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ABSTRACT

Torrenticola meridionalis Di Sabatino & Cicolani, 1990 was originally described from Italy and later has been noted
in different parts of the Balkans. Next researches, based on molecular data, have shown that it is a species-complex.
This work provides new data on Torrenticola cf. meridionalis based on DNA barcodes of specimens from Poland and
confirms previous assumptions about the Torrenticola meridionalis-complex.
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INTRODUCTION

Water mite genus Torrenticola Piersig, 1896 has a wide geographical distribution (Di Sabatino et al.
2008). Most species inhabiting the Palaearctic are rhitrobionts (Di Sabatino et al. 2010). Up to now,
with the exception of Pesi¢ et al. (2012, 2020c, 2021a) and Pesi¢ and Smit (2022) molecular methods
using DNA barcodes have not often been used in studies of Palaearctic torrenticolids. In recent years,
molecular approaches to taxonomy have proved to be very helpful in taxonomic decisions in many
genera of water mites, and a number of cryptic or overlooked lineages have been described within
species previously considered to have a wide distribution (e.g., species of the genus Hygrobates, see
Pesic¢ et al. 2019a, b, 20203, b, 2022).

Torrenticola meridionalis Di Sabatino & Cicolani, 1990 was originally described from Italy (Di
Sabatino and Cicolani 1990) and later was collected in different parts of the Balkans (Pesic et al.
2010, 2018, 2021). This paper is aimed to provide new records of T. meridionalis based on DNA
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barcodes of specimens collected in Poland, and to check its genetic identity using COI data from
available DNA barcode reference libraries.

MATERIAL AND METHODS

During our 2020 research in Babia Gora Mountain (Poland) four specimens of Torrenticola cf.
meridionalis were collected and three of them were successfully barcoded: two from a stream, and
one from a spring (small limnocrene on the meadow) (Table 1). Water mites were collected by hand
netting, sorted live in the field, and immediately preserved in 96% ethanol for the purpose of
molecular analyses. After DNA extraction, the specimen vouchers were stored in 96% EtOH and
morphologically examined. The vouchers were dissected and slide mounted in Faure's medium for
morphological identification.

Molecular methods and DNA barcode analyses

DNA was extracted from individual specimens using the DNeasy Blood and Tissue Kit (Qiagen
GmbH, Hilden, Germany). Qualitative and quantitative analyses of the DNA were performed by
separation on 1.0% agarose gels and spectrophotometric measurements using a NanoDrop 2000
spectrophotometer (Thermo Scientific, Wilmington, DE, USA).

The cytochrome oxidase subunit I (COI) gene fragment was PCR-amplified with the universal
primers LCO1490-JJ and HCO2198-JJ (Folmer et al. 1994). The PCR amplification was carried with
2X Phire Hot Start Il PCR Master Mix (Thermo Fisher Scientific, USA). The PCR reactions were
performed in a TL00TM Thermal Cycler (Bio-Rad, California, USA) according to the thermal profile
attached to 2X Phire Hot Start Il PCR Master Mix. The PCR products were separated on a 2.0%
agarose gel with SimplySafeTM (Eurx, Gdansk, Poland) added in TAE buffer. To visualize and
document the obtained results, Gel DocTM XR+ system was used (Bio-Rad, California, USA). DNA
sequencing of all obtained PCR products was performed by Macrogen Europe (Amsterdam, Nether-
lands).

DNA sequence assembly, alignment and similarity analyses were completed using BLAST
(Altschul et al. 1990), T-Coffee (Notredame et al. 2000), CLUSTAL W (Thompson et al. 1994) and
MEGA X (Kumar et al. 2018). The DNA barcodes prepared during this study were deposited in the
Barcode of Life Data Systems (BOLD Systems) (Ratnasingham and Hebert 2007).

The estimates of sequence COI divergence were conducted in MEGA X software and BOLD
database (https://boldsystems.org). The genetic distances were calculated based on the K2P model
(Kimura 1980). MEGA X was used to calculate Neighbour-Joining (NJ) tree based on K2P distances
(standard for barcoding studies) and pairwise deletion of missing data. The support for tree branches
was calculated by the nonparametric bootstrap method (Felsenstein 1985) with 1000 replicates and
shown next to the branches. Codon positions included were 1st+2nd+3rd+Noncoding. NJ tree was
based on the Polish sequences COI (n = 3) identified in this paper and sequences of other T.
meridionalis (n = 14) retrieved from the GenBank and BOLD database (Pesi¢ et al. 2021a).
Torrenticola similis (GenBank acc. no. OL870123.1, BOLD acc. no. DCDDJ021-21) COI sequence
was used as the outgroup (Pesic et al. 2021b). To investigate how DNA barcodes might define species
boundaries, two different approaches were used: Automatic Barcode Gap Discovery (ABGD) and
Assemble Species by Automatic Partitioning (ASAP) (Puillandre et al. 2012, 2021). We used the
online versions of ABGD (https://bioinfo.mnhn.fr/abi/public/abgd/) and ASAP (https://bioinfo.mnhn.
fr/abi/public/asap/asapweb.html) with default settings and the K2P distance model.

RESULTS AND DISCUSSION

Torrenticola meridionalis is a rhitrobiontic, eurythermic species, occupying mainly lowland rivers
(Di Sabatino and Cicolani 1990), but it was collected also in Prespa Lake (Pesi¢ et al. 2021a), a large

TORRENTICOLA CF. MERIDIONALIS FROM POLAND


https://boldsystems.org/

2022 PERSIAN JOURNAL OF ACAROLOGY 243

lake shared by North Macedonia, Albania and Greece, a habitat that is unusual for torrenticolid mites.
During our 2020 research in Babia Géra Mountain (Poland) we collected four specimens of
Torrenticola cf. meridionalis and successfully barcoded three specimens: two from a stream (BGR1
B24a, BGR1 B24b), and one from a spring (BGS1 B14a) (small limnocrene on the meadow) (Table
1). The collection of the species is interesting because there are first records from Poland, very far
from the edge of its range, and because limnocrene is an unusual habitat for torrenticolid mites.

Table 1. List of newly sequenced specimens of Torrenticola cf. meridionalis and the other COI records of Torrenticola

used in this study.

Locality (country, name) Lat/Long ID sample BOLD code BIN Source
Torrenticola cf. meridionalis
Poland, Babia Géra, spring 495701 N  19.5988 E BGS1 Bl4a TMBGO001-23 BOLD:AEI3402 Present study
Poland, Babia Goéra, stream 495699 N  19.5988 E BGR1_B24a TMBG002-23 BOLD:AED7519
Poland, Babia Goéra, stream 495699 N  19.5988 E BGR1_B24b TMBGO003-23 BOLD:AED7519
Torrenticola meridionalis
N Macedonia, Perspa Lake at 40.979 N 20917 E 15. CG2019_7 B12 DNAEC022-20 BOLD:AED7519 Pesi¢ et al.
Otesevo 2021a
N Macedonia, Perspa Lake at 40979 N 20917 E 18.CG2019 7C1 DNAEC023-20 BOLD:AED7519
Otesevo
Montenegro, Drcka stream at 427619 N 19.5549 E CCDB-3867-B09 DNCBDO021-20 BOLD:AED7519
Matesevo
Montenegro, Rikavac stream 421001 N 19.1432 E CCDB-3867-E01 DNCBD049-20 BOLD:AED7519
Montenegro, Rikavac stream 421001 N 19.1432 E CCDB-3867-E03 DNCBDO051-20 BOLD:AED7519
Montenegro, Orahovstica river 422476 N 19.0798 E CCDB-3867-G01 DNCBDO073-20 BOLD:AED7519
Montenegro, Orahovstica river 422476 N 19.0798 E CCDB-3867-G02 DNCBDO074-20 BOLD:AED7519
Montenegro, Bistrica stream at 428054 N 19.4456 E = CCDB 38361 D02 DCDDJ038-21 BOLD:AED7519
Crkvine
Montenegro, Kolasinska rijeka 428391 N 19.5749E CCDB38233 B10 DCCDB022-21 BOLD:AEI3402
Montenegro, Bistrica stream at 429871 N  19.4338E CCDB38233 D12 DCCDBO048-21 BOLD:AEI3402
Crkvine
Italy, Sila, Fossiata, stream 39.4011N 16.5884 E CCDB 38392 D05 DCBDJO041-21 BOLD:AEK9662
Italy, Sila, Fossiata, stream 39.4011N 16.5884 E CCDB 38392 F07 DCBDJ067-21 BOLD:AEK9662
Montenegro, Bistrica stream at 42.8054 N 194456 E CCDB 38361 B08 DCDDJ020-21 BOLD:AEI3402
Crkvine
Montenegro, Bistrica stream at 42.8054 N 194456 E CCDB 38361 D01 DCDDJ037-21 BOLD:AEI3402

Crkvine

Torrenticola similis OL870123.1, DCDDJ021-21/outgroup

The final data set in this study comprised 669 nucleotide positions for 17 specimens of T.

meridionalis group and one specimen of T. similis as outgroup. Phylogenetic analyses based on COI
data recovered three haploclades: first one grouped specimens from North Macedonia (Prespa Lake)
and Montenegro (TorrM-1), second one grouped specimens from Italy (TorrM-I1) and third one which
includes specimens from Montenegro (TorrM-I11) (Pesic et al. 2021a).

In our study we obtained three haplotypes, each 622 bp long, or specimens of Torrenticola cf.
meridionalis from Poland (Table 2, Fig. 1). Interestingly, the phylogenetic analysis showed that
specimens (BGR24a,b) from the Babia Géra stream were grouped in the same clade (TorrM-1) with
water mites from North Macedonia (Prespa lake) and Montenegro, while the individual (BGS1 B14a)
from the limnocrenic spring fell into Clade TorrM-IIl with specimens from Montenegro. The
observed genetic distance between BGS1 B14a and specimens of the third haplogroup (TorrM-I11)
was only 1.4%. Low genetic divergences were also obtained for two Polish specimens from stream
and the first haplogroup of T. meridionalis (TorrM-I1) (Table 2, Fig. 1).
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Table 2. Estimates of average genetic distance (K2P) between identified haplogroups of T. meridionalis and COI
sequences analyzed in this study.

Haplogroups/ BGS1 BGR1 BGR1 TorrM TorrM TorrM T. similis
Specimens Bl4da B24a B24b | 1 1l outgroup
BGS1 Bl4a 0.000
BGR1 B24a 0.063 0.000
BGR1 B24b 0.063 0.007 0.000
TorrM-1 0.065 0.013 0.011 0.000
TorrM-II 0.066 0.080 0.084 0.082 0.000
TorrM-I111 0.014 0.072 0.068 0.071 0.071 0.000
T. similis outgroup 0.145 0.127 0.127 0.131 0.141 0.144 0.000

DNCBDO049-20|T. meridionalis| CCDB-3867-E01|Montenegro

DNAEC023-20|T. meridionalis|18. CG2019 7 C1|Macedonia

40 DNCBDO051-20|T. meridionalis| CCDB-3867-E03|Montenegro

44 @ BGR1 B24a|Torrenticola cf. meridionalis|Poland

DNAEC022-20|T. meridionalis|15. CG2018 7 B12|Macedonia

TorrM-1

1002 DCDDJ038-21|T. meridionalis|CCDB 38361 D02|Montenegro

@® BGR1 B24b|Torrenticola cf. meridionalis|Poland
DNCBDO074-20|T. meridionalis| CCDB-3867-G02|Montenegro

98 | | DNCBDO021-20|T. meridionalis| CCDB-3867-B09|Montenegro

8 | DNCBDO073-20|T. meridionalis| CCDB-3867-G01|Montenegro

100 | DCBDJ041-21|T. meridionalis| CCDB 38392 DO5|ltaly j|
TorrM-I
! DCBDJ067-21|T. meridionalis| CCDB 38392 FO7|ltaly

&6 @ BGS1 B14a|Torrenticola cf. meridionalis|Poland

DCCDB022-21|T. meridionalis| CCDB38233 B10|Montenegro
DCDDJ020-21|T. meridionalis| CCDB 38361 B08|Montenegro Tor-II
50 DCCDB048-21|T. meridionalis| CCDB38233 D12|Montenegro

9 DCDDJ037-21|T. meridionalis| CCDB 38361 D01|Montenegro

DCDDJ021-21|T. similis| CCDB 38361 BOS|Montenegro

0.06 0.04 0.02 0.00

Figure 1. Neighbour-joining (NJ) tree showing the genetic relationships between Polish haplotypes of Torrenticola cf.
meridionalis (were marked as red circles) and the other COI records of T. meridionalis (Pesic¢ et al. 2021a). Values
near branches show bootstrap support (BS).

Morphologically, T. meridionalis is very similar to T. elliptica Maglio, 1909, from which it can
be separated by a relatively wider dorsal shield and genital field, and a higher length ratio coxal plate
I/coxal plates I1+11l. The genetic distance (K2P) between these species (8.6-9.0% K2P) is beyond
interspecific level for torrenticolid mites (Pesic¢ et al. 20214, b). Pesi¢ et al. (2021a) did not describe
the morphology of specimens collected in Montenegro and North Macedonia. Specimens collected
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in Poland (Figs. 2, 3), males collected in spring are different from T. meridionalis described by Di
Sabatino and Cicolani (1990) mainly by location of excretory pore which was fused with the area of
primary sclerotization in examined male specimen (Fig. 3).

Figure 2. Female of Torrenticola cf. meridionalis (BGR1 B24a) from Babia Gora stream — Right. Dorsal habitus; Left.
Ventral habitus.

Figure 3. Male of Torrenticola cf. meridionalis (BGS1 B14a) from Babia Géra spring — Right. Dorsal habitus; Left.
Ventral habitus.
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As emphasized by Pesi¢ et al. (2021a) most likely Torrenticola meridionalis is a species-
complex which have to be divided into separate species. The ABGD analysis singled out three
hypothetical species, consistent with the groupings in the NJ tree. The size of the detected barcode
gap between the maximum intraspecific and the minimum interspecific genetic distance was 2—6%.
The second species delimitation method (ASAP) detected the presence of four OTUs (Operational
Taxonomic Units) and indicated a barcode gap range of 0.4-3.49%. ASAP method identified
additional OTUs within TorrM-I haplogroup, i.e. for specimens DNCBD049-20 (Montenegro) and
DNAEC023-20 (Macedonia). The Polish COI barcodes of Torrenicola cf. meridionalis have been
assigned to two different haplogroups and can be considered as hypothetically separate species.
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