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Abstract. Diamesa Meigen (Diptera: Chironomidae) is an
extremely cold-adapted common representative of the sub-
family Diamesinae, yet famous also in the Tibetan Plateau,
but already threatened due to ongoing reduction and loss of
glaciers. To provide baseline information about species rich-
ness, distribution pattern and ecological preferences, larva,
pupa and adult materials of Diamesa collected from 20 sam-
pling sites in the Tibet Plateau were analyzed based mor-
phology and DNA barcoding technique. In total, 14 Diamesa
species (including molecular operational taxonomic units)
were delimitated, of which 2 are known species, 2 are new to
science, and other 10 are putative molecular species (OTUs).
Among them, D. pseudosteinboecki sp.n. and D. kandzensis
sp.n. are here established as new species based on all stages.
D. kaszabi Serra-Tosio is formally recorded in Tibet, China
for the first time and D. giangi Wang et Makarchenko is
reconfirmed in the Tibet region. For the first time the imma-
ture stages of above two species are described through DNA
barcoding linkage and pharate material. Due to the absence of
associated adult males, the taxonomic status of the 10 puta-
tive molecular taxa could not be determined here formally but
simple comparative diagnosis are given on available larval or
pupal stages. The distribution pattern and ecological data of
these species/OTUs are provided here as well. Our study
suggests that biodiversity over Tibetan Plateau have been
poorly explored, massive fundamental works are urgently
needed for effective ecosystem protection.

Peztome. Diamesa Meigen (Diptera: Chironomidae) —
4pe3BBIYAHO aIaN THPOBAHHBIHN K X0JI0/Ly OOBIYHBIN NpeacTa-
BHTEJb ozceMericTBa Diamesinae, n3BecTHbIN Takke ¢ Tuber-
CKOTO HArophbsi, HO YK€ HaXOJISIIUICS TMOJ Yrpo3oi u3-3a
MPOIOJDKAIOIIETOCs COKPAIICHHUS U TOTEPH JISAHUKOB. UTOOBI
MOJYYUTh UCXOJHYIO MH(OPMAIHMIO O BHIOBOM OOraTcTBE,
XapakTepe pacupOCTPAHEHHUS U SKOJIOTHIECKHX IPEIIOYTCHH-
X, TMYMHKH, KYKOJIKA U uMaro Diamesa, cobpanubie B 20 j10-
Kanusax Ha TuOeTckoM IiaTo, ObLIH MpOaHATM3HPOBAHEI Ha

MOP(}OIOTHIECKOM M MOJIEKYIISIPHO-TeHETUIECKOM YPOBHSIX.
Bcero BeineneHo 14 BunoB Diamesa (BKIIIOYast MOJEKYIISIP-
HBIE OIIePAIOHHbIE TAKCOHOMHYIECKUE SIMHHUIIBI), U3 HUX 2 13-
BECTHBIX BHJA, 2 HOBBIX AJIs Hayku u 10 mpeamnosaracMbix
monekynsapueix BunoB (OTU). Cpenu uux D. pseudo-
steinboecki sp.n. u D. kandzensis sSp.n. ONKHCaHbI KaK HOBBIC
BUBI 1O TpeM cTagusaM pasButws. D. kaszabi Serra-Tosio
BIEpBEIE 3aperucTpupoBaH uist Tubera u Kuras, a D. giangi
Wang et Makarchenko moBTopHO noarsepxex B Tuberckom
pervoHe. BriepBrie nmpenMaruHaibHbIE CTAJMH JBYX BBbILIE-
YIOMSHYTBIX BUAOB omnucansl ¢ nomoiusto JIHK-ananusa u
Marepuaiia BbIBeIeHHUs. 113-3a OTCYTCTBUS aCCOLMMPOBAHHBIX
B3POCITBIX CaMIIOB TAKCOHOMIYECKHH cTatyc 10 mpenmomnarae-
MBIX MOJIEKYJIPHBIX TAKCOHOB HE MOXKET OBITh OIpeecH
(opManbpHO, HO JaeTcsl MPOCTOH CPaBHUTEIBHBIH TUArHO3 U
WUTIOCTPALUK JJIs UX JTMYMHOK WM Kykonok. Taxoke mpen-
CTaBJICHBI THIIBI PACIIPOCTPAHEHHS M DKOJIOTMYECKUE JaHHbIS
st atux Buaos/OTU. Hame uccrienoBanue mokasaio, 4To
o6ropazHooOpasue Hax TubeTckuM HaropreM M3y4eHo c1abo,
Jutst 3(h(heKTUBHON 3aIUTHI IKOCUCTEM CPOYHO HEOOXOMUMBI
MacmtabHbIe PyHIaMeHTaIbHbIE Pa0OTHL.

Introduction

Diamesa Meigen, also known as snow midges, is a
species-diverse genus of the subfamily Diamesinae,
comprising of ca. 120 valid species worldwide so far
[Ashe, O’Connor, 2009; Makarchenko, 2022, pers.
comm.]. Many species of this genus show tolerate cold
and harsh environment and often act as pioneer colo-
nizers in deglaciated terrains [Milner et al., 2008]. Lar-
vae of Diamesa are dominant in alpine springs and
kryon zone of glacier-fed streams [Flory, Milner, 2000;
Anderson et al., 2013]. However, the cold stenothermal
trait of some Diamesa species may predispose them to
increased risk of extinction as the warming climate rap-
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idly ameliorates their harsh environment [Lencioni, 2018;
Lencioni et al., 2021a].

As the world’s third-largest repository of ice, many
glaciers distributed on the Tibetan Plateau depend on
the extreme altitude and great development of paleo-
planation surface [Sun et al., 2019a]. Theoretically, the
extensive development of glaciers provides suitable
habitats for Diamesa. Totally, thirty species have been
recorded on the Tibet Plateau and its surrounding
regions, including Nepal, Afghanistan, Kirgizstan,
Tajikistan, Uzbekistan, and also its northern exten-
sion, Tien Shan Mt (Table 1). Though four Indian
species, D. bryophila (Singh, 1958), D. dashauhari
Singh et Maheshwari, 1989, D. khoksarensis (Kaul,
1970) and D. virendri (Singh, 1958), are counted here
as well, these records are unconfirmed by other
studies. Currently, the Tibetan Plateau is undergoing
the warmest period during the past 2,000 years, with
air temperatures rising twice the global average rate
[Chen et al., 2020; Zhang et al., 2020]. The Tibetan
Plateau glaciers show a significant reduction trend

over the past four decades, with accelerating recent
melting as the result of rising temperatures [Ye et al.,
2006; Wang et al., 2013; Sun et al., 2019a]. Since their
preference in living glacier-fed streams, glacial retreat
on the Tibetan Plateau elevates extinction risk of some
oligo-stenothermal Diamesa species [Hamerlik, Jacob-
sen, 2012]. Thus, it is urgent to understand the spe-
cies richness, distribution pattern and ecology char-
acteristics of Diamesa for an effective conservation of
local biodiversity. However, taxonomic studies on Di-
amesa in the Tibetan Plateau are inadequate excepting
sporadic records during recent decades [Willassen,
2005; Sunetal., 2019b; Lin et al., 2021].
Morphological taxonomy of Chironomidae is usual-
ly tedious, and sometimes ineffective for larvae since
few discriminating features are visible [Curry et al.,
2018]. For Diamesa, morphological identification of lar-
vae is very challenging because some valuable charac-
ters such as mental and mandibular teeth are often worn
excessively in field-collected specimens [Rossaro, Len-
cioni, 2015]. With the development of sequencing tech-

Table 1. The known species of Diamesa Meigen occurred in the Tibet Plateau and its surroundings
Tabanga 1. Mssectusie Bupsl Diamesa Meigen, obnapyskeHHbIe Ha TrbeTCKOM IIAATO 1 B €TO0 OKPECTHOCTSX

Species name ZOOQng%r:phic Distribution
Diamesa aberrata Lundbeck, 1898 HA, OR Canada; USA; Russia; India (Jammu-Kashmir)
Diamesa aculeata Willassen, 2005 PA China (Tibet)
Diamesa akhrorovi Makarchenko et Semenchenko, 2018 PA Tajikistan (Pamir Mountains)
Diamesa alibaevae Makarchenko et Semenchenko, 2018 PA Kirgizstan (Tien Shan)
Diamesa amanoi Makarchenko et Kobayashi, 1997 OR, PA Nepal; China (Xinjiang: Tien Shan)
Diamesa barraudi Pagast, 1947 OR India (Himachal Pradesh); Nepal
Diamesa bertrami Edwards, 1935 PA China (Xinjiang)
Diamesa filicauda Tokuanga, 1966 PA Afghanistan; Uzbekistan; China (Qinghai)
Diamesa insidiosa Serra-Tosio, 1983 OR Nepal
Diamesa kasaulica Pagast, 1947 OR India (Jammu-Kashmir); Nepal
Diamesa khumbugelida Seether et Willassen, 1987 OR, PA Nepal; Tajikistan; Russia (Khakassia; Baikal Lake basin)
Diamesa kohshimai Saether et Willassen, 1987 OR Nepal
Diamesa loeffleri Reiss, 1968 PA, OR Afghanistan; Nepal; China (Qinghai)
Diamesa maisaraensis Makarchenko et Semenchenko, 2022 PA Tajikistan (Pamir Mountains)
Diamesa marinskiyi Makarchenko et Semenchenko, 2022 PA China (Xinjiang, Tien Shan)
Diamesa planistyla Reiss, 1968 OR; PA ?;‘i’ﬁgt:;rgizsm (Tien Shan); China (Xinjiang);
Diamesa praecipua Saether et Willassen, 1987 OR Nepal; India (Himalayas)
Diamesa qgiangi Wang et Makarchenko, 2019 PA China (Tibet)
Diamesa solhoyi Willassen, 2005 PA China (Tibet)
Diamesa steinboecki Goetghebuer, 1933 PA Europe Alps; Tajikistan (Pamir)
Diamesa stenonyx Serra-Tosio, 1983 OR Nepal
Diamesa tenuescens Serra-Tosio, 1983 OR India (Jammu and Kashmir)
Diamesa yalavia Saether et Willassen, 1987 OR Nepal
Diamesa kaszabi Serra-Tosio, 1983 PA Tajikistan; Mongolia; China (Qinghai)
Diamesa zhiltzovae Makarchenko, 1989 PA Tajikistan
Diamesa tonsa (Haliday, 1856) PA Afghanistan; Europe; Russia
?Diamesa bryophila (Singh, 1958) OR India (Himachal Pradesh)
?Diamesa dashauhari Singh et Maheshwari, 1989 PR India (Himachal Pradesh)
?Diamesa khoksarensis (Kaul, 1970) OR India (Himachal Pradesh)
?Diamesa virendri (Singh, 1958) OR India (Himachal Pradesh)
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niques, the plight of traditional taxonomy has been
relieved by the adaption of DNA barcoding (Hebert,
Gregory, 2005). So far, barcoding has been widely uti-
lized in Chironomidae studies to delimit species, associ-
ate different life stages and discover cryptic species
[Ekrem et al., 2010; Stur etal., 2011; Lin et al., 2018].
The Second Expedition Program of Tibetan Plateau
(2019-2021) offers us a great opportunity to investigate
the biodiversity of the family Chironomidae on the high-
est plateau. In this study, we provide a preliminarily
report on the richness and distribution of Diamesa from
the Plateau based on both morphological taxonomy and
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DNA barcoding techniques. Besides, photos, illustra-
tion and, geographic and ecological data of determined
species are provided as references for further studies.

Material and method

Specimens were collected from over 100 sites, in-
cluding ponds, lakes, rivers and streams over Tibetan
Plateau in the summer of 2018, 2020 and 2021 (Fig. 1,
Table 2). Different sampling strategies were adopted
to lotic and lentic ecosystems respectively. For lakes,
pupal and larval exuviae and drowned adults were
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Fig. 1. Distribution of sampling sites. Up, all surveyed sites during the field trip; down, the sample sites with Diamesa, white
patches indicating the distribution of glaciers on the Tibetan Plateau (GLIMS, 2005).

Puc. 1. Pactipesesenne mect or6opa mpob. Beepxy — Bce 06cA€AOBAHHDIE Y4aCTKM BO BPemsl IOAEBBIX paboT; BHMU3Yy — HpobHbIe
yuactku ¢ Diamesa, Geable TATHa YKa3blBAIOT Ha PAcHPOCTPaHEHME AeAHMKOB Ha Tuberckom maaro (GLIMS, 2005 r.).
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collected with a drift net (mesh size 250 pm). Living
larvae in lake sediment were collected using a Peter-
son grab and a benthic trawl. For rivers and streams,
immature materials were sampled with dip nets inter-
secting running waters (mesh size 250pum). Adults were
caught using sweep nets along the shores of lakes
and rivers. Immature materials were washed and fil-
tered in situ, then stored in plastic sealed bags with
95 % ethanol while adults were preserved in Sml cen-
trifuge tubes with 85 % ethanol. Physicochemical fac-
tors were measured in situ using YSI EXO2 Multipa-
rameter Sonde (YSI Inc./Xylem Inc., Yellow Springs,
OH, USA). The distribution of glaciers was obtained
from Randolph Glacier Inventory, which was released
by Global Land Ice Measurements from Space (GLIMS,
http://www.glims.org/RGI/) in 2015 [NSIDC, 2019]. The
boundary of Tibetan Plateau in China was download-
ed from the National Tibetan Plateau Data Center
[Zhang et al., 2019].

Specimens were dissected and mounted on the slides
with Euparal. General morphological terminology and
abbreviations followed Sather [1980] except for male
genitalia, for which suggestions from Montagna et al.
[2016] were adopted here. Measurements are given as
ranges and followed by average value. Some additional
new abbreviations are listed as follows. A1R: basal
antenna ratio, basal segment divided by the width
through the ring organ; AAII: anterior anepisternum II

of adult thorax; HR: horn ratio, total length of thoracic
horn divided by the basal width; ROR: ring organ ratio,
location of ring organ from the base divided by the total
basal segment; SPR: the distance of distal setal pit from
the base divided by the basal antennal segment length;
PPr: posterior parapods ratio, the total length of poste-
rior parapods divided by the sub-basal width through
the constriction. All type specimens have been depos-
ited in the College of Life Science and Technology,
Jinan University.

Bodies of larvae and thorax of pupae and adults
were picked out for molecular study. DNA was extract-
ed using the MAGEN® (Beijing, China) Tissue DNA
kit, following the standard protocol provided by the
manufacturer. Universal primers LCO1490 (ggt caa caa
atc ata aag ata ttg g) and HCO2198 (taa act tca ggg tga
cca aaa aat ca) [Folmer et al., 1994] were adopted to
amplify the standard barcode region of mitochondrial
cytochrome ¢ oxidase subunit I (COI). Mitochondrial
cytochrome ¢ oxidase subunit IT (COII) fragments were
amplified with the standard primers TL2-J- 3034 (aat atg
gca gat tag tgc a) and TK-N-3785 alias B-tLYS (gtt taa
gag acc agt act tg) [Simon et al., 1994]. Programs for
amplification of gene fragments followed previous stud-
ies [Han, Tang 2019; Han et al., 2020]. PCR products
were electrophoresed in 1.0 % agarose gel and shipped
to Sangon Biotech Company, Guangzhou for purifica-
tion and bidirectional sequencing.

Table 2. The location and habitat types of the sampling sites
Tabanyga 2. Pacmoaoskenme mect oTbopa mpob m TUIIEL MecTOOOMTAHM

City/

Site Province Prefecture Exact Region Habit Lat.,’N  Lon.,°’E Elev.,m Collector Collect Date
Site 01  Yunan Shangri-La Geza Township, unnamed stream Stream  28.21 99.74 2958 X.Wen  19.vi.2018
Site 02 Sichuan Garze oding gggt"ty* Hongshitan of Hailuogou  qyoam 2984 10204 3051  X.Wen  27.vi.2020
Site 03 Tibet  Shikatse gg;’m”"g County, Takkyel Tso (Daggyal | oue 2081 8575 5145 W.Han  20.4ii.2020
Site 04 Tibet Ngari Geji County, Yare Township, Wamo Zangbo River 31.50 82.35 4816 W.Han 1.ix.2020
Site 05 Tibet Ngari Purang County, unnamed stream Stream  30.82 81.54 4618 Z.Y. Ni 31.vii.2021
Site 06 Tibet Ngari Rutog County, Marka Zangbo River 33.36 79.71 4282 W.Han 1.viil.2021
Site 07  Tibet Ngari Gar County,Yarqu River River 31.17 80.93 4712 Z.Y.Ni. 1.iii.2021
Site 08 Tibet Ngari Rutog County, Spring River River 34.76 80.14 5126 W.Han  13.viii.2021
Site 09 Tibet  Ngari SRt‘r’;g?nC“”ty' Songxi village, unnamed Stream 34.43  80.38 5202 W.Han  8.iii.2021
Site 10  Tibet Ngari Rutog County, unnamed stream Stream  34.62 80.65 5163 W.Han  9.viii.2021
Site 11 Tibet Ngari Rutog County, unnamed stream Stream  34.40 80.36 5368 W.Han  11.viii.2021
Site 12 Tibet Ngari Rutog County, Nanzhi River Stream  34.57 80.86 5368 W.Han  13.viii.2021
Site 13 Tibet Ngari Geji County, unnamed stream Stream 33.75 82.59 5139 W.Han  19.viii.2021
Site 14  Tibet Ngari Geji County, unnamed stream near Lalu Co  Stream 33.92 82.46 4939 W.Han  19.viii.2021
Site 15  Tibet Ngari Rutog County, unnamed stream River 33.26 88.71 5247 W. Han. 26.viii.2021
Site 16 Tibet Nagqu Shuanghu County, unnamed stream Stream  33.17 88.82 4910 W. Han. 27.viii.2021
Site 17 Tibet  Nagqu m“;"gh“ County, Purog Kangri Glacier g 00 3395 8872 5080 W.Han. 29.vii.2021
Site 18  Tibet Nagqu Shuanghu County, Bingsha River River 33.61 88.94 5134 W. Han. 29.viii.2021
Site 19  Tibet Nagqu Shuanghu County, unnamed stream Stream  33.79 88.98 5330 W. Han. 29.viii.2021
Site 20 Tibet Nyingchi Dazi villaage Stream  29.55 94.47 4282 J. Liu 8.vii.2014
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Forward and reverse sequences were assembled
automatically with SeqMan version 7.1.0 (in the Laser-
Gene package, DNASTAR, Madison, USA). Contigs
were aligned using Muscle algorithm [Edgar, 2004] on
nucleotides and translated into amino acids to verify
the presence of open reading frame in MEGA v 7.0
[Kumar et al., 2016]. The edited sequences were
searched against the public nt database of the NCBI
GeneBank (http://www.ncbi.nlm.nih.gov) for molecu-
lar identification and to exclude contamination and
misidentification. These new-generated sequences
were submitted to the BOLD system (http://
www.boldsystems.org). The sequenced specimens
with corresponding taxonomic information, collection
sites and genetic markers can be seen online in the
publicly accessible dataset «DS-TIBDIA. Barcodes of
Tibetan Diamesa» [Ratnasingham, Hebert, 2007]. Some
published DNA barcodes of Diamesa from previous
studies [Montagna et al, 2016; Makarchenko et al.,
2018, 2022; Lencioni et al., 2021b] were downloaded
from the GeneBank. Besides, one COI sequence of
D. plumicornis Tokunaga, 1936 (LC329089) from Ja-
pan and seven COI sequences of D. giangi
(MK185720-MK185726) were also mined from the pub-
lic database. These downloaded barcodes were incor-
porated with our data to construct neighbor-joining
(NJ) trees using the K2P model with 1000 bootstrap
replicates and the «pairwise deletion» option for miss-
ing data in MEGA. One COI sequence of Pseudodi-
amesa Goetghebuer and three of Pseudokiefferiella
(Edwards) were included in the dataset as outgroup
following Lencioni et al. [2021b]. Pairwise distances
were calculated using the Kimura 2 Parameter (K2P)
substitution model in MEGA.

Automatic Barcode Gap Discovery (ABGD) [Puil-
landre et al., 2012] is an automatic procedure that parti-
tions sequences into putative molecular species based
on comparisons of pairwise distances. Our COI barcod-
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ing sequences were submitted to the online ABGD
program (https://bioinfo.mnhn.fr/abi/public/abgd/
abgdweb.html) for putative species delimitation. We
applied the K2P model and relative barcode gap width
of 1.0 to the analyses.

Results
MORPHOLOGY TAXONOMY

Given the paucity of adult males and prevalence of
immature larvae, most specimens from the Tibetan Pla-
teau could not be morphologically identified deep into
species level. Conservatively, we made preliminary di-
vision of pupae and larvae into coded morphotypes
and based on complete stages determined two species
as new to science.

BARCODING-BASED SPECIES DELIMITATION

In total, 36 COI sequences (658 bp in length) and
17 COIl sequences (378 and 680 bp) were obtained from
3 adult males, 2 adult females, 6 pupae and 25 larvae
(Table 3). All mitochondrial sequences could be trans-
lated successfully into amino acids without indels and
stop codons. The mean nucleotide base compositions
were A26.1 %, C16.7 %, G 16.9 %, and T 40.3 % for COI
genes while A 32.2 %, C 14.9 %, G 14.0 %, and T 38.9 %
for COII genes.

The BLAST result suggested that all sequences
belonged to the genus Diamesa. Four COI barcodes
could be assigned reliably with a species name at an
identity value threshold of 98 %. Other matches with
low identity value (<95 %) were excluded according to
morphological taxonomy and geographic distribution
information. The matched sequence (MK 185726, identi-
ty value > 99.7 %) in the public database was labeled as
D. giangi Wang et Makarchenko, which was erected
by Sun et al. (2019) based on adult males from the

Table 3. he distribution site, collected material and sequenced gene of the 14 species/taxa
Tabanya 3. Mecro pacnpocTpaHeHms, COOpaHHbIV MaTEPUaA M CEKBEHMPOBAHHBIN IeH 14 BUAOB/TaKCOHOB

Species Site Number Life Stage Molecular Data
D. kandzensis S2 M,P, L COl, coll
D. kaszabi S3, S4, S8, S14, S17 M, F, P, L COl

D. pseudosteinboecki S8 M, P COl, coll
D. giangi S5, S6, S7, S20 M, P, L COl

D. sp.TPO1 S13 L COl

D. sp.TP02 S10 L COl

D. sp.TP03 S15 L COl

D. sp.TP04 S12, 815 L COl, coll
D. sp.TP05 S2 P COl, coll
D. sp.TP06 S1, 82 F, L COl, coll
D. sp.TP0O7 S11 P COl, coll
D. sp.TP08 S9, S13 L COl, coll
D. sp.TP09 S16 L COl, coll
D. sp.TP10 S9, S13, S18, S19 L COl, coll

Designations: M — adult male, F — adult female, P — pupa, L — larva.

VCAOBHI)IC obosHauenms: M — mmaro camerd], F — mmaro caMKa; P — KYKOAKa,; L — anumuxa
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southeastern Tibetan Plateau. Considering the matched
sequences were submitted by the species erectors, the
accuracy of the taxonomical annotation is reliable, thus
three larvae and one pupae specimen were determined
as D. giangi. Searching against into Makarchenko’s
private COI database [2022, pers. comm.], revealed a
morphological species including 7 larvae and 2 adult
females as Diamesa kaszabi Serra-Tosio, 1983.

ABGD analysis produced 14 operational taxonomic
units (OUTs) at a threshold of 0.77 % — 1.29 % in-
traspecific divergence for COI gene (Table 5). The spe-
cies delimitation scheme produced by ABGD analysis
generally was congruent with that of morphology tax-
onomy. However one morphological species comprised
of 7 larvae was divided into two groups by ABGD. The
mean interspecific K2P distance between the two groups
(D. sp. TPO8 and D. sp. TP10) was 3.6 % (Table 5). The
maximum intraspecific K2P distance ranged from 0.32 %
to 1.82 %, while minimum interspecific K2P distance
ranged from 2.84 % to 10.08 % among these putative

molecular species (Table 5). There is a small «barcoding
gap» between the minimum interspecific and maximum
intraspecific K2P distance (Fig. 2).

In total 243 COI sequences belonging to 30 Diamesa
species were mined from the public database, including
populations from Central Asia, European Alps, Japan,
Russia and Tibetan Plateau. The 14 putative species were
further confirmed on the N-J tree (Fig. 3), of which 12 spe-
cies clustered with members of aberrata group.
D. pseudosteinboecki sp.n. sank into steinboecki group
while D. sp.TPOS5 fell outside any known groups. D. sp.
TPO06, which was morphologically similar with D. plumi-
cornis, clustered with the Japanese D. plumicornis. How-
ever, the high genetic distance (> 5 %) between the Tibet-
an and Japanese populations suggested they were not
conspecific. The N-J tree (Fig. 4) based on COII sequenc-
es shown a similar cluster pattern with that of COI se-
quences. However, our COII sequences did not match any
species from South Tibeta described in Willassen (2005).

DisTtrIBUTION AND ECOLOGY

Over 50 lotic and 60 lentic water bodies have been
surveyed during the past years (Fig.1A), but Diamesa
was detected only in 20 sampling sites, mainly distrib-
uting in the northwestern Tibetan Plateau, the Western
Himalayas and the Piruogangri Glacier (Fig. 1B). Though
glaciers are well developed over the southeastern Ti-
betan Plateau, Diamesa was not detected here. The
only lake where Diamesa were sampled was Daggyai
Co (Table 2), located in the intermountain basin of
Gangdise mountains, some with glaciers at the peaks.
Thus, it seems the larvae in the lake were more likely
transferred from surround alpine streams by glacier run-
off. The most common species were D. kaszabi and
D. sp. TP10 (Table 3). D. giangi was recorded in south-
eastern Tibet (Linzi) previously, and its distribution is
extended here to the western Himalayas. Other species
could be found only in one or two sites. Most speci-
mens were primarily attached to emergent/submerged
gravels or pebbles with biofilm and physicochemical
data of eleven sampling sites are provided in Table 4.

Table 4. Main physicochemical data of the 11 sampling sites. The ecological data of the other 8 sites were not measured
Tabanyga 4. OcHoBHble PusnKro-xMMmIeckme aanubie 11 mect orbopa mpob. DKoAOrMIECKIE AAHHBIE OCTAABHBIX 8 YY4aCTKOB

HE M3MEPSIANUCH

Site pH DO (mg/L) WT (°C) Cond. (us/cm) Salinity (ppt)
S03 9.41 6.20 11.95 NA 2.36
S08 7.79 5.49 3.10 296.90 0.19
S09 7.86 5.93 9.00 217.85 0.12
S10 7.57 6.61 4.40 109.00 0.07
S12 7.68 6.78 6.90 125.20 0.07
S13 7.84 5.99 9.60 217.50 0.12
S15 7.49 6.40 6.60 235.20 0.14
S16 7.53 6.14 9.60 584.75 0.34
S17 7.42 6.60 9.30 400.65 0.23
S18 7.46 5.90 10.20 452.20 0.26
S19 7.47 5.99 8.80 207.20 0.12
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Fig. 3. N-J tree relationship among Diamesa species, based on a dataset of 283 COI sequences. The specimens from Tibetan
Plateau were highlighted by red branches. Bootstrap support value (1000 replicates) above 70% were shown above the branches.
Vertical dark lines indicated species groups defined on the basis of adult male [Lencioni et al, 2021].

Puc. 3. AepeBo, IMOCTPOEHHOE METOAOM OAMDKAVIIETO cOoceAad MEKAY Buaamu Diamesa Ha ocHoBe 283 mocaeaOBaTEABHOCTEV
COL Kpacuste Bersn coorsercTByroT obpasuam ¢ Tuberckoro Haropss. 3nadeHus Byrerpsm-moppepskex (1000 peramkaymit) Bbiiue
70% moxaszaHO HaA BETBSIMU. BepTMKAABHBIMM TEMHBIMM AMHMSIMM OOO3HAYEHBI TPYIIIBI BUAOB, OLPEACACHHbBIE HA OCHOBE B3POCABIX
camon [Lencioni et al, 2021].
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Fig. 4. N-J tree relationship among Diamesa species from Tibetan Plateau using 24 COII sequences. Seven sequences from
Willassen [2005] were highlighted with blue branches. Bootstrap support value (1000 replicates) above 70% were shown above
the branches.

Puc. 4. AepeBo, IOCTPOCHHOE METOAOM OAWMSKAMIIEro cocepa MEKAY Bupaamnu Diamesa ¢ Tuberckoro maaro Ha ocuose 24
nocaepoBateapHocteit COIL Kpacubie BetBu coorBercryror obpasygam ¢ Tuberckoro Haropss. Cemb IIOCAGAOBATEABHOCTEN W3
Willassen [2005] 6b1am BbIA€A€HDBI cMHMMM BeTBAmM. 3HadeHMs Byrerpan-noaaepskex (1000 pemamxagmit) seime 70% noxasaHo Haa

BETBAMMNU.
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Table 5. Genetic distance among putative molecular species

TabGanyga 5. T'eHeTnuecKas AUCTAHLMSI MEXKAY IIPEATIOAATAEMBIMM MOAEKYASPHBIMMI BUAAMMU

Species n Intra- and Interspecific K2P distance ()

Intra Inter
1 2 3 4 5 6 7 8 9 10 11 12 13

1. D. kandzensis 4 114

2. D. kaszabi 9 0.90 10.00

3. D. pseudosteinboecki 2 0.33 13.48 12.72

4. D. giangi 4 049 10.09 3.61 12.35

5. D. sp.TPO1 1 987 934 9589 926

6. D .sp. TPO2 1 9.81 8,57 12.00 8.87 528

7.D. sp.TPO3 1 10.08 10.40 13.36 11.30 8.77 8.35

8. D. sp.TP04 2 079 12.18 10.39 1285 11.10 9.55 8.88 10.85

9. D. sp.TP0O5 1 10.68 845 1159 840 751 755 9.11 9.82

10. D. sp. TP06 2 032 11.24 916 1217 10.20 7.98 8.72 10.24 10.79 8.33

11. D. sp.TPO7 1 6.66 754 1226 7.39 6.81 643 742 889 6.81 8.59

12. D. sp. TP08 2 079 756 9.06 1255 853 656 746 930 979 792 949 446

13. D. sp.TPO9 1 9.41 10.86 12.14 10.65 8.06 8.73 10.11  9.01 9.15 9.61 6.57 541

14. D. sp.TP10 5 1.04 894 908 1261 866 806 799 962 992 787 104 484 36 5.39

Taxonomy NOTES

Diamesa pseudosteinboecki Han et Tang, sp.n.
Fig. 5.

http://zoobank.org/NomenclaturalActs/ C87EEC04-7F98-
4BCO0-A6ED-F2C86A7327CE

Material. Holotype: male. Tibet, Ngari Prefecture, Rutog
County, an unnamed small stream (SO8) one kilometers
upstream from the inlet of Spring Lake, 34.755029° N,
80.143951° E, alt. 5130 m, 13.viii2021, leg. W. Han. Paratype,
4 males, 3 associated pupal exuviae, as previous.

Description. Adult male (n = 5, except when otherwise
stated). Total length 2.68-3.20, 3.12 mm. Reduced wing
1.10-1.20 mm long, 0.25-0.26 um wide. Total length/wing
length 2.40-2.51 (n =2) (Fig. 5D). Normal wing 1.75-1.82,
1.78 mm long, 0.48-0.54, 0.52 um wide. Total length/wing
length 1.45-1.80, 1.68 (Fig. SE).

Coloration. Brown to dark brown (Fig. 5A).

Head. Eyes hairy, reniform. Temporal setae including 1—
3 frontals, 4-5 orbitals, 3—5 verticals and 5—6 postorbitals.
Clypeus with 2—3 setae. Antenna with 6—7 flagellomeres and
reduced plume. Length of 1-7 flagellomeres (pm): 95-105,
102;30-45, 43;30-32, 31; 24-25, 25; 25-28, 26; 20-23, 21;
130-140, 138. AR 0.48-0.56, 0.54 (Fig. 5B). If 6 segments,
each flagellomeres as follows (um, n =1): 75, 35, 30, 20, 20,
145. AR 0.69 (Fig. 5C). Palpomere length (um): 20-28, 25;
40-48, 45; 75-80, 76; 60-63, 62; 70-85, 82. Palpomere
3 with sensilla capitata subapically, about 15 pm in diameter.

Head width/palpal length 1.12—1.20 (n =2). Antennal length/
palpal length 1.25-1.30 (n = 2).

Thorax. Antepronotum with 6-10 ventrolateral setae.
Dorsocentrals 68, prealars 5—6. Scutellum with 10—12 setae.
AAII without setae.

Wing. Costal extension weak, 40—50 um long. Anal lobe
reduced. Squama with 1-2 setae. Venation normal. VR 0.87—
0.90. R with 5-6 setae, R1 with 2—4 setaec and R4+5 with 6—
8 setac. RM/MCu 2.3-2.6, 2.5.

Legs. Spur of front tibia stout, 30-32 um long. Both
spurs of mid tibia 35 pm long. Spurs of hind tibia 35-40 pm
and 58-60 pum long. Hind tibial comb with 16-18 setae.
Length (um) and proportions of leg segments are as in Ta-
ble 6.

Hypopygium. Tergite IX with 12-16 setae, posterior
edge nearly smooth, with oral-lateral corner rounded (Fig. 5F).
Anal point, 55-65 pm long, slightly tapered towards the
apex. Anal tergal bands Y-type; fused section 100—110 um
long. Transverse sternopodeme with triangular apex, 85—
100 pm thick, 140-150 um wide at the base. Gonocoxite
350—400 um long, inner margin apparently without any lobe.
Gonostylus 150—188 pum long, triangular, apical with a stout
megaseta (10-12 um long, 5-7 um wide) and additional 1—
2 subterminal teeth (Fig. 5G). HR 2.22-2.35.

Pupa (n=3). Total length 3.56-3.85, 3.72 mm. Abdomen
2.70-2.85,2.78mm.

Coloration (Fig. 5J, 5K). Golden-yellow to pale brown,
seldom dark brown except for anal lobe.

Table 6. Lengths (mm) and proportions of leg segments of Diamesa pseudosteinboecki sp. n., male (n = 5)
Tabanya 6. Lengths (Mm) u mponopymm cermenTos Hor camya Diamesa pseudosteinboecki sp. n. (n = 5)

fe ti tal ta2 ta3 tad tab LR BV SV

P1 1150-1275, 1000-1125, | 580-650, | 250-290, | 140-160, 80 100-110, | 0.56-0.60, | 4.71-5.13, | 3.64-3.79,
1213 1063 615 268 148 105 0.58 4.82 3.70

P2 1050-1250, 875-950, 350450, | 160-190, [ 100-130, 70 90-110, | 0.40-0.48, | 5.16-5.67, | 4.89-5.64,
1163 900 405 175 115 100 0.45 5.40 5.12

p3 1150-1350, 1000-1075, | 620-750, | 330-390, | 170-210, | 70-85, | 95-110, | 0.62-0.68, | 3.92-4.30, | 3.15-3.55,
1256 1050 695 363 185 76 103 0.66 4.14 3.33
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Fig. 5. Adult male of D. pseudosteinboecki spn. (A=G), pupa (H-K) and larva (L— N) A — adult male, dorsal view; B —
7-segment antenna; C — 6-segment antenna; D — reduced wing; E — normal wing; F — tergite IX, dorsal view; G — hy‘popyglum
ventral view; H — cephalothorax; I — tubercle of pedicel sheath; J-K — pupal exuviae; L — mandible; M—N — mentum.

Puc. 5. Vimaro camey D. pseudosteinboecki spn. (A—G), xykoaka (H—K) n amumnxa (L—N). A — mumaro camen, up cpepxy;
B — 7-cermentHas antenHa; C — 6-cerMeHTHas aHTeHHa; A — peAyumposaHHoe Kpbiao; E — HOpmaabHOe kpbiao; F — teprur IX,
Bup csepxy; G — rumonmrmi, Bup cHusy; H — rososorpyas; I — Oyropok uexaa GasaspHoro uyaenmka auteHHsl; J—K — asxsysun
KYKOAKHM; L — mauAnbyaa; M—H — menTtym.
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Cephalothorax (Fig. SH, 5I). Frontal seta 50-55 pum, two
setae widely separated, the gap between them 150 pm. Tu-
bercle of pedicel sheath well-developed, with dozens of small
tubercles (Fig. 5I). Antepronotum and anterior part of thorax
narrowed, with two precorneals, 50-60 pum long. Thoracic
horn absent. Median suture of scutum with some wrinkles,
Dc1/Dc2 grouped, and also Dc3/Dc4, all 25-30 um long.
Prealar tubercle broad, squashed.

Abdomen (Fig. 5J, 5K). Spinulation pattern as in
D. steinboecki, e.g., all lateral setae very tiny, LSland LS2
tightly grouped, 30—40 pum long. Median spinulation almost
covering all the tergites of T III-VIIL, dorsal thorn-like tuber-
cle stout (12—15 um high and 20-25 pm wide in base), ventral
one slender and acute (2025 pm high and 5—8 um wide). Anal
lobe rounded, 330-350 um long, and 420-450 um wide, with
2-3 short anal macrosetae, apically hooked,140—180, 150 um
long, 0.44—0.52 of anal lobe length. Male genital sac broad,
clearly extending beyond anal lobe, apex with an inward
curve towards the dorsal surface.

Larva (n = 1-2). Only partial head pieces remain.

Coloration. Head capsule light brown to brown, dark
posterior occipital margin narrow.

Antenna. With 5 segments, each segments length
(um): 28-30, 10-12.5, 5-7, 2.5, 3.0. AR 0.92-1.20.
Basal segment 2.6 times as long as wide. Blade and style
not clear.

Labrum. SIII apparently multibranched. Premandible 60—
65 um long, with 6-7 teeth.

Mandible (Fig. SL). 130—155 mm long, with 1 apical and
4 inner teeth, the first 2 inner teeth subequal to the apical
teeth in the length, all those 3 teeth nearly paralleled, clustered,
clearly longer than other two basal inner teeth. Seta interna
with 24 branches.

Mentum (Fig. 5M, 5N). With 2 median teeth and 9 pairs
of lateral teeth, first pair of laterals nearly fully fused with
the worn median teeth, giving appearance of a truncate apex.
Posterior extension of mentum well-developed, clearly
beyond the location of seta submenti.

Diagnosis. The male and pupa cannot be clearly separated
from D. steinboecki Goetghebuer. Generally, the larger AR
(usu. > 0.5) and short anal point (< 70 mm) in the male of new
species can be used to separate them. The pupa of new
species with slightly longer and hooked anal macroseta, which
differ from D. steinboecki, while in the larva, the different
shape of mandible teeth is sufficient to separate them.

Juaznos. Vimaro camern 1 KyKoJka He MOTYT OBITh YETKO
otzaesneHsl ot D. steinboecki Goetghebuer. Kak npasuiio, aist
UX pa3ZeNICHUsI MOXKHO HCIIOJIB30BaTh 00Jiee BHICOKHE 3HAUC-
Hust AR (00b19HO > 0,5) M KOPOTKHMI aHAIBHBIH OTPOCTOK
(<70 MxM) y camuioB HOBOro Buza. Kykonka HOBoro Buza ¢
Gosiee IIMHHBIMH M KPIOYKOBUIHO 3aTHYTHIMH aHAJIbHBIMU
MaKpOIETHHKAMH, YTO OTIHYaeT Ux oT D. steinboecki, Torna
KaK JJIsl Pa3iu4us JUYMHOK MOXKHO HCIOJB30BaTh (opmy
3y6110a MaHIUOYIIbI, KOTOPAsl Y HUX pa3Hasi.

Etymology. Refers to the similarity to D. steinboecki
Goetghebuer in adult and immature stages.

Diamesa kandzensis Han et Tang, sp.n.
Fig. 6.

http://zoobank.org/NomenclaturalActs/92302281-85D1-
4951-A9E2-74BE219969E1

Material. Holotype: a pharate male with pupal skin (CX-12).
Sichuan Province, Garze Prefecture, Luding County, at
Hongshitan of Hailuogou scenic spot (S02), 29.84002473° N
102.04106642° E, alt. 3073 m, 27512020, X. Wen. Paratype,
2 male pupae, 2 larvae, as previous.

Description. Pharate male (n = 2). Total length 4.40—
5.90 mm. Wing length ca. 1.40—1.75 mm.

Coloration. Generally brown.

Head (Fig. 6A). Eyes bare, with weak dorsomedial ex-
tension. Temporal setae including 4 frontals, 4—6 orbitals,
8-10 verticals and 8-10 postorbitals. Clypeus with 8-12
setae. Antenna (Fig. 6B) with 13 flagellomeres, last flagellom-
eres 540 um (n=1). AR 0.96. Palpomere length (pum): 28—
30; 35-40; 95-100; 100—105; 105-108. Palpomere 3 with
sensilla capitata subapically, 15 pm in diameter. Head width/
palpal length 1.32 (n = 1). Antennal length/palpal length
2.75 (n=1).

Thorax. Antepronotals 3—4. Dorsocentrals 9-11, pre-
alars 6-8. Scutellum with 14—16 setae with two rows. AAIL
without setae.

Wings shrink, all venation obscured. Squama with 26—
28 setae.

Legs. Spur of front tibia 60—63 pum. Both spurs of mid
tibia 40-45 um long. Spurs of hind tibia 50—55 um and 75—
80 um long. Hind tibial comb with 16—18 setae. Apex of Tal
and Ta2 of all legs with paired pseudospurs. Apex of Ta,
with pseudospurs only on the middle and hind leg. LR 0.64—
0.67,LR,0.51-0.55, LR, 0.70-0.81.

Hypopygium (Fig. 6C—F). Tergite IX with 14—16 setae.
Anal point (Fig. 6E) 60—80 um long, slightly tapered towards
the apex. Gonocoxite 200-240 pum long, inner margin with a
small basal lobe (superior volsella) in basal 1/3 (Fig. 6C),
inferior volsella reduced or absent, only some weak trace
(Fig. 6F). Gonostylus 150—170 um long, apical with a slender
megaseta, 10-12 pm long. HR 1.32-1.41.

Pupa (n=2) Total length 4.43-5.88 mm. Abdomen 3.30—
4.33 mm.

Coloration. Golden yellow.

Cephalothorax (Fig. 6G). Frontal seta 200—220 pm, two
setac 100—140 pum separated. Tubercle of pedicel sheath
absent. Antepronotals 3. Precorneals 2, 160-180 and 60—
100 pm long, respectively. Thoracic horn 360-380 um long,
horn ratio 19-20. Median suture of scutum with granula-
tions, only two Dcs present, the anterior longer, 120-140 pm
long, the posterior 50-60 pum long. Prealar tubercle broad,
triangular.

Abdomen (Fig. 6H). LS1and LS2 slightly separated, more
subequal-distance in the middle section of abdomen (e.g.,
A. IV=VI). Median tiny spinules almost covering fully of
T III-VIII, dorsal thorn-like tubercle squat (20-35 pm high
and 30—-40 um wide in base), ventral teeth slender (40—65 um
high and 15-20 pm wide). Anal lobe 330-450 pm long, and
460-550 um wide, with 3 anal macrosetae, apically hooked,
320-350. Male genital sac slightly extending beyond the
distal margin of anal lobe, apex straight, not curved dorsally.

Larva (n=1). Total length 4.6 mm. Head capsule 600 pm
long and 420 pm wide.

Coloration. Head capsule dark brown, posterior occipital
margin dark and relatively narrow.

Antenna (Fig. 6I) with 5 segments, each segment
length (um): 75, 12.5, 10, 2.5, 3.0. AR 2.14. Basal segment
4.30 times as long as wide. Blade 25 pm long, reaching to the
apex of fourth segment.

Labrum. S bifid. Premandible (Fig. 6J) 87.5 pm long,
with 7 teeth and several outer spines.

Mandible (Fig. 6K). 170 pm long, with 1 apical and
3 inner teeth, distally nearly paralleled and truncated. Seta
interna with 24 branches.

Mentum (Fig. 6L). Apex truncated, with 12 flatten teeth,
including one pair in the center median and additional 6—
7 pairs teeth in the both lateral sides.
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A

Fig. 6. Adult male of Diamesa kandzensis spn. (A—F), pupa (G—H) and larva (I=K). A — head; B — antenna; C — hypopygium,
ventral view; D — hypopygium, dorsal view; E — anal point; F — inferior volsella and gonostylus; G — thorax (lateral view); H —
pupal abdomen; I — antenna; ] — premandible; K — mandible; L — mentum; M — posterior parapods.

Puc. 6. Mmaro camey Diamesa kandzensis spn. (A—F), xyxoaka (G—H) n amumuka (I-K). A — rososa; B — anrenna; C —
TMIONNIWIL, BUA CHU3Y; D — runonurmii, Bua csepxy; E — anaabHbI oTpocToK; F — HMOKHMIA IIPUAATOK TOHOKOKCUTA M TOHOCTHMAD;
G — 1pyab (Bua cboky); H — abaomen xyxoaxw; I — anrenna; ] — mpemananbysa; K — mandible; L — mentym; M — 3asume
HOATaAKUBATEAN.
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Body. Anal segment (Fig. 6M) with 4 setae, 85—100 pm
long. Posterior parapods 650 pm long and 270 pm wide in the
base.

Diagnosis. The male hypopygium of new species resem-
bles D. pseudobertrami Makarchenko, e.g., anal point long and
slender, without obvious inferior volsella. The pupa resembles
D. bertrami Edwards in the locations of abdomen lateral setae.
However, new species can be separated from D. pseudo-
bertrami by the lower AR in the male, and from D. bertrami
pupa by the extensive spinulation in tergites III-VIII.

JMuazno3. ['mnonuruii camiia HOBOro BHa HAIIOMHHACT
D. pseudobertrami Makarchenko, a IMEHHO, aHAaJTBHBIM OT-
POCTKOM, KOTOPBI JNIMHHBIH U TOHKHA, HET IBHOT'O HU)KHETO
npuaaTtka roHokokcura. Kykonka 6muska D. bertrami
Edwards mo pacnosnoxeHn0 OOKOBBIX IIETHHOK OpIOIIKA.
HoBblit BHI MOXHO OTIHYUTH OT D. pseudobertrami no 60-
Jee HM3KOMY 3HaueHMI0O AR y camma, a OT KyKOJKH
D. bertrami o o6mmpHoit marpenn Ha teprutax [1I-VIIL

Etymology. From the type locality, Kandze, also spelling
as Garze or Ganzi.

Diamesa kaszabi Serra-Tosio, 1983
Fig. 7.
Diamesa kaszabi, Serra-Tosio, 1983: 8.
zelentzovi Makarchenko, 1989: 83.

Material. 2 adult males with associated pupal exuviae,
Tibet, Ngari Prefecture, Geji County, Yare Township, Wamo
Zangbo (S04), 31°29'57.6" N, 82°21'13.2"E, alt. 4816 m,
1.ix.2020, draft net, W. Han; 6 larvae, Tibet, Shikatse Prefecture,
Ngamring County, Takkyel Tso (Daggyai Co) (S03),
29.807073° N, 85.745488° E, alt. 5151 m, 20.v1i1.2020; 4 larvae,
Tibet, Ngari Prefecture, Geji County, Lalu Co (S14),
33.92084° N, 82461553°E, alt. 4950 m, 19.vii1.2021; 4 larvae,
Tibet, Nagqu Prefecture, Shuanghu County, Purog Kangri
Glacier NNR (817), 33.950724° N 88.719499° E, alt. 5087 m,
29viii2021, leg. W. Han; 2 pupae with developing males.
Tibet, Ngari Prefecture, Rutog County, an unnamed small
stream (S12) one kilometer upstream from the inlet of Spring
Lake, 34.755029° N, 80.143951°E, alt. 5368 m, 13.vii1.2021,
leg. W. Han.

Description. Adult male (n = 2). See Serra-Tosio, 1983.
Two forms are found, total length of the larger form is ca.
7.0 mm, and the small form ca. 5.5 mm. The hypopygium
(Fig. 7A-B) of two forms lack critical difference, some de-
tails of hypopygium see Fig. 7C (large form) and Fig. 7D-F
(small form).

Pupa (n=2). Total length 7.25 mm in large form, 5.38 mm
in small form. Abdomen 5.50 mm for large form, 4.13 mm for
small form.

Coloration. Golden yellowish brown or yellow (Fig. 7G-H).

Cephalothorax. Frontal seta 100-200 pm, two setae 120—
130 pum separated. Antepronotals 3, 70—120 pm long, two
median setae far away from the lateral one. Precorneals 3, 80—
200 um long, the middle longest and strongest, the anterior
one weak. Thoracic horn 325430 pum long, horn ratio 20-22.
Median suture of scutum with dense granulations, only two
Dcs present. Prealar tubercle broad, with granulations.

Abdomen. LS1 and LS2 grouped, separating from LS3
clearly. LS4 slender in thickness, ca. 2/3 length of LS3.
Tergite I without any transverse band, but clear reticulations
and wrinkles present. Spinules almost covering T III-
VIII fully, dorsal thorn-like tubercle of large form triangular
(90-100 pum high and 80-100 um wide in base), stout in the
small form (20-30 pm high and 30-35 um wide in base),
ventral teeth relatively slender (70-85 pum high and 50-60 pm
wide in large form; 30-35 pum high and 20-30 pm wide in
small form). Dark caudolateral corner tooth obvious, present

Diamesa

in TII-TVIII. Anal lobe with anterior spinulation, 430—550 pm
long, and 520-650 pm wide, with 3 anal macrosetae, apically
hooked, 200-300. Male genital sac extending clearly beyond
the distal margin of anal lobe.

Larva (n = 5). Median to large larva, total length 7.00—
8.25, 7.35 mm. Head capsule 550—650, 594 pm long and 400—
480, 445 pm wide.

Coloration. Head capsule dark brown, suffused with some
paler and brown patches (Fig. 7J). Posterior occipital margin
dark and thick.

Antenna (Fig. 7K). Each segment length (um): 58-70, 63;
12.5-15, 13.8; 7.5; 3.0; 3.0. AR 1.72-2.33, 1.98. Basal seg-
ment 3.30—4.38, 3.90 times as long as wide. Blade 23-28,
26 um long, reaching to the middle or apex of fourth segment.
Accessory blade 15-20, 18 pm long, and style 8-10, 9 um long.

Labrum. S ; simple. Premandible 80-90, 86 pm long, with
6-7 teeth and several outer spines.

Mandible (Fig. 7K). 140-170, 160 um long, with 1 slen-
der apical and 4 broad inner teeth, all normal packed. Seta
interna with 14-18, 16 branches.

Mentum (Fig. 7L-M). With 1 single median tooth, 12—
15, 13 um wide, and 9—10 pairs of lateral teeth.

Body. Anal segment (Fig. 70) with 4 normal anal setae,
250-300, 286 um long, supraanal seta 60—80, 75 pum long.
Posterior parapods 450-600, 580 um long and 150-200, 180
um wide in the base. Anal tubules (Fig. 7N) stout, 150—180,
160 um long, 100-125, 120 um wide in base, ca. 1/3 length of
posterior parapods.

Remarks. Two forms of this species were collected from
the same site, although the males have no critical difference,
the abdominal thorn-like teeth in the pupae slightly differ, in
the large form, the dorsal and ventral teeth are subequal in the
size, while in the small form, the dorsal teeth are clearly stout
than the ventral teeth. The median mental teeth are easy worn
(Fig. 7J), which make it difficult to separate from D. giangi
described below.

Diamesa qiangi Wang et Makarchenko, 2019
Fig. 8.

Diamesa giangi Wang et Makarchenko in Sun et al., 2019:
544.

Material. 1 adult male, Tibet, Nyingchi Prefecture,
Dazivilla (S20), 29.54869° N, 9447278°E, alt. 4282 m, leg.
J.Liw; 3 larvae, Tibet, Ngari Prefecture, Purang County, an
unnamed stream (S05), 30.821673° N, 81.542252° E, alt.
4625 m, 31vii2021, leg. Z.Y. Ni; 2 larvae, 1 pupa, Tibet,
Ngari Prefecture, Gar County (S07), 31.168163° N,
80.925961° E, alt. 4752 m, 1.viii2021, leg. Z.Y. Ni.

Description. Adult male (n = 1) (Fig. 8A). As described
by Sun et al.[2019], except total length 4.85 mm, the last
antennal flagellomere 570 pum.

Pupa (n=1) (Fig. 8B). Total length 5.50 mm. Abdomen
3.88 mm.

Coloration. Golden yellow.

Cephalothorax. Frontal seta 150 pm, two setaec 140 pm
separated. Antepronotals 3, 80-200 pum long, two median
setae far away from the lateral one. Precorneals 3, 80-200 um
long, the middle longest and strongest, the most anterior one
weak. Thoracic horn 440 um long, horn ratio 44. Median
suture of scutum with dense granulations, only two Dcs
present. Prealar tubercle broad, with granulations.

Abdomen (Fig. 8C). LS1 and LS2 grouped, separating
from LS3 clearly. LS4 slender in thickness, less than
1/2 length of LS3. Tergite I without any transverse band, but
with clear reticulations. Spinules covering T III-VIII fully,
dorsal thorn-like tubercle larger (70-80 pm high and
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Fig. 7. Ault male of Diamesa kaszabi Serra-Tosio (A—F), pupa (G—I) and larva (J—O). A — hypopygium (large form); B —
hypopygium (small form); C — inferior volsella (large form); D — inner margin of gonocoxite (small form); E — anal point (small
form); F — gonostylus (small form). G—H — pupa, lateral view; I — corner teeth. ] — head capsule; K — mandible; L—M — mentum;
N — posterior parapods; O — anal setae.

Puc. 7. Wmaro camey Diamesa kaszabi Serra-Tosio (A—F), kykoaxka (G—I) u anunuka (J—0O). A — runonuruit (xpynas $popma);
B — mumommmmii (meakas dopma); C — HMSKHMI MPUAATOK TOHOKOKcMTA (KpymHas ¢Gopma); D — BHYTpeHHMI Kpayl TOHOKOKCHUTA
(meaxast popma); E — anaapupit orpoctork (meaxas popma); F — romoctmap (meakast popma). G—H — kykoaxa, sup cboky; I —
yraoBere 3yOusL | — rososHas kamcyaa; K — mauanbyaa; L—M — mentym; N — sapuuK moptaskmsarean; O — aHaABHBIE IJETUHKM.
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AT o ST R

Fig. 8. Adult male of Diamesa giangi Wang et Makarchenko (A), pupa (B—D) and larva (E—K). A — hypopygium; B — pharate
male, dorsal view; C — pupal exuviae; D — corner teeth; E — antenna; F— mandible; G — premandible; H — labro-epipharyngeal
region; I—] — mentum; K — anal setae.

Fig. 8. Mmaro camey Diamesa giangi Wang et Makarchenko (A), xykoaka (B—D) n amumaxa (E—K). A — mumommrmi; B —
BBIBEACHHDIN camel, Bup cBepxy; C — 3K3yBuil Kykoaku; D — yraossie 3y6ys;; E — anrenna; F— manaubyaa; G — npemanaubyaa;
H — aabpodapunreasssii panon; 1—] — menrym; K — anasbHBIC IJETHMHKMN.
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60—70 pm wide in base), ventral teeth relatively slender (40—
50 um high and 3040 um wide). Dark caudolateral corner
tooth clearly present in TII-TVIII (Fig. 8D). Anal lobe
460 pm long, and 540 pum wide, anterior 1/2 covering the
spinulation, 3 anal macrosetae apically hooked, 260-280.
Male genital sac clearly extending beyond the distal margin of
anal lobe.

Larva (n=3-4). Median to large larva, total length 7.40—
7.64, 7.50 mm. Head capsule 630—650, 635 pm long and 440—
450, 447 pm wide.

Coloration. Head capsule dark brown, color intensity
fairly uniform in final instars. Posterior occipital margin dark
and thick.

Antenna (Fig. 8E). Each segment length (um): 58—65, 63;
12.5-15, 14; 5-10, 7.5; 2.5-3.0, 2.8; 3.0. AR 1.90-2.08,
2.00. Basal segment 3.13-3.71, 3.42 times as long as wide.
Blade 23-25, 24 pm long, reaching to the basal of fourth
segment. Accessory blade 15-18, 17 pm long, and style 8§10,
9 um long.

Labrum (Fig. 8H). SIII simple or slightly forked apically.
Premandible (Fig. 8G) 80-90, 88 um long, with 7-8 teeth and
several outer spines.

Mandible (Fig. 8F). 160-170, 166 pm long, with 1 apical
and 4 inner teeth, all teeth normally located. Seta interna with
18-22, 20 branches.

Mentum (Fig. 81). With 1 bifid median tooth, 10-12.5, 12
um wide, and 11-12 pairs of lateral teeth. In some aberrant
form, the first 3 pairs and median tooth all absent (Fig. 8J).

Body. Anal segment (Fig. 8K) with 4 normal anal setae,
260-300, 285 um long, supraanal seta 60—-80, 72 pum long.
Posterior parapods 550-600, 570 um long and 150-170,
160 um wide in the base. Anal tubules stout, 100—120, 116 um
long, 70-75, 72 um wide in base, ca. 1/3 length of posterior
parapods.

Remarks. D. giangi is closest to D. kaszabi with weak
COl divergence (Table 5), however, differences in all stages
are clear, in the former, the elongated gonostylus, the slender
thoracic horn (horn ratio ca. 40) and bifid median mental teeth
in the larva are distinct, while in the latter, the spherical
gonostylus, the relatively thick thoracic horn (horn ratio
ca. 20), and the single median tooth in the larva, separate
them.

Diamesa codedtaxa (TP01-10)

The coded ten taxa are summarized in Table 7 for larva
and Table 8 for pupa. In general, those «species» can be
separated from each other by using the listed key characters
in the tables.

Discussion

In this study, four named Diamesa species and 10 pu-
tatively coded taxa were delimitated from the Tibetan
Plateau based on both morphological taxonomy and
barcoding techniques, which further verified the highly
endemic biodiversity over Tibetan [Favre et al., 2015].
Nevertheless, further cryptic species are expected from
the peri-glacial streams, elsewhere than where we had
surveyed. Particular priorities to these glacier-fed
streams should be given specifically in further studies
as they are extremely sensitive and highly vulnerable to
global warming. Considering the ongoing reduction of
glaciers on the Tibetan Plateau, it is urgent to evaluate
the extinction risk and redistribution of Diamesa and

the potential ecological effect caused by the biodiversi-
ty loss.

The newly generated intraspecific distance (0.3 %—
1 %) and interspecific (3.6 %—13.5 %) K2P genetic dis-
tance from our Diamesa database are comparable to the
results of European Alpes [Lencioni et al., 2021b].
Though DNA barcoding has been widely utilized to
discriminate and delimitate insects, it is risky to erect a
species solely on the divergence between the limited
genetic sequences [Wiemers, Fiedler, 2007; Renaud et
al., 2012, Michailova et al., 2021]. In chironomids, previ-
ous studies had shown that COI barcodes failed to
delimitate some allied species in the D. cinerella group
and D. zernyi group [Montagna et al., 2016; Lencioni et
al., 2021b]. In our study, ten coded «species» should
not be treated as formal scientific species until further
evidence, such as associated adult males and newly
obtained nuclear genes.

The optimal temperature for European Diamesa was
calculated as 67 °C [Castella et al., 2001], but other
studies also suggested that Diamesa could live in un-
stable channels with warmer temperatures, where other
chironomids are not abundant [Lods-Crozet et al, 2001].
The water temperature of most Tibetan streams in this
study is relatively high because these sites are subjec-
tively selected along the roads. Another considerable
factor is the distance from the sampling site to the
nearest glacier. As well-known, Diamesa is more abun-
dant in some krenal streams and glacial reaches [Lenci-
oni, Rossaro, 2005; Hamerlik, Jacobsen, 2012], few of
our sampling sites are purposely targeted onto the head
water of glaciers, which yielded limited available materi-
al from only 18 % of total sites. Interestingly, Diamesa
were not detected in central Himalayas and southeast
Tibetan Plateau in this study where the glacier shrink-
age is pronounced [Zhang et al., 2021]. Are Diamesa
populations really declining in this region? If so, is the
decline related to the melting glaciers? However, these
questions are absolutely out of the scope of this study
because the influence of muti-strategy sampling efforts
and random sites selection could not be eliminated in
this study. More comprehensive evidence including
from paleolimnology are necessary to answer these
questions.

In conclusion, our study indicates that a great num-
ber of cryptic biodiversity over Tibetan Plateau has not
been well explored as our case of Diamesa. Comprehen-
sive investigations and researches are urgently needed
to provide a scientific foundation for the protection of
the ecosystem on the Tibetan Plateau.
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