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Abstract

The diving beetles Liodessus altoperuensis sp. nov. and Liodessus caxamarca sp. nov. (Dytiscidae, Hydroporinae, Bidessini) are

described from the high altitudes of the Puna regions of north western Peru. They occur in shallow and exposed mossy peatland

puddles. We delineate the two species using structures such as male genitalia, beetle size, shape and colour pattern. Mitochondrial
Coxl data were also generated, and revealed clusters congruent with morphological evidence. Altogether fourteen Liodessus species

are now known from the Andean region.
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Introduction

There are 32 species of Liodessus Guignot, 1939 known
from the Americas. Twelve of these have been recorded

from the Andean region (Balke et al. 2020; Megna
et al. 2019; Nilsson and Hâjek 2020), but species from
the high altitudes of the Paramo and Puna regions
remain poorly studied. Only recently, several new species
were described from above 2,800 m altitude (Balke et al.

2020; Megna et al. 2019). We suggested that many more
new species of Liodessus remain to be discovered in the

vast Andean highland ecosystem, most of them likely
endemic to one or a few Paramo or Puna areas, respectively.

To address this in a combined evidence pipeline, we
suggested a DNA sequence based platform for the study
of these insects (Balke et al. 2020), using the Barcode of
Life Data System (BOLD) of the Canadian Centre for

DNA Barcoding (www.boldsystems.org) (Ratnasingham
and Hebert 2007).

Material and methods

The beetles were studied with a Leica M205C stereo

microscope at 10-160x. Habitus images were taken with
a Canon EOS 5 DS camera fitted with a 10x Mitutoyo
ELWD Plan Apo objective attached to a Carl Zeiss Jena

Sonnar 3.5 / 135 MC as focus lens. The male genitalia
were imaged with a 20x Mitutoyo ELWD Plan Apo.
Illumination was with three SN-1 LED segments from Stone-

master. Image stacks were generated using the Stackmas-

ter macro rail (Stonemaster) (10x; 0.007 mm steps; 20x:
0.003 mm steps), and images were then assembled using
Helicon Focus 4.77TM. To study the distribution of mtD-

Copyright Michael Balke et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0), which
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NA sequence diversity in four populations ofL. caxamar-
ca, haplotype networks were constructed using the TCS

algorithm (Clement et al. 2000) implemented in PopART
(Leigh and Bryant 2015). The distribution basemap was
created with primap MapCreator 3.0, Professional Edition

and modified in Adobe Illustrator.
The following acronyms are used in the text: MUSM

(Natural History Museum of San Marcos National
University, Lima, Peru) and ZSM (SNSB-Zoologische
Staatssammlung, München, Germany). Codes such as

PER_YSM_2018_45 are our field locality codes.

Results

Liodessus caxamarca sp. nov.
http://zoobank.org/B49889C3-039A-4847-B74F-497F767EE6DE

Figs 1A-D, 2A, 3A-C, 4, 5, 6

Type locality. Peru, Cajamarca, Encanada District, Conga,

-6.934, -78.442.

Holotype. Male (MUSM): Peru: Cajamarca, Cajamarca,

Encanada District, Conga, 4030 m, 7.ix.2018, -6.934,
-78.442, Y. S. Megna & N. Zenteno (PER_YSM_2018 46).

Figure 1. Liodessus spp.: Dorsal habitus of Liodessus caxamarca sp. nov., female paratypes from locality PER_YSM_2018_046

(A), PER_YSM_2018_047 (B), PER_YSM_2018_046 (C), male paratype PER_YSM_2018_046 (D); Liodessus altoperuensis sp.

nov., male paratype from locality PER_YSM_2018_050 (E).

alpineentomology.pensoft.net
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Figure 2. Liodessus spp., female paratypes: Metathoracic wing
of paratypes of Liodessus caxamarca sp. nov. (A); Liodessus

altoperuensis sp. nov. (B).

254 Paratypes (MUSM, ZSM). 100 exs.: same data as

holotype; 30 exs.: Peru: Cajamarca, Cajamarca, Encanada

District, Conga, 4013 m, 7.ix.2018, -6.95, -78.354, Y. S.

Megna&N. Zenteno (PER_YSM_2018_45); 55 exs.: Peru:

Cajamarca, San Pablo, Tumbaden District, Alto Peru, 3928

m, 8.ix.2018, -6.887, -78.595, Y. S. Megna & N. Zenteno

(PER_YSM_2018 47); 23 exs.: Peru: Cajamarca, San Pablo,

Tumbaden District, Alto Peru, 3947 m, 8.ix.2018,-6.892,
-78.599, Y. S. Megna & N. Zenteno (PER_YSM_2018_48);
23 exs.: Peru: Cajamarca, San Pablo, Tumbaden District,
Alto Peru, 3961 m, 8.ix.2018, -6.894, -78.6, Y. S. Megna
& N. Zenteno (PER_YSM_2018_49); 41 exs.: Peru:

Cajamarca, San Pablo, Tumbaden District, Alto Peru, 3933

m, 8.ix.2018, -6.902, -78.603, Y. S. Megna & N. Zenteno

(PER_YSM_2018_50); 12 exs.: Peru: Cajamarca, San Pablo,

Tumbaden District, Alto Peru, 3935 m, 8.ix.2018, -6.91,

-78.614, Y. S. Megna & N. Zenteno (PER_YSM_2018_51
Description of holotype. Habitus with distinct discontinuity

between pronotum and elytra (as in Fig. ID). Total

length: 2.8 mm; length without head 2.4 mm; maximum
width: 1.3 mm.

Colouration. Dark brown to blackish dorsally and

ventrally (as in Fig. ID).
Surface sculpture. Head more or less smooth and

with few setiferous punctures in front of a faint cervical
line, faint microreticulation present along sides of eyes;
with distinct distinct microreticulation but without punctures

posteriorly of occipital line. Pronotum and elytron
shiny; with dense and coarse setiferous punctation.

Structures. Antenna stout. Head with faint cervical
line that dissolves into serial punctures laterally; with
rounded clypeus. Pronotum with distinct lateral bead;

with distinct and deep basal striae (as in Fig. ID). Elytron
without obvious basal striae on left side and very short

DE F

Figure 3. Liodessus spp. males: Liodessus caxamarca sp. nov.,

holotype, median lobe of aedeagus in ventral view (A), same in
lateral view (B), right paramere external surface view (C);
Liodessus altoperuensis sp. nov. holotype, median lobe of aedeagus

in ventral view (D), same in lateral view (E), right paramere
external surface view (F).

and inconspicuous on right hand side; without suturai line.
Without basal epipleural transverse carina. Metathoracic
wings short, about half the length of elytron (Fig. 2A).

Genitalia. Median lobe of aedeagus curved in lateral

view, tip thin and appearing fragile; in ventral view slender
and gently narrowed towards tip (Figs 3A, B); lateral lobes

(parameres) bisegmented and comparably broad (Fig. 3C).
Variation. Total length: 2.5-2.8 mm; length without

head: 2.2-2.5 mm; maximum width: 1.1-1.4 mm. The

elytral stria can be short yet well visible to very faint to
absent. The color is rather variable, from comparably
lightly colored (Fig. IB), to more or less dark brown to
blackish (Figs 1A-D). Specimens from localities #45 and

#46 in Encanada District, Conga are overall darker than
from the other localities. This is however not reflected in
the haplotype tree we calculated from our coxl data (Fig.
5). We assessed the length of the metathoracic wings in
10 specimens, which all had the same wing length. This
does not rule out the possibility that a certain number of
specimens can be fully winged.

alpineentomology.pensoft.net
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Figure 4. Distribution area (orange dot) ofLiodessus caxamar-

ca sp. nov. and Liodessus altoperuensis sp. nov. in the northern

Andes of Peru.

Female. Dorsal surface dull due to presence of well
impressed microreticulation between surface punctation
(Figs 1A-C, 2A).

BOLD platform. We provided 27 entries in the "COLLI"

project, all retrieved in one cluster. Assignment to that
cluster was unambiguous, meaning all specimens were
correctly assigned to this morphologically delineated species.

Etymology. Named after the Caxamarca pre Inca
culture that inhabited the area between 200-1,300 AD, and

also gave the name to the Department Cajamarca. The

name is a noun in the nominative standing in apposition.
Comparative notes. The species is well characterized

by its size, discontinuous habitus, shape of male genitalia
(Figs 3A, B) and coxl signature.

Distribution. Only known from the high Andes in
north western Peru (Fig. 4).

Habitat. Shallow and exposed peatland puddles,
collected with strainer out of mats of vegetation including
mosses (Fig. 6).

Liodessus altoperuensis sp. nov.
http://zoobank.org/9952954C-5C28-454E-82C2-4FD45BClA35D

Figs 1 E, 2 B, 3 D-F, 4, 6

Type locality. Peru, San Pablo, Tumbaden District, Alto
Peru, -6.902, -78.603.

Holotype. Male (MUSM): Peru: Cajamarca, San Pablo,
Tumbaden District, Alto Peru, 3933 m, 8.ix.2018, -6.902,
-78.603, Y. S. Megna & N. Zenteno (PER_YSM_2018_50).

30 Paratypes (MUSM, ZSM). 28 exs., same data as

holotype. 1 ex. Peru: Cajamarca, Cajamarca, Encanada

District, Conga, 4030 m, 7.ix.2018, -6.934, -78.442, Y. S.

Megna & N. Zenteno (PER_YSM_2018_46); 1 ex. Peru:

Cajamarca, San Pablo, Tumbaden District, Alto Peru,
3928 m, 8.ix.2018, -6.887, -78.595, Y. S. Megna & N.
Zenteno (PER_YSM_2018_47).

Description of holotype. Habitus with little discontinuity

between pronotum and elytra, therefore appearing

more parallel sided (Fig. IE). Total length: 2.1 mm;
length without head 1.8 mm; maximum width: 1.0 mm.

Colouration. Blackish dorsally and ventrally (as in
Fig. IE).

Surface sculpture. Head with faint microreticulation,

frons and clypeus more or less smooth and with
few setiferous punctures; with distinct microreticulation

but without punctures posteriorly of a faint
cervical line. Pronotum and elytron shiny; with dense

and coarse setiferous punctation; pronotum with faint
microreticulation along anterior margin and towards
pronotal disc.

Structures. Antenna stout. Head with faint cervical
line that dissolves into serial punctures laterally; with
rounded clypeus. Pronotum with distinct lateral bead;
with distinct and deep basal striae (as in Fig. IE). Elytron
faint basal striae only obvious under certain angles of
illumination; without suturai line. Without basal epipleural
transverse carina. Metathoracic wings short, about half
the length of elytron (as in Fig. 2B).

Genitalia. Median lobe ofaedeagus with inner side

comparably straight in lateral view, tip slightly bent and comparably

robust; in ventral view slender and gently narrowed
towards tip (Figs 3D, E); lateral lobes (parameres) biseg-
mented and narrow, very typical for the genus (Fig. 3F).

Variation. Total length: 1.9-2.2 mm; length without
head: 1.7-1.8 mm; maximum width: 0.9-1.0 mm. The

elytral stria can be short yet well visible to very faint to
absent. We assessed the length of the metathoracic wings
in 10 specimens, which all had the same wing length.
This does not rule out the possibility that a certain number

of specimens can be fully winged.
Female. Dorsal surface as in male, shiny (Fig. 2B).
BOLD platform. We provided 10 entries in the

"COLLI" project, all retrieved in one cluster. Assignment
to that cluster was unambiguous, meaning all specimens

were correctly assigned to this morphologically delineated

species.

Etymology. Named after the type area. The name is an

adjective in the nominative singular.
Comparative notes. The species is well characterized

by its smaller size, almost entirely black coloration, elytral

plica very short or absent, shape of male genitalia and

coxl signature.
Distribution. Only known from the high Andes in

north western Peru (Fig. 4).

alpineentomology.pensoft.net
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Figure 5. Localities ofLiodessus caxamarca sp. nov. sampled for coxl data, and haplotype tree inferred using TCS software. Each bar

along the lines connecting the 5 haplotypes indicates one inferred nucleotide substitution. The base map was taken from GoogleEarth.

Figure 6. Habitats and landscapes at localities Cajamarca, Cajamarca, Encanada District, Conga, 4030 m [PER_YSM_2018_046]

(A, B) and Cajamarca, San Pablo, Tumbaden District, Alto Peru, 3935 m [PER_YSM_2018_51] (C, D).

alpineentomology.pensoft.net
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Habitat. Shallow and exposed peatland puddles,
collected with strainer out of mats of vegetation including
mosses (Fig. 6).

Discussion

As mentioned above, we established a DNA sequence based

platform for the study of the Andean Liodessus species,
using the Barcode ofLife Data System (BOLD). Our project
on the BOLD platform is "COLLI", being an acronym for
"Colombian and Andean Liodessus". We use the standard

genetic marker for molecular biodiversity assessment, the

5' end of the mitochondrial cytochrome c oxidase 1 gene
(coxl or CO 1), also referred to as the "DNA barcode" (Hebert

et al. 2003) (also see the comprehensive background
data in the BOLD Handbook under boldsystems.org for
technical details). We are aware that this is only a single
marker which is not related to speciation (Kwong et al.

2012), with known issues for species delineation, including

in Dytiscidae (Hawlitschek et al. 2012; Hendrich et al.

2010), but have found the approach very useful in many
lineages at the species and even population level (Hendrich
et al. 2010; Lam et al. 2018; Megna et al. 2019). Careful

cross checking of morphological and molecular taxonomic
evidence is the foundation of our investigation. We delineate

our new species based on morphological structures.

At the same time, we can confirm monophyly of the mtD-
NA sequence based clusters that contain the samples of the

two new species described here. These data can thus be

used to assign for example larval samples, or as a reference
for environmental DNA metabarcoding. The data can also

serve as a reference for the discovery and description of
additional Liodessus species from the Andes.

Acknowledgements

This work was supported by the Alexander von Humboldt
Foundation through a HERMES fellowship to Y. S. Megna.

We thank Juliane Diller, Gerardo Lamas and Pavel
Matos for their help with planning our work in Peru. We
thank SERFOR (Servicio Nacional Forestal y de Fauna
Silvestre del Ministerio de Agricultura y Riego) for
authorizing this research, which was conducted in cooperation

with the Natural History Museum of San Marcos
National University, Lima, Peru (MUSM) (Permit number

419-2017-SERFOR/DGGSPFFS).
We are grateful for the generous support from the

SNSB-Innovative scheme, funded by the Bayerisches
Staatsministerium fur Wissenschaft und Kunst (Project:
"Geographische Isolation, Endemismus und Artbildungsprozesse

bei Insekten in der hochmontanen Pâramo
Kolumbiens (und darüber hinaus)").

Michael Balke acknowledges support from the EU
SYNTHESYS program, projects FR-TAF-6972 and GB-
TAF-6776, which supported this research during visits to
NHM and MNHN in 2017.

Consortium of European Taxonomic Facilities
(CETAF) data use statement: "Data on genetic material

contained in this taxonomic article are published for
non-commercial use only. Utilization by third parties for
purposes other than non-commercial scientific research

may infringe the conditions under which the genetic
resources were originally accessed, and should not be

undertaken without obtaining consent from the original
provider of the genetic material."

References

Balke M, Ospina-Torres R, Suarez-Megna Y, Hendrich L (2020) Liodes¬

sus lacunaviridis sp. n. from the high Andes of Colombia (Cole-

optera: Dytiscidae: Hydroporinae: Bidessini). Tijdschrift voor

Entomologie: 1-5. https://doi.org/10.1163/22119434-20192084

Clement M, Posada D, Crandall KA (2000) TCS: a computer program

to estimate gene genealogies. Molecular Ecology 9: 1657-1659.

https://d0i.0rg/l 0.1046/j. 1365-294x.2000.01020.x

Hawlitschek O, Hendrich L, Espeland M, Toussaint EF, Genner MJ,

Balke M (2012) Pleistocene climate change promoted rapid

diversification of aquatic invertebrates in Southeast Australia. BMC

Evolutionary Biology 12: 142. https://doi.org/10.1186/1471-2148-

12-142

Hebert PD, Cywinska A, Ball SL, Dewaard JR (2003) Biological iden¬

tifications through DNA barcodes. Proceedings of the Royal Society

of London Series B: Biological Sciences 270: 313-321. https://doi.

org/10.1098/rspb.2002.2218

Hendrich L, Pons J, Ribera I, Balke M (2010) Mitochondrial coxl se¬

quence data reliably uncover patterns of insect diversity but suffer

from high lineage-idiosyncratic error rates. PLoS One 5: el4448.

https://doi.0rg/l 0.1371 /journal.pone.OO 14448

Kwong S, Srivathsan A, Vaidya G, Meier R (2012) Is the COI bar-

coding gene involved in speciation through intergenomic conflict?

Molecular Phylogenetics and Evolution 62: 1009-1012. https://doi.

org/10.1016/j .ympev.2011.11.034

Lam AW, Gueuning M, Kindler C, Van Dam M, Alvarez N, Panjaitan

R, Shaverdo H, White LT, Roderick GK, Balke M (2018) Phylo-

geography and population genomics of a lotie water beetle across

a complex tropical landscape. Molecular Ecology 27: 3346-3356.

https://doi.Org/10.l 111/mec.14796

Leigh JW, Bryant D (2015) popart: full-feature software for haplotype

network construction. Methods in Ecology and Evolution 6: 111 0—

1116. https://d0i.0rg/l 0.1111/2041 -21 OX. 12410

Megna YS, Hendrich L, Garcla-Hernândez AL, Ospina-Torres R, Prieto

C, Balke M (2019) Diving beetles of the genus Liodessus Guignot,

1953 in Colombia, with description of three new species (Coleop-

tera: Dytiscidae). Aquatic Insects 40: 99-122. https://doi.org/10.108

0/01650424.2018.1538521

Nilsson A, Hâjek J (2020) A world catalogue of the family Dytiscidae,

or the diving beetles (Coleoptera, Adephaga). Version 1. I. 2020.

Distributed as a PDF file via Internet, http://www.waterbeetles.eu/

documents/W_CAT_Dytiscidae_2020.pdf

Ratnasingham S, Hebert PD (2007) BOLD: The Barcode of Life Data

System (http://www.barcodinglife.org). Molecular Ecology Notes 7:

355-364. https://doi.Org/10.llll/j.1471-8286.2007.01678.x

alpineentomology.pensoft.net


	Two new species of Liodessus Guginot, 1939 diving beetles from Northern Peru (Coleoptera, Dytiscidae, Hydroporinae)

