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Abstract. The groundwater fauna in northwestern Iran remains insufficiently studied. A previous molecular investigation utilizing
COI and 28S detected several putative Niphargus species. However, due to the lack of formal nomenclature for these discoveries, we

are currently unable to implement practical measures for their protection and management. This paper aims to address this knowledge
gap by conducting a morphological analysis of one of the identified species. Additionally, we diagnose and describe a novel species
under the name N. azerbaijanensis sp. nov. The results showed that N. azerbaijanensis sp. nov. can be easily distinguished from other
species by having triangular gnathopods propodi and rounded epimeral plates I-III. Additionally, the morphological characters of

the new species were compared to those of Iranian species, including N. daniali, N. alisadri, N. persicus, N. ilamensis, N. hosseiniei, N.

urmiensis and N. tauri from Turkey.
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Introduction

Iran encompasses extensive karstic landscapes that house
vast subterranean ecosystems, which are unfortunately still
insufficiently explored. Despite the potential for rich
biodiversity within these underground environments,
northwestern Iran is one of the least explored areas.

The abundant karstic formations in this area offer the
prospect of revealing a diverse and unique subterranean
fauna. The scarcity of comprehensive studies in this locale
emphasizes the need for focused research efforts to elucidate
the hidden biodiversity of groundwater fauna in
northwestern Iran. Such efforts contribute to a deeper
understanding of this lesser-explored domain (V&inola et al.
2008, Mamaghani-Shishvan & Esmaeili-Rineh 2020, Karimi &
Jones 2020, Rezaei-Tavabe et al. 2022).

Nevertheless, despite substantial
groundwater aquifers, the study of taxonomic groups within
these habitats is a relatively recent scientific endeavor. Up to
the present, three subterranean species from the Niphargus
genus, namely N. fiseri, N. urmiensis, and N. hosseiniei, have
been identified in the northwestern part of Iran. The presence
of underground species, and studying them could potentially

the presence of
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provide valuable insights into the biology and ecology of this
area (Esmaeili-Rineh et al. 2017, Mamaghani-Shishvan &
Esmaeili-Rineh 2020). The molecular study conducted on
populations of the genus Niphargus in the West Azerbaijan
province of Iran showed that nine species are present in this
area by examining COI and 28S rDNA genes.

In this paper, we take further steps necessary for
appropriately protecting and monitoring the northwestern
Iranian groundwater fauna. We describe a new species of the
subterranean genus Niphargus, collected from a karstic spring
in West Azerbaijan, Iran. The new species was distinctly
delimited using uni- and multilocus delimitation methods in
a previous study (Esmaeili-Rineh et al. 2020). Here, we
present the results of morphological and
accordingly, a species is diagnosed and named.

analyses,

Material and methods

Samples were collected from Jandaran spring in Mahabad city of West
Azerbaijan province in Iran. The bottom of the spring is covered by
clay and fine sand, while the groundwater temperature ranges from
12 to 14 °C with a pH level of 7.8. The location is illustrated in Fig. 1,
and the coordinates are available in the results section.
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Figure 1 Map showing the type locality of Niphargus azerbaijanensis sp. nov.
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The species' phylogenetic position in this work was determined
through a multilocus phylogeny presented in a previous study
(Esmaeili-Rineh et al. 2020). To conduct morphological analyses, the
specimens were partially dissected and mounted on slides using an
Euparal mounting medium, and digital photos were captured with an
Olympus LABOMED iVu7000 camera mounted on a LABOMED
Lx500 stereomicroscope. Measurements and counts were obtained
with OLYMPUS DP-SOFT software, and morphological characters
were scrutinized using a Zeiss microscope (Primo Star) with
magnifications ranging from 100 x to 400. Further details on
measurement parameters, including landmarks and individual
characters, are provided by Fiser et al. (2009). Some morphological
terminology and setal formulae follow G. Karaman's terminology
(Karaman 2022) for the propodus of gnathopods I and II. All materials
used in this study are deposited in the Zoological Collection of Razi
University (ZCRU).

Results

Species description
Order Amphipoda Latreille 1816
Family Niphargidae Bousfield 1977
Genus Niphargus Schiodte 1849
Niphargus azerbaijanensis sp. nov.
Figs 2-5

ZooBank ID: https://zoobank.org/35E8AF23-A12A-4DC5-
9167-AFFF8B2356FC

Diagnosis (based on male only)

The palpus of maxilla I is normal and extends to the tip of the
outer lobe. Each telson lobe has three distal spines and one
lateral spine. Maxilla II bears long lateral setae along the inner
lobe. Pereopod VI is longer than pereopod VII. Gnathopods
I-1I possess propodi with a triangular shape. Pleonites I-III
each have a single seta on their dorsal margin.

Etymology

The species was discovered in West Azerbaijan Province in
Iran, and the name 'azerbaijanensis' was chosen in reference
to the location of its discovery.

Material examined

Holotype

IRAN 3; West Azerbaijan Province, Mahabad City,
Jandaran Spring; 36°24' 3" N, 45°30'52E; 3 August 2016; M.
Mamaghani-Shishvan leg.; ZCRU Amph.1072.

Paratypes

IRAN e 3 3; same data as for holotype; ZCRU Amph.1072.

Description of holotype

Measurements. The holotype's total length is 6mm, and the
head length is 17% of the body length (Fig. 2A).

Antenna 1. Antenna I is 0.35 times the body length.
Peduncular articles 1-3 are progressively shorter; the length
of peduncular article 3 exceeds half of peduncular article 2
(ratio 1.00: 1.57). The main flagellum has 15 articles, most of
which have short setae. The accessory flagellum is bi-
articulated and reaches half of article 4 of the main flagellum;
both articles have two simple setae (Fig. 2B).

Antenna II. With a flagellum formed of six articles, the
entire antenna II is shorter than half of the antenna I. The
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flagellum length is 0.57 times the length of peduncle articles 4
+ 5. Peduncle articles 4 and 5 each have five groups of setae
(Fig. 2C).

Mouth parts. Labium bi-lobate with fine setae on the tip of
outer lobes (Fig.3D). Inner plate of maxilla I with five long and
normal apical setae, outer plate with seven long spines with
0-4-1-1-0-0-0 lateral projections; palp bi-articulated, short and
not reaching tip of outer lobe, with four apical setae (Fig.2E).
Both plates of maxilla II with numerous long apical simple
setae and Inner plate with seven lateral setae (Fig.3E). Left
mandible with five teeth on incisor process, lacinia mobilis
pluritoothed and row of six setae with lateral projections
(Fig.2F). Right mandible with four teeth on incisor process,
lacinia mobilis with four teeth and row of five setae with
lateral projections (Fig.2G).

Mandibular palp articles 1:2:3 represent 19%, 36%, and
45% of total palp length, respectively. The proximal article has
no setae, the second article has four setae along the inner
margin, and the third article has one group of one A-seta, one
group of two B-setae, no C-setae, 10 D-setae, and 5 E-setae
(Fig.2D).

Maxilliped with three distal spines intermixed with four
distal simple setae on inner plate; outer plate exceeding
proximal half of the palp article 2, with nine spines along
inner margin and three setae distally; maxilliped palp article
3 at outer margin with one proximal and one distal group of
long simple setae; palp terminal article with one seta at outer
margin and three simple setae at base of nail, nail shorter than
pedestal (Fig.3C).

Gnathopods. Coxal plates of gnathopods I are shorter than
gnathopods II in size. Coxa of gnathopod I is almost
trapezoidal in shape, shorter than broad, with 3 inner
marginal setae. Basis with long and short setae on anterior
and posterior margins; ischium with one seta in posterior
margin and merus with posterior group of setae. Carpus with
one group of four setae antero-distally, bulge with long setae;
carpus 0.74 times basis length and 0.95 times propodus
length. Propodus of gnathopods I triangular shape; anterior
margin with five setae in one group in addition to antero-
distal group of five setae. Palm convex, defined on the outer
surface by one strong long corner S-seta accompanied
laterally by two L-setae with lateral projections and a row of
three facial M-setae, on the inner surface by two short sub-
corner R-setae. Dactylus reaching posterior margin of
propodus, outer and inner margins of dactylus with one and
four setae, respectively. Nail length 0.50 of total dactylus
length (Fig.3A).

Gnathopods II. The coxal plate of gnathopods II has a
rectangular shape and ventral and posterior margins with
three and two setae, respectively. Basis with long and short
setae on anterior and posterior margins; ischium with two
setae in posterior margin and merus with posterior group of
setae. Carpus with one group of four setae antero-distally,
bulge with long setae; carpus longer than propodus length,
carpus almost as long as basis. Propodus of gnathopods II
triangular shape; anterior margin with two setae in one group
in addition to antero-distal group of four setae. Palm convex,
defined on the outer surface by one strong long corner S-seta
accompanied laterally by two L-setae with lateral projections
and a row of three facial M-setae, on the inner surface by two
short sub-corner R-setae. Dactylus reaching posterior margin
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of propodus, outer and inner margins of dactylus with one
and four setae, respectively. Nail length 0.40 of total dactylus
length (Fig.3B).

Pereopods. Coxal plates III and IV are roughly square, with
six setae in antero-ventral margins in coxa III and three setae
in antero-ventral margins in coxa IV. Coxal plates V-VI have
an anteriorly developed lobe; posterior and anterior lobes V-
VI have three and one marginal setae, respectively. Coxal
plates VII have a single seta (Fig.4E).

Pereopods 111-VII. Pereopod III: IV length ratio is 1.04: 1.00
(Fig.4A-B). Dactylus III-IV short, nail shorter than pedestal
(Fig.4A-B). Pereopods V: VI: VII length ratios 1.00: 1.20: 1.13,
respectively. Pereopod VII is 0.48 times the total body length.
Pereopod basis V-VI, each with six groups of spines along
anterior margins and seven and six setae along posterior
margins, respectively. Pereopod basis VII with six groups of
spines along the anterior margin and seven setae along the
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posterior margin, respectively (Fig. 4E). Postero-ventral lobe
of ischium in pereopods V-VII developed. Ischium, merus
and carpus in pereopods V-VII with several groups of spines
and setae along anterior and posterior margins; dactyli of
pereopods V-VII with one short spine at base of nail on inner
margin, and one simple seta on outer margin of dactylus VII
Nail length of pereopod VII is 0.25 times the total dactylus
length (Fig. 4E).

Epimeral plates I-III. With rounded postero-ventral corner,
postero-ventral corners of plates I-III posteriorly with three,
four and four spines and setae. Epimeral plates II-III, each
with two spines along the ventral margins (Fig. 5H).

Pereonites. Pereonites I-VII without setae.

Pleonites I-III, each with one seta on the dorsal margin.

Urosomites I-II each have one seta on the dorsolateral
margin. Urosomite III has no setae. Urosomite I has one long
spine at the base of uropod 1.
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Figure 2 Niphargus azerbaijanensis sp. nov., 3, 6 mm. A (Head), B (Antenna 1), C (Antenna 2), D (Mandibular palp), E (Maxilla I),
F (Left Mandible), G (Right Mandible). Scale bars: 1 = 0.25 mm (F-G); 2 = 0.5 mm (A, E); 3 =1 mm (B-C).
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Figure 3 Niphargus azerbaijanensis sp. nov., 3, 6 mm. A (Gnathopod I), B (Gnathopod II), C (Maxilliped), D (Labium), E (Maxilla

II). Scale bars: 1 = 0.25 mm (C-E); 2 =1 mm (A-B).

Pleopods. Peduncle of pleopods I-III with two-hooked
retinacles at distal part of inner margins. Peduncle of pleopod
I without seta. Peduncle of pleopod II with one seta along the
inner margin. Peduncle of pleopod III with two setae along
the outer margin (Fig. 5A-C); rami of pleopods I-III, each
with six to nine articles (Fig. 5A-C).

Uropods. Peduncle of uropod I with four and three large
spines along dorso-lateral and dorso-medial margins,
respectively. The outer ramus of uropod I is shorter than the
inner ramus (ratio 1: 1.11); the inner ramus has one group of
one spine laterally and five spines distally; the outer ramus
has three spines in two groups laterally and five spines
distally (Fig. 5D). Inner ramus in uropod II longer than outer,

both rami with lateral and distal long spines (Fig. 5E). Uropod
III normal, almost 0.30 times body length. The peduncle of
uropod III has four spines, the outer ramus is bi-articulated,
and the distal article is 0.21 times the proximal article.
Proximal article of outer ramus bearing with four and five
groups of spines along inner and outer margins, respectively
(Fig. 5F); distal article with setae laterally and four setae
distally. The inner ramus is short, with two distal spines.

Telson. Longer than broad, lobes slightly narrowing; each
lobe with three spines distally and one spine laterally (Fig.
5G).

Female. Unknown.
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Figure 4 Niphargus azerbaijanensis sp. nov., 3, 6 mm. A (Pereopod III), B (Pereopod 1V), C (Pereopod V), D (Pereopod VI), E

(Pereopod VII). Scale bars: 1 =1 mm (A-E).

Discussion

Niphargus azerbaijanensis sp. nov. can be distinguished by two
prominent characteristics. Firstly, both gnathopods I-II have
triangular propodi, a trait previously described in some
Iranian species N. hosseiniei Esmaeili-Rineh, Sari, Fiser &
Bargrizaneh 2017, N. alisadri Esmaeili-Rineh and Sari 2013, N.
persicus Esmaeili-Rineh, Sari, Fiser & Bargrizaneh 2017, N.
ilamensis Esmaeili-Rineh, Sari, FiSer & Bargrizaneh 2017 and

N. nasrullahi Bargrizaneh, FiSer & Esmaeili-Rineh 2021 but
only present in one of the gnathopods. The second diagnostic
character of N. azerbaijanensis sp. nov. is the rounded epimeral
plates I-1II, a trait that has only been observed in N. daniali
Esmaeili-Rineh & Sari 2013 among Iranian species, and N.
tauri Schellenberg 1933 (Karaman 1973) from Turkey.
However, these two species differ from each other in some
traits. In N. daniali, telson bears four and two distal and lateral
spines, respectively (Esmaeili-Rineh & Sari 2013). In contrast,
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the new species has three distal and one lateral spines. outer lobe, while in N. azerbaijanensis sp. nov., the palpus and
Additionally, the members of N. daniali share the sub- outer lobe in maxilla I are the same size. Furthermore, the
quadrate to rectangular shape of gnathopod propodi. In N. propodi in both gnathopods of N. tauri are rectangular and
tauri, the palpus of maxilla I is long and crosses the tip of the elongated.

— |
—— ]
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Figure 5 Nipharqus azerbaijanensis sp. nov., 3, 6 mm. A (Pleopod I) , B (Pleopod II), C (Pleopod III), D (Uropod I), E (Uropod 1II),
F (Uropod I1I), G (Telson), H (Epimeral plates I-III). Scale bars: 1 = 0.25 mm (G-H); 2 = 0.5 mm (A-E); 3 =1 mm (F).
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Niphargus azerbaijanensis sp. nov. has been genetically
placed in the Iranian clade based on COI and 28S rDNA genes
(Esmaeili-Rineh et al. 2020). The sister clade of this species
includes Shinke and Saholan populations, but unfortunately,
their morphological information is unavailable. The closest
introduced species to this taxon in the tree is N. urmiensis
(Mamaghani-Shishvan & Esmaeili-Rineh 2020), located 83 km
from the new species. Although the two species share some
characteristics, such as the number of distal spines in the
telson and the longer size of the outer to inner ramus in
uropod I, whereas, in N. azerbaijanensis, the outer plate to
palpus length of maxilla I is equal and the length of pereopod
Vlis longer than pereopod VII. Additionally, there seem to be
differences between the two species in the shapes of
gnathopod propodi, epimeral plates angular I-III, and lateral
spines in the telson.
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