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Abstract

Lampetra soljani, new species, is described from the lower Neretva River in the Adriatic Sea basin. Previously it was iden-
tified as L. zanandreai. Based on morphological similarity and mitochondrial genetic data, it is related to L. lanceolata
and L. ninae from the Black Sea basin. Lampetra soljani is distinguished from all other species of Lampetra by having a
marmorate flank pattern in live, fully grown ammocoetes, and in some adults (vs. plain colour pattern). Lampetra soljani
is distinguished from other Lampetra species by having three velar tentacles, 54—57 trunk myomeres between the last
branchial opening and the anus, no posterial teeth and a bicuspid middle endolateral tooth. Lampetra soljani is also well
distinguished by COI barcode data from its congeners. The new species is widespread in the Neretva River drainage and
lampreys from Lake Skadar basin are likely to belong to this species also.

Key words: Freshwater biodiversity, Mediterranean basin, Dinaric Biodiversity Hotspot

Introduction

Lampreys are a small group of jawless vertebrates mostly distributed in the northern Hemisphere (Renaud 2011).
In the Western Palaearctic, five genera are recognised: Caspiomyzon, Eudontomyzon, Lampetra, Lethenteron and
Petromyzon. Except Petromyzon, all these genera consist of species complexes including one predatory species
feeding as adult and several so-called brook lampreys, not feeding as adult (Hol¢ik 1986; Kottelat & Freyhof 2007;
Lang et al. 2009; Renaud 2011). In the genus Lampetra, traditionally three species have been recognised (Hol¢ik
1986; Renaud 2011) in the Western Palaearctic. These are the widespread, predatory L. fluviatilis, the widespread
brook lamprey L. planeri and the poorly known brook lamprey L. lanceolata from northern Anatolia. Lang et al.
(2009) presented a global phylogeny of lampreys and their data suggest that the genus Lampetra might be restricted
to the Western Palaearctic. They place the American Lampetra aepyptera in the genus Okkelbergia and exclude the
American L. ayresii as well as L. richardsoni from Lampetra without providing a new generic assignment. In
addition, several studies tried to explain the species diversity in Lampetra using molecular data, not least to answer
the question whether the independent occurrence of predatory and non-predatory lampreys and their recognition as
separate species is supported by their nucleotides, or if the two constitute different life-history strategies of a single,
but phenotypically highly bipolar species. Analysing two mitochondrial markers from a geographically broad set of
Central and Southwest European Lampetra populations, Espanhol et al. (2007) documented mitochondrial non-
monophyly in the widespread Central European species L. planeri against L. fluviatilis, but could not clarify if this
is due to ongoing gene flow or incomplete lineage sorting. Furthermore they documented the existence of two
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genetically highly diverse lineages of Lampetra on the Iberian Peninsula, but could not draw conclusions about
their taxonomic status due to the lack of adult specimens. Pereira er al. (2010) focused their analysis of the
mitochondrial control region on L. planeri from Portugal and suggested to treat four populations as conservation
units. Consequently, Mateus et al. (2013a) described three new brook lampreys in the genus Lampetra from
Portugal, virtually based only on diagnostic nucleotide substitutions and differing from L. planeri in the
mitochondrial cytochrome b sequence by a minimum of 0.3% (L. auremensis), 0.4% (L. alavariensis), and 0.8%
(L. lusitanica) K2P distance. The distribution areas of L. auremensis and L. alavariensis are nested within the range
of L. planeri in Portugal.

Another new species of brook lampreys was described by Naseka ef al. (2009) as Lethenteron ninae, from
streams in the eastern Black Sea basin. This species was placed in the genus Lethenteron due the presence of a
bicuspid middle endolateral tooth (bicuspid in Lethenteron vs. usually tricuspid in Lampetra) and the presence of
posterial teeth (posterials present in Lethenteron vs. absent in Lampetra). Lang et al. (2009) already included L.
ninae (as L. lanceolata) in their phylogenetic study and found it to be nested within Lampetra, a view also recently
supported by Tuniyev et al. (2016). Furthermore, Naseka & Diripasko (2008) found an individual of a migratory
lamprey species in the Sea of Azov, which they identified as a species of Lampetra. This is likely to be the species
discussed in detail by Kottelat & Freyhof (2009) and called Eudontomyzon sp. “Migratory” by Kottelat & Freyhof
(2007). Kottelat & Freyhof (2007) suspected that this species might be extinct. Due to the political unrest in
Eastern Ukraine, no new data could be collected on this very rare lamprey and no molecular data are available of
this species. The migratory Lampetra species from the Sea of Azov is likely to be related to L. lanceolata and L.
ninae. It might even be speculated, that it is the predatory species of another, so far unknown, complex of one
predatory species (L. sp. “Migratory”) and two resident lampreys (L. lanceolata, L. ninae).

In their phylogenetic study, Lang et al. (2009) also studied Lethenteron zanandreai from the Adriatic basin,
finding it to be a species of Lampetra, a view accepted by Kottelat & Freyhof (2007). Hol¢ik placed L. zanandreai
in Lethenteron in a footnote in the species chapter written by Bianco (1986: 238). This assignment was based on
the presence of a single, incomplete row of posterials with up to 20 teeth in most individuals (Hubbs & Potter
(1971) (vs. posterials absent in Lampetra) and a usually bicuspid middle endolateral tooth (vs. usually tricuspid in
Lampetra). Lampetra zanandreai is a brook lamprey widely distributed in headwater streams in the northern and
western Adriatic basin. Interestingly, Hol¢ik & Mrakov¢i¢ (1997) and Kottelat & Freyhof (2007) considered L.
zanandreai to have two disjunctive distribution areas: one in streams of the Italian and Slovenian side of the
Adriatic basin and a second, smaller area in the headwaters of the Neretva and Moraca drainages in Croatia,
Bosnia-Herzegovina and Montenegro. Geiger et al. (2014) included for the first time samples of populations from
both areas in a molecular study and found them to be distinguished by 2.5% K2P (Kimura 2-parameter) divergence
in the COI barcoding sequence.

Here we present molecular data from all Lampetra species including both population groups of L. zanandreai
as well as L. lanceolata and L. ninae from the Asian Black Sea basin. It is the aim of this study to analyse the
lamprey populations of the rivers Neretva and Moraca, providing morphological and genetic data which allow for a
comparison with other Lampetra species.

Material and methods

After anaesthesia in water with few drops of clove oil, all lampreys were preserved in 5% formaldehyde and stored
in 70% ethanol or preserved in pure ethanol. Measurements were made with dial caliper and recorded to 0.1 mm.
All measurements are made point to point, never by projections. Methods for counts and measurements follow
Naseka et al. (2009). The holotype is included in the calculation of means and SD.

Abbreviations used: TL, total length; K2P, Kimura 2-parameter. Collection codes: FSJF, Fischsammlung J.
Freyhof, Berlin; ZFMK-ICH, Zoological Research Museum Alexander Koenig Ichthyology Collection, Bonn.
Authors of species names are listed in Table 1. No material of Lampetra alavariensis was available to us for
morphological analysis and we base our results on Mateus et al. (2013a). Only limited materials was available of L.
ninae and L. zanandreai and data are based on Tuniyev ef al. (2016), Hubbs & Potter (1971) and Bianco (1986). No
preserved adult lampreys from the Moraca River drainage were available to this study. Genomic DNA was
extracted from muscle tissue using Macherey & Nagel NucleoSpin® Tissue kits following the manufacturer’s
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protocol on an Eppendorf EpMotion® pipetting-roboter with vacuum manifold. The standard vertebrate DNA
barcode region of the COI (cytochrome c oxidase subunit 1) was amplified using a M13 tailed primer cocktail
including FishF2 t1 (5’TGTAAAACGACGGCCAGTCGACTAATCATAAAGATATCGGCAC), FishR2 tl
5’CAGGAAACAGCTATGACACTTCAGGGTGACCGAAGAATCAGAA), VF2 t1 (5TGTAAAACGACGG-
CCAGTCAACCAACCACAAAGACATTGGCAC) and FR1d tl (5°CAGGAAACAGCTATGACACCTCAGG-
GTGTCCGAARAAYCARAA) (Ivanova et al. 2007). PCR were performed using Qiagen Multiplex ® taq as
follows: 15min at 95°C; 10 cycles of 35s at 94°C, 90s at 52-49°C (‘touch-down’) and 90s at 72°C followed by 25
cycles of 35s at 94°C, 90s at 55°C and 90s at 72°C with final elongation for 10min at 72°C and hold at 10°C.
Sequencing of the ExoSAP-IT (USB) purified PCR product in both directions was conducted at Macrogen Europe
Laboratories with forward sequencing primer M13F (5’GTAAAACGACGGCCAGT) and reverse sequencing
primer M13R-pUC (5’CAGGAAACAGCTATGAC).

TABLE 1. Species names mentioned in this study, and their authors

Lampetra aepyptera (Abbott 1860)

Lampetra alavariensis Mateus, Alves, Quintella & Almeida, 2013
Lampetra auremensis Mateus, Alves, Quintella & Almeida, 2013
Lampetra ayresii (Giinther 1870)

Lampetra fluviatilis (Linnaeus, 1758)

Lampetra lanceolata Kux & Steiner, 1972

Lampetra lusitanica Mateus, Alves, Quintella & Almeida, 2013
Lampetra ninae (Naseka, Tuniyev & Renaud 2009)

Lampetra planeri (Bloch, 1784)

Lampetra richardsoni Vladykov & Follett 1965

Lampetra zanandreai Vladykov, 1955

Molecular data analysis. In addition to the newly generated DNA barcodes we included 113 DNA sequences
from NCBI GenBank analysed in Geiger ef al. (2014) and Knebelsberger et al. (2014), but also from the project
‘Russian Freshwater Fishes’ (EEFF) on the Barcode of Life Data Systems platform (BOLD). Data processing and
sequence assembly was done with the software Geneious Pro (Biomatters 2013) and the Muscle algorithm (Edgar
2004) used to align the DNA barcodes after manually screening for unexpected indels or stop codons. Modeltest
(Posada & Crandall 1998) implemented in the MEGA 6 software (Tamura et al. 2013) was used to determine the
most appropriate sequence evolution model for the given data, removing missing data with the complete deletion
option. The model with the lowest BIC scores (Bayesian Information Criterion) is considered to best describe the
substitution pattern. According to Modeltest, the Tamura 3-parameter model (Tamura 1992) accounting for
differences between transitions and transversions with discrete Gamma distribution best explained the multiple
sequence alignment, and was used to model the evolutionary rate differences among sites [5 categories (+G,
parameter = 0.3409)]. We generated neighbour-joining (Saitou & Nei 1987), maximum parsimony (Swofford 2002,
with PAUP4b) and maximum likelihood phylogenetic trees with 1000 bootstrap replicates to explore phylogenetic
affinities of the mitochondrial lineages. The Species Delimitation Plugin (Masters et al. 2011) for Geneious Pro
(Biomatters 2013) was used for summarizing measures of genetic distances and screening for diagnostic nucleotide
substitutions was performed manually from the resulting sequence alignment. To better visualize the revealed
haplotype distribution and variation, but also to detect alternative reticulate relationships, all COI haplotypes were
used to create a median-joining network (Bandelt ef al. 1999) with PopART (version 1.7 (Leigh et al. 2015).

Results

We analysed COI barcode sequences for a total of 129 individuals of all Western Palearctic species of the genus
Lampetra. As outgroup we include three individuals of Petromyzon marinus (GenBank accessions: HM902177,
HM902179, HM902180). The estimation of the mitochondrial relationships based on the COI barcode region
places the sequenced nine Lampetra species into five major groups (Fig. 1). The nine species show between 0% (L.
fluviatilis to L. planeri) and 3.2% (L. lusitanica to L. ninae) minimum K2P sequence divergence. The species
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Lampetra fluviatilis: Lampetra planeri:

Baltic: Russia (7) Asturias: Spain (3)

Baltic: Sweden (2) Baltic: Lithuania (1), Sweden (2)

Minija: Lithuania (3) Danube: Austria (2), Germany (2)
58-62-60 @l Neva: Russia (3) Daugava: Latvia (1)

Rhine: Germany (19) Elbe: Czech Republic (9), Germany (2)
Odra: Czech Republic (5)
Rhine: Germany (13)
78-/-/ Siur: Ireland (2) / Tiber: Italy (9)
— San Pedro (2), Douro (2), Mondego (2), Tagus (3): Portugal
— Lampetra auremensis Nabao Portugal KJ554063
Lampetra alavariensis Vouga Portugal KJ553926
Lampetra planeri Asturias Spain KY849787
85-97-/ Lampetra planeri Asturias Spain KJ553673
Lampetra planeri Douro Portugal KJ56563829
Lampetra planeri San Pedro Portugal KJ553903
Lampetra planeri San Pedro Portugal KJ553920
Lampetra lusitanica Sado Portugal KJ554050
Lampetra lusitanica Sado Portugal KJ553927
Lampetra lusitanica Sado Portugal KJ553857
Lampetra lusitanica Sado Portugal KJ553702
Lampetra lusitanica Sado Portugal KJ554076
Lampetra lusitanica Sado Portugal KU554026
Lampetra zanandreai Po Italy KJ553977
Lampetra zanandreai Po ltaly KJ553930
100-100-100| ; ampetra zanandreai Po Italy KJ553679
Lampetra zanandreai Po Italy KJ5564015
Lampetra zanandreai Po Italy KU5653721
Lampetra zanandreai Po ltaly KJ5563744
Lampetra soljani Skadar Montenegro KJ553756
97-93-93 Lampetra soljani Skadar Montenegro KJ553874
— Lampetra soljani Skadar Montenegro KJ554074
63-67| 9279495 Lampetra soljani Skadar Montenegro KJ553819
Lampetra soljani Neretva BiH KJ553665
Lampetra soljani Neretva BiH KJ553778
94-77-8 Lampetra soljani Neretva BiH KJ553990
— Lampetra ninae Mokva Georgia EEFF185-09
Lampetra ninae Mokva Georgia EEFF340-10
87-81-74 - Lampetra lanceolata Sapanca Turkey KJ554056
Lampetra lanceolata Sapanca Turkey KJ554004
— Lampetra lanceolata lyidere Turkey KY849782
— Lampetra ninae Black Sea Georgia EEFF184-09
Lampetra ninae Mokva Georgia EEFF186-09
94-93-92 Lampetra ninae Mokva Georgia EEFF188-09
Lampetra ninae Mokva Georgia EEFF187-09
Lampetra lanceolata lyidere Turkey KY849783
Lampetra ninae Black Sea Georgia EEFF153-09
Lampetra ninae Kintrishi Georgia KY849784
87.86-90 | Lampetra ninae Kintrishi Georgia KY849785
0.01 Lampetra ninae Natanebi Georgia KY849786
: - Petromyzon marinus RhineGermany FBPIS179
| Petromyzon marinus RhineGermany FBPIS177
Petromyzon marinus RhineGermany FBPIS180

99-99-97

FIGURE 1. Maximum likelihood estimation of the phylogenetic relationships based on the mitochondrial COI barcode region
(Tamura 3-parameter model, discrete Gamma distribution for rate differences with 5 categories +G parameter = 0.3409).
Nucleotide positions with less than 100% site coverage were eliminated resulting in 652 analysed positions. Numbers of major
nodes indicate bootstrap values from 1000 pseudoreplicates from the ML, NJ and MP method. The tree is drawn to scale
(except to outgroup), with branch lengths measured in number of substitutions per site.
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FIGURE 2. Median-joining network of the COI haplotypes. Circle size corresponds to sample size; one bar indicates an
additional mutational step. Small black circles represent median vectors, i .e., hypothetical, reconstructed haplotypes.

unambiguously recovered in the COI dataset as monophyletic units with high support are L. lusitanica, L. soljani
and L. zanandreai. Lampetra alavariensis, L. auremensis, L. fluviatilis and L. planeri form one group of very
closely related populations, which could not be resolved by the molecular marker applied. As depicted also in the
haplotype network (Fig. 2) L. lanceolata and L. ninae form one group of haplotypes rather than two distinct clades,
which could not be resolved unambiguously. The haplotype network reveals on the other hand that the COI
haplotype of the single L. auremensis included can be distinguished from all other lampreys (Fig. 2). Lampetra
zanandreai and L. soljani are distinguished by 2.5% K2P sequence divergence. Lampetra soljani turned out to be
more closely related to L. lanceolata and L. ninae than to L. zanandreai. Lampetra soljani is described here as a
new species. Lampetra soljani is related to L. lanceolata and L. ninae (Fig. 1-2). It is distinguished from L.
lanceolata and L. ninae by 1.6% minimum K2P sequence divergence.
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Lampetra soljani, new species
(Figs. 3-7)

Holotype. ZFMK-ICH 103666, 109 mm TL; Bosnia and Herzegovina: side-arm of Neretva River east of Capljina,
43.106458 17.709536; P. Tutman, 16-17 Jan. 2015.

Paratypes. FSJF 3650, 12, 105-126 mm TL; same data as holotype.—FSJF 1037, 1, 111.3 mm TL; Bosnia
and Herzegovina: lowermost stream Bregava north of Klepci, 43.052808 17.698089.—FSJF 2184, 1, 110 mm TL;
Croatia: uppermost stream Norin at Prud, 43.095157 17,619551.

FIGURE 3. Lampetra soljani, from the top, ZFMK-ICH 103666, holotype, 109 mm TL; FSJF 3650, paratypes, 104 mm TL,
102 mm TL, 117 mm TL; Bosnia and Herzegovina: side-arm of Neretva River east of Capljina; 16—17 Jan. 2015.

'b '..'°~-

FIGURE 4. Lampetra soljani, FSJF 3650, paratypes, pre-spawning adults, from the top, 124 mm TL, 128 mm TL; Bosnia and
Herzegovina: side-arm of Neretva River east of Capljina; 16—17 Jan. 2015.

FIGURE 5. Lampetra soljani, FSJF 2184, paratype, freshly metamorphosed adult, 110 mm TL, Croatia: Norin at Konoba
Vrilo; 21 Sept. 2006.
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FIGURE 6. Lampetra soljani, FSIF 1037, paratype, post-spawning adult, 111 mm TL, Bosnia-Herzegovina: Bregava north of
Klepci; 12 May 2003.

FIGURE 7. Lampetra soljani, not preserved, ammocoetes, about 130 mm TL; Bosnia and Herzegovina: side-arm of Neretva
River east of Capljina; 17 Sep. 2014..

Diagnosis. Lampetra soljani is distinguished from all other species of Lampetra species by having a
marmorate flank pattern in live, fully grown ammocoetes, and in some adults (vs. plain colour pattern). It is further
distinguished by a combination of characters. Lampetra soljani is most similar to L. lanceolata and L. ninae and is
distinguished from these two species by having three velar tentacles (vs. 5 in L. lanceolata, 5-7 in L. ninae), no
posterial teeth (vs. rarely absent, usually a single incomplete row with up to 23 teeth in L. ninae) and less trunk
myomeres (trunk myomeres between last branchial opening and anus 54-57 vs. 57-64 in L. lanceolata, 5761 in L.
ninae; trunk myomeres between last branchial opening and first dorsal fin origin 28-32 vs. 32-36 in L. lanceolata,
32-35 in L. ninae; trunk myomeres between last branchial opening and second dorsal-fin origin 42—46 vs. 46-50 in
L. lanceolata, 4549 in L. ninae).

Lampetra soljani is further distinguished from L. zanandreai by lacking posterial teeth (vs. usually present,
very rarely absent). Lampetra zanandreai has a single row of posterials with up to 20 teeth but there are also
individuals without posterial teeth (Hubbs & Potter 1971).

Lampetra soljani is distinguished from L. fluviatilis and L. planeri by having a bicuspid middle endolateral
tooth (vs. almost always tricuspid) and the infraoral lamina with 5 teeth (vs. usually 7-9, very rarely 5-6). The
Portuguese species L. alavariensis, L. auremensis and L. lusitanica often, but not always, have a bicuspid middle
endolateral tooth. Lampetra soljani is distinguished from L. alavariensis, L. auremensis and L. lusitanica by having
54-57 trunk myomeres between the last branchial opening and the anus (vs. 57-63). Lampetra fluviatilis has 58—69
trunk myomeres (n= 883 from more than 14 sites; Hardisty 1986a) and L. planeri has 54-69 trunk myomeres
(n=2385 from 18 sites; Hardisty 1986b). However, 54 and 56 are minimum values of ammocoetes just from one
site each and usually, the number of trunk myomeres ranges from 57—67 (mean 60—62)

Description. For general appearance see Figs. 3—7. Morphometric data of pre-spawning adults are provided in
Table 2. Oral discs are shown in Fig. 8. Trunk myomeres between last branchial opening and anus 5457 (mode
55), between last branchial opening and origin of first dorsal-fin 28-32 (mode 28) and between last branchial
opening and origin of second dorsal fin 42—46 (mode 43). Caudal fin spade like. Transverse lingual lamina not fully
developed in individuals examined, with 0—4 (mode 2) unicuspid teeth on each side and one enlarged central tooth.
In 14 individuals examined for this character, four without teeth on transverse lingual lamina and usually, there are
2-3 lateral teeth, 4 on one side in one individual. Longitudinal lingual laminae straight, each with 4—6 unicuspid
teeth, no teeth seen in 12 out of 14 individuals examined. Supraoral lamina with two unicuspid teeth separated by a
toothless bridge. Infraoral lamina with 5 teeth, outer two teeth bicuspid, inner three teeth unicuspid. Three bicuspid
endolaterals on both sides of oral disc. Anterials in 1-2 rows, usually 1 row, inner row with 4-7 (mode 5 teeth)
unicuspid teeth. Exolateral and posterial teeth absent. Three velar tentacles (n=6), middle one shorter than adjacent
lateral tentacles, with tubercles on dorsal surface, without wings.
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TABLE 2. Morphometric data of L. soljani (holotype ZFMK-ICH 103666, paratypes FSJF 3650; n=10). The
calculations include the holotype.

holotype holotype & paratypes

Total length mean range SD
In percent of total length

Prebranchial length 11.0 10.6 10.1 114 0.5
Branchial length 10.5 10.5 9.9 11.4 0.4
Interbranchial opening length 1.2 1.7 1.4 2.0 0.2
Branchial depth 6.3 6.1 5.6 6.6 0.3
Disc length 5.0 4.7 43 52 0.3
Eye length 1.8 1.9 1.6 2.0 0.1
Interocular width 3.5 34 2.7 4.1 0.4
Snout length 6.3 6.2 5.5 6.7 0.3
Postocular length 3.1 3.0 2.7 33 0.2
Prenostril length 4.7 4.8 44 5.1 0.3
Trunk length 50.6 51.2 50.3 522 0.6
Trunk depth 6.5 6.0 5.5 6.7 0.4
Tail length 28.5 28.2 25.9 30.1 1.3
First dorsal-fin length 13.5 13.6 12.0 18.3 1.8
First dorsal-fin depth 2.5 1.8 14 2.7 0.4
Second dorsal-fin length 25.0 26.1 23.5 27.8 1.5
Second dorsal-fin depth 4.0 3.2 2.5 3.8 0.4
Caudal-fin length 11.0 9.7 82 10.4 0.7
Maximum caudal-fin depth 5.6 5.0 4.5 5.8 0.4
Tail depth at junction of second dorsal and caudal fins 3.1 2.9 2.7 3.3 0.2
Tail depth at maximum caudal-fin depth 1.5 1.3 1.0 1.8 0.2

e i 3 e i S £

FIGURE 8. Lampetra soljani, FSJF 3650, paratypes, about 120 mm TL; Bosnia and Herzegovina: side-arm of Neretva River
east of Capljina; 16—17 Jan. 2015.

Coloration. Ammocoetes (Fig. 7) are brownish along back with lighter undersides and a marmorate pattern on
flank. Tail dark brown. Fins hyaline or pale yellowish-brown. Area around gill openings as well as in front of them
reddish from blood vessels. Adults with brown back and upper flank, marmorate in some individuals, belly and
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lower flank silvery, yellowish in preserved individuals. All fins yellowish. A dark grey blotch near apex of second
dorsal fin in some individuals (Figs. 3-5). Lateral-line neuromasts unpigmented on ventral surface and in
prebranchial region.

Distribution. Lampetra soljani is only known from the Neretva drainage in Croatia and Bosnia and
Herzegovina. Lamprey from the Moraca River drainage including Zeta River are preliminary identified as L.
soljani based on molecular characters. The Moraca River flows to Lake Skadar in Montenegro. The actually known
distribution area is shown in Fig. 9 based on records listed in Table 3.
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FIGURE 9. Records of L. soljani. Numbers correspond to locality data given in Table 3.

Habitat and biology. Ammocoetes are found in silt, muddy or fine sandy-muddy sediment in river sections
with slow or no current, in shallows at banks or backwaters at water depth of about 10-50 cm. Adults and
ammocoetes are commonly caught together. First post-metamorphosis individual was found in September (FSJF
2184).

Etymology. Named in honour of Tonko Soljan (1907—1980) in appreciation of his contribution to the
knowledge and development of ichthyology in Croatia and Bosnia and Herzegovina.

Remarks. Lampreys from the Mora¢a River drainage are identified as L. soljani based on the presented
molecular characters. No adult individuals were available to us to test, if these agree with the diagnostic characters
given here. Therefore, the identification is preliminary and should be tested in the future, when well-preserved
adults become available.

Posterial teeth are often deeply embedded in brook lampreys and we were unable to x-ray the mental disc in L.
soljani. Due to the availability of so few adult individuals, we also did not apply any clearing and staining methods.
Therefore, we cannot full exclude, that deeply embedded posterials, not visible externally, might be present.

Lampreys are still a challenge for taxonomists and a good example for cryptic species exhibiting only few
characters that can be reliably measured or counted (no fin rays, no scales, no ossified structures). Furthermore,
lampreys show strong allometric growth after metamorphosis (Krappe 2004; see also differences in size and shape
of body and fins in Fig. 5+6) limiting morphometric studies to individuals in exactly the same phase of life. Krappe
(2004) report growth of the disk and shrinkage of the body and tail between 5-15% after metamorphosis for
different body proportions in L. planeri. Therefore, the traditional taxonomy in lampreys is mainly based on their
dentition and the number of myomeres. Given that brook lampreys do not feed as adults, and hypothesized that
they would use their teeth similarly to their predatory congeners, it can be speculated that the variation in tooth
formulae and dentition might be a result of relaxed selection pressure. However, this hypothesis deserves a
thorough testing and is far beyond the aims of our study. All brook lampreys have less and smaller teeth compared
to their predatory congeners (Renaud 2011; Kottelat & Freyhof 2007). Potentially, all non-feeding species of
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Lampetra are satellite species of L. fluviatilis and have been isolated at different time periods from this predatory
lamprey. It is likely, that all brook lampreys reduce the teeth and the degree of reduction might be related to the
time, brook lamprey species or populations are isolated from their predatory congeners.

TABLE 3. Findings of L. soljani. The locality numbers correspond to numbers in Fig. 9.

Nr.  Country Drainage  Locality Coordinates Source

1 Croatia Neretva Matica east of Vrgorac 43.20559 Hol¢ik & Mrakov¢ié
17.39631 1997

2 Croatia Neretva ~ Matica south of Dusina 43.16667 Mrakov¢ié et al. 1996
17.41667

3 Croatia Neretva Norin at Prud 43.095157 this study
17.619551

4 Croatia Neretva ~ Neretva at Metkovi¢ 43.054247 Mrakov¢i¢ et al. 1996
17.637509

5 Bosnia and Herzegovina  Neretva Trebizat near waterfall Kravice 43.16886 this study
17.55651

6 Bosnia and Herzegovina Neretva  Neretva east of Surmanci 43.15725 this study
17.74554

7 Bosnia and Herzegovina  Neretva Neretva in Capljina 43.106458 this study
17.709536

8 Bosnia and Herzegovina Neretva  lowermost Krupa 43.052808 this study
17.698089

9 Bosnia and Herzegovina  Neretva lower Bregava at old bridge 43.10023 this study
17.72392

10 Bosnia and Herzegovina Neretva Lake Orah, Hutovo Blato wetland  43.04731 Tutman et al. 2009
17.80008

11 Bosnia and Herzegovina Neretva Lake Deran, Hutovo Blato wetland  43.04988 Tutman et al. 2009
17.81880

12 Montenegro Moraca Zeta south of Glava Zete 42.6582465 Bohlen et al. 2003
19.0021506

13 Montenegro Moraca Zeta south of Glava Zete 42.65111 Sanda et al. 2005
19.00722

14  Montenegro Moraca Zeta in Danilovgrad 42.55667 Sanda e al. 2005
19.10972

15  Montenegro Moraca Moraca in Golubovci 42.31528 Sanda et al. 2005
19.20111

16  Montenegro Moraca Moraca west of Bijelo Polje 42.310167 Geiger et al. 2014
19.198778

17  Montenegro Moraca Moraca delta 42.25898 Sorié 1998
19.14171

With regard to the paucity of morphological characters compared to bony fishes, the inclusion of molecular
genetic characters into standard taxonomic works in lampreys is of great value. A comprehensive, genome wide
comparison of a predatory/non-feeding species pair from the same location (L. fluviatilis with L. planeri) revealed
strong genetic differentiation, despite the existence of shared mitochondrial haplotypes in these two particular
populations (Mateus ef al. 2013b). In line with these findings, Rougemont et al. recently (2017) used RAD
sequencing for a genome wide screening of SNP in nine different population species pairs in France and
demonstrated again a strong genomic differentiation between the two species, but also showed levels of ongoing
gene flow to correlate with geographic connectivity. All known brook lampreys included herein show differences
in their mitochondrial DNA sequences between them (COI - this study; control region — Pereira et al. 2010; cytB —
Mateus et al. 2013a), but no study exists that included the potential predatory sister taxon of the Eastern European
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species, so we do not know if the genome wide strong differentiation documented in Mateus et al. (2013b) and
Rougemont et al. (2017) is the rule or an exception. Interestingly, while our samples of L. soljani show only a
single, potentially diagnostic nucleotide substitution (position 460 C vs T) in their DNA barcode region, the four
individuals analysed from the Moraca River drainage exhibit two additional diagnostic positions, which are unique
among all included specimens and can be perceived in the haplotype network (Fig. 2).

Comparative material

Lampetra auremensis: FSJF 3658, 10, 85-108 mm TL; Portugal: Nabo river in Retiro, 39°42°N 8°36’W.

Lampetra fluviatilis: FSJF 205, 1, 94 mm TL; Germany: Sieg River at Eitorf, 50°47'N 7°27'E.—FSIJF 604, 15, 93—
124 mm TL; Germany: Rhine at Miihlheim-K#hrlich, 50.411244 7.485250.—FSJF 605, 33, 29-116 mm TL;
Germany: Sieg River at Siegburg, 50°47'N 7°27'E.—FSJF 1569, 1, 241 mm TL; Russia: stream Pukhta, a
tributary to lake Onega, 61°30.31”N 34°45.31”E.—FSJF 2027, 10, 278-313 mm TL; Russia: St. Petersburg,
59.965311, 30.178153.—FSJF 2098, 30, 270-344 mm TL; Germany: River Sieg at Buisdorf, 50°47'N
7°27E.—FSJF 2765, 22, 100-139 mm TL; Germany: Rhine at Philippsburg, 49.257673 8.432879.

Lampetra lanceolata: FSIF 1835, 2, 136-151 mm TL; Turkey: stream Kurtkdy flowing to Lake Sapanca at
Kurtkdy, 40°42.761'N 30°10.507'E.—FSIJF 2764, 14, 115-158 mm TL; Turkey: upper lyidere River,
41.000589, 40.352135.

Lampetra lusitanica: FSJF 3649, 6, 100-128 mm TL; Portugal: Sado River east of Grandola, 38°7'52"N
8°21'45"W.—FSJF 3660, 4, 94—111 mm TL; Portugal: Sado River near Santa Margarida do Sado, 38.131111, -
8.3625.

Lampetra ninae: FSJF 45, 3, 109—170 mm TL; Russia: stream Chakhtsutsyr at Shilovka, a tributary of River Psou,
43°26.26”N 40°20.01”E.

Lampetra planeri: FSJF 86, 1, 101 mm TL; Poland: upper Parseta River at village Radomy, 53°46'N 16°32'.—
FSJF 91, 1, 100 mm TL; Poland: stream Biata at Miedzyborz village (Czernica/Gwda), 53°47'N 17°00'E.—
FSJF 143, 1, 160 mm TL; Poland: stream Skrwa at Sikorz, west of Plock, 52°39'N 19°33'E.—FSIJF 1568, 1,
165 mm TL; Russia: stream running to Lake Onega north of village Derevyannoe, 61°36.12”’N 34°39.36”E.—
FSJF 1901, 2, 145-157 mm TL; Germany: stream Quirrenbach above confluence with stream Pleisbach south
of Niederpleis.—FSJF 1903, 3, 112-151 mm TL; Germany: stream Ottersbach at Oberottersbach.—FSJF
3200, 3, 112-113 mm TL; Germany: stream Schwirze at Spechthausen.—FSJF 3654, 5, 74-103 mm TL;
Portugal: Muge River north of Marinhais, 39.103665 -8.647245.—FSJF 3655, 5, 61-79 mm TL; Portugal: Sdo
Pedro River north of Sdo Pedro de Moel, 39.773889, -9.016945.—FSJF 3656, 1, 106 mm TL; Portugal: Ulme
River at Balsas, 39.322643 -8.371346.—FSJF 3657, 10, 85-130 mm TL; Portugal: River Inha south of
Lavercos, 41.023346 -8.428771.—FSJF 3659, 4, 99—124 mm TL; Portugal: Canha River east of Forsa da Boa
Vista, 38°45'34'N' 8°36'32"W.

Lampetra zanandreai: ZFMK-ICH 49818-49822, 5, 73—108 mm TL, Italy: temporary pools at Po River south of
Carignano, 44°52.22°N 7°40.35’E.—ZFMK-ICH 45925-45930, 6, 114—163 mm TL, Italy: stream Ronello in
Grange di Nole, 45.220589 7.562509.
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