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Abstract

We report the first finding of the stygobiotic form of the cyprinid fish Garra rufa (Heckel, 1843), discov-
ered in a single locality in southwestern Iran, while the epigean form of the species is widely distributed
in western Asia (Iran, Jordan, Lebanon, Turkey, and Syria). We also report a new locality for its hypogean
congener, Garra tashanensis, about 5 km east of its type locality. The two species occur in syntopy in out-
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flows of the Tang-e-Ban, a seasonal karstic spring that only has flowing water during winter and spring,
when fish individuals are washed from the cave to the surface. Identification of the investigated samples
was confirmed by morphological analyses, COI distances, and a phylogenetic tree. These findings suggest
the existence of a large karst aquifer in the Tashan area that harbours several cave species of fish, crusta-
ceans, and gastropods and may have considerable conservation implications.
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Conservation, Iran, phylogeny, stygobionts, Tashan, Zagros

Introduction

Over 20 hotspots for subterranean biodiversity have been declared worldwide (Culver
et al. 2021). These environments harbour a unique diversity of aquatic and terrestrial
animals. Adaptations, both ecological and morphological, to the underground envi-
ronment were the focus of many faunistic, evolutionary, and conservational studies
(e.g., Dudich 1932; Pavan 1944; Ruffo 1957; Christiansen 1962, 2012; Sket 1985,
1999, 2004; Romero and Paulson 2001; Pipan and Culver 2012; Zagmajster et al.
2018; Borko et al. 2021) that revealed a continuum of levels (or a degree) of adapta-
tions to underground environment.

For many species, both epigean (surface) and hypogean (subterranean) forms have
been described that show variable morphological cave-related traits (Kruckenhauser et
al. 2011; Pipan and Culver 2012; Kirchner et al. 2017, 2020, 2021; Bilandzija et al.
2018, 2020). These traits have been termed troglomorphisms by Christiansen (1962,
2012). Christiansen emphasised the lack of eyes and dark pigmentation but, presently,
the term has been expanded to include any autapomorphy of exclusively subterra-
nean species that may be directly related to the subterranean selective regime (Trajano
and De Carvalho 2017; Culver and Pipan 2019). Troglomorphisms have been com-
monly separated into regressive and constructive traits (Wilkens 1988; Wilkens and
Strecker 2017). Regressive traits are characterised by the loss of an organ or function,
whereas constructive traits lead to an increase in the number of organs or functions,
or an increase in their performance. The most prominent regressive traits in cave fishes
are eye degradation and the overall reduction in pigmentation (Wilkens 1988; Jeffery
2001, 2005; Stemmer et al. 2015; Krishnan and Rohner 2016). Other morphological
changes, with some related to behavioural differences, have evolved in cave fishes: for
instance, the size and number of their cranial neuromasts are decreased. However, cave
fishes display many other differences in morphological features (including anatomical
and skeletal ones) that are not easy to interpret in terms of adaptation to subterranean
habitat. In reviewing these issues, Jeffery (2001, 2005) and Yamamoto and Jeffery
(2011) concluded that, in general, many regressive changes in cave fish seem to be
related to loss of sight, whereas most constructive changes (although some regressive
changes can be, at the same time, constructive in particular cases) seem to be related to
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feeding and/or swimming behaviour, and there are a few presumably neutral changes
that presently defy explanation.

To date, about 300 species of cave fishes (Proudlove 2023) have been described,
and of these, 64 species are from the family Cyprinidae. In particular, eight cyprinid
species of the genus Garra Hamilton, 1822 are known troglobionts/stygobionts from
South-East and South-West Asia, the Middle East, the Arabian Peninsula, and Africa.
Species of Garra are found in fast-flowing waters such as streams and rivers, but also
in lakes, springs, and caves (Krupp and Schneider 1989; Mousavi-Sabet et al. 2016;
Zamani-Faradonbe and Keivany 2021). Cyprinidae with more than 63 confirmed spe-
cies is the most diverse family in Iranian inland freshwater (Jouladeh-Roudbar et al.
2020). In Iran, 11 Garra species are known from freshwater basins (Esmaeili et al.
2016, 2017; Zamani-Faradonbe and Keivany 2021). Three of them inhabit subter-
ranean waters in the Zagros Mountains: Garra lorestanensis Mousavi-Sabet & Eagderi,
2016 and G. gphlops (Bruun & Kaiser, 1948) occur in sympatry in Loven cave and
Tuveh spring (Vatandoust et al. 2019), also together with a species from the fam-
ily Nemacheilidae, Eidinemacheilus smithi (Greenwood, 1976) (Malek-Hosseini et al.
2022); whereas, G. tashanensis Mousavi-Sabet, Vatandoust, Fatemi & Eagderi, 2016 is
found in Tashan cave.

Garra rufa (Heckel, 1843) is known from at least Iran, Turkey, and Syria, but so
far only by its epigean (surface) form. Studies published since 2014 have provided
genetic and morphological evidence for recognising some of the former subspecies
and local forms of the Garra rufa complex as separate species, while other new spe-
cies in the species complex have been described (Hamidan et al. 2014; Sayyadzadeh
et al. 2015; Esmaeili et al. 2016; Mousavi-Sabet and Eagderi 2016; Mousavi-Sabet
et al. 2016; Zamani-Faradonbe et al. 2020a). As a result, the range of the species is
presently limited to the Tigris—Euphrates system, as well as to rivers of the Persian
Gulf Basin in Iran.

The literature reports a number of morphological features that separate Garra rufa
from its congeners in Iran and adjacent areas, such as usually 82 branched dorsal-fin
rays; the breast, belly, and predorsal mid-dorsal line fully covered by scales; eye placed
in posterior half of head; the snout blunt and the head trapezoidal in dorsal view; usu-
ally 9+8 caudal-fin rays; the mental (jugular) disc fully developed; two pairs of barbels;
20-24 total gill rakers on the first branchial arch; the eyes well-developed; and a well
pigmented, brown and silvery, colour pattern of the body (Ghalenoei et al. 2010;
Hamidan et al. 2014; Esmaeili et al. 2016; Keivany et al. 2016; Zamani-Faradonbe et
al. 2020a, b).

Here, we report the discovery of Garra cave fishes in Tang-e-Ban spring, five kilo-
metres east of Tashan cave in the Zagros Mountains of southwestern Iran. Using mor-
phology as well as COI sequence data, we show that two Garra species are present in
sympatry in this location: one of them is the cave-restricted species G. tashanensis (a
new record for this species), whereas the other is a novel obligate groundwater form of
Garra rufa, a species that has so far only been recorded in surface waters.



100 Mohammad Javad Malek-Hosseini et al / Subterranean Biology 46: 97-127 (2023)

Material and methods
Terminology

While many definitions are used in ecological and evolutionary classifications of hy-
pogean organisms (Barr 1968; Sket 2008; Trajano and de Carvalho 2017; Culver and
Pipan 2019), the objects of this study can be clearly classified, following criteria from
the mentioned publications, as follows: 1. Cave fish is a generic term for fish adapted to
life in caves and other underground habitats (near-synonymous terms are subterranean
fish, troglomorphic fish, troglobiont, stygobiont, phreatic fish, and hypogean fish); 2.
stygobiont (stygobiotic) is used for aquatic species exclusively inhabit the subterranean
domain, and are unable to complete any part of their life cycle outside of subterranean
habitats (obligatory cavernicole), they reproduce underground, are highly modified,
and show the most profound adaptations to life in darkness.

Studied locality

Tang-e-Ban Spring is a seasonal spring (Figs 1, 2) located at 30°50'54"N, 50°13'03"E,
five kilometres east of Tashan Cave (the type locality of Garra tashanensis), close to
Ablash Village, in Tashan district, Behbahan County, Khuzestan Province. Depending
on the amount of precipitation, water flows through the spring from February to May,
but the spring dries out completely in summer.

Sampling

Samples were collected using a small hand net. Some specimens were photographed
alive. Anaesthesia was carried out using etheric clove oil (Eugenia caryophyllata) diluted
in water. Samples were preserved in 96% ethanol. The voucher specimens have been
deposited in the Natural History Museum, Khuzestan Province NHMKH), Iran and
public collection of the Natural History Museum in Vienna (NMW), Austria. The

museum numbers are given below in Examined Material.

Molecular procedures

DNA was isolated from fin clips using DNA Multisample kit (Thermo Fisher Sci-
entific). A fragment of the mitochondrial COI gene was amplified using the prim-
er pair FishF1 (5-TCAACCAACCACAAAGACATTGGCAC-3’) and FishR1
(5-TAGACTTCTGGGTGGCCAAAGAATCA-3’) (Ward et al. 2005) for some sam-
ples, and the primer pair VF2_tl (5-TGTAAAACGACGGCCAGTCAACCAAC-
CACAAAGACATTGGCAC-3’) and FR1d_tl (5-CAGGAAACAGCTATGACAC-
CTCAGGGTGTCCGAARAAYCARAA-3’) for other samples. PCR reactions were
made in a 35 pl final reaction volume containing: 21.8 uL of H,O, 7.1 uL of 10X
DreamTaq Green Buffer, 0.5 uL of dNTP mix (10 mM each), 3.2 uL of MgCI,
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Figure |. Map of Iran showing the studied localities: 1 (black): Tang-e-Ban Spring; 2 (blue): Tashan

Cave; 3 (red): Sarjowshar Spring; 4 (green): Maroon River, Mooger.

(25 mM); 1 pL of each primer (20 mM), 0.2 pL of DreamTaq Green DNA Polymer-
ase (5 U/uL) and 0.2 pL of bovine serumalbumine. PCR was performed using the
following protocols: for the FishF1/FishR1 primer pair, 94 °C for 10 min; 30 cycles at
94 °C for 1 min, 58.5 °C for 1 min, 72 °C for 1 min; and a final extension for 5 min
at 72 °C; for the primer VF2_t1/ FR1d_tl primer pair: 94 °C for 2 min; 35 cycles of
94 °C for 30 s, 52 °C for 40 s, and 72 °C for 1 min; with a final extension at 72 °C
for 10 min. The PCR products were sequenced by Macrogen Europe (Amsterdam, the
Netherlands). The final alignment was 649 bp in length.

Sequences (17 original ones) were assembled and checked using ChromasPro 2.1.3
(Technelysium, Tewantin, Australia). An additional 17 sequences from 15 taxa were
obtained from GenBank (Suppl. material 1). Sequences were aligned using MEGA 11
(Kumar et al. 2018) (Suppl. material 2) and the same programme was used to find the
best substitutional model for Bayesian and Maximum Likelihood analyses, as well as
to estimate Kimura 2-parameter (K2P) pairwise distances (Kimura 1980) (Table 1).
Data were curated using Mesquite version 3.7 (Maddison and Maddison 2018), then
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Figure 2. Tang-e-Ban Spring in different seasons: January 2023, dry (a); April-May 2022 (b—e).
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Bayesian inference of phylogenies was conducted using MrBayes v. 3.2.7a (Huelsen-
beck and Ronquist 2001) using Cyprinus carpio Linnaeus, 1758 as an outgroup (20
million generations, four MCMC chains, sampling frequency of 1/1000). A relative
burn-in was set to 25% and convergence was checked using Tracer 1.7 (Rambaut et
al. 2018). Maximum likelihood phylogenetic trees with 1000 fast bootstrap replicates
were obtained in IQ-TREE v2.1.3 (Minh et al. 2020). The HKY+G model of nucleo-
tide substitution was used for both analytical methods.

Morphological analyses

Morphological analyses were based on a total of 32 absolute measurements, 45 relative
measurements (ratios), 9 external body counts, and 7 axial skeleton counts (from ra-
diographs). Measurements were made point to point using a digital caliper to the near-
est 0.1 mm (only for specimens with SL>39 mm as measuring smaller fish produces
significant error); counts are defined in Tables 2—5. The snout morphology and cat-
egorisation follow Nebeshwar and Vishwanath (2017). The terminology used for the
external oral morphology and the gular disc (commonly referred to as mental disc or
mental adhesive disc, e.g., in Hashemzadeh Segherloo et al. (2016)) followed Kottelat
(2020). Measurements of the gular disc included disc length (taken as the distance
between the anterior median margin of the torus and the posterior-most end of the
labrum at midline); maximum mouth width (distance between lateral margins of the
labelli); disc width (maximum width of the labrum); and pulvinus width (maximum
width of the pulvinus).

In the description, the posterior two branched rays in the dorsal and anal fins,
located on the last complex proximal pterygiophore of the fin, were symbolised as 12
while “V%” was omitted in statistical analyses. Ray counts for dorsal and anal fins were
taken from radiographs. Counts and terminology of the axial skeleton, examined from
radiographs, followed Naseka (1996). Total number of lateral-line scales were counted
as lateral-line segments (defined by pores) as, in some phenotypes, scales are poorly
developed or absent, while respective canal segments are present.

To detect separation between specimens, phenotypes, and species in the mor-
phospace, we used both principal component analysis (PCA) and cluster analysis (CA).
Statistical analyses were performed using Microsoft Excel, Statistica 12 (StatSoft), and
PAST version 4.09 (Hammer et al. 2001). As measurements were only taken from
specimens with SL > 39 mm (20 specimens in total), whereas counts were taken from
all examined specimens (33 specimens in total), statistical analyses were performed on
either morphometric and meristic characters together, or on meristic characters (i.e.,
counts) only.

Examined material

Identification codes used in molecular and statistical analyses are given in parentheses.
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Garra rufa

Epigean G. rufa: NMW 100637, 9 specs (Gr1-9), SL 49.3-74.8 mm; Maroon River,
Mooger 10 km to the northeast of Tang-e-Ban Spring, 20.04.2022, coll. Fatemi Y.

Hypogean phenotype of G. rufa (identified as such based on molecular data as
shown below): 5 specs (F60-62, F64-65), SL 34.5-52.9 mm; Tang-e-Ban Spring,
20.04.2022, coll. Babolimoakher H.

Garra tashanensis, disc-bearing phenotype

Tang-e-Ban Spring (identified as G. tashanensis based on molecular data as shown be-
low): NMW 100638, 1 specs (F63), 43.3 mm; 20.04.2022, coll. Babolimoakher H.
(NHMKH) 12 specs (F66-75, A, B), SL 33.1-45.9 mm; SL 33.1-45.9 mm; same date
and collector.

Tashan Cave: (NHMKH) 6 specs (F9, F44-46, F48, Y), SL 22.5-42.2 mm,
17.03.2018, coll. Malek-Hosseini M] & Fatemi Y.

Comparative material: NMW 53257 (10), 53238 (4) - syntypes of Discognathus
obrusus Heckel, 1843; NMW 53240 (8) — lectotype and paralectotypes of Discognathus
rufus Heckel, 1843.

Results

Genetic analyses

Bayesian phylogeny placed the troglomorphic specimens from Tang-e-Ban Spring in a
clade with surface G. rufa from a stream in Sarjowshar village about 7 km to the south-
west of Tang-e-ban and with other G. rufa sequences from GenBank (Fig. 3). This
Tang-e-Ban form, identified as G. rufa based on its COI sequence, is referred to as “hy-
pogean G. rufa” in morphological analyses below. Specimens from another stygobiotic
species, also inhabiting Tang-e-Ban Spring, were grouped with G. tshanensis exem-
plars (Fig. 3). G. rufa formed a well-supported clade together with G. amirhosseini Es-
maeili, Sayyadzadeh, Coad & Eagderi, 2016, G. elegans (Giinther, 1868), G. mondica
Sayyadzadeh, Esmaeili & Freyhof, 2015, G. widdowsoni (Trewavas, 1955) and G. per-
sica Berg, 1914, as well as G. barreimiae Fowler & Steinitz, 1956, G. ghorensis Krupp,
1982, G. jordanica Hamidan, Geiger & Freyhof, 2014, and a group of Garra including
Lorestan cave barbs (G. typhlops and G. lorestanensis) and G. gymnothorax (Berg, 1949).
This large clade was found to be sister to G. tashanensis with 0.84 posterior probability
and 85% ultrafast bootstrap support.

Average estimates of genetic divergence (K2P) in the COI barcode region among
the studied Garra samples and specimens (Table 1) revealed that hypogean Garra rufa
of Tang-e-Ban spring shows a maximum of 1.09 % of K2P distance compared with
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obtained by IQTREE (ML).

surface specimens from a stream in Sarjowshar village, and 0.31% with other G. rufz in
the analyses. Analysed specimens of hypogean G. tashanensis from Tang-e-Ban Spring
showed a maximum of 0.31% K2P distance among samples from this locality, and
0.78% K2P distance from sequences of Tashan cave individuals published by Mousavi-

Sabet et al. (2016).

Morphological analyses

Garra rufa (Heckel, 1843)

Description of the cave sample (Tang-e-Ban Spring)

The general appearance of the body is shown in Figs 4, 5, morphometric data are given

in Table 2 and counts are given in Table 3.
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Table 2. Morphometrics of examined Garra rufa.

Hypogean sampl Epig: ple, Maroon River;
Tang-e-Ban n=9
Sample label F60 F62 F64 min max mean SD
SL, mm 41.9 52.9 40.7 49.3 74.8 61.8 8.0
Maximum body depth (% SL) 20.1 20.3 20.2 19.8 25.5 22.5 1.7
Depth of caudal peduncle (% SL) 10.1 111 102 121 139 128 0.6
Depth of caudal peduncle (% length of caudal peduncle) 59.1 53.0 54.2 71.4 82.2 78.4 4.2
Body width (% SL) 153 153 154 141 174 158 1.1
Caudal-peduncle width (% SL) 8.4 8.6 8.6 7.0 9.7 8.4 0.8
Predorsal length (% SL) 51.4 51.3 51.6 45.9 50.0 48.0 1.3
Postdorsal length (% SL) 40.8 42.8 45.0 31.8 39.1 36.8 22
Prepelvic length (% SL) 52.9 56.2 56.6 49.8 55.2 53.4 1.8
Preanal length (% SL) 73.4 74.9 75.5 76.3 81.6 79.6 1.5
Pectoral — pelvic-fin origin length (% SL) 29.9 31.3 33.3 29.1 32.5 31.0 1.3
Pelvic — anal-fin origin length (% SL) 20.6 19.9 20.9 259 29.1 27.2 1.0
Caudal-peduncle length (% SL) 18.1 208 187 150 174 164 1.2
Dorsal-fin base length (% SL) 12.5 13.2 13.3 15.4 18.1 16.1 1.6
Dorsal-fin depth (% SL) 18.3 20.5 20.7 15.8 22.1 19.4 2.4
Anal-fin base length (% SL) 8.4 8.7 8.8 7.1 9.0 8.0 0.6
Anal-fin depth (% SL) 18.3 17.7 17.9 14.8 18.4 16.7 1.3
Pectoral-fin length (% SL) 19.7 20.9 19.1 20.8 24.3 22.9 1.3
Pelvic-fin length (% SL) 17.6 18.5 16.6 17.3 20.3 18.7 1.1
Head length (% SL) 229 23.5 24.0 21.9 24.1 23.3 0.8
Head length (% body depth) 113.7 116.0 118.7 926 1214 104.4 9.0
Head depth at nape (% SL) 16.1 16.2 16.3 15.8 17.8 16.5 0.7
Head depth at nape (% HL) 70.2 68.9 67.9 67.1 75.9 71.0 3.1
Anus — anal-fin origin distance (% pelvic — anal-fin origin length) 323 283 304 244 316 278 2.3
Maximum head width (% SL) 17.3 17.0 17.2 16.3 18.4 17.5 0.6
Maximum head width (% HL) 75.9 72.5 71.4 68.9 78.8 75.3 3.1
Anterior barbel length (% SL) 4.3 4.2 4.8 2.8 5.4 3.8 0.8
Anterior barbel length (% HL) 52.2 40.2 51.2 30.0 42.8 35.2 4.5
Anterior barbel length (% internasal width) 82.7 66.6 66.7 38.5 68.9 50.1 9.4
Posterior barbel length (% SL) 5.5 5.2 5.2 2.1 6.3 4.2 1.2
Posterior barbel length (% HL) 19.7 22.0 21.7 9.4 27.3 17.8 5.1
Internasal width (% SL) 7.6 6.3 7.2 7.2 7.8 7.5 0.2
Internasal width (% HL) 33.2 27.0 29.8 29.9 34.9 32.1 1.6
Maximum mouth width (% HL) 42.5 40.4 39.8 40.5 48.5 45.3 3.1
Maximum mouth width (% SL) 9.7 9.5 9.6 9.0 11.5 10.6 0.9
Mouth cleft transverse length (% SL) 6.9 7.3 7.3 6.7 10.1 8.3 1.1
Mouth cleft transverse length (% HL) 30.1 30.9 30.5 30.6 42.4 35.4 4.0
Mouth cleft transverse length (% internasal width) 90.6 114.6 1024 88.7 132.6 110.6 14.1
Disc width (% HL) 353 33.8 33.4 33.0 43.0 37.8 3.6
Pulvinus width (% HL) 19.7 22.0 21.7 9.4 27.3 17.8 5.1
Disk length (% disk width) 94.8 100.7 100.6 71.3 91.8 80.7 7.3
Disk length (% HL) 33.1 34.0 33.6 26.4 35.7 30.4 2.8
Width between ventral extremities of gill slits (% maximum head width) 53.9 54.1 54.0 63.1 74.8 67.6 3.8
Width between ventral extremities of gill slits (% HL) 40.9 39.2 38.6 45.3 56.9 50.9 3.5
Width between dorsal extremities of gill slits (% maximum head width) 80.4 85.9 88.3 80.8 92.2 87.7 4.4
Width between dorsal extremities of gill slits (% HL) 61.0 62.3 63.1 61.6 72.1 65.9 3.8

Longest examined specimen (F62) 52.9 mm SL (Fig. 4c). Body elongated, mod-
erately thick, more compressed in region of caudal peduncle. Dorsal head profile ris-
ing gently, flat or slightly convex, more or less continuous with dorsal body profile
to nape or about middle between nape and dorsal-fin origin. Ventral profile more or
less straight to anal-fin origin. Head moderately large and markedly depressed, with
slightly convex or flat interorbital distance; depth at nape considerably less than head
length; width at nape exceeding head depth at nape. Snout blunt and smooth; neither
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Figure 4. Hypogean Garra rufa, Tang-e-Ban Spring, 20.04.2022, before preservation (just anesthetized),
right lateral, dorsal and ventral views: F60, SL 41.9 mm (a); F61, SL 35.2 mm (b); F62, SL 52.9 mm (c);
and F64, SL 40.7 mm (d).

Table 3. Counts in examined Garra rufa.

Hypogean sample, Tang-e-Ban Epigean sample, Maroon River; n=9
Sample label F60 F61 F62 F64 F65  min max  mean SD
Number of unbranched dorsal-fin rays 3 3 3 3 4 3 4 3.8 0.4
Number of branched dorsal-fin rays (without 1/2) 7 7 7 7 7 8 8 8.0 0.0
Number of unbranched anal-fin rays 3 3 3 3 3 3 3 3.0 0.0
Number of branched anal-fin rays (without 1/2) 5 5 5 5 5 5 5 5.0 0.0
Number of simple pectoral-fin rays 1 1 1 1 1 1 1 1.0 0.0
Number of branched pectoral-fin rays 13 13 13 12 12 12 13 12.6 0.5
Number of simple pelvic-fin rays 1 1 1 1 1 1 1 1.0 0.0
Number of branched pelvic-fin rays 7 7 8 7 8 7 8 7.4 0.5
Number of predorsal vertebrae 11 11 11 11 11 10 11 10.3 0.5
Number of abdominal vertebrae 19 20 20 19 20 20 20 20.0 0.0
Number of pre-anal caudal vertebrae 2 2 2 3 2 3 5 3.8 0.7
Number of post-anal caudal vertebrae 13 14 14 13 13 11 12 11.6 0.5
Number of caudal vertebrae 15 16 16 16 15 14 16 15.3 0.7
Total vertebrae 34 36 36 35 35 34 36 35.2 0.7
Vertebrae between first pterygiophores of dorsal and anal fins 10 11 11 11 11 12 14 13.2 0.8

Number of total lateral-line scales 35 35 34 33 34 33 36 34.9 0.9
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Figure 5. Hypogean Garra rufa, Tang-e-Ban Spring, 20.04.2022, preserved specimen (F62, SL 52.9 mm):

left lateral view (@), ventral view (b) and radiograph (c). Radiograph showing distinguishing characters:
7Y branched dorsal-fin, 2 pre-anal caudal vertebrae, 14 post-anal caudal vertebrae, and 11 vertebrae be-
tween first pterygiophores of dorsal and anal fins.

transverse groove nor transverse lobe developed. Anterior extremity of ethmoid field
(proboscis) not elevated from depressed rostral surface. Tubercles absent.

Eye variably reduced from almost “normal” eye to complete lack of externally vis-
ible structures; reduction asymmetrical (in 4 specimens), as follows, by specimens (left
/ right side of head). F60: eye pigmented; fossa small / eye pigmented; fossa small; F61
(Fig. 4b): eye slightly pigmented; fossa very small / eye pigmented; fossa comparatively
large; F62 (Fig. 4c): no pigmented eye; fossa very small / no pigmented eye; no fossa;
F 64 (Fig. 4d): eye pigmented; fossa very small / eye pigmented; fossa very small; F 65:
eye pigmented; no fossa / eye pigmented; fossa small.

Gular disc well-developed, with free lateral and posterior margins, roundish, its width
about equal to length; no considerable variability of its size and shape found in examined
specimens. Mouth inferior, mouth cleft clearly straight. Papillae on torus, labellum and
labrum. Rostral cap well-developed, fimbriate, papillate on ventral surface. Upper jaw
almost or completely covered by rostral cap. Barbels in two pairs; anterior barbel well-
developed, long; posterior barbel at corner of mouth, variably longer than rostral barbel.

Dorsal fin with 3 in 4 specimens and 4 in one specimen simple and 72 branched
rays; outer dorsal-fin margin about straight or slightly concave; origin at about middle
of body, inserted anterior to vertical from pelvic-fin origin; first branched ray long-
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est. Pectoral fin with 1 simple and 12-13 branched rays, depth less than head length.
Pelvic fin with 1 simple and 7-8 branched rays, origin closer to anal-fin origin than
to pectoral-fin origin, inserted below second or third branched dorsal-fin ray. Anal fin
with 3 simple and 5% branched rays; first branched ray longest; distal margin slightly
to markedly concave; origin closer to caudal-fin base than to pelvic-fin origin. Distance
between anus and anal-fin origin about equal to one third of pectoral — pelvic-fin ori-
gin length. Caudal fin forked with Caudal fin forked with 2+17(9+8) principal rays.

Body variably naked. Most scales lacking except for complete or almost complete
lateral line with 33-35 total scales (Fig. 5). Besides lateral-line scales, few scattered or
more numerous overlapping scales present on sides of trunk and caudal peduncle in
4 specimens out of 5 examined: 9-19 above lateral line and 2-12 below lateral line.
Lateral-line scales comparatively well ossified, visible without staining with Alizarin
Red S along most lateral line except for terminal section where lateral canal still well
seen by normally developed sensory pores. Cephalic sensory canals complete, fully
developed, non-interrupted.

Total vertebrae 34(1), 35(2) or 36(2); abdominal vertebrae 19(2) or 20(3); predor-
sal abdominal vertebrae 11; caudal vertebrae 15 (including 2 pre-anal and 13 post-anal
caudal vertebrae) or 16 (2+14 in 2 specimens and 3+13 in one); and 10(1) or 11(4)
vertebrae between first pterygiophores of dorsal and anal fins.

Body and fins unpigmented; body of live specimens (Fig. 4) pinkish because of
blood vessels seen through the semi-transparent skin. In preserved specimens, body
turns yellowish-white.

Comparison with epigean sample of Garra rufa

The sample examined from Maroon River did not depart from “typical” G. rufa mor-
phology. We did not specifically analyse morphometric differences of the Maroon
sample from G. rufa in other Iranian localities. The morphometric parameters of this
species are age-and-size dependent and may be also influenced by habitat parameters
(see, e.g., Zamani-Faradonbe et al. 2020a, b, Zamani-Faradonbe and Keyvani 2021).
However, the diagnostic features of the species (such as most count characters and the
gular disc shape) were shared by the Maroon sample and the examined type material
of G. rufa and G. obtusa (a synonym of G. rufa). They are as follows: breast, belly,
predorsal and mid-dorsal line fully covered by scales; lateral line complete, with 33-36
total lateral-line scales; snout blunt and head trapezoidal in dorsal view; jugular disc
fully developed, wider than long; two pairs of barbels; eyes well-developed; brown and
silvery colour pattern; 9+8 caudal-fin rays; commonly 4 unbranched dorsal-fin rays;
8Y4 branched dorsal-fin rays; 34-36 total vertebrae; 20 abdominal vertebrae; 10-11
predorsal abdominal vertebrae; 14—16 caudal vertebrae (including 3—5 pre-anal and
11-12 post-anal caudal vertebrae); and 12—14 vertebrae between first pterygiophores
of dorsal and anal fins (Tables 2, 3).

A comparison of the examined epigean and hypogean samples revealed some clear
differences between them. Although some morphometric differences may be due to
the fact that the hypogean specimens (SL of morphometrically examined specimens
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was 40.7-52.9 mm) were smaller than the epigean ones (SL 49.3-74.8 mm), the dif-
ferences still deserve attention as they corroborate differences in some meristic charac-
ters. Among the morphometric parameters, the most statistically significant differences
(the results of the statistical analyses are presented below) were found in the following
relative measurements (Table 2): depth of caudal peduncle (10-11% SL and 53-59%
of caudal peduncle length for hypogean specimens vs. 12—14 and 71-82 for epigean
ones); caudal peduncle length (18-21% SL vs. 15-17); predorsal length (51-52% SL
vs. 46-50); postdorsal length (41-45% SL vs. 32—39); pre-anal length (73-75% SL vs.
76-82); pelvic to anal-fin origin length (20-21% SL vs. 26-29); dorsal-fin base length
(13% SL vs. 15-18); distance between ventral extremities of gill slips (39-41% HL
vs. 45-57); gular disc length (95-101% of disc width vs. 71-91), meaning gular disc
about as long as wide in hypogean sample (Fig. 5) in contrast to markedly wider than
long in the epigean form (Fig. 6). Relative head length and most relative measurements
on the head (Table 2) were similar in the two samples except for the mentioned gular
disc parameters and the distance between the ventral extremities of the gill slips.

Among the examined morphometric characters, the most prominent differences
were 7Y2 branched dorsal-fin rays in the hypogean sample (vs. 8%2 in the epigean fish);
2 or 3 (in one specimen only) pre-anal caudal vertebrae (vs. 3—5, commonly 4); 13-14
post-anal caudal vertebrae (vs. 11-12); and 10-11 vertebrae between first pterygio-
phores of dorsal and anal fins (vs. 12-14) (Tables 2, 3). These characters entail some
morphometric difference (difference in external characters) described above, namely,
a shorter base of the dorsal fin when compared to the epigean specimens with 8%2
branched dorsal-fin rays, and, as a result, different predorsal and postdorsal distances.
The difference in the structure of the caudal vertebral region (2+[13-14] vs. 4+[11-
12]) determines not only the difference in the number of vertebrae between first ptery-
giophores of dorsal and anal fins (pre-anal caudal subregion is shorter and the post-anal
subregion is longer in the hypogean fish) but also the position of the anal fish externally
expressed through, e.g., pre-anal distance and length of caudal peduncle.

The hypogean and epigean samples were clustered in distinct groups in the CA
(Fig. 7) and formed well-separated groups in the morphospace using PCA using the
combination of morphometric and meristic characters, as well as when using only mer-
istic characters (Figs 7a, 8a). Interestingly, that in the CA, the hypogean G. rufa sample

Figure 6. Epigean (surface) Garra rufa, Maroon River, Mooger, 10 km to the northeast of Tang-e-Ban
Spring, 20.04.2022.
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Figure 7. Results of CA: using morphometric and meristic characters (total of 20 specimens) (a); using

only meristic characters (total of 33 specimens) (b).

clustered together with the syntopic G. tashanensis, not with epigean G. rufa, occurring
nearby. When only meristic characters were used, the two groups were much closer in
PCA (Fig. 7b) and, in CA (Fig. 8b), and even clustered together with one specimen of

epigean G. rufa and one specimen of Tang-e-Ban G. rashanensis.

Garra tashanensis Mousavi-Sabet, Vatandoust, Fatemi & Eagderi, 2016

Description of the Tang-e-Ban Spring disc-bearing form

The general appearance of the body is shown in Figs 9-11, morphometric data are

given in Tables 4, 5.
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Table 4. Morphometrics of examined Garra tashanensis (SL>39.0 mm).

Disc-bearing phenotype, Tang-e-Ban, 7 specs. Disc-bearing phenotype,
Tashan Cave (type-locality)

F63 F66 F67 F68 F71 F72 F74 mean SD F45
SL, mm 433 459 414 395 415 414 401 419 2.1 42.2
Maximum body depth (% SL) 182 220 187 21.6 184 199 198 19.8 15 24.3
Depth of caudal peduncle (% SL) 11.2 133 119 12.1 11.3 125 11.8 12.0 0.7 12.0
Depth of caudal peduncle (% length of caudal 55.0 64.2 61.0 69.2 55.1 66.6 595 61.5 5.5 79.7
peduncle)
Body width (% SL) 16.0 165 152 164 143 161 157 158 0.8 20.1
Caudal-peduncle width (% SL) 8.1 83 77 73 77 75 8.0 7.8 04 8.6
Predorsal length (% SL) 56.7 55.6 532 562 549 534 53.1 547 1.5 51.5
Postdorsal length (% SL) 37.6 403 369 37.7 354 379 385 378 1.5 36.7
Prepelvic length (% SL) 582 592 562 569 563 574 565 572 1.1 56.0
Preanal length (% SL) 80.4 82.0 77.4 780 77.6 786 782 789 1.7 76.6
Pectoral — pelvic-fin origin length (% SL) 32.6 36.8 343 335 33.1 351 33.8 342 14 31.6
Pelvic — anal-fin origin length (% SL) 21.8 219 192 209 193 17.7 19.6 20.1 1.5 20.5
Caudal-peduncle length (% SL) 20.3 20.8 195 17.5 204 188 19.8 19.6 1.1 15.0
Dorsal-fin base length (% SL) 10.5 10.3 10.6 107 122 99 9.8 10.6 0.8 12.3
Dorsal-fin depth (% SL) 185 193 17.3 187 168 174 184 181 09 20.9
Anal-fin base length (% SL) 79 81 77 75 74 81 77 7.8 03 6.8
Anal-fin depth (% SL) 16.6 17.0 158 152 149 17.0 162 161 038 14.8
Pectoral-fin length (% SL) 16.8 182 189 167 168 17.6 186 17.7 0.9 20.9
Pelvic-fin length (% SL) 14.8 14.6 149 153 143 144 16.1 149 06 16.7
Head length (% SL) 253 24.7 249 253 245 247 255 25.0 04 28.0
Head length (% body depth) 138.6 112.2 133.0 116.9 133.3 124.2 129.0 126.7 9.5 115.3
Head depth at nape (% SL) 13.6 14.8 139 151 142 146 141 143 05 18.2
Head depth at nape (% HL) 53.6 59.9 557 599 579 59.0 553 573 2.5 65.1
Anus — anal-fin origin distance (% pelvic — anal- 30.1 32.8 279 233 32.8 302 30.0 29.6 3.3 18.9
fin origin length)
Maximum head width (% SL) 184 19.0 193 20.0 194 189 194 19.2 0.5 21.7
Maximum head width (% HL) 72.8 769 773 79.0 793 765 76.1 768 22 77.6
Anterior barbel length (% SL) 56 56 55 62 55 57 53 56 03 7.2
Anterior barbel length (% HL) 457 44.1 484 502 49.2 489 489 479 22 42.3
Anterior barbel length (% internasal width) 727 832 831 749 184 199 79.6 77.1 4.8 98.7
Posterior barbel length (% SL) 82 67 66 73 68 67 64 69 06 4.0
Posterior barbel length (% HL) 323 272 264 289 277 27.0 251 27.8 23 14.1
Internasal width (% SL) 77 67 66 83 76 77 67 73 0.7 7.3
Internasal width (% HL) 304 273 264 328 31.1 313 263 294 27 26.0
Maximum mouth width (% HL) 41.8 45.1 392 40.0 374 400 41.6 40.7 24 50.8
Maximum mouth width (% SL) 10.6 11.1 9.8 10.1 9.2 9.9 10.6 10.2 0.7 14.2
Mouth cleft transverse length (% SL) 76 79 7.1 74 69 72 75 74 03 8.4
Mouth cleft transverse length (% HL) 30.0 319 28.6 294 281 29.1 294 295 1.2 30.1
Mouth cleft transverse length (% internasal width) 98.5 116.8 108.5 89.6 90.5 92.8 111.9 101.2 11.1 116.0
Disc width (% HL) 322 34.6 304 304 294 309 320 314 1.7 43.7
Pulvinus width (% HL) 323 272 264 289 277 27.0 251 27.8 23 14.1
Disk length (% disk width) 92,6 91.6 939 90.8 91.0 99.1 91.4 929 29 70.8
Disk length (% HL) 299 31.7 28.6 27.6 267 30.6 292 292 1.7 31.0
Width between ventral extremities of gill slits (%~ 43.4 49.4 435 344 457 526 46.0 450 5.7 36.1
maximum head width)
Width between ventral extremities of gill slits 31.6 38.0 33.6 272 362 40.2 350 345 43 28.0
(% HL)
Width between dorsal extremities of gill slits (% 68.9 757 714 664 726 734 70.6 713 3.0 70.8
maximum head width)
Width between dorsal extremities of gill slits (% HL) 50.1 58.2 55.2 525 57.5 562 53.7 548 29 54.9

Longest examined specimen 45.9 mm SL (F66, Fig. 9b). Body shape considerably
variable (Figs 9, 10a—c). Head slightly to markedly (Figs 9a, 10c) depressed, its transition
to back with nuchal hump especially prominent in specimens with depressed head.
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Table 5. Counts in examined Garra tashanensis.

Disc-bearing phenotype, Tang-e-Ban Disc-bearing phenotype, Tashan Cave

Spring, 13 specs (SL 33.1-45.9 mm) (type-locality)

min max mean SD F9 F45 F44 F46 F48 Y
SL, mm 33.1 45.9 38.8 4.0 348 422 26 25.1 245 225
Number of unbranched dorsal-fin rays 2.0 3.0 2.2 0.4 3 3 3 3 3 3
Number of branched dorsal-fin rays (without 1/2) 7.0 7.0 7.0 0.0 7 7 7 7 7 7
Number of unbranched anal-fin rays 2.0 2.0 2.0 0.0 2 2 2 2 2 2
Number of branched anal-fin rays (without 1/2) 5.0 5.0 5.0 0.0 5 5 5 5 5 5
Number of simple pectoral-fin rays 1.0 1.0 1.0 0.0 1 1 1 1 1 1
Number of branched pectoral-fin rays 11.0 14.0 12.1 0.9 14 13 13 14 14 13
Number of simple pelvic-fin rays 1.0 1.0 1.0 0.0 1 1 1 1 1 1
Number of branched pelvic-fin rays 6.0 8.0 7.1 0.7 7 7 7 7 7 7
Number of predorsal vertebrae 11.0 13.0 11.7 0.6 10 10 10 10 10 10
Number of abdominal vertebrae 18.0 19.0 18.5 0.5 17 18 18 18 18 18
Number of pre-anal caudal vertebrae 3.0 4.0 3.1 0.3 3 2 3 2 3 3
Number of post-anal caudal vertebrae 12.0 14.0 12.8 0.7 12 13 13 13 13 13
Number of caudal vertebrae 15.0 17.0 15.9 0.6 15 15 16 15 16 16
Total vertebrae 33.0 36.0 34.5 0.8 32 33 34 33 34 34
Vertebrae between first pterygiophores of dorsal and 9.0 11.0 9.8 0.7 10 10 11 10 11 11
anal fins
Number of total lateral-line scales 10.0 34.0 23.9 7.5 0 7 0 0 0 0

Predorsal back outline markedly rising and going parallel to ventral profile or sloping
to dorsal-fin origin. Thus, body deepest in front of dorsal-fin origin. Pelvic fin origin
below middle of dorsal-fin base. Caudal peduncle moderately deep (11-13% SL)
and its depth varying within wide range of 55-69% of caudal-peduncle length. Head
not deep (head depth at nape 53-60% HL), its length (24-26% SL) considerably
exceeding maximum body depth (18-22% SL). Snout variably elongated, markedly
arched in dorsal or ventral (Fig. 11a—e) view; neither transverse groove nor transverse
lobe developed. Anterior extremity of ethmoid field (proboscis) slightly to markedly
(Fig. 10c) elevated from rostral.

Eye absent; no eye fossa in examined specimens. Gular disc (Fig. 11a—e) well-de-
veloped in all specimens examined, slightly wider than long or disc length almost equal
to disc width, with posterior margin considerably variable, truncate (Fig. 11e), round-
ish (Fig. 11a, ¢) or attenuated (Fig. 11b, d). Width of pulvinus about equal to disc
length. Maximum width of mouth considerably exceeding disc length. Mouth inferior,
mouth cleft clearly arched. Small papillae on torus, labellum and labrum. Rostral cap
moderately wide, not completely covering upper lip and upper jaw (Fig. 11a—¢), with
markedly arched (in ventral aspect) slightly fimbriate distal margin. Anterior barbel
shorter than posterior barbel.

Dorsal fin with 2 or 3 (found in 2 specimens only) unbranched and 72 branched
rays, anal fin with 2 unbranched and 5% branched rays. Pectoral fin with 1 unbranched
ray and 11 (3), 12 (7), 13 (3), or 14 (1) branched rays. Pelvic fin with single un-
branched ray and 6-8 branched rays.

Body naked except for lateral line and (in three specimens) few (1-6) scattered
scales behind opercule or further caudad right above or below lateral line. Lateral line
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Figure 8. Results of PCA: using morphometric and meristic characters (total of 20 specimens) (@); using
only meristic characters (total of 33 specimens) (b).

present in all examined specimens, variably shortened and interrupted, but commonly
long or almost complete (in one specimen), with 10-34 (averaging 24) scales. Cephalic
sensory canals complete, fully developed, non-interrupted.

Total vertebrae 33 (1), 34 (6), 35(5) or 36 (1); abdominal vertebrae 18(6) or 19
(7); predorsal abdominal vertebrae 11 (4), 12 (7) or 13 (1); caudal vertebrae 15(3),
16(8) or 17 (2); pre-anal caudal vertebrae 3 (4 in single specimen), post-anal caudal



116 Mohammad Javad Malek-Hosseini et al / Subterranean Biology 46: 97-127 (2023)

Figure 9. Garra tashanensis, Tang-e-Ban Spring, 20.04.2022, before preservation (just anesthetized), left
lateral, dorsal and ventral views: F63, SL 43.3 mm (a); F66, SL 45.9 mm (b).

vertebrae 12 (4), 13 (7) or 14 (2); and 9(5), 10(6) or 11(2) vertebrae between first
pterygiophores of dorsal and anal fins.

Body and fins unpigmented; in live specimens (Fig. 9) body is pinkish be-
cause of blood vessels seen through the semi-transparent skin. In preserved
specimens, body is yellowish-white.

Description of the Tashan (type locality) disc-bearing phenotype

Measurements of one larger specimen and counts for all examined specimens are given
in Tables 4, 5.

Longest examined specimen 42.2 mm SL (Fig. 10d). Body deep, thick; dorsal
head profile slightly convex, its transition to back smooth, slight nuchal hump only
in longest specimen. Predorsal back outline rising gently, slightly convex, to dorsal-
fin origin. Pelvic-fin origin below middle of dorsal-fin base or slightly behind. Caudal
peduncle deep and short, its depth varying within wide range of 80% of caudal-
peduncle length. Head large (head length 28% SL) slightly exceeding maximum body
depth (24% SL). Head wide and relatively deep; (head depth at nape 65% HL).
Snout blunt and smooth; neither transverse groove nor transverse lobe developed.
Anterior extremity of ethmoid field (proboscis) slightly elevated from rostral surface
only in the longest specimen.

Eye absent; no eye fossae in examined specimens. Gular disc well-developed in
all specimens examined (including smallest ones, SL 22.5-26 mm), wider than long
(Fig. 11f), with roundish posterior margin. Width of pulvinus less than disc length.
Maximum width of mouth considerably exceeding disc length. Mouth inferior, mouth
cleft clearly straight. Small papillae on torus, labellum, and labrum. Rostral cap wide,
completely covering upper lip and upper jaw (Fig. 11f), with almost straight (in ven-
tral aspect) considerably fimbriate distal margin. Anterior barbel longer than poste-
rior barbel. Dorsal fin with 3 unbranched and 7% branched rays, anal fin with 2
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Figure 10. Garra tashanensis, left lateral view: F67, SL 41.4 mm (a); F68, SL 39.5 mm (b); F72, SL
41.6 mm (c); and F45, SL 42.2 mm (d). Tang-e-Ban Spring, 20.04.2022 (a—c) and Tashan Cave (type-
locality), 17.03.2018 (d).

unbranched and 5%z branched rays. Pectoral fin with 1 unbranched ray and 13(3) or
14(3) branched rays. Pelvic fin with single unbranched ray and 7 branched rays.

Body naked. Lateral line absent (in specimen up to SL 34.8 mm) or present by 7
segments behind head (in longest examined specimen of SL 42.2. mm). Cephalic sen-
sory canals complete, fully developed, non-interrupted. Total vertebrae 32 (1), 33(2),
or 34 (3); abdominal vertebrae 17(1) or 18 (5); predorsal abdominal vertebrae 10; cau-
dal vertebrae 15(3) or 16(3); pre-anal caudal vertebrae 2(2) or 3 (4), post-anal caudal
vertebrae 12 (1) or 13 (5); and 10(3) or 11 (3) vertebrae between first pterygiophores
of dorsal and anal fins.

Body and fins unpigmented; in live specimens, body is pinkish because of blood
vessels seen through the semi-transparent skin. In preserved specimens, body is yellow-
ish-white.
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Figure | 1. Garra tashanensis, head, ventral view: F73, SL 34.8 mm (a); F74, SL 40.1 mm (b); F75, SL
34.6 mm (c), specimen A, SL 33.9 mm (d); specimen B, SL 33.1 mm (e); and F45, SL 42.2 mm (f).
Tang-e-Ban Spring, 20.04.2022 (a—c) and Tashan Cave (type-locality), 17.03.2018 (d).

Comparison between Tashan and Tang-e-Ban samples

As the lengths of two specimens in the Tashan sample were similar to those in most
specimens in the Tang-e-Ban sample, we could suppose that differences were not size-
dependent. On the other hand, the length of the smaller examined Tashan specimens
(SL 22.5-26 mm) corresponds to the size of the holotype and paratypes of the species
(SL 22-27 mm) (Mousavi-Sabet et al. 2016). In general, our study was consistent with
the original description (Mousavi-Sabet et al. 2016: 136-139), except for the presence
of a lateral line (7 pores) in the longer specimen (SL 42.2 mm). Hence, the absence
of the lateral line cannot be considered a diagnostic feature of the species, as has been
accepted (Zamani Faradonde et al. 2020a, b; Zamani Faradonde and Keyvani 2021)
since the description of the species.

A comparison of the samples examined in the present study revealed some clear
differences between them. Among the morphometric parameters, the most significant
differences (results of the statistical analyses are presented below) are found in the
following relative measurements (Table 4) (Tang-e-Ban vs. Tashan): maximum body



Stygobiotic form of Garra rufa sympatric with Garra tashanensis 119

depth (18-22% SL vs. 24); depth of caudal peduncle (55-69% of caudal peduncle
length vs. 80); caudal-peduncle length (18-21% SL vs. 15); body width (14—17%
SL vs. 20); pectoral-fin length (17-19% SL vs. 21); head length (25-26% SL vs. 28);
head depth at nape (54-60% HL vs. 65); anus — anal-fin origin distance (23—-33%
pelvic — anal-fin origin distance vs. 19); mouth width (37-45% HL vs. 51); disc width
(30-35% HL vs. 44); disc length (91-99% disc width vs. 71); and pulvinus width
(25-33% HL vs. 14).

Among the examined morphometric characters, the most prominent differences are
commonly 2 unbranched dorsal-fin rays in the Tang-e-Ban sample (vs. 3 in the Tashan
sample); commonly 11-12 branched pectoral-fin rays (vs. 13—14); 11-13 predorsal
abdominal vertebrae (vs. 10); commonly 9-10 vertebrae between first pterygiophores
of dorsal and anal fins (vs. 10-11); arched mouth cleft (vs. straitened), and, the most
striking difference, well-developed lateral-line, with 10-34 pored scales imbedded into
skin or externally visible (vs. up to maximum of 7 pores without visible scales).

The Tang-e-Ban and Tashan disc-bearing G. zashanensis samples are clustered in
distinct groups in the CA (Fig. 7a). The PCA implemented using a combination of
morphometric and meristic characters (Fig. 8a) show that the F65 specimen is clearly
distant from the Tang-e-Ban. Interestingly, in the CA, the hypogean G. rufa sample
was clustered together with the syntopic G. tashanensis, but not with epigean G. rufa
occurring nearby. When only meristic characters were used, then the two groups were
much closer in the PCA (Fig. 7b) and, in CA (Fig. 8b), even clustered together with
one specimen of epigean G. rufa and one specimen of Tang-e-Ban G. tashanensis.
In general, the examined specimens of disc-bearing G. tashanensis from Tang-e-Ban
Spring are very morphologically heterogenous.

Discussion

In this study we reported a cave form of G. rufa currently known only from Tang-e-
Ban spring (Figs 1, 2), thus, placing this population of the species in this karstic spring
into the category of stygobionts. The other species that inhabits Tang-e-Ban spring is
genetically clustered with stygobiotic G. tashanensis, a species previously known only
from Tashan Cave. Our study thus adds a new form of stygobiont fish to complement
the taxonomic understanding of the subterranean diversity of Iran. In total, five cave
fish species of two genera from two families are now reported from Iran: four species
of the genus Garra occur in groundwaters of Zagros Mountains, and Eidinemacheilus
smithi is present in sympatry with two Garra species (Garra lorestanensis and G. ty-
phlops) in Loven cave and Tuveh spring (which are 30 km apart) (Mousavi-Sabet et al.
2016; Malek-Hosseini and Zamani 2017; Malek-Hosseini et al. 2022).

The morphological analysis revealed that, although barcoded as G. rufz and
G. tashanensis, the forms of these species inhabiting Tang-e-Ban significantly differ
from the paired forms from the geographically very close Maroon River and Tashan
Cave, respectively. As described above, the hypogean G. rufa from the Tang-e-Ban
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spring differs from the conspecific epigean sample from the Maroon River by a variable
level of loss of scales (except for the lateral line, which is complete); a continuum of
eye reduction (up to a complete loss of externally visible eye structures); 7%2 branched
dorsal-fin, and a more anterior position of the anal fin relative to the pelvic fin, and a
shorter distance between origins of the dorsal and anal fins (expressed both in exter-
nal measurements and vertebral counts). The Tang-e-Ban G. tashanensis mostly differs
from the type-bearing phenotype from Tashan cave in the body shape expressed in
many relative measurements, commonly 2 unbranched dorsal-fins; a narrower disc;
an arched mouth; and, the most striking difference, a well-developed lateral-line, with
10-34 pored scales imbedded into skin or externally visible (vs. up to maximum of 7
pores without visible scales). Morphological diversity of G. tashanensis is even higher
as there is one more phenotype, a discless form, that occurs in syntopy with the disc-
bearing phenotype in Tashan Cave (Hashemzadeh Segherloo et al. 2022; our data).

To distinguish between species, both morphological and genetic criteria should
ideally be considered (Bond et al. 2022). Here, the K2P pairwise distance data between
population of Garra rufa from Tang-e-Ban Spring and other localities was not suffi-
cient to warrant description of a new species, despite the fact that different divergence
rates have been applied as decisive criteria for new species (Ward et al. 2009; Esmaeili
et al. 2016). This was similar for G. zshanensis from Tang-e-Ban Spring and Tashan
Cave. These populations of Garra from Tang-e-Ban Spring, Tashan cave, Sarjowahar
Spring, Maroon River, and also what we obtained from the literature, were conspecific
with G. rufa and G. tashanensis, although some morphological differences and also
genetic distances from 0.15% to 1.09% in barcoding COI gene were detected. We
consider these as morphotypes of the same species resulting from environmental dif-
ferences and/or prolonged isolation.

Our phylogenetic results were congruent with previous studies by Esmaeili et al.
2016, Kirchner et al. 2020 and Mousavi-Sabet et al. 2016. Phylogenetic studies based
on a fragment of the COI gene (Kirchner et al. 2020) have revealed a close relationship
of Garra rufa with a number of species, G. persica (Iran), G. widdowsoni (cave species
from Iraq), G. mondica Sayyadzadeh (Iran), G. amirhosseini, G. elegans (Iran), G. bar-
reimiae (UAE), G. ghorensis (Jordan), G. jordanica (Syria and Jordan), G. typhlops,
G. gymnothorax, G. lorestanensis (Iran), and G. longipinnis (Oman). The sister group of
this large clade is G. zashanensis. More markers from the abovementioned taxa and also
other Iranian Garra species must be included in such studies to gain wider insights into
the phylogenetic relationships of this group.

More studies are needed to examine the possibility of hybridisation between the
two cave species occurring in Tang-e-Ban spring. Another question that will require ge-
netic analyses is whether gene flow occurs between the epigean and hypogean morpho-
types of G. rufa. We cannot exclude the possibility of existence of an epigean form of
G. tashanensis in this area. A connection of Tashan cave with the Tang-e-Ban spring is
also suggested by the occurrence of G. tashanensis in these two localities and may indi-
cate the presence of an important aquifer in the Tashan area, consistent with unofficial

reports by locals of “reddish-pinkish fishes” inhabiting other parts of the Tashan region.
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Cave populations may remain interfertile with the ancestral surface form and,
therefore, may not evolve into separate, reproductively isolated species, or subsequent-
ly they may split from the original epigean species following long isolation. Isolation
of cave populations of Garra fishes can be quite old: for instance, the Somalian cave-
dwelling species Garra andruzzii (Vinciguerra, 1924) became isolated about 5.3 Mya
(at least 2.5 and at most 9.0 Mya; Calderoni et al. 2016), in contrast to Astyanax mexi-
canus where at least five independent events have led to cave-dwelling populations (still
completely interfertile with the ancestral surface form) over the past 1-2 Mya (Bradic
et al. 2012; Gross 2012).

As a result of old isolation, a diversity of situations is presently observed in Garra:
there are some exclusively hypogean species such as G. widdowsoni, G. lorestanensis, and
G. typhlops for which ancestral epigean forms remain unknown, whereas other species
such as G. longipinnis and G. barreimiae include populations with both epigean and hy-
pogean phenotypes (Banister 1984; Khalaf 2009; Kruckenhauser et al. 2011; Kirchner
et al. 2017; Pichler et al. 2018; Kirchner et al. 2020; Freyhof et al. 2020; Sayyadzadeh
et al. 2023). Further studies will be required to test the hypothesis that the latter situa-
tion corresponds to more recent cave colonisation events than the former.

Tang-e-Ban is a seasonal spring that flows during the period of February to June
in highly rainy years. The spring is completely dry during the whole year with low pre-
cipitation and also from July until February-March in high-precipitation years. Several
outflows for this spring exist, and it is not clear from which part fishes wash out. There
are several springs close to Tang-e-Ban whose waters join together through agriculture
lands with irrigation. Fish specimens either die in the spring or enter streams and the
river. The whole area of Tashan will require comprehensive fieldwork and study to
elucidate these mechanisms.

Our discovery of cave fishes in the Tashan area, as well as the presence of other
troglobiotic/stygobiotic animals in Tashan cave (including a gastropod and an isopod)
(Khalaji-Pirbalouty et al. 2018; Fatemi et al. 2019) reveal that this area should be con-
sidered a unique habitat that is worthy of urgent conservation, as numerous threats
such as pollutants from human waste, water extraction, fish collection by locals, and
uncontrolled human visits are putting the conservation of this unique habitat in danger.
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