. Sections of labrum, dorsal focus; d, e. Right mandible;

f, g. Left mandible. Scale bars: 50 um.

Labium (Fig. 35a—e¢). Glossa basally broad, narrowing
toward apex; shorter than paraglossa; inner margin with
ca. six spine-like seta; apex with two long and one me-
dium robust, apically pectinate setae; outer margin with
ca. six spine-like setae; ventral surface with fine, sim-
ple, scattered setae. Paraglossa sub-rectangular, slightly
curved inward; apex rounded; with three rows of long,

robust, distally pectinate setae in apical area; ventrally ca.
four medium, fine, simple setae in anteromedial area; dor-
sally with five long, spine-like setae near inner margin.
Labial palp with segment I approx. as long as length of
segments I and I1I combined. Segment II with thumb-
like, distomedial protuberance; distomedial protuberance
0.4x width of base of segment III; ventral surface with
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Cc

b

Figure 34. Labiobaetis kokoda sp. nov., larva morphology: a. Hypopharynx and superlinguae; b. Maxilla; ¢. Maxillary palp;
d. Section of maxilla. Scale bars: 50 pm.
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Figure 35. Labiobaetis kokoda sp. nov., larva morphology: a. Labium; b. Glossa, paraglossa and mentum, ventral focus; ¢. Section
of paraglossa, dorsal focus; d. Labial palp, ventral focus; e. Section of labial palp, dorsal focus. Scale bar: 50 um.
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Figure 36. Labiobaetis kokoda sp. nov., larva morphology: a. Fore leg; b. Fore femur, dorsal margin; ¢. Fore femur, ventral margin;
d. Fore femur, setae on distomedial surface; e. Fore tibia, dorsal margin; f. Fore tibia, ventral margin; g. Fore tarsus, dorsal margin;
h. Fore tarsus, ventral margin; i. Fore claw; j. Fore femur, apex, posterior side. Scale bars: 50 pm.
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Figure 37. Labiobaetis kokoda sp. nov., larva morphology: a. Base of antenna; b. Antenna; ¢. Abdominal tergum IV; d. Tergalius IV;
e. Costal margin of tergalius IV; f. Anal margin of tergalius I'V; g. Paraproct. Scale bars: 50 pm.
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. kinibeli sp. nov.

. gladius

. petersorum

. bilibil sp. nov.

. nabire sp. nov.
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Figure 38. Distribution of species treated in this study: a. Species of group petersorum and L. kokoda sp. nov.; b. MOTUs of group

petersorum, not described in this study.

short, fine, simple setae; dorsally with row of ca. four
spine-like setae near outer margin. Segment III oblong;
length ca. 1.1x width; ventrally covered with short to
medium, spine-like, simple setae and short, fine, simple
setae. Mentum ventrally with medium fine, simple setae
scattered on distal part of surface.

Hind protoptera absent.

Legs (Fig. 36a—j). Ratio of foreleg segments
1.5:1.0:0.8:0.3. Femur. Femur very wide, length ca. 2.3x
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maximum width. Dorsal margin with row of ca. 12 long,
curved, spine-like setae, and some additional spine-like
setae in partial 2" row near margin; length of setae 0.2x
maximum width of femur. Apex rounded, with a pair of
long, spine-like setae and several medium, spine-like se-
tae. Apex on posterior side with few short, stout, setae on
fore and middle leg, absent on hind leg. Stout, lanceo-
late, pointed setae scattered along ventral margin; several
of such setae on distomedial surface. Femoral patch
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rudimentary on fore and middle legs, reduced on hind
leg. Tibia. Dorsal margin with row of short, spine-like,
pointed setae. Ventral margin with row of short, curved,
spine-like setae, on apex a tuft of fine, simple setae. An-
terior surface with short, stout, lanceolate, pointed setae
along patellatibial suture. Posterior surface without stout
setae. Patellatibial suture present on basal 2/3 area. Tar-
sus. Dorsal margin with few short, stout setae. Ventral
margin with row of curved, spine-like setae increasing in
length distally. Claw with one row of ca. 14 denticles;
distally pointed; without subapical seta on.

Abdominal terga (Fig. 37c). Surface with irregular
rows of U-shaped scale bases. Posterior margin of terga:
smooth, without spines; 11 with rounded spines, much wider
than long; I1I-VI with triangular or rounded spines, wider
than long; VII-IX with triangular spines, longer than wide.

Abdominal sterna. Posterior margin of sterna: [-VI
smooth, without spines; VII-IX with small, triangular spines.

Tergalii (Fig. 37d-f). Present on segments 1I-VII.
Margin with small denticles intercalating fine, simple se-
tac. Anal margin with both short and long, fine setae. Cos-
tal margin with alternating larger and smaller denticles.
Tracheae not reaching inner and outer margins. Tergalius
IV as long as length of segments V and VI combined.

Paraproct (Fig. 311). Distally slightly expanded, with
ca. 22 stout, marginal spines. Surface scattered with
U-shaped scale bases. Cercotractor with numerous small,
marginal spines.

Etymology. Referring to the Kokoda Trek in Central
Prov. of Papua New Guinea, along which the specimens
were collected.

Distribution. Papua New Guinea, Central Prov.
(Fig. 38a).

Biological aspects. The specimens were collect-
ed at an altitude of 1390 m, together with Labiobaetis
lobatus Kaltenbach & Gattolliat, 2018 and other spe-
cies of Labiobaetis.

Type material. Holotype. PAPUA NEW GUINEA
e larva; Central Prov., Kokoda Trek; 09°00'20"S,

147°44'15"E; 1390 m; 1.2008; leg. Posman; (PNG 173);
on slide; GBIFCH00975629; ZSM. Paratypes. PAPUA
NEW GUINEA - 2 larvae; same data as holotype; on
slides; GBIFCH00592683, GBIFCH00592684; MZL.

Genetics

The COI data set was >99.5% complete and included
36% of parsimony informative sites. The missing data
almost exclusively resulted from a single sequence (GBI-
FCH00465182) that lacked 5 end. Pairwise COI dis-
tances across all sequences ranged from 0 to 23.3%. The
overall mean p-distance within MOTUs was 1.4% (mean
range 0-3.9%), and the overall mean p-distance between
MOTUs was 18.7% (mean range 8.6%-23.2%). The
maximum p-distance within all MOTUs ranged from 0
(L. kinibeli sp. nov.) to 5.5% (L. cf. xeniolus A), whereas
it ranged from O (L. kinibeli sp. nov.) to 0.2% (L. nabire
sp. nov.) when only considering newly described species.
The minimum distance between all MOTUs ranged from
8.5% (L. nabire sp. nov—L. sp. 1) to 23.2% (L. janae—L.
cf. xeniolus E), whereas it ranged from 16.1% (L. kini-
beli sp. nov.—L. nabire sp. nov.) to 21.7% (L. amber sp.
nov.—L. nabire sp. nov.) when only considering newly
described species. The four sequences of L. kinibeli sp.
nov. were grouped in a well-supported monophyletic
clade, supported as distinct MOTU in the ASAP, PTP and
GMYC species delimitation analyses (Fig. 39). Similarly,
the two sequences of L. nabire sp. nov. were grouped in a
well-supported monophyletic clade, supported as distinct
MOTU in all species delimitation analyses. Labiobaetis
amber sp. nov., L. bilibil sp. nov. and L. kokoda sp. nov.,
each represented by a single COI sequence, were also
supported as distinct MOTUs in all analyses. The three
species delimitation methods were also congruent for the
other MOTUs, except for L. cf. xeniolus A and B that were
each split into 2 MOTUs according to ASAP and PTP
(L. cf. xeniolus A) or PTP (L. cf. xeniolus B) methods.

Key to the species of the Labiobaetis petersorum group (larvae)

1 Labial palp segment Ill very short, conical (0.2x-0.3x length of segment Il); paraproct with poorly developed marginal

spines (Lugo-Ortiz et al. 1999: figs 109, 115)............cc...

.............................................................................. L. xeniolus

- Labial palp segment Il longer (at least 0.4x, usually 0.6x length of segment Il) (Figs 4d); paraproct with marginal

spines normally developed (Fig. 6f) .ccooovviviiiiiiiin
Paraproct with obvious expansion of distal margin (Kaltenbach and Gattolliat 2018: fig. 20€) ..........uvvviiininnn. L. janae
Paraproct without expansion of distal margin (Fig. 6f) ....
Dorsal margin of femiir wWith ca. 25 spine:like:setae (Fig. 248). ususressvnsvanss sssvummnsams sunsvsvossssssanyspsssssanmas isvsesanss ywss e
- Dorsal margin of femur with ca. 37 to >50 spine-like setae (Fig. 12a)

N

w

Dorsal margin of femur with short to medium, spine-like setae (Fig. 24a, b); femur with medial, orange-brown spot on
posterior side (Fig. 20a); tibia dorsal margin with row of short, apically rounded setae (Fig. 24e)......... L. nabire sp. nov.
- Dorsal margin of femur with long, spine-like setae (Fig. 30a, b); femur without orange-brown spot (Fig. 26a); tibia dorsal

margin with row of medium pointed setae (Fig. 30e) ......

.............................................................. L. simbuensis sp. nov.

5 Labrum very wide (length 0.5x width) (Fig. 9a); labial palp segment Il with elongate, slightly hooked, distomedial pro-
tuberance (Fig. 11c); posterior margin of abdominal tergum IV with triangular, sharply pointed spines, longer than wide

(= o)

- Not this combination of characters

...................................................................... L. bilibil sp. nov.
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Tibia dorsal margin with two rows of short, stout setae (Fig. 18e); margin between prostheca and mola of both man-
dibles with minute denticles, subtriangular process with minute denticles at base (Fig. 15e, h, i); posterior margin of
abdominal tergum IV with triangular spines, slightly wider than long (Fig. 19C) ......vvvivevviiiiiiiiiiiiiiinnns L. kinibeli sp. nov.
Not thiscombination ©F characters s mms ssesssmummmisi o i e s S5 s s S8 s A A S 7
Labial palp segment Il rather short (0.4x length of segment Il) (Fig. 4d); posterior margin of abdominal tergum IV with
triangular spines, slightly wider than 1ong (6C).....ccoiiiiiiiiii e e L. amber sp. nov.
Labial palp segment Il long (0.6x length of segment I) (Kaltenbach and Gattolliat 2018: fig. 17h); spines at posterior
margin of abdominal tergum IV of different Shap........coiiiiiiiii e e 8
Labial palp segment Il oblong, segment Il with broad, thumb-like protuberance; posterior margin of abdominal tergum
IV with rounded spines, wider than long (Kaltenbach and Gattolliat 2018: figs 17h, 18C)....ccceeveviiiiiiiiiiiiininnnnn. L. gladius
Labial palp segment Il slightly pentagonal, segment Il with rather small, thumb-like protuberance, distal margin of pro-
tuberance slightly concave; posterior margin of abdominal tergum IV with triangular, pointed spines, longer than wide
(Kaltenbach and Gattolliat 2018: fig. 16C, d) .ivuuuniiiiiiiiii e L. petersorum

Table 2. GPS coordinates of locations of examined specimens.

Species Country

Location

Coordinates

L. petersorum Papua New Guinea

L. xeniolus Papua New Guinea
L. gladius Papua New Guinea
L. janae Indonesia
L. amber sp. nov. Indonesia
L. bilibil sp. nov. Papua New Guinea
L. kinibeli sp. nov. Papua New Guinea

L. nabire sp. nov. Indonesia
L. simbuensis sp. nov. Papua New Guinea
L. cf. petersorum Indonesia
L. cf. xeniolus A Papua New Guinea

L. cf. xeniolus B Papua New Guinea
. cf. xeniolus C
. cf. xeniolus D
. cf. xeniolus E
. cf. xeniolus F

Papua New Guinea
Papua New Guinea
Papua New Guinea
Papua New Guinea

—rr-r-

. cf. xeniolus G Papua New Guinea
.sp. 1 Indonesia
L. kokoda sp. nov. Papua New Guinea

-~ r—

Morobe Prov.

Morobe Prov.
Simbu Prov.

Western Highlands Prov.
Easterm Highlands Prov.

Papua Prov.
Papua Barat Prov.
Madang Prov.
Central Prov.

Western Highlands Prov.
Western Highlands Prov.
Western Highlands Prov.

Papua Prov.
Simbu Prov.
Papua Barat Prov.
Enga Prov.

Western Highlands Prov.

Madang Prov.
Central Prov.
Central Prov.
Morobe Prov.

Western Highlands Prov.

Central Prov.
Madang Prov.
Madang Prov.
Central Prov.
Papua Prov.
Central Prov.

07°20'14"S, 146°42'57'E
07°20'05"S, 146°41'05'E
05°51'29'S, 144°14'35'E
07°12'28'S, 146°50'41'E
05°49'58'"S, 145°06'08'E
05°48'03"S, 145°04'09'E
05°49'02"S, 145°05'16"E
05°15'52"S, 144°32'43'E
05°56'48'S, 145°22'14'E
04°07'46"S, 138°40'46'E
01°10'59'S, 133°54'44'E
04°41'01"S, 145°26'55'E
08°20'31"S, 146°59'49'E
05°17'14'S, 144°28'13'E
05°15'10"S, 144°32'49'E
05°15'52"S, 144°32'43'E
03°29'48'S, 135°43'53'E
05°48'03"S, 145°04'09'E
00°47'02"S, 133°04'20'E
05°38'06"S, 143°55'20'E
05°14'50"S, 144°28'27'E
05°12'42"S, 144°35'31'E
08°20'31"S, 146°59'49'E
09°14'20"S, 147°40'32'E
07°14'49"S, 146°01'20°E
05°16'06"S, 144°27'52'E
09°01'57"S, 147°44'27'E
05°13'23'S, 144°37'17'E
05°13'20"S, 144°37'37'E
08°31'35"S, 147°14'06"E
03°35'17"S, 137°30'41'E
09°00'20"S, 147°44'15'E

Discussion
Assignment to Labiobaetis

For the assignment of the new species to Labiobaetis we
refer to Kluge and Novikova (2014), Miiller-Liebenau
(1984) and McCafferty and Waltz (1995). Labiobae-
tis 1s characterized by a number of characters, some of
which are not found in other taxa (Kluge and Novikova
2014): antennal scape sometimes with a distolateral pro-
cess (Kaltenbach et al. 2020: fig. 2h); maxillary palp two
segmented with excavation at inner distolateral margin
of segment 1, excavation may be poorly developed or
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absent (Kaltenbach et al. 2020: fig. 2n—p); labium with
paraglossae widened and glossae diminished; labial palp
segment II with distomedial protuberance (Fig. 4d). All
these characters vary and may be secondarily lost (Kluge
and Novikova 2014). The concept of Labiobaetis is also
based on additional characters, summarized and dis-
cussed in Kaltenbach and Gattolliat (2018, 2019).

Labiobaetis petersorum group

The morphological groups within Labiobaetis are pri-
marily a working tool, but could also serve as a basis for
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future studies on the generic delimitation and phylogeny
of this genus. The inclusion of nuclear gene sequences
may prove that some are natural groups.

Five of the new species, L. amber sp. nov., L. bilibil sp.
nov., L. kinibeli sp. nov., L. nabire sp. nov. and L. simbuensis
sp. nov., belong to the group petersorum as originally de-
fined in Kaltenbach and Gattolliat 2018: incisor of both
mandibles with outermost denticle blade-like enlarged
(Fig. 9d, g; in worn condition as Fig. 2d, f); labrum dorsally
with submarginal arc of long, simple setae (Fig. 2b); labial
palp segment II with rather short, rounded distomedial pro-
tuberance (Fig. 4d). The investigation of the new species
and re-examination of type material of known species al-
lowed to enhance the morphological characterisation of the
group petersorum (see above).

Subapical setae

Re-examination of type material of L. gladius and L. janae
revealed the presence of a long, fine subapical setac on
the claws, as it is usually the case in the group peterso-
rum. They are not mentioned or figured in the original
description. These subapical setae seem to break easily or
to stick along the posterior side of the claw and therefore,
may be difficult to see. The subapical setae of the group
petersorum are inserted on posterior side of the claw, in
anterior position (between distalmost denticle and tip of
the claw). On anterior side, there is a short subapical seta
(L. amber sp. nov.; Fig. 7). Labiobaetis petersorum seems
to be an exception for this character, as subapical setae
were originally not described or figured and were also not
detected during an earlier re-examination of a paratype
by the authors (without specifically looking for this char-
acter). Additionally, L. cf. petersorum from a very distant
location compared to the type locality, which has all char-
acters of L. petersorum, is also missing subapical setae.
The original description of L. xeniolus does also not men-
tion or figure subapical setae, nor were they discovered
during a re-examination of two paratypes based on stack-
ing videos of fore claws. Other legs were not embedded
in these paratype slides. However, this study revealed
several MOTUs with the same larval morphology than
L. xeniolus, and they all have subapical setae.

Two other species of Labiobaetis, which are not part
of the group petersorum are known to have subapical
setae, L. catadupa Kaltenbach & Gattolliat, 2021 from
Borneo and L. toraja Kaltenbach & Gattolliat, 2021 from
Sulawesi (both are forming the group catadupa). In both
cases, their position is as usually on posterior side, but in
posterior position (at or close to the distalmost denticle;
“posterior seta” according to Kluge and Novikova 2014:
I1; Kaltenbach and Gattolliat 2021: fig. 4a, b).

One single, long subapical seta or one on each side
of the claw were also described from other genera of
Baetidae (see discussion and citations in Kaltenbach
and Gattolliat 2021). The genus Philibaetis Kaltenbach
& Gattolliat, 2021 has two or more subapical setae on

posterior side of the claw, which also exists in a few oth-
er genera of Baetidae (see discussion and citations in
Kaltenbach et al. 2021b).

Mandibles with blade-like incisors

The most obvious character present in all species of
Labiobaetis group petersorum is the incisors with blade-
like enlarged outermost denticles on both mandibles. This
character was also observed in other genera of Baetidae,
and is most probably a convergence: e.g. Branchiobaetis
Kaltenbach, Kluge & Gattolliat, 2022; Philibaetis Kalten-
bach & Gattolliat, 2021; Liebebiella Waltz & McCafferty,
1987, and Baetis Leach, 1815 (Miiller-Liebenau 1982,
1984; Miiller-Liebenau and Hubbard 1985; Kaltenbach
et al 2021b, 2022b). Interestingly, this character is usual-
ly combined with a wide, sub-rectangular labrum with a
well-developed, dorsal, submarginal arc of long, simple se-
tae. It could be a co-adaptation of both characters to a spe-
cific way of alimentation like scraping (Sartori and Brittain
2015). Further studies are necessary to explore this possi-
bility in the future. However, Baetis collinus Miiller-Lieb-
enau & Hubbard, 1985 is an exception with a rather narrow
labrum (Miiller-Liebenau and Hubbard 1985: fig. 4a, e).

Genetics

The five newly described species included in the genetic
investigations are highly supported by our COl-based
analyses. The minimum p-distance between MOTUs of
8.5% (distance between L. nabire sp. nov. and L. sp. 1) is
far beyond the generally accepted threshold of 3% di-
vergence for mayflies (e.g., Ball et al. 2005; Kjarstad
et al. 2012; Gattolliat et al. 2015), and all three species
delimitation analyses are congruent and support their
species status, despite a very limited intraspecies diversi-
ty. L. bilibil sp. nov. and L. cf. petersorum are supported
as related to each other (Fig. 39) and the morphology is
supporting this as well: both have long, sharply pointed
spines at posterior margins of abdominal terga; similar
setation of the legs; and a similar shape of labial palps
segments I and III. The main differences are the shape
of the labrum (length ca. 0.6x width in L. cf. petersorum
and 0.5x in L. bilibil sp. nov.), the shape of the tarsus
(slender in L. cf. petersorum, relativ short and wide in
L. bilibil sp. nov.) and the subapical setae (absent in L. cf.
petersorum, present in L. bilibil sp. nov.). Other relations
are supported between L. janae and L. kinibeli sp. nov.
and between L. nabire sp. nov. and L. sp.l (Fig. 39).
In the first case, the larval morphology is not showing
further evidence, and in the second case, there are mor-
phological similarities of L. sp. 1 with both L. nabire sp.
nov. and L. kinibeli sp. nov. However, most species of
the group petersorum are morphologically close and we
are mostly lacking characters to recognise and support
subgroups inside this group.
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Figure 39. Bayesian majority-rule consensus tree reconstructed from the CO1 data set. Coloured vertical boxes indicate species
delimitation hypothesis (MOTUs) according to the ASAP, PTP and GMYC methods. Tips are labelled according to Table 1. For
cach GMYC-based MOTU, the corresponding species name (where available) is provided, with newly described species specified
in bold. Circles on branches indicate Bayesian posterior probabilities > 0.9.

Interestingly, the seven L. cf. xeniolus MOTUs are
integrated in the same clade (although without a strong
support), suggesting a potentially cryptic species com-
plex that requires further investigation. We recommend
that future studies include more populations to increase
the amount of intraspecies diversity within the L. cf. xe-
niolus complex, as well as information from the nuclear
genome to complement the classic COl-based approach.

Taking into account the extreme biodiversity in New
Guinea, the rather poor collection activities in the past,
with many still unexplored regions, and the obvious rich-
ness of Labiobaetis on this island, we have to expect many
more new species with further collections in the future.

Acknowledgements

We sincerely thank Michael Balke (Zoologische Staats-
sammlung Miinchen, ZSM/SNSB) and his local team in
New Guinea for the collection of most of this precious
material. A part of it is the result of a long-term capacity
building program between SNSB-Zoologische Staatssam-
mlung and Cenderawasih University (UNCEN). We are
also thankful to the late Tomas Soldan (Institute of Ento-

alpineentomology.pensoft.net

mology, Biology Centre CAS, Ceské Bud&jovice) for the
allocation of material from New Guinea to the Muséum
Cantonal des Sciences Naturelles in Lausanne (MZL) and
to Lukas Cizek (Institute of Entomology, Biology Cen-
tre CAS, Ceské Budgjovice), the collector of this part of
the material. Further, we are appreciative to Luke Jaco-
bus and Christopher Charles Wirth (Purdue University,
Columbus), who helped us with information and photos
of type material from New Guinea, and we are grateful
to Nadir Alvarez (Muséum Cantonal des Sciences Na-
turelles, Lausanne, MZL) for his interest and support for
our projects, to Céline Stoffel and Marion Podolak (MZL)
for their support with lab work and preparation of the COI
barcodes, and to Antonio Mucciolo (University Lausanne,
UNIL) for the SEM picture. Finally, we are thankful to the
reviewers for their valuable comments and corrections.

References

Allison A (2010) New Guinea, Biology. In: Gillespie RG, Clague
DA (Eds) Encyclopedia of islands, University of California
Press, Berkeley, Los Angeles, London, 652-659. https://doi.
org/10.1525/9780520943728-157



Alpine Entomology 7 2023, 83-134

133

Ball SL, Hebert PDN, Burian SK, Webb JM (2005) Biological identifi-
cations of mayflies (Ephemeroptera) using DNA barcodes. Journal
of the North American Benthological Society 24: 508-524. https://
doi.org/10.1899/04-142.1

Barber-James HM, Sartori M, Gattolliat J-L, Webb J (2013) World
checklist of freshwater Ephemeroptera species. http://fada.biodiver-
sity.be/group/show/35

Chakrabarty P, Warren M, Page LM, Baldwin CC (2013) GenSeq: An
updated nomenclature and ranking for genetic sequences from type
and non-type sources. Zookeys 346: 29-41. https://doi.org/10.3897/
zookeys.346.5753

Chesters D (2013) collapsetypes.pl. [computer software available at]
http://sourceforge.net/projects/collapsetypes/

Darriba D, Taboada GL, Doallo R, Posada D (2012) jModelTest 2: more
models, new heuristics and parallel computing. Nature methods
9(8): 772-772. https://doi.org/10.1038/nmeth.2109

Ezard T, Fujisawa T, Barraclough TG (2021) SPLITS: SPecies’ LImits
by Threshold Statistics. R-package version 1.0-20/r56. https:/R-
Forge.R-project.org/projects/splits/

Folmer O, Black M, Hoeh W, Lutz R, Vrijenhoek R (1994) DNA prim-
ers for amplification of mitochondrial cytochrome ¢ oxidase subunit
I from divers metazoan invertebrates. Molecular Marine Biology
and Biotechnology 3: 294-299. http://www.mbari.org/stafl/vrijen/
PDFS/Folmer_ 94MMBB.pdf

Fujisawa T, Barraclough TG (2013) Delimiting species using single-lo-
cus data and the Generalized Mixed Yule Coalescent approach: a
revised method and evaluation on simulated data sets. Systematic
Biology 62(5): 707-724. https://doi.org/10.1093/sysbio/syt033

Gattolliat J-L, Cavallo E, Vuataz L, Sartori M (2015) DNA barcoding
of Corsican mayflies (Ephemeroptera) with implications on bioge-
ography, systematics and biodiversity. Arthropod Systematics &
Phylogeny 73(1): 3—18.

Hurvich CM, Tsai C L (1989) Regression and time series model se-
lection in small samples. Biometrika 76(2): 297-307. https:/doi.
org/10.1093/biomet/76.2.297

Hubbard MD (1995) Towards a standard methodology for the descrip-
tion of mayflies (Ephemeroptera). In: Corkum LD, Ciborowski JJH
(Eds) Current directions in research on Ephemeroptera. Canadian
Scholar’s Press, Toronto, 361-369.

Jacobus LM, Macadam CR, Sartori M (2019) Mayflies (Ephemerop-
tera) and their contributions to ecosystem services. Insects 10: 1-26.
https://doi.org/10.3390/insects 10060170

Kaltenbach T, Gattolliat J-L (2018) The incredible diversity of
Labiobaetis Novikova & Kluge in New Guinea revealed by inte-
grative taxonomy (Ephemeroptera, Baetidae). ZooKeys 804: 1-136.
https://doi.org/10.3897/zookeys.804.28988

Kaltenbach T, Gattolliat J-L (2019) The tremendous diversity of La-
biobaetis Novikova & Kluge in Indonesia (Ephemeroptera, Baetidae).
ZooKeys 895: 1-117. https:/doi.org/10.3897/zookeys.895.38576

Kaltenbach T, Gattolliat J-L (2020) Labiobaetis Novikova & Kluge in
Borneo (Ephemeroptera, Baetidae). ZooKeys 914: 43-79. https://
doi.org/10.3897/zookeys.914.47067

Kaltenbach T, Gattolliat J-L (2021) New species of Labiobaetis
Novikova & Kluge from Southeast Asia and New Guinea
(Ephemeroptera, Baetidae). ZooKeys 1067: 159-208. https://doi.
org/10.3897/zookeys. 1067.72251

Kaltenbach T, Garces JM, Gattolliat J-L (2020) The success story of

Labiobaetis Novikova & Kluge in the Philippines (Ephemeroptera,

Baetidae), with description of 18 new species. ZooKeys 1002:
1-114. https://doi.org/10.3897/zookeys.1002.58017

Kaltenbach T, Garces J, Gattolliat J-L (2021b) Philibaetis gen. nov., a
new genus from the Philippines (Ephemeroptera, Baetidae). Deut-
sche Entomologische Zeitschrift 68: 1-20. https://doi.org/10.3897/
dez.68.59462

Kaltenbach T, Garces J, Gattolliat J-L (2022a) First contribution to
Labiobaetis Novikova & Kluge in Cambodia (Ephemeroptera,
Baetidae), with description of two new species. ZooKeys 1123:
63-81. https://doi.org/10.3897/z00keys.1123.90308

Kaltenbach T, Kluge NJ, Gattolliat J-L (2022b) A widespread new ge-
nus of Baetidae (Baetidae, Ephemeroptera) from Southeast Asia.
ZooKeys 1135: 1-59. https://doi.org/10.3897/zookeys.1135.93800

Kaltenbach T, Surbakti S, Kluge NJ, Gattolliat J-L, Sartori M, Balke
M (2021a) Discovery of a new mayfly species (Ephemeroptera,
Baetidae) near Cenderawasih University campus in Papua, Indone-
sia. Treubia 48: 37-54. https://doi.org/10.14203/treubia.v48i1.4020

Katoh K, Rozewicki J, Yamada KD (2019) MAFFT online service:
multiple sequence alignment, interactive sequence choice and visu-
alization. Briefings in bioinformatics 20(4): 1160-1166. https://doi.
org/10.1093/bib/bbx 108

Kimura M (1980) A simple method for estimating evolutionary rates
of base substitutions through comparative studies of nucleotide se-
quences. Journal of Molecular Evolution 16: 111-120. https:/doi.
org/10.1007/BF01731581

Kjerstad G, Webb JM, Ekrem T (2012) A review of the Ephemeroptera
of Finnmark—DNA barcodes identify Holarctic relations. Norwegian
Journal of Entomology 59(2): 182-195.

Kluge NJ (2004) The phylogenetic system of Ephemeroptera. Academic
Publishers, Dordrecht, 442 pp. https://doi.org/10.1007/978-94-007-
0872-3

Kluge NJ (2005) Larval/pupal leg transformation and a new diagnosis
for the taxon Metabola Burmeister, 1832 = Oligoneoptera Martynov,
1923. Russian Entomological Journal 13: 189-229.

Kluge NJ, Novikova EA (2014) Systematics of /ndobaetis Miiller-Li-
ebenau & Morihara 1982, and related implications for some other
Baetidae genera (Ephemeroptera). Zootaxa 3835: 209-236. https://
doi.org/10.11646/zootaxa.3835.2.3

Kluge N, Sivaruban T, Srinivasan P, Barathy S, Isack R (2023) Diagnosis,
variability, distribution and systematic position of Labiobaetis pul-
chellus (Miiller-Liebenau & Hubbard 1985) (Ephemeroptera, Baeti-
dae, Baetis s. 1.). Zootaxa 5264: 94-108. https://doi.org/10.11646/
zootaxa.5264.1.6

Kozlov AM, Darriba D, Flouri T, Morel B, Stamatakis A (2019)
RAXML-NG: a fast, scalable and user-friendly tool for maximum
likelihood phylogenetic inference. Bioinformatics 35(21): 4453—
4455. https://doi.org/10.1093/bioinformatics/btz305

Kumar S, Stecher G, Li M, Knyaz C, Tamura K (2018) MEGA X:
molecular evolutionary genetics analysis across computing plat-
forms. Molecular Biology and Evolution 35(6): 1547. https://doi.
org/10.1093/molbev/msy096

Letunic I, Bork P (2021) Interactive Tree Of Life (iTOL) vS: an online
tool for phylogenetic tree display and annotation. Nucleic acids re-
search 49(W1): W293-W296. https://doi.org/10.1093/nar/gkab301

Lugo-Ortiz CR, McCafferty WP, Waltz RD (1999) Definition and reor-
ganization of the genus Pseudocloeon (Ephemeroptera: Baetidae)
with new species descriptions and combinations. Transactions of the
American Entomological Society 125: 1-37.

alpineentomology.pensoft.net



134

Kaltenbach, T. et al.: New species of Labiobaetis from New Guinea

McCafferty WP, Waltz RD (1995) Labiobaetis (Ephemeroptera:
Baetidae): new status, new North American species, and related new
genus. Entomological News 106: 19-28.

Monaghan MT, Wild R, Elliot M, Fujisawa T, Balke M, Inward DJ,
Vogler AP (2009) Accelerated species inventory on Madagascar us-
ing coalescent-based models of species delineation. Systematic biol-
ogy 58(3): 298-311. https://doi.org/10.1093/sysbio/syp027

Miiller-Liebenau I (1982) New species of the family Baetidae from the
Philippines (Insecta, Ephemeroptera). Archiv fiir Hydrobiologie 94:
70-82.

Miiller-Liebenau [ (1984) New genera and species of the family Baeti-
dae from West-Malaysia (River Gombak) (Insecta: Ephemeroptera).
Spixiana 7: 253-284.

Miiller-Liebenau I, Hubbard MD (1985) Baetidae from Sri Lanka
with some general remarks on the Baetidae of the Oriental Region
(Insecta:  Ephemeroptera). Florida Entomologist 68: 537-561.
https://doi.org/10.2307/3494855

Paradis E, Schliep K (2019) ape 5.0: an environment for modern phy-
logenetics and evolutionary analyses in R. Bioinformatics 35: 526—
528. https://doi.org/10.1093/bioinformatics/bty633

Pons J, Barraclough TG, Gomez-Zurita J, Cardoso A, Daniel PD, Hazell
S, Kamoun S, William DS, Vogler AP (2006) Sequence-Based Species
Delimitation for the DNA Taxonomy of Undescribed Insects, Systemat-
ic Biology 55: 595-609. https://doi.org/10.1080/10635150600852011

Puillandre N, Lambert A, Brouillet S, Achaz G (2012) ABGD, Auto-
matic Barcode Gap Discovery 643 for primary species delimitation.
Molecular Ecology 21: 1864-1877. https://doi.org/10.1111/j.1365-
294X.2011.05239.x

Puillandre N, Brouillet S, Achaz G (2020) ASAP: assemble species by
automatic partitioning. Molecular Ecology Resources 21(2): 609—
620. https://doi.org/10.1111/1755-0998.13281

R Core Team (2023) R: A language and environment for statistical com-
puting. R Foundation for Statistical Computing, Vienna, Austria.
https://www.R-project.org/

Rambaut A, Drummond AJ, Xie D, Baele G, Suchard MA (2018) Posterior
summarization in Bayesian phylogenetics using Tracer 1.7. Systemat-
ic biology 67(5): 901-904. https://doi.org/10.1093/sysbio/syy032

Ronquist F, Teslenko M, Van Der Mark P, Ayres DL, Darling A, Hohna,
Larget S, Liu L, Suchard MA, Huelsenbeck JP (2012) MrBayes 3.2:
efficient Bayesian phylogenetic inference and model choice across a
large model space. Systematic Biology 61(3): 539-542. https:/doi.
org/10.1093/sysbio/sys029

Sanger F, Nicklen S, Coulson AR (1977) DNA sequencing with chain-ter-
minating inhibitors. Proceedings of the National Academy of Scienc-
es U.S.A. 74: 5463-5467. https://doi.org/10.1073/pnas.74.12.5463

Sartori M, Brittain JE (2015) Order Ephemeroptera. In: Thorp J, Rog-
ers DC (Eds) Ecology and general biology: Thorp and Corvich’s
Freshwater Invertebrates. Academic Press, 873-891. https:/doi.
org/10.1016/B978-0-12-385026-3.00034-6

Shi W, Tong X (2014) The genus Labiobaetis (Ephemeroptera: Baetidae)
in China, with description of a new species. Zootaxa 3815: 397-408.
https://doi.org/10.11646/zootaxa.3815.3.5

Shorthouse DP (2010) SimpleMappr, an online tool to produce
publication-quality point maps. [Retrieved from] https:/www.
simplemappr.net [Accessed March 03, 2021]

Srivathsan A, Meier R (2012) On the inappropriate use of Kimura-2-
parameter (K2P) divergences in the DNA-barcoding literature.
Cladistics ~ 28(2):  190-194.  https://doi.org/10.1111/j.1096-
0031.2011.00370.x

Stecher G, Tamura K, Kumar S (2020) Molecular evolutionary genet-
ics analysis (MEGA) for macOS. Molecular Biology and Evolution
37(4): 1237-1239. https://doi.org/10.1093/molbev/msz312

Suchard MA, Lemey P, Baele G, Ayres DL, Drummond AlJ, Rambaut
A (2018) Bayesian phylogenetic and phylodynamic data integra-
tion using BEAST 1.10 Virus Evolution 4, vey016. https://doi.
org/10.1093/ve/vey016

Talavera G, Dinca V, Vila R (2013) Factors affecting species delimi-
tations with the GMYC model: insights from a butterfly survey.
Methods in Ecology and Evolution 4(12): 1101-1110. https://doi.
org/10.1111/2041-210X.12107

Tofilski A (2018) DKey software for editing and browsing dichoto-
mous keys. ZooKeys 735: 131-140. https://doi.org/10.3897/z0ook-
eys.735.21412

Toussaint EFA, Sagata K, Surbakti S, Hendrich L, Balke M (2013)
Australasian sky islands act as a diversity pump facilitating pe-
ripheral speciation and complex reversal from narrow endemic to
widespread ecological supertramp. Ecology and Evolution 3: 1031—
1049. https://doi.org/10.1002/ece3.517

Toussaint EA, Hall R, Monaghan MT, Sagata K, Ibalim S, Shaverdo
HV, Vogler AP, Pons J, Balke M (2014) The towering orogeny of
New Guinea as a trigger for arthropod megadiversity. Nature Com-
munications 5: 4001-4010. https://doi.org/10.1038/ncomms5001

Vuataz L, Sartori M, Wagner A, Monaghan MT (2011) Toward a DNA
taxonomy of Alpine Rhithrogena (Ephemeroptera: Heptagenidae)
using a mixed Yule-Coalescent Analysis of mitochondrial and nu-
clear DNA. PLoS ONE 6: 1-11. https://doi.org/10.1371/journal.
pone.0019728

Waterhouse AM, Procter JB, Martin DMA, Clamp M, Barton GJ
(2009) Jalview Version 2 —a multiple sequence alignment editor
and analysis workbench. Bioinformatics 25: 1189-1191. https://doi.
org/10.1093/bioinformatics/btp033

Wickham H (2011) The split-apply-combine strategy for data analysis.
Journal of Statistical Software 40(1): 1-29. https://doi.org/10.18637/
j8s.v040.i01

Zhang J, Kapli P, Pavlidis P, Stamatakis A (2013) A general species
delimitation method with applications to phylogenetic placements.
Bioinformatics 29(22): 2869-2876. https://doi.org/10.1093/bioin-
formatics/btt499

alpineentomology.pensoft.net



	New species of Labiobaetis Novikova & Kluge from New Guinea (Ephemeroptera, Baetidae) : a never-ending story of diversity

