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Using a two-step workflow, we test the species boundaries in three genera of enchytraeid worms, Globulidrilus,
Hemifridericia and Stercutus (Clitellata: Enchytraeidae), which contains one to three nominal species each. For the
species discovery phase, DNA barcode-based clustering analyses in ABGD (Automatic Barcode Gap Discovery) are
performed, using mitochondrial cytochrome ¢ oxidase subunit I (COI) data. The clusters from these analyses are
then used as input in the species validation phase, where multispecies coalescent-based multilocus species delimi-
tation analyses are performed in BPP (Bayesian Phylogenetics and Phylogeography) using nuclear Histone 3 (H3)
and Internal Transcribed Spacer (ITS) data. For all BPP analyses, several species delimitation arrangements are
included in the 95% credibility interval, and no complete sets of species are well supported. However, we conclude
that our data set comprises at least seven species of Globulidrilus, all attributed to the nominal morpho-species G.
riparius, three species of Hemifridericia, whereof two are cryptic lineages within H. parva and one is H. bivesiculata,
and at least six species of the previously monotypic Stercutus. The species are not formally described here due to a
lack of mature specimens of many of them in combination with low support for some of them in the genetic analyses.
However, this is the first step towards a better understanding of the diversity within these groups.

ADDITIONAL KEYWORDS: BPP — BP&P — Globulidrilus — Hemifridericia — multispecies coalescent — species
delimitation — Stercutus.

INTRODUCTION Globulidrilus Christensen & Dézsa-Farkas, 2012 and
Stercutus Michaelsen, 1888. Today, three species are
referred to Hemifridericia, one of which however, H.
varanensis Lal, Singh & Prasad, 1981, does not seem
to belong to this genus (Dézsa-Farkas & Felfoldi,
2015). Hemifridericia parva Nielsen & Christensen,
1959 is widespread in Europe and is also reported
from China and USA, whereas the third species,
Hemifridericia bivesiculata Christensen & Doézsa-
Farkas, 2006, is so far only known from Hungary
and Arctic Canada. Hemifridericia is found in a clade
together with Buchholzia and Fridericia (Martinsson
et al., 2017a). Globulidrilus consists of G. helgei
Christensen & Dézsa-Farkas, 2012 (type species)
that has so far only been found in South Korea and
the Holarctic G. riparius (Bretscher, 1889) that was
recently transferred from Marionina (Christensen &
Dézsa-Farkas, 2012). Globulidrilus is found in a clade
together with Bryodrilus, Henlea, Oconnorella as
*Corresponding author. E-mail: christer.erseus@bioenv.gu.se well as Claparedrilus semifuscoides (as Lumbricillus

With the introduction of molecular data, together with
the development of species delimitation methods, it
has been shown that many nominal species actually
are complexes of morphologically very similar, or iden-
tical, species, the so-called cryptic species (Bickford
et al., 2007). Such species have been found in most
animal groups (Pfenninger & Schwenk, 2007), includ-
ing clitellate annelids (e.g. Erséus & Gustafsson, 2009;
Novo et al., 2010; Matamoros, Rota & Erséus, 2012;
Donnelly et al., 2013; Liu et al., 2017; Martinsson &
Erséus, 2017).

In this study, we focus on three assumedly species-
poor genera (one to three nominal species in each)
of the family Enchytraeidae (Annelida: Clitellata):
Hemifridericia Nielsen & Christensen, 1959,
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semifuscus) and Marionina communis; the latter is
not found together with the rest of their respective
congenerics (Erséus et al., 2010; Klinth, Martinsson
& Erséus, 2017; Martinsson et al., 2017a). The third
genus in this study, Stercutus, is monotypic for S. niveus
Michaelsen, 1888, which is found in both Europe and
North America. This genus is found in a clade together
with Chamaedrilus and Euenchytreus, two genera that
were previously combined into Cognettia (Martinsson
et al.,2017a).

The species delimitation process can be divided
into two steps, species discovery and species valid-
ation (Carstens et al., 2013). In the first, specimens
are grouped into groups/putative species, usually
using a single data source, for example morphology
or DNA barcoding, and these species hypotheses are
then tested in the latter with additional data and
analyses (Carstens et al., 2013). It has been shown
that the delimitation success increases with the num-
ber of markers and that a single marker is not enough
for a solid well-supported delimitation (Dupuis, Roe &
Sperling, 2012). The development of the methods used
for species delimitation using molecular data has been
rapid (see e.g. Sites & Marshall, 2003; Fujita et al.,
2012), and in recent years, methods to analyse several
loci together in a single analysis for species delimita-
tion has become available (Rannala, 2015). Some of
these are based on the multispecies coalescent model
(Rannala & Yang, 2003). In this model, genes evolve
inside a species phylogeny where the branches are
species and the properties of the branches restrict the
gene trees. One of these restrictions is that the diver-
gence times between species have to be more recent
than the coalescent times for any genes shared between
them (Rannala & Yang, 2003). This model can be used
for statistical testing of species assignments (Fujita et
al., 2012; Rannala, 2015), and it is based on a clearly
defined species concept in which a species constitutes
a branch of a species tree, which is defined by abrupt
speciation and no genetic exchange after the speci-
ation event (Aydin et al., 2014). Under this definition,
a species is a separately evolving meta-population lin-
eage, that is, the unified species concept suggested by
De Queiroz (2007). Many multilocus species delimita-
tion methods require the user to assign the specimens
to putative species that are then tested; the software
usually does this by collapsing the species tree and
joining sister species, and thereby testing which of the
species assignments fits the model the best (Fujita et
al., 2012; Rannala, 2015). In theory, it is possible to
assign each specimen to its own putative species, but
at least for some software products, this may increase
the computational time so that the analyses are not
practically possible to run (Yang & Rannala, 2014).
Additionally, starting with single specimens as input

species may lead to low posterior probabilities (PPs)
for each of the delimited species, due to the high num-
ber of possible species assignments, together with the
limited data for each of the putative species (Olave,
Sola & Knowles, 2014).

In this study, we test the species diversity of
Globulidrilus, Hemifridericia and Stercutus, using a
combination of DNA-barcode-based clustering analyses
for the species discovery phase, followed by multispecies
coalescent-based multilocus species delimitation analy-
ses of nuclear markers in the software BPP (also known
as BP&P, Bayesian Phylogenetics and Phylogeography;
Yang, 2015) for the species validation phase.

MATERIAL AND METHODS

SPECIMENS, DNA SEQUENCING AND ASSEMBLY

DNA data from a total of 101 specimens from Norway,
Sweden, Hungary and USA were included in the study:
32 each of S. niveus and G. riparius, 35 of H. parva and
2 of H. bivesiculata (for details, see Table 1).

A vast majority of the sequences were newly gen-
erated (Table 1). DNA was extracted from the pos-
terior ends of ethanol-preserved worms, and the
anterior parts were mounted in Canada balsam to
be used as physical vouchers. DNA was extracted
using either Qiagen’s DNeasy Blood & Tissue Kit or
Epicentre QuickExtract DNA Extraction Solution
1.0, following the manufacturer’s instructions. Three
markers, the mitochondrial cytochrome ¢ oxidase
subunit I (COI) gene, the complete nuclear ribosomal
Internal Transcribed Spacer (ITS) region and the
nuclear gene Histone 3 (H3), were amplified using
primers and PCR programmes listed in Supporting
Information, Table S1. Sequencing was carried out
by Macrogen Inc. (Seoul, Korea) and Eurofins MWG
Operon (Ebersberg, Germany). As specified in Table
1, a few sequences are from previously published
works (Erséus et al., 2010; Martinsson & Erséus,
2014; D6zsa-Farkas & Felfoldi, 2015; Martinsson et
al.,2017a) and were all downloaded from GenBank.
Sequences were assembled in Geneious Pro v. 7.1.
(Biomatters Ltd.; http://www.geneious.com) and
aligned separately for each genus using MAFFT
v7.017 (Katoh et al., 2002) as implemented in
Geneious Pro v. 7.1., using the auto-algorithm and
default settings. Information about the alignments
(length and number of variable positions) can be
found in Table 2. All sequences produced in this
study are deposited in GenBank, and the vouch-
ers are deposited in either the Swedish Museum of
Natural History (SMNH), Stockholm, Sweden, or
the University Museum of Bergen (ZMBN), Bergen,
Norway (accession numbers in Table 1).

© 2017 The Linnean Society of London, Zoological Journal of the Linnean Society, 2018, 183, 749-762

Downl oaded from https://academ c. oup. cont zool i nnean/ articl e-abstract/ 183/ 4/ 749/ 4708253
by guest
on 04 August 2018


http://www.geneious.com

CRYPTIC DIVERSITY IN THREE ENCHYTRAEID GENERA 751

GIZZ08AIN  9TIG0SAIN  B66T0SAIN  €L130% 9%98°L9 puerdder g v paund [ E¥8GITHNINS 8¥96HD
113308AIN  STTZ0SAIN  T66TI08AIN  0E€I8'1% 96699 puerdde :qs A paund [ GV8C9THNINS 60961
naund
0I3Z08dIN  :©88¥¥9XM 18020611  8SCHEI G619'8G  PUB[IQSINSBA S v DIILLPLLYIUIE] JI9YonoA oN ¥6LHD
PLIGOSAIN  6LOGOSAIN  PS6I0SAIN 88301 0€61°09 srewpaf :ON D sniuwdil D 60903 TNIINZ 673010
€LIZ08AIN  8LOZOSAIN  €86T0SAIN  8830°CT 0€61°09 SIIeWpPaH QN o) sn1ndiL °H 80903 TNIINZ 8750€HD
ILIG0SAIN  9L0Z0SAIN  TS6T0SAIN  8LIZ'TI ¥298°6¢ SnyYsIONY :ON D snLndLL D LO90ZINEAINZ 0700€HD
OLIZ0SAIN  SLOZOSAIN  O0S6TOSAIN  8LIGTIT $298°69 SNYSIONY :ON D snLndLL D 9090ZINAINZ LE00EHD
891G08AIN  €LOZOSAI  SLETOSAIN  GLEI'TT LVEE 69 PIOFIS@ :ON D snLndis D G090ZINAINZ 6£665H0D
T9TZ08AIN  990Z08AIN  GLETOSAIN  TOLG I 13€9°9S auE[S (S | §n1ndLs JI9YIN0A ON 99€L3HD
6STZ08AIN  $90308AI  OLEIOSAIN  TOLZ¥T 13€5°9S oueyg ‘HS K| snLndis T¥8Z9THNINS €9€L3HD
LSTZO8AIN  G90Z08AN  996T0SAIN  TOLZ VT 13€5'9S oueyS ‘HS o §n1ndLL 078ZITHNINS 19€LZHD
9STZ08AIN  T90Z0SAIN  996108AIN  TOLZFI 12€9°99 oUBS[S ‘NS A sniundis 6E8C9THNINS 09€L2HD
GLIZOSAIN  LLOZOSAIN  F86I0SAIN 6797 1T 25e1°09 snYsIyY :ON a sniundis ¥090CINAINZ SIT0EdD
6LIZ0SAIN  $80T0SAIN  68610SAIN  T1¥33T T9LL'LS  PUBIQSINISEA S a sniundit 8E88GITHNINS 9568M0
LLIZOSAIN  2S0T0SAIN  LSGTOSAIN  €3L3 98— 0¥S1'9¢ 99SSOUUA], :S) o sniudit LESTITHNINS L6SEAD
9LIZ08AIN  TS0Z0SAIN  986T0SAIN  €3L3 98- 0¥S1'9€ 99SSAUUR, :S) | snindiL 9E88Z9THNINS 969€HD
GLIZOSAIN  08030SAIN  S86T0SAIN  £3L398- 07919 99889UUR, :G[] Hq snindiL GE8ZITHNINS g6SEH0D
Z9IZ0SAIN  L90Z0SAIN  696T0SAIN  TOLZ VT 12€9°SS oueyS IS 0 snindiL FE8Z9THNINS L9ELTHD
8CIZ08AIN  €90Z08AIN  896T0SAIN  TOLZ VT 13€4°99 oueg S o snindiL °H €E8CITHNINS 29€L8HD
GSIZ0SAIN  LSO0ZOSAIN  T96TOSAIN  S609°9T ¥PH9 99 puelQ ‘s 0 sniundis 5 GESTITHNINS 9e¥ITHD
G9IZ08AIN  0LOZOSAIN  SLETOSAIN 689891 1298'9S puelQ ‘s 0 snLndLs TE€8ZITHNINS €368M0
691308AIN  F$L0Z0SAI  6L6TOSAIN  8LIGTIT ¥298°6¢ SNYSIONY :ON 0 snLndLs D €090 INIINZ 9€00€HD
GCIZ08AIN  090308AIN  S96TOSAIN  L6¥6'69 300€°€% sprewuuy (0N 0 §nLndLL D G090 INAINZ 970€3H0D
PCIZ08AIN  6S0308AIN  ¥96TOSAIN  L6¥669 300€°€% sprewuul (0N H §n1ndLL CS60TINAINZ ¥70€2H0
0STZ08AIN  SS0Z08AW  096T0SAIN  FI¥0'0ST—- 978709 eYSeIY 'SN H snLndLL 0E88ZITHNINS 8gITHD
6FIZ08AIN  PS0Z0SAIN  :960%061D  ¥IF0'0ST-  9¥8%°09 exsery :sn q snLndiL LZY8OTHNINS LGITHD
€SIZ08AIN  8S0G0SAIN  €96T08AIN  6SEV'TT 658069 PIOJ3s@ :ON v sn1ndiL T770TINIINZ 06203HD
P9IZ08AIN  690Z0SAIN  FLETOSAIN  TOLT¥I 12€9°G9 PUBSS {HS v snindiL 628GITHNINS 0LELTHD
€91Z08JAIN  890Z08AIN  EL6IOSAIN  TOLZ¥T 12€4°GS oUBS[S {HS v sn1ndiL 8G8ZITHNINS 69€L2HD
09IZ08AIN  S90Z08AIN  TLG6TOSAIN  TOLZ¥I 15€9°GS aueyS S v snindiL LZ8TITHNINS 99€L3HD
ISTGOSAIN  9S0%08AIN  T96T0SAIN 960991 ¥PHe 99 pue[Q :HS v snindiL 9G8ZITHNINS GEFITHD
8LIZOSAIN  €80Z08AIN  886T0SAIN  IT¥33GT T9LL'LS  PUB[QSINSBA HS v snindiL GG8ZITHNINS 00680
LITGOSAIN  ZLOGOSAIN  LLEIOSAIN  ¥9L8°91 GG86'99 puelQ ‘s v sn1ndiL °H ¥Z8GI9THNINS L8620
9912084  TLOZOSAIN  9L6TOSAIN  #9.8'9T GG86°99 puelQ ‘s v sn1undis 5 €G8CITHNINS g865H0D
sn1uodii
08IZ08AIN  S80Z08AIN  066TOSAIN  G0S0'ST 609€°69 puerddn :HS v §M]24P1MQON) JI9YIN0A ON ¥69HD
SII SH 10D  PpmyiSuoT  epmyner]
(oouraoad/erels I91snyo ou
JIaquINU UOISSIIIE JuBguUIr) 9]BUIP.I00)) ‘A13unod) A311edo0r] 100 seedg JI9UONOA WINISNIA ou uewadg

SIOqUINU UOISS9IIL JUBRGUOL) PUR BJRD UOTPI[[0J ‘SISqUINU USWIdS [eNPIAIPUL YIIm Kpnis 9y Ul papnoul suownadg *T S[qey,

© 2017 The Linnean Society of London, Zoological Journal of the Linnean Society, 2018, 183, 749-762

Downl oaded from https://academ c. oup. cont zool i nnean/ articl e-abstract/ 183/ 4/ 749/ 4708253

by guest

on 04 August 2018



z.

752 S. MARTINSSON AND C. ERSEUS

§GE6T6SGINM  $8G6T6SINM sTC6T6SIN NNH | DIDINo1saa1q "H - 9809
sEE6T6GINM  sLG6T6SINM §6C6T6SIN NNH q DIDINo1s201q "H - LOS
sTV6I6SINM  s6G6T6SINM §9C6T69INM NNH a paund "f - §19
sOV6T6SINM  sTE6T6SINM sEG6T6SINA NNH d vaund ‘[ - BIIG
S6T1G08AIN €ITG08AIN GG0G08AIN  G868°GT GEGL'L9 pue[pIoN :ON o] vaund ‘[ 8VETTINGINZ G88YCHD
€6T1G08AIN 0ITG08AIN 6T0G08AIN €96 V1 €894'89 pue[pIoN :ON o] paund ‘[ O0SOTTINIINZ €9962HD
G6TG08AIN SOTG08AIN LTI0GO08AIN  66¥7500 127569 SWoLL, :ON o] paund ‘[ G660TINIINZ 02GETHD
T6T308AIN S0TG08AIN 8T0G08AIN  €00€°ET 967669 Srewuuny :ON 0] paund [ JotpnoA ON 89062HD
68TG08AIN 860308AIN ST0Z08AIN EvL9 €€9¢°09 pue[epIoH :ON D paund [ S080TINIINZ [(4444CH)
8813084 960308AIN YI0G08AIN  TT199°0T G795°69 SOYSIY :ON o paund [ 6CSO0TINAINZ ¢950CcHD
L8TZ08AIN €60c08HIA €T0CGOSHIIN  TT1S9°0T G¥795°69 STYSIOYY :ON o) paund ‘[ 8CSOTINIINZ 6G50CHD
981308AIN €60G08HIA GI0GOSHIN  SPVLE'TT €9LG'9  Se[Ppusil-I1sS :ON o) paund [ 89C¢0TINIINZ 9GL6THD
S8TG08AIN G60G08SHIN IT0G08AIN  SVLETT €9LG'39  Se[dpusil-1sS :ON o) vasod ‘[ LI9COTINIINZ GGL6THD
¥81G08AIN 160G08HIA 0TOG08AIN  SVLE'TT €9LG'9  Se[PpUsIl-I6S :ON 0 vasod ‘[ 99G0TINGINZ YSGLETHD
E€8TG08AIN 060C084IN 600G08AIN  66S9°TT 90929  SB[EPUSLL-ISS :ON o) vaund [y 9GG0TINGINZ €CL6THD
[epswoy
I8TG0SHIA 880G08JIN 800G08JIN  699¢°L 89GLC9 80 818N :ON 0 vaund ‘[ 69T0TINGINZ 9676 THD
76 1G08IIN TTTG08AIA 0G0G08AIN  SS9T 71 G81E'99 pue[pIoN :ON d vaund ‘[ IVGITINGINZ 66G76HD
861G08IIN GITG08AIN T80208IIN  SVEV'TVI ¥8LT'L9 pue[pIoN :ON d paund ‘[ 0SGTITINGINZ 6SVYcHD
06TG08AIN G0TG08AIN 9T0G08AIN  99LG°ET 866169 Jrewuuly -ON d paund ‘[ €680TINIINZ Slgsadcie]
G8TIZ08AIN 6802084IN LO0ZOSAIN 669911 9099  Se[EPUSLL-IAS :ON d paund ‘[ E€GCOTINGINZ GGL6THD
603308AIN YITG08AIN G00308AIN  CVI9VI ¢GEa’L9 PUe[pION :ON v paund ‘[ 8GETTINIINZ 916¥cHD
80G308AIN 60T308AIN Y00208AIN  T€68°GT 9L97°89 PUBIpIoON :ON v paund ‘[ JoyonoA ON €696¢HD
L0GG08AIN 80T308AIN €00308AIN  T€68°ST 9L97°89 PuB[pIoN :ON v paund ‘[ TLOTTINAINZ ¢E9ECHD
90G308AIN €638 G00GOSHIN  LV0S'61 Y¥¢e 69 SWOLL, ‘:ON v paund ‘[ L660TINIINZ GECECHD
S0G308AIN 868D T00G08AIN  LV0S'61 ¥¥cc 69 SWOLL, :ON v paund ‘[ 9660TINIINZ ¢ECECHD
¥03c084AIN 9ITEGHD 000084 ¥090°TG €97L°69 SWoLT, :ON v paund [ 9960TINIINZ 9TTETHD
003G08dAIN L60G08SAIN 966T08AIN  TTS9°0T G¥94°69 SNYSI_YY :ON v paund [ Jo7onoA ON €9G02HD
66T1G08AIN ¥60G084IN €66T08AIN  TTIS9°0T G¥94°69 SnYUSIY :ON v vaund ‘[ Jo7onoA ON ¥S590CHD
auepaoly
L6TG0SAIN L80GOSAIN V66T08AIN  961T°L 80€8°09 8o uSog :ON v vaund "f LSOOTINIINZ 02G6THD
auepIolg
961308AIN 9803084IN €66TO8AIN  961T'L 80€8°09 8o uSog :ON v vaund ‘[ 9800TINAINZ 61C6THD
€13C08HIN LTTG08AIN 900308AIN  TI9V9'LT ¥89L°6S puerddp :{s v vauod [ LY8C9THNINS 99INS
prdgddc o] TOTG0SIIA 666T08AIN  V6LV'CC LIVv'89 puerdde] :gs v paund [y 978CITHNINS Stagd4cie]
jgdgddcre] 00T308AIN 866T108AIN  ¥6L¥V'CC LTVv'89 puerddeT :gs v paund ‘[ GV8C9THNINS (4 44cie]
€6VecHD 660308AIN L66TOSAIN  ¥6L¥V'CC LIVv'89 puerdde :gs v paund ‘[ PP8CITHNINS Sragd4cie]
S.LI EH 100 opnjiduoT  epnier
(eouraoxdejels  1esnyo ou
JI9qUINU UOISS9I0R JUuBgULY) 91BUIPIO0)) A13unod) A1pesor| 10D soeadg JI9UONOA WNSSTA ou uewedg

penunuo) I SqeL,

© 2017 The Linnean Society of London, Zoological Journal of the Linnean Society, 2018, 183, 749-762

Downl oaded from https://academ c. oup. cont zool i nnean/ articl e-abstract/ 183/ 4/ 749/ 4708253

by guest

on 04 August 2018



CRYPTIC DIVERSITY IN THREE ENCHYTRAEID GENERA 753

{(GT03) TPIOJIP B SEITE]-BSZO(] WO
(8L103) ‘70 70 UOSSUIIRIN WOL],
($103) SNYSIF 7 UOSSUIIRN WOL],

"(0T03) 17 42 SNYSIY WOL ]
"Apngs ST} Ul pajetauasd A[Mau are P[oq Ul SI8QUINU UOTISSIIIY

Y¥6G08AIN 8ETC08AIN €G0C08AIN  SGLG 98— TEST9¢ StoutqI -:SN D smaatu °g' G98C9THNINS GELEHD
EVGc08AIN PE1C08AIN GS0g08AIN 66¢°€3 €6¥6°69 Jrewruury :ON t snaaiu g 6S60TINIINZ YL0EGHD
9636308AIN 6G1308AIN YP0C08AIN  ¥GSG '€l 6LE0°99 SUBYS ‘HS a snaatu °§ dopnoA ON 8¥98THD
GVGG08AIN EVIG08AIN T1S0G0SHIA 689°C1 690°8¢ PUBTIOSINSBA {HS q snaaru °g Y98C9THNINS TESLTHD
T¥¢G08dIN STIG08AIN 0S0308AIN 689°C1 690°8¢ PUBTIOSINSBA {HS I snaaiu g €98C9THNINS 0€8LTHD
0¥2G08AIN 8GT1G08AIN 6¥0G084IN 689°¢C1 690°8¢ PUBTIOSINSBA ‘HS C snaaiu °§ GI98CITHNINS 6C8LTHD
683G08AIN LGTG08AIN 8¥0G084IN 689°¢C1 690°8¢ PUBRTIOSINSBA ‘HS CI snaaiu °§ T98CITHNINS 8C8LTHD
863G08AIN 9GTG08AIN LY0G08dIN 689°¢C1 690°8¢ PUBRTIOSINSEBA ‘HS CI snaaru °§ 09829THNINS LZ8LTHD
LEGG08AIN SGIG08AIN 9¥0G08dIN 689°¢C1 690°8¢ pue)e3IeseA (Hs CI snaatu °g' 6G8CITHNINS 9G8LTHD
GE€CG08AIN LYTG08AIN EV0G08AIN  8S9TVI I8T1€°99 pue[pIoN :ON I snaatu °§' VEGITINGINZ ¥96vcHD
TE€G308HIA IV TG08IIN 0¥0G08JIN  8S9T'¥1 I8T€°99 pue[pIoN :ON I snaatu °§' E€CCTTINGINZ €9¢¥cHD
€€2G08AIN 08TG08AIN Sv0G08AIN 6901 G905'6S SYSIDYY :ON 0 snaatu °g' 68V0TINIINZ 12v0cHD
S€CG08AIN GGIG08AIN IV0G08dIN  86SL'9T LTT19°8G puB[UBULIOPOS “HS 0 snaalu g 8G8CITHNINS Ly99HD
¥€6308AIN 0GT2308AIN SV0C08AIN  CPS6'TT 0€89°LG PUe[I03INSEA (HS 0 snaatu °g' LG8CITHNINS €08SHD
0¢6308AIN LETC08AIN 66008AIN  SL6V'CL L8E6'8G pue[s[eq -dS d snaatu °g' 9G8C9THNINS LEILTHD
6265081 YE1c08dIN 860208AIN St 89L°LG PUeB[I03INSEA (HS d smaatu °g GG8CITHNINS Y498€THD
063308AIN 6TTG08AIN LE0GOSAIN St 89L°LG PUe[I03ISEA (S d snaatu °§ VS8CITHNINS 8¥8HD
LIGG08AIN 9ETG08AIN T€0G08IIA 66663 €676°69 rewruuty :ON H snaaiu g €960TINIINZ 080€CHD
91GG08AIN SETG08AIN 060308AIN 66666 €676°69 Srewruuty :ON H snaaiu g 0960TINIINZ GLOECHD
612G08AIN SYT1G08AIN 6€0G08AIN  66LT'TT 6€TE09 SNYSILY :ON v snaaiu °§ ITTTITINGINZ 9¥8ETHD
8IG08AIN ¥P1c08dIN GE0GO8AIN  66LT'TT 6€TE09 SNYSILY :ON v snaaiu °§ SITITINGINZ G¥8ETHD
STGG08AIN €ETG08AIN 960G08AIN  LBEL'8 88¥1'19 puerddo :ON v snaaru g 0S80TINIINZ ¥6ECCHD
¥18G08dIN GEIG08AIN GE0GO8AIN  LBEL'S 88¥1'19 puerddo :ON v snaaru °§ 6780TINIINZ €6E6CHD
963608dIN TETZ08HIA ¥60G08AIN  GI169°0T 125569 SISV :ON v snaatu °§' TOSOTINGINZ 86¥0CHD
8636G08dIN €GTIG08AIN 6G0G08AIN  S609°9T Yvye9g pPuelQ -HS v snaatu °§' E€G8CITHNINS EEVITHD
$GcG08AIN SVIG08AIN LG0GOSAIN  T9P9°LT ¥8GL°6G puerddn ‘S v snaatu °§' Iopnoa ON CINS
¥63608dIN 8V 1G08AIN 9C0G08AIN  TI9V9'LT ¥8GL'64 puerddn :HS v snaalu g CGS8CITHNINS 09INS
€63c08HIN IV TG08IIN GG008AIN  T9¥9°LI ¥8GL'64 puerddn :gS v snaalu g TS8C9THNINS 9GNS
GGGG08HIN 0¥ 1308AIN V60g08dIN  T979°L1 ¥89L°6S puerddn ‘S v smaaru °g' 0G829THNINS GOINS
T133G08dIN 6ET308AIN €60008AIN  T979°LI ¥84L°6S puerddp :HS v snaaiu °§ 678CITHNINS VSIS
LGGg08AIN T3TG08IIN 8G0C08AIN  CELG'ST L96V°69 puerddp :HS v snaaiu °§ 878CI9THNINS 98¥9HD
1LYSELOAN 1LOSGLOIM  xGTT20601D 98¢°¢l 6LL LS PUB[I03INSEA (HS v SNaaTU STNIL21G dopnoa ON T¥8HD
S.LI EH 100 opnjiduo  epnmineT
(eouraoxdejels  xesnyo ou
JI9qUINU UOISS9I0R JuBgUO) 91BUIPIO0)) ‘A13unod) A11esor] 10D soweadg JI9UONOA WNISTIA ou uewadg

penunuo) I SqeL,

© 2017 The Linnean Society of London, Zoological Journal of the Linnean Society, 2018, 183, 749-762

Downl oaded from https://academ c. oup. cont zool i nnean/ articl e-abstract/ 183/ 4/ 749/ 4708253

by guest

2018

on 04 August



754 S. MARTINSSON AND C. ERSEUS

Table 2. Details of alignments

Alignment Number of variable
length positions
Globulidrilus
corI 658 221
H3 328 15
ITS 949 56
Hemifridericia
corI 658 151
H3 328 8
ITS 877 39
Stercutus
corI 625 179
H3 320 11
ITS 949 36

The variation in length in COI and H3 between genera is due to
trimming of the ends of the alignments to minimize the amount of
missing data; this is also true for ITS, but this marker also varies in
length between taxa.

SPECIES DISCOVERY

The three COI alignments were used to divide the
specimens into clusters representing hypothetical spe-
cies. The COI alignments were analysed in the web
version of ABGD (Automatic Barcode Gap Discovery)
(Puillandre et al., 2012) (available at http://wwwabi.
snv.jussieu.fr/public/abgd/abgdweb.html), using simple
distances, P, =0.001,P_ = 0.10 and X (relative gap
width) = 0.5. The highest numbers of clusters from the
initial partition were selected as input for the species
validation step, as BBP (see Species validation) only
can lump groups into more inclusive species, not split
them into smaller groups; therefore, we rather risk
starting with too many species than with few input
species. However, we compare the result with the clus-
ters given using a maximum intraspecific p-distance of
7%, this value is chosen, based on the genetic distances
in the data sets, to represent a more reasonable thresh-
old between intraspecific and interspecific genetic
distances. However, as for most threshold values, it is
somewhat arbitrarily chosen. Uncorrected intra-cluster
and inter-cluster p-distances were calculated in MEGA
v6.06 (Tamura et al., 2013), missing data and gap was
excluded using pairwise deletions, for between-cluster
comparisons the minimum distances were used and
for within-cluster comparison the maximum distances
were used. The clusters were visualized on COI gene
trees estimated with maximum likelihood in PhyML
(Anisimova & Gascuel, 2006; Guindon et al., 2010) as
implemented at the South of France Bioinformatics
platform (http:/www.atgc-montpellier.fr/). The auto-
matic model selection using Smart Model Selection

with Bayesian information criterion as the selection
criterion was chosen; Subtree Pruning and Regrafting
was used for tree improvement. Branch support was
calculated with the chi-square-based approximate
likelihood ratio test (Anisimova & Gascuel, 2006) in
PhyML. The same settings were used for all three COI
analyses. The trees (Fig. 1) were drawn in FigTree
1.4.2 (Rambaut, 2014) and further edited in Adobe
Ilustrator. The variation in H3 and ITS was visualized
by haplotype networks created in PopART v1 (Leigh &
Bryant, 2015) using statistical parsimony (Templeton,
Crandall & Sing, 1992; Clement et al., 2002); sites with
missing data or gaps were masked and not included in
the networks (Fig. 2).

SPECIES VALIDATION

The two nuclear markers (H3 and ITS) were used for
the validation step and were analysed using the BPP
v.3.3 program (Yang, 2015). Including the COI data
in the validation phase would make the result more
robust. However, doing so would allow the COI data
to take over, as the COI data set matches the groups
found in the discovery phase perfectly. There is a risk
that the reasoning would be circular when the same
data are used to find and validate species; therefore,
we perform the BPP analyses with the nuclear data
only.

Joint Bayesian species delimitations and species
tree estimations were conducted, a method using the
multispecies coalescent model to compare different
arrangements of species delimitation and species phyl-
ogeny in a Bayesian framework, accounting for incom-
plete lineage sorting due to ancestral polymorphism
and gene tree-species tree conflicts (Yang & Rannala,
2010; Rannala & Yang, 2013; Yang & Rannala, 2014).
Three analyses were run for each genus, varying the
population size (6s) and divergence time (t0) priors.
The priors in the different analyses, respectively, were
the same for all genera:

In analysis A, the population size parameters (0s)
were assigned the gamma prior G(2, 400), with mean
2/400 = 0.005. The divergence time at the root of the
species tree (10) was assigned the gamma prior G(2,
200), while the other divergence time parameters were
assigned the Dirichlet prior (Yang & Rannala, 2010:
equation 2).

In analysis B, the population size parameters (0s)
were assigned the gamma prior G(2, 1000), with mean
2/1000 = 0.002. The divergence time at the root of the
species tree (t0) was assigned the gamma prior G(2,
200), while the other divergence time parameters were
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Figure 1. COI gene trees, showing clusters from ABGD
analyses. All trees are rooted using midpoint rooting. A,
Globulidrilus, all clusters represent G. riparius s.l. B,
Hemifridericia, cluster E corresponds with H. bivesicu-
lata, the other clusters represent H. parva s.l. C, Stercutus,
all clusters represent S. niveus s.l. Numbers at branches
denote branch support by the approximate likelihood ratio
test. Scale bars show estimated numbers of nucleotide sub-
stitutions per site.

assigned the Dirichlet prior (Yang & Rannala, 2010:
equation 2).

In analysis C, the population size parameters (0s)
were assigned the gamma prior G(2, 2000), with mean
2/2000 = 0.001. The divergence time at the root of the
species tree (t0) was assigned the gamma prior G(2,
200), while the other divergence time parameters were
assigned the Dirichlet prior (Yang & Rannala, 2010:
equation 2).

Each analysis was run three times to confirm con-
sistency between runs. For the species arrangements,
the 95% credibility intervals, that is the number of
arrangements with the highest PP that together makes
up 95% of the PP, were calculated. With regard to the
individual species, we considered species delimited
with a PP > 0.90 in all analyses to be well supported.
For clusters with a PP < 0.90, we used a conservative
approach and instead accepted the best-supported
more inclusive species. The PP values for the species
were mapped on the species tree with the highest PP
in the majority of analyses.

Genetic uncorrected p-distances were calculated for
H3 and ITS the same way as for COI (see Species dis-
covery), but sorted on the delimited species instead of
the initial clusters.

RESULTS

SPECIES DISCOVERY

The ABGD analyses of COI divided the Globulidrilus
data set into eight clusters, the Hemifridericia data
set into five clusters and the Stercutus data set into
nine clusters (Fig. 1A-C) using the maximum number
of clusters. Using the 7% threshold, the Globulidrilus
data set is divided into two groups, combining clus-
ters A, D and F into one group and clusters B, C, E,
G and H into another group; the Hemifridericia data
set was divided into three groups, combining groups A
and D into one group and groups B and C into another
group, and group E still being a separate group. The
Stercutus data set was divided into seven groups,
clusters A and H were combined into one group and
C and I into another group, remaining clusters were
unchanged.

The uncorrected p-distances presented here are the
maximum intra-cluster distances and the minimum
intra-cluster distances for each comparison; the values
are summarized in Supporting Information, Tables
S2—-S4. For the Globulidrilus clusters (Supporting
Information, Table S2), the largest intra-cluster p-dis-
tance was 6.1% (within cluster C), the smallest inter-
cluster p-distance was 8.5% (between clusters D and F)

© 2017 The Linnean Society of London, Zoological Journal of the Linnean Society, 2018, 183, 749762

Downl oaded from https://academ c. oup. cont zool i nnean/ articl e-abstract/ 183/ 4/ 749/ 4708253

by guest

on 04 August 2018



756 S. MARTINSSON AND C. ERSEUS

I
w
vy

Globulidrilus

Hemifridericia
% ,gm, :\’«% ‘b\i
)

M

Stercutus

ITS

coceeo0O0® .
—IeTMMUO®> éli'

Figure 2. Statistical parsimony haplotype networks. A, B, Globulidrilus. C, D, Hemifridericia. E, F, Stercutus. A, C, D, H3
networks. B, D, F, ITS networks. The size of the circles is relative to the number of sequences sharing that haplotype, the
colours correspond to COI clusters and the hatch marks correspond to substitutions.

and the largest inter-cluster p-distance was 18.3%
(between clusters D and E). For the Hemifridericia
data set (Supporting Information, Table S3), the larg-
est intra-cluster p-distance was 3.0% (within cluster
B), the smallest inter-cluster p-distance was 3.0%
(between clusters B and C) and the largest inter-clus-
ter p-distance was 15.9% (between clusters B and E).
For the Stercutus data set (Supporting Information,
Table S4), the largest intra-cluster p-distance was 1.0%
(within clusters C), the smallest inter-cluster p-dis-
tance was 3.2% (between clusters A and H) and the
largest inter-cluster p-distance was 15.7% (between
clusters B and G). The haplotype networks (Fig. 2)
showed that the specimens of most COI clusters have
unique haplotypes in both their nuclear genes (H3 and
ITS), not shared with other clusters, and that the H3/
ITS haplotypes from the same COI-based cluster are
close to each other. In a few cases, however, the H3/
ITS haplotypes are shared by two or three clusters.

Moreover, one specimen (CE24459) of H. parva cluster
B is not even found together with the other cluster B
specimens, neither in H3 nor in ITS; instead, it shares
its nuclear haplotypes with specimens from clusters A
and D (Fig. 2C, D).

SPECIES VALIDATION

The 95% credibility intervals from the BPP analyses
of Globulidrilus contain three species delimitation
arrangements in analysis A and two arrangements
in analyses B and C (Table 3). Either a seven-species
or an eight-species arrangement was preferred, the
best seven-species arrangement had a mean PP for
the three runs of each analysis of 0.58, 0.50 or 0.39 in
analyses A, B and C, respectively, whereas the eight-
species arrangement had a mean PP of 0.35, 0.47 or
0.60 in analyses A, B and C, respectively (Table 3). The
difference between the seven-species and eight-species
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Figure 3. Species trees from BPP analyses, the trees
shown are the species trees and species delimitations with
the highest PP in a majority of analyses. A, Globulidrilus.
B, Hemifridericia. C, Stercutus. Numbers at branches are
mean PP for species in analyses A, B and C, respectively.

arrangements pertains to whether clusters B and H
are united into one species or treated as two separate
species. All clusters (putative species) except B and H
were delimited with a PP > 0.90 in all analyses (Table
4).

The 95% credibility intervals from the BPP analy-
ses of Hemifridericia contain three different species
delimitation arrangements in analysis A and four
arrangements in analyses B and C (Table 3). In all
analyses, a three-species arrangement, uniting clus-
ters A and D as well as B and C, was preferred with
a mean PP of 0.64, 0.56 and 0.57 in analyses A, B and
C, respectively (Table 3). Cluster E, that is H. bivesicu-
lata, was delimited with a PP of 1 in all analyses, spe-
cies A + D was delimited with a PP > 0.90 in analyses

A and C and with a PP of 0.88 in analyses B and spe-
cies B + C had a PP of 0.67, 0.59 and 0.61 in analyses
A, B and C, respectively (Fig. 3B; Table 4).

The 95% credibility intervals from the BPP analyses
of Stercutus contain nine different species delimitation
arrangements in analysis A, six arrangements in anal-
yses B and five arrangements in analysis C (Table 3).
In all analyses, a seven-species arrangement, uniting
clusters A and H as well as clusters C and E, was pre-
ferred with a mean PP of 0.55, 0.52 or 0.54 in analyses
A, B and C, respectively (Table 3). Clusters F, G and
I were delimited with a PP > 0.95 in all analyses, and
clusters B and D were delimited with a PP > 0.90 in
analysis C; species C + E had a PP of 0.85, 0.77 and
0.74 in analyses A, B and C, respectively, and species
A + Hhad a PP 0f 0.84, 0.79 and 0.75 in analyses A, B
and C, respectively (Fig. 3C; Table 4).

For Globulidrilus, the genetic distances within the
delimited species in H3 are maximally 0.3% (in BH) and
in ITS are 0.6% (in C); the minimum distances between
species vary in H3 between 0.0 (between A, D and F) and
3.5% (between A and BH, C and F) and in ITS between
0.1 (between C and G) and 2.8% (between C and F)
(Supporting Information, Table S5). For Hemifridericia,
the genetic distances within the delimited species in
H3 are maximally 0.3% (in BC) and in ITS are 0.8% (in
BC); the minimum distances between species vary in H3
between 0.0 (between AD and BC) and 2.1% (between E
and the other species) and in ITS between 0.0 (between
AD and BC) and 2.4% (between AD and E) (Supporting
Information, Table S6). If specimen CE24459, which is
found together with different groups in the COI and the
nuclear data sets, would be excluded, there would be a
difference between species AD and BC in both data sets
(0.3% in H3 and 0.8% in ITS). For Stercutus, the max-
imum genetic distances within the delimited species in
H3 are 0.3% (in BD) and in ITS are 0.7% (in BD); the
minimum distances between species vary in H3 between
0.3 (between BD and AH, CE and F, and between CD
and I) and 2.6% (between G and I) and in ITS between
0.3 (between AH and CE) and 1.5% (between BD and G)
(Supporting Information, Table S7).

To summarize, the results of the BPP analyses sug-
gest that our data set includes at least seven species
of Globulidrilus, for the time being all attributed
to the nominal species G. riparius; three species of
Hemifridericia, whereof two are referred to as H. parva
and the third as H. bivesiculata; and at least six spe-
cies of Stercutus.

DISCUSSION

We have found that the four nominal taxa that we
included in the analyses actually represent at least 16
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Table 3. List of species delimitations and their mean posterior probability

Species delimitations PP analysis A PP analysis B PP analysis C
Globulidrilus 7(A,BH,C,D,E,F,G) 0.58 0.50 0.38
8(A,B,C,D,E, F,G, H) 0.35 0.47 0.60
6 (A,BH,C,DF, E, G) 0.04 0.02 0.01
7 (A, B,C,DF,E, G, H) 0.02 0.01 0.01
Hemifridericia 3 (AD,BC, E) 0.64 0.56 0.57
4(AD,B,C,E) 0.30 0.32 0.34
4(A,BC,D,E) 0.03 0.03 0.03
5(A,B,C,D,E) 0.02 0.03 0.02
4 (A,BD,C,E) 0.01 0.02 0.02
3 (A, BCD,E) 0.01 0.04 0.01
Stercutus TAAHBCEDFGI) 0.55 0.52 0.51
6(AHBDCEFGI) 0.12 0.07 0.05
S8(ABCEDFGHID 0.11 0.15 0.17
S8(AHBCDEFGID 0.10 0.16 0.18
7T(AHBDCEFGI 0.02 0.02 0.02
7(ABDCEFGHI) 0.02 0.02 0.02
9(ABCDEFGHI) 0.02 0.04 0.06
6(AHBCEDF GI) 0.01 0.00 0.00
6(AHBCEDGFI) 0.01 0.00 0.00
6(AHBCEDFGI) 0.01 0.00 0.00

For each analysis and genus, the PP values in bold make up the 95% credibility interval.

species, with varying support. It is reasonable to ques-
tion whether all these recognized units are species or if
they represent something else. The multispecies coales-
cent approach has been criticized for delimiting popu-
lation structure and not real species (Sukumaran &
Knowles, 2017). However, the latter authors do not
specify what they mean by ‘species’, and as so many
species concepts have been put forward in the past (see
e.g. De Queiroz, 2007), it is hard to understand what
they mean with their claims. One of the strengths of
the multispecies coalescent model is that it is based on
a well-defined concept of species being lineages that
no longer exchange genes following divergence from a
common ancestor (Toprak et al., 2016). It is possible
that some of these lineages, in the future, will merge
and hybridize to such extent that they will despeciate
(as described by Turner, 2002). It is also possible that
addition of more data, either in the form of more speci-
mens or additional markers, will lead to another result
than the one we have found in this study. Species
assignments are hypotheses and as such may change
over time, but, for the time being, the results of this
study are the best hypotheses that we have for the spe-
cies boundaries in our three genera.

The high number of species arrangements within
the 95% credibility intervals, especially for Stercutus
(see Table 2), as well as the low support for some of the
delimited species (Table 3) are probably due to a lack of
phylogenetic signal in our nuclear data, and it is possible

that including more variable loci would give better sup-
port for some species. However, in other studies, BPP
has successfully been used with an amount of data simi-
lar to what we have herein (e.g. Hambéck et al., 2013;
Parmakelis et al., 2013; Fossen et al., 2016; Martinsson,
Rhodén & Erséus, 2017b). When using a higher, fixed
threshold (7%) in the species discovery part the clusters
changes, for Hemifridericia, the resulting clusters were
the same as the delimited species, whereas for the other
genera, it gave a different result, for Globulidrilus, a
7% threshold only gave two clusters, and interestingly,
these two groups can be seen in the nuclear data as
well, where there is a larger distance between groups
ADF and BCEH than within the groups, nevertheless
the BPP analyses gave strong support for at least seven
species. For Stercutus, a 7% threshold gave mainly the
same result as using the highest number of cluster, with
the exception that it united clusters A and H as well as
clusters C and I, and AD was found to be one species in
the BPP analyses, but there is no support for combining
C and I, instead C and E are found in the same species.
This highlights the problem of using strict thresholds
for single loci in species delimitation, even if it still can
be a useful rule of thumb.

Of the nominal taxa in focus in this study, G. ripar-
ius has already been suggested to be a species complex
based on morphological observations (Christensen &
Doézsa-Farkas, 2012), and for S. niveus, morphological
variation has been observed as well (Rota, 1995). In
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Table 4. List of delimited species and their mean posterior probabilities

Species PP analysis A PP analysis B PP analysis C
Globulidrilus G 1.00 1.00 1.00
C 1.00 1.00 1.00
E 1.00 1.00 1.00
A 0.99 1.00 1.00
F 0.94 0.97 0.98
D 0.94 0.97 0.98
BH 0.62 0.51 0.39
H 0.38 0.49 0.61
B 0.38 0.49 0.61
DF 0.06 0.03 0.02
Hemifridericia E 1.00 1.00 1.00
AD 0.93 0.88 0.91
BC 0.67 0.59 0.61
C 0.32 0.37 0.38
B 0.32 0.35 0.36
A 0.07 0.12 0.09
D 0.05 0.06 0.06
BD 0.01 0.02 0.02
BCD 0.01 0.04 0.01
CD 0.00 0.00 0.00
Stercutus I 0.99 1.00 1.00
G 0.97 0.99 1.00
F 0.96 0.99 1.00
CE 0.85 0.77 0.74
AH 0.84 0.79 0.75
B 0.82 0.88 0.92
D 0.80 0.87 0.91
A 0.16 0.21 0.25
H 0.16 0.21 0.25
BD 0.17 0.12 0.08
E 0.15 0.23 0.26
C 0.15 0.23 0.26
DF 0.02 0.01 0.00
FG 0.01 0.00 0.00
DG 0.01 0.00 0.00

PP > 0.90 are marked in bold. Accepted species are also marked in bold; note, for example, that although the two Stercutus clusters B and D have PP
values between 0.80 and 0.92 in all analyses, the more conservative alternative of merging them into a single species (BD) is preferred.

H. parva, there is no notion of morphological vari-
ation, at least not in Europe. However, a description
of this alleged species from China (Wang, Xie & Liang,
1999) differs from the description of material from
Europe (e.g. Nielsen & Christensen, 1959) in detail
about the septal glands; it could very well represent
a different species. The odd specimen of H. parva
(CE24459), which was found together with specimens
of different clusters in the mitochondrial (cluster B)
and nuclear data (in clusters A and D) sets, could be
a case of hybridization and mitochondrial introgres-
sion between the two H. parva species. Hybridization
has been reported between cryptic earthworm spe-
cies (Dupont et al., 2016; Martinsson & Erséus, 2017).

At the locality where the specimen corresponding to
CE24459 was found, there was also a specimen of
cluster A (C.E., unpubl. data). In the material used in
our present work, we had co-occurrence of more than
one cluster at the same location in all species (see
Table 1). In Globulidrilus, clusters A, C and F, clus-
ters A and D, clusters B and H and clusters C and
G are found together. In Hemifridericia, A and C are
found together, and in Stercutus, F and H are found
together. Despite this co-occurrence, only one case of
mismatch between mitochondrial and nuclear mark-
ers is observed, indicating that reproductive barriers
between the delimited species exist. It is worth noting
that our two lineages of H. parva are found in Hungary
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as well as in Scandinavia and they are probably well
spread in Europe.

To summarize, we found high genetic diversity in
the studied enchytraeid groups, compared to the pre-
viously recognized four species. We suggest that these
three genera comprise at least 16 species. The delim-
ited species are not formally revised, described and
named here, mainly due to the combination of low
support for some of them and lack of mature speci-
mens of many of them, which makes morphological
comparisons and good-quality descriptions difficult.
However, it is likely that some of these species are
truly cryptic and that it will be impossible to identify
them based on morphology. Nevertheless, this study
is a first step towards understanding the species
diversity of these groups, and hopefully, more mater-
ial suitable for morphological studies will be collected
in the future.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the online version of this article at the publisher’s web-site:

Table S1. Primers, sequences and PCR programs used for amplification of the mitochondrial COI and nuclear

ITS and H3.

Table S2. Uncorrected pairwise COI distances for Globulidrilus riparius, the values shown are the minimum
values for the inter-cluster comparisons and the maximum for the intra-cluster comparisons. All distances are

expressed as percents.

© 2017 The Linnean Society of London, Zoological Journal of the Linnean Society, 2018, 183, 749-762

Downl oaded from https://academ c. oup. cont zool i nnean/ articl e-abstract/ 183/ 4/ 749/ 4708253

by guest

on 04 August 2018


http://tree.bio.ed.ac.uk/software/figtree/
http://tree.bio.ed.ac.uk/software/figtree/

762 S. MARTINSSON AND C. ERSEUS

Table S3. Uncorrected pairwise COI distances for Hemifridericia, the values shown are the minimum values for
the inter-cluster comparisons and the maximum for the intra-cluster comparisons. Clusters A—D represent H.
parva and cluster E, H. bivesiculata. All distances are expressed as percents.

Table S4. Uncorrected pairwise COI distances for Stercutus niveus, the values shown are the minimum values
for the inter-cluster comparisons and the maximum for the intra-cluster comparisons. All distances are expressed
as percents.

Table S5. Uncorrected pairwise H3 and ITS distances for Globulidrilus riparius, the values shown are the mini-
mum values for the inter-cluster comparisons and the maximum for the intra-cluster comparisons. All distances
are expressed as percents. The H3 distances are at the lower left side, and the ITS distances are at the upper
right side.

Table S6. Uncorrected pairwise H3 and ITS distances for Hemifridericia, the values shown are the minimum
values for the inter-cluster comparisons and the maximum for the intra-cluster comparisons. All distances are
expressed as percents. The H3 distances are at the lower left side, and the ITS distances are at the upper right
side. Clusters A-D represent H. parva and cluster E, H. bivesiculata. All distances are expressed as percents.
Table S7. Uncorrected pairwise H3 and ITS distances for Stercutus niveus, the values shown are the mini-
mum values for the inter-cluster comparisons and the maximum for the intra-cluster comparisons. All dis-
tances are expressed as percents. The H3 distances are at the lower left side, and the ITS distances are at the
upper right side.
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