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Abstract

In Iran, the Elburz and Zagros Mountain ranges include substantial karst regions housing numerous aquifers and groundwater re-
sources. Niphargus Schigdte, 1849, a diverse subterranean amphipod genus, inhabits Western Palearctic groundwater environments,
with Iran marking the eastern limit of its distribution. This study examined specimens collected from springs along the Elburz and
Zagros Mountains, revealing two distinct taxonomic units through a combination of morphological observations and molecular
analyses, utilizing COI and 28S rDNA genes. N. elburzensis sp. nov. is characterized by produced epimeral plates I to III; a telson
lobe with five distal, two lateral, and one mesial spine each, a rectangular shape of gnathopod II propodi with two L-setae on palmar
corner and maxilla I outer plate spines with 2-2-1-1-3-0-1 denticles. N. zagrosensis sp. nov. is distinguished by a triangular shape
gnathopod II propodi, pereopod VI longer than pereopod VII, maxilliped outer plate less than half of palp article 2, and uropod III
distal article exceeding 80% of the proximal article. Pairwise genetic distances between N. elburzensis sp. nov. and other species
ranged from 10.70% (M. fiseri) to 23.48% (N. daniali) for COI gene and 1.56% (N. urmiensis) to 10.98% (N. daniali) for 28S
gene. Also, N. zagrosensis sp. nov. exhibited COI gene distances from 5.73% (N. alisadri) to 20.66% (N. daniali) and from 0.13%
(N. alisadri) to 11.36% (N. daniali) for 28S gene distances. Bayesian analysis suggests that the two newly discovered species are
part of the expansive local Iranian clade. These species are supported phylogenetically by separate and independent lineages, as
indicated by high bootstrapping values.
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Introduction

Amphipod genus Niphargus encompasses around 500
known species, making it one of the most diverse taxa
in subterranean freshwater ecosystems. These organisms
inhabit caves, springs, and subterranean streams, with
only a limited number of species observed in surface wa-
ters (FiSer et al. 2009; Copilas-Ciocianu and Boros 2016;
Morhun et al. 2022; Marin and Palatov 2023). The di-
versity of Niphargus species in subterranean freshwater
ecosystems exhibits a declining trend as one moves from
southern to northern parts of Europe (V&indla et al. 2008).

The classification of the genus Niphargus is com-
plex due to limited distribution, habitat inaccessibility,

homoplasy, and complex morphological diversity with-
in species (Ozkahya and Camur-Elipek 2015; FiSer et
al. 2018; Stoch et al. 2020). The application of molec-
ular techniques has significantly facilitated the identi-
fication of species boundaries, particularly in cases
where morphological characteristics may be unclear
(Mamaghani-Shishvan and Esmaeili-Rineh 2019; We-
ber and Weigand 2023). Sometimes, molecular analysis
reveals the presence of multi-species while morpholog-
ically classified as a single species. Consequently, it is
recommended to use a combination of morphological
and molecular characteristics for species identification
and delimitation within this genus (Balazs et al. 2023;
Weber and Weigand 2023).
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Iran represents the eastern boundary of Niphargus
range. Within this region, most of the species belong to
a distinct clade that diverged from their European coun-
terparts 11-9 million years ago (Esmaeili-Rineh et al.
2015; Borko et al. 2021). To date, more than 20 species of
amphipods belonging to the genus Niphargus have been
identified in Iran, and the greatest diversity is observed in
subterranean aquifers within the Zagros Mountains region
(Esmaeili-Rineh et al. 2015). Approximately 10% of Iran’s
land area is composed of karst formations, predominantly
found within the Alborz and Zagros mountain ranges; it is
likely that these regions contain numerous additional spe-
cies, with only a limited number discovered so far.

The present study, conducted from 2021 to 2023,
encompassed sampling in various karst regions in Iran,
leading to the discovery of two new species of subterra-
nean freshwater amphipods from the Alborz and Zagros
mountain ranges.

Materials and methods
Sampling area

The materials examined in this study were collected using
a handnet and subsequently preserved in 70% and 96%
ethanol for morphological and molecular studies, respec-
tively. The geographic distribution of these materials is
illustrated in Fig. 1. First, six samples (three for each
species) were examined for morphological studies and
then, one appendage was removed from each specimen
for DNA analyses and the rest of the individuals were
mounted on slides in Euparal® medium.
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The slides were studied using a Zeiss Primostar micro-
scope and a LABOMED Lx500 stereomicroscope. Details
were photographed using an Olympus LABOMED iVu7000
camera mounted on the stereomicroscope. Measurements
and counts of morphological characters were conducted
using the digitized photos and the computer program PRO-
GRES CAPTURE PRO 2.7, referring to characters and
landmarks defined by Fiser et al. (2009). Illustrations were
prepared in ADOBE ILLUSTRATOR CSS, using photos as
background images. All specimens were deposited in the
Zoological Collection of Razi University (ZCRU).

Molecular and phylogenetic analyses

The total genomic DNA was extracted from a part of an
animal using Tissue Kits (GenNet Bio™, Seoul, Korea)
following the manufacturer’s instructions. The modified
primer pair LCO1490-JJ and HCO2198-JJ (Astrin and
Stiiben 2008) were used to amplify a fragment of the
mitochondrial COI gene. A fragment of 28S ribosomal
DNA (rDNA) was amplified and sequenced following
Verovnik et al. (2005) and Zaksek et al. (2007), for the
forward and reverse primer, respectively.

Each 25 pl PCR mix comprised of water, 12.5 ul of
Master Mix kit (Sinaclon, Iran), 0.2 pl of each primer
(10 uM), and 50-100 ng of genomic DNA template. An
initial denaturation step at 94 °C for 3 minutes was fol-
lowed by 36 cycles of 40 seconds at 94 °C, 40 seconds at
52.5 °C and 2 min at 65 °C with a final extension step of
8 minutes at 72 °C to amplify the COI gene. Cycling pa-
rameters for the 28S rDNA gene were as follows: initial
denaturation of 94 °C for 7 minutes, 35 subsequent cycles
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Figure 1. Map showing the type locality of N. elburzensis sp. nov. and N. zagrosensis sp. nov. along the Elburz and Zagros Moun-

tains of Iran.
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of 94 °C for 45 seconds, 55 °C for 30 seconds, 72 °C for 1
minute, and a final extension of 72 °C for 7 minutes. PCR
products were purified and sequenced by Macrogen Inc.
(Korea), using the primer pairs mentioned above.

The chromatograms were edited in BIOEDIT, version
7.0.5.3. The acquired sequences (with GenBank accession
numbers PP496406 to PP496411 for COI and PP495485
to PP495490 for 28S) were analysed within the data set
of Esmaeili-Rineh et al. (2015, 2017a) and Bargrizaneh
et al. (2021), to identify the phylogenetic position of the
newly collected specimens. The out-groups were select-
ed based on previous phylogenetic analyses. The NCBI
available sequences for Niphargus krameri Schellenberg,
1935, Niphargus aquilex Schiodte, 1855 and Niphar-
gus schellenbergi S. Karaman, 1932 were used as out-
group (accession numbers: EF617274 and KF719253,
EF617264 and JF420841, JF420854 and EU693321). All
sequences were edited and aligned using CLUSTALW
(Thompson et al. 1994), as implemented in the BIOEDIT,
version 7.0.5.3, program sequence alignment editor (Hall
1999), using the default settings.

We conducted phylogenetic reconstruction using
Bayesian inference in MRBAYES, version 3.1.2 (Ron-
quist and Huelsenbeck 2003). The Bayesian analyses were
run for 15 million generations, employing the TIM3+G
and TIM3+I+G models (selected using JMODELTEST,
version 0.1.1, Posada 2008) for the 28S and COI genes,
respectively. We ran four chains, with trees sampled ev-
ery 1000 generations. The initial 3750 sampled trees were
discarded as burn-in. We assessed tree likelihood con-
vergence using Tracer 1.5.0 (Drummond and Rambaut
2009). A consensus tree representing the majority rule at
fifty percent was computed using the remaining trees and
visualized using FIGTREE v1.4.0 software. For detailed
information about the analyzed species, please refer to
the Electronic Supplement provided in Esmaeili-Rineh et
al. (2015) and Bargrizaneh et al. (2021). To assess the ge-
netic divergence from previously described Iranian spe-
cies of Niphargus, we calculated genetic distances using
the Kimura two-parameter (K2P) model (Kimura 1980),
implemented in MEGA ver. 5 (Tamura et al. 2011).

Results

Phylogenetic position of the new species and
their genetic distinctness

The results of genetic distance analysis strongly support-
ed the species status of the Niphargus specimens collect-
ed in this study. Six individuals, three from Alamout and
three from Kahak springs were sequenced and analyzed.
The specimens from the Kahak population shared a sin-
gle haplotype for a 902 base-pair segment of the 28S
ribosomal DNA gene but had two haplotypes for a 513
base-pair segment of the COI gene. The specimens from
the Alamout population displayed a unique haplotype for
both of these genes. Herein studied specimens were nest-
ed within the Middle East clade as illustrated in Fig. 2.

For the 28S gene fragment, the pairwise K2P genet-
ic distance among N. zagrosensis sp. nov. from Kahak
spring and the other species ranged from a minimum of
0.13% (N. alisadri) to a maximum of 11.36% (N. dania-
li). The pairwise K2P genetic distance among N. zagro-
sensis sp. nov. and the other species ranged from a min-
imum of 5.73% (N. alisadri) to a maximum of 20.66%
(N. daniali), based on COI gene fragment.

The pairwise K2P genetic distance among N. elburzen-
sis sp. nov. and the other species ranged from a mini-
mum of 1.56% (N. urmiensis) to a maximum of 10.98%
(N. daniali), for the 28S gene fragment. The pairwise
K2P genetic distance among N. elburzensis sp. nov. from
Alamout spring and the other species ranged from a min-
imum of 10.70% (N. fiseri) to a maximum of 23.48% (V.
daniali), based on COI gene fragment. The pairwise K2P
genetic distance between two new species is 2.21% and
17.63% based on 28S and COI gene fragments, respec-
tively. This indicates that the new species are well dif-
ferentiated genetically. A comprehensive overview of the
pairwise Kimura two-parameter genetic distances among
the Iranian taxa is presented in Table 1.

Taxonomic part

Order Amphipoda Latreille, 1816
Family Niphargidae Bousfield, 1977
Genus Niphargus Schiédte, 1849

Niphargus elburzensis sp. nov.
https://zoobank.org/DDB40AED-D8D2-42B2-A957-09F517DF2E30
Figs 3-6

Diagnosis (based on male only). Each telson lobe with
five distal spines, two lateral spines and one mesial spine.
The propodi of gnathopod II rectangular shape with two
L-setae on palmar corner. Ventro-posterior corner of epi-
meral plates I to III produced. Outer plate of maxilla I
with seven long spines with 2-2-1-1-3-0-1 denticles.

Etymology. The name “elburzensis” refers to Elburz
Mountains in the north of Iran, where the species was
found.

Material examined. Holotype. IRAN * male; Qazvin
Province, Northeastern Qazvin City, Alamout Spring;
coordinates: 36°28.56'N, 50°8.52'E. Specimens collect-
ed by S.A. Mirghaffari; 25 July 2022. Holotype with
two paratypes are stored under catalogue number ZCRU
Amph. 1503.

Description of holotype. Total length of specimen
9 mm. Body strong. Head length 9% of body length.
Lateral cephalic lobes sub-rounded (Fig. 3A).

Antennae I-II. Antenna I is 0.4 times body length.
Peduncular articles 1-3 progressively shorter; length of
peduncular article 3 exceeds half of peduncular article 2
(ratio 1.00: 1.80). Main flagellum with 20 articles (most
with short setae). Accessory flagellum bi-articulated and
reaching half of article 4 of main flagellum; articles with
one and two setae, respectively (Fig. 3B).
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Figure 2. Bayesian consensus tree of 58 Niphargus Schiddte, 1849 specimens based on the 28S ribosomal DNA and COI gene
sequences. Species are identified and named according to available taxonomic descriptions. Posterior probabilities are indicated

on branches.
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A,B,C

Figure 3. Niphargus elburzensis sp. nov., holotype, male, 9 mm (ZCRU Amph.1503). A. Head; B. Antenna [; C. Antenna II; D. Man-
dibular palp; E, F. Maxilla [; G. Right mandible; H. Left mandible. Scale bars: 0.25 mm (G-H); 0.5 mm (A, D-F); 1 mm (B, C).
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Antenna II with flagellum formed of seven articles.
Length ratio antenna I: IT as 1: 0.49. Flagellum length is
0.9 times length of peduncle articles 4 + 5. Peduncular
article 4 of antenna II is longer than article 5 (1.3: 1.00),
peduncle articles 4 and 5, with three groups of simple se-
tae each (Fig. 3C).

Mouthparts. Labium bi-lobate; both lobes with numer-
ous fine distal and lateral setae (Fig. 4D). Mandible: right
mandible with four teeth on incisor process, lacinia mobilis
pluritoothed, between pars incisiva and pars molaris a row
of three setae with lateral projections (Fig. 3G). Left man-
dible with five teeth on incisor process, lacinia mobilis with
four teeth, between pars incisiva and pars molaris a row of
five setae with lateral projections (Fig. 3H). Mandibular
palp articles 1:2:3 represent 20%, 37% and 43% of total
palp length, respectively. Proximal article without setae;
second article with two setae along ventral margin and third
article with one group of two A-setae, two groups of B-se-
tae, no C-setae, eight D-setac and four E-setae (Fig. 3D).
Inner plate of maxilla I with two long apical setae, outer
plate with seven long spines with 2-2-1-1-3-0-1 denticles;
palp bi-articulated, slightly longer than outer lobe, with
two apical setae (Fig. 3 E, F). Both plates of maxilla IT with
numerous long distal setae (Fig. 4C). Maxilliped with short
inner plate bearing three distal spines intermixed with four
distal setae and two lateral setae sub-distally; outer plate
exceeding half of palp article 2, with nine spines along
inner margin and three setae distally; Maxilliped palp ar-
ticle 3 with one group of simple setae at outer and inner
margins; palp terminal article with one simple seta at outer
margin, nail shorter than pedestal (Fig. 4E).

Gnathopods. Coxal plate of gnathopod I shorter than
gnathopod II. Coxa of gnathopod I rectangular, broader
than long, anterior and ventral margins with five setae.
Basis with several single setae on anterior and posterior
margins; ischium and merus with one posterior group of
setae. Carpus with one group of five setae anterio-distally,
bulge with setae; carpus 0.58 times basis length and 0.89
times propodus length. Propodus of gnathopod I trape-
zoid shape and broader than long; anterior margin with
five setae in one group in addition to antero-distal group
of four setae. Palm slightly convex, defined by one strong
long corner S-seta accompanied laterally by three L-setae
with lateral projections, on inner surface of palmar cor-
ner one short sub-corner R-seta. Dactylus reaching the
posterior margin of propodus, outer and inner margins
of dactylus with one and two simple setae, respective-
ly. Nail length 0.33 times total dactylus length (Fig. 4A).
Coxal plate of gnathopod II of rectangular shape, longer
than broad, anterio-ventral margin with five setae. Basis
with single setae on anterior and posterior margins; ischi-
um and merus with one posterior group of setae. Carpus
with one group of three setae antero-distally, bulge with
long setae; carpus 0.7 times basis length and 0.90 times
propodus length. Propodus of gnathopod II of rectangular
shape, longer than broad; anterior margin with three setae
in two groups in addition to antero-distal group of four
setae. Palm slightly convex, defined by one strong long

corner S-seta accompanied laterally by two L-setae with
lateral projections, on inner surface of palmar corner one
short sub-corner R-seta. Dactylus reaching the posterior
margin of propodus, outer and inner margins of dactylus
with one and two setae, respectively; nail short, 0.3 times
total dactylus length (Fig. 4B).

Pereonites I-VII. Without setae.

Pereopods. Coxal plate III rectangular, length to width
ratio is 1.07: 1; antero-ventral margin with four simple
setae. Coxal plate IV rectangular, antero-ventral margin
with five setae, posterior concavity shallow and approxi-
mately 0.1 times coxa width. Coxal plate V-VI with large
anterior lobe; Coxal plate V with three setae on anterior
and posterior lobes each. Coxal plate VI with two setae
on anterior lobe. Coxal plate VII with one seta on posteri-
or margin (Fig. SA-E).

Pereopod III: 1V length ratio is 1: 1.03. Dactylus III
length 0.39 times propodus length, nail shorter than ped-
estal. Dactylus I'V length 0.32 times propodus length, nail
shorter than pedestal (Fig. 5A, B). Pereopods length V:
VI: VII ratios as 1: 1.2: 1.36, respectively (Fig. 5SC-E).
Pereopod VII 0.48 times total body length. Pereopod bas-
es V-VII with five, six and five groups of spines along
anterior margins and with six, 10 and nine setae along
posterior margins, respectively. Antero-ventral lobe of is-
chium in pereopods V—VII slightly developed. Merus and
carpus in pereopods V-VII with several groups of spines
and setae along anterior and posterior margins; propo-
dus of pereopod VII longer than these in V-VI, dactyli
in pereopods V—VII with one seta on outer margin, nail
length of pereopod VII 0.34 times total dactylus length
(Fig. 5C-E).

Pleonites I-1I1. Each with one seta along the dorsal
margin.

Pleopods. Peduncle of pleopods I-I1I with two-hooked
retinacles distally; Peduncle of pleopod III with two setae
along of inner margin. Rami of pleopods I-1II with five to
eight articles (Fig. 6A—C).

Urosomites I-II1. At the base of uropod I with one
strong spine; Urosomites I-I1 postero-dorso-laterally with
one and two spines, respectively. Urosomite II with two
simple setaec on postero-dorso-laterally. Urosomite III
without setae.

Uropods. Peduncle of uropod I with six and five large
spines along dorso—lateral and dorso—medial margins, re-
spectively. Inner ramus of uropod I longer than outer ra-
mus (ratio 1: 1.05); inner ramus with five groups of spines
laterally and five spines distally; outer ramus with three
groups of five spines laterally and five spines distally
(Fig. 6D). Inner ramus in uropod II longer than outer, both
rami with lateral and distal long spines (Fig. 6E). Uropod
[T normal, almost 0.2 of body length. Peduncle of uropod
[T with five spines on distal margin. Outer ramus bi-artic-
ulated, distal article 0.11 times proximal article. The prox-
imal article of outer ramus bearing five and four groups of
spines along inner and outer margins, respectively; distal
article with setae laterally and four setae distally. Inner
ramus normal, with three distal spines (Fig. 6F).
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Figure 4. Niphargus elburzensis sp. nov., holotype, male, 9 mm (ZCRU Amph.1503). A. Gnathopod I; B. Gnathopod II; C. Maxilla II;
D. Labium; E. Maxilliped. Scale bars: 0.5 mm (C-E); 1 mm (A, B).
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Figure 5. Niphargus elburzensis sp. nov., holotype, male, 9 mm (ZCRU Amph.1503). A. Pereopod I1I; B. Pereopod I'V; C. Pereopod V;
D. Pereopod VI; E. Pereopod VII. Scale bar: 1 mm.
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Figure 6. Niphargus elburzensis sp. nov., holotype, male, 9 mm (ZCRU Amph.1503). A. Pleopod I; B. Pleopod II; C. Pleopod III;
D. Uropod [; E. Uropod II; F. Uropod I1I; G. Epimeral plates I-1II; H. Telson. Scale bars: 0.5 mm (G, H); 1 mm (A-E); 2 mm (F).
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Epimeral plates I-II1. With angular postero-ventral
corners, plates I-III posteriorly with three, three and four
setae and spines, respectively. Epimeral plates II-III each
with two spines along of ventral margin (Fig. 6G).

Telson. Telson length as long as broad; each lobe with
five spines distally, with two long spines and two setae
laterally, with one spine mesially (Fig. 6H).

Female. Unknown.

Genus Niphargus Schiodte, 1849

Niphargus zagrosensis sp.nov.
https://zoobank.org/27331B3E-2F2A-4DE4-ACA9-7EFA51D7B453
Figs 7-10

Diagnosis (based on male only). The propodi of gna-
thopod II triangular shape. Gnathopod II dactylus does
not reach posterior margin of palm. Pereopod VI longer
than pereopod VII. Maxilliped outer plate does not reach
half of the posterior margin of palp article 2. Uropod III
distal article exceeds more than 80% times proximal arti-
cle. Outer plate of maxilla I with seven long spines with
4-2-1-2-1-1-0 denticles.
Etymology. The name “zagrosensis” refers to Zagros
Mountains in the west of Iran, where the species was found.
Material examined. Holotype. IraN * male; Markazi
Province, 54 km to Saveh City, Kahak Spring; coordinates
35°5.28'N, 49°49.02'E. Specimens collected by S.A. Mir-
ghaffari; 20 July 2022. Holotype with two paratypes are
stored under catalogue number ZCRU Amph. 1501.
Description of holotype. The total length of specimen
10.5 mm. Body strong and stout. Head length 10.5% of
body length. Lateral cephalic lobes sub-rounded (Fig. 7A).
Antennae I-II. Antennae 1 0.45 times body length.
Peduncular articles 1-3 progressively shorter; length of
peduncular article 3 not exceeds half of peduncular arti-
cle 2 (ratio 1: 0.4). Main flagellum with 23 articles (most
of which with short setae); accessory flagellum biartic-
ulated and reaching 1/3 of article 4 of main flagellum,
articles with two simple setae each (Fig. 7B). Antennae II
flagellum with 11 articles, approximately 0.54 as long as
antenna I. Peduncular article 4 longer than article 5, with
11 and 10 groups of simple setae, respectively. Flagellum
length is 0.71 peduncle article 4 + 5 (Fig. 7C).
Mouthparts. Labium bi-lobate; with fine setae on tip of
both lobes (Fig. 8D). Right mandible with four teeth on
incisor process, lacinia mobilis pluritoothed; between pars
incisiva and pars molaris a row of six setaec with lateral
projections (Fig. 7G). Left mandible with five teeth, lacinia
mobilis with four teeth; between pars incisiva and pars mo-
laris a row of six setae with lateral projections (Fig. 7H).
Mandibular palp articles 1:2:3 represent 19%, 40% and
41% of total palp length, respectively. The proximal arti-
cle has no setae, the second article with seven setae along
ventral margin and the third article with one group of two
A-setae, three groups of B-setae, no C-setae, 14 D-setae
and five E-setae (Fig. 7D). Inner plate of maxilla [ with two
long distal simple setae; outer plate with seven long spines

with 4-2-1-2-1-1-0 denticles; palp bi-articulated, slight-
ly longer than the tip of outer lobe, with three long distal
simple setae (Fig. 7E, F). Maxilla II bi-lobate (Fig. 8C).
Both plates of maxilla IT with numerous distal simple setae.
Inner lobe with lateral simple setae (Fig. 7C). Maxilliped
with short inner plate bearing four distal spines intermixed
with six distal simple setae; outer plate less than half of the
posterior margin of palp article 2, with 10 spines along in-
ner margin and seven setae distally. Maxilliped palp article
3 with one proximal and one distal group of long simple
setae at outer margin; palp terminal article with one seta
at outer margin and two small setae at base of nail, nail
shorter than pedestal (Fig. 8E).

Gnathopods. Coxa of gnathopod I shorter than gnathopod
II. Coxal plate of gnathopod I trapezoid shape, ventro-pos-
terior margins with 12 simple setae. Basis with several setae
on anterior and posterior margins; ischium and merus with
one posterior group of setae each. Carpus with one group
of four setac antero-distally, a bulge with long simple se-
tae; carpus 0.7 times basis length and 0.75 times propodus
length. Propodus of gnathopod I rectangular shape; anterior
margin with one group of five setae in addition to antero-dis-
tal group of five simple setae. Palm slightly convex, defined
by one strong long corner S-seta accompanied laterally by
three L-setae with lateral projections, on inner surface of pal-
mar corner one short sub-corner R-seta. Dactylus reaching
the posterior margin of propodus, outer and inner margins
of dactylus with a row of two and three simple setae, respec-
tively; nail short, 0.33 of total dactylus length (Fig. 8A).

Coxal plate of gnathopod II rectangular shape, with
13 setae along antero-ventro-posterior margins. Basis
with single setae along anterior margin and with setae in
group along posterior margin; ischium and merus with
one posterior group of setae each. Carpus 0.4 times basis
length and 0.59 times propodus length. Carpus with one
group of four setae antero-distally. Propodus of gnatho-
pod II larger than gnathopod I, triangle shape and broader
than long; anterior margin with three setae in one group
in addition to antero-distal group of three simple setae.
Palm slightly convex, defined by one strong long corner
S-seta accompanied laterally by two L-setae with lateral
projections, on inner surface of palmar corner one short
sub-corner R-seta. Dactylus does not reach the posterior
margin of propodus, outer and inner margins of dactylus
with two and three simple setae, respectively. Nail length
0.29 times total dactylus length (Fig. 8B).

Pereonites I-VII. Perconites II and IV with one seta
each; others pereonites without setae.

Pereopods. Coxal plate III rectangular shape, length
to width ratio as 1.2: 1; antero-ventral margin with nine
simple setae. Coxal plate IV rectangular shape, length to
width ratio as 1: 1.02, antero-ventro-posterior margins
with 12 simple setae, posterior concavity shallow and ap-
proximately 0.1 of coxa width. Coxal plate V with large
anterior lobe, with five and three simple setae on anterior
and posterior lobes, respectively. Coxal plate VI with an-
terior lobe, with four and three simple setae on anterior
and posterior lobes, respectively. Coxal plate VII with
one simple seta on posterior margin (Fig. 9A-E).
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Figure 7. Niphargus zagrosensis sp. nov., holotype, male, 10.5 mm (ZCRU Amph.1501). A. Head; B. Antenna I; C. Antenna II;
D. Mandibular palp; E, F. Maxilla I. G. Right mandible. H. Left mandible. Scale bars: 0.25 mm (G-H); 0.5 mm (A, D-F); 1l mm (B, C).
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Figure 8. Niphargus zagrosensis sp. nov., holotype, male, 10.5 mm (ZCRU Amph.1501). A. Gnathopod I; B. Gnathopod II;
C. Maxilla II; D. Labium; E. Maxilliped. Scale bars: 0.5 mm (C-E); 1 mm (A, B).
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Pereopods length III: IV ratio is 1: 0.94. Dactylus III
length 0.40 times propodus length, nail shorter than pedestal
(Fig. 9A). Dactylus IV length 0.43 times propodus length,
nail shorter than pedestal (Fig. 9B). Dactyli of pereopods
M-IV with one seta on inner margin (Fig. 9A, B).

Pereopods length V: VI: VII ratios is 1: 1.28: 1.25,
respectively. Pereopod VII 0.48 times total body length.
Pereopod bases V-VII each with seven, seven and six
groups of spines along anterior margins and 13, 13 and 14
simple setae along posterior margin, respectively. Ischi-
um, merus and carpus in pereopods V-VII with several
groups of spines and simple setae along anterior and pos-
terior margins; propodus of pereopod VI longer than these
in V and VII, dactyli of pereopods V-VII with one spine
at the base of nail on inner margin, nail length of pereo-
pod VII 0.33 times total dactylus length (Fig. 9A—E).

Epimeral plates I-II1. With angular postero-ventral
corner, anterior and ventral margins convex; postero-ven-
tral corners of plates I-III with three, four and five spines
and setae, respectively. Epimeral plates II-1II with three
and four spines along of ventral margin, respectively
(Fig. 10G).

Pleonites I-111. With one simple seta along the dorsal
margin each.

Pleopods I-III. Peduncle of pleopods I-III with two-
hooked retinacles distally; peduncle of pleopod III with
three simple setae along of inner margin. Rami of pleop-
ods I-IIT with nine to 14 articles (Fig. 10A—C).

Urosomites I-II1. At the base of uropod I with one
strong spine. Urosomites I and II with one and three
spines on postero-distally, respectively. Urosomite III
without setae.

Uropods I-III. Peduncle of uropod I with seven and
four large spines along dorso-lateral and dorso-medial
margins, respectively. Inner ramus of uropod I longer than
outer ramus (ratio 1: 1.06). Inner ramus with five groups
of spines laterally and five spines distally; outer ramus
with four groups of six spines laterally and five spines
distally (Fig. 10D). Inner ramus in uropod II longer than
outer, both rami with lateral and distal long spines (Fig.
10E). Uropod III long, almost 0.44 times body length.
Peduncle of uropod III with four spines on distal margin.
Outer ramus bi-articulated, distal article 87% times prox-
imal article. The proximal article of outer ramus bearing
five and four groups of spines along of outer and inner
margins, respectively; distal article with several groups of
simple setae laterally and four simple setae distally. Inner
ramus short, with two distal spines (Fig. 10F).

Telson. Telson longer than broad; lobes slightly nar-
rowing; each lobe with four spines apically, with two
spines and two simple setae laterally (Fig. 10H).

Female. Unknown.

Intraspecific variation

Intraspecific variabilities of each species were investigat-
ed by three individuals. In N. elburzensis, only a difference
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in the number of L-setae in gnathopod I (ranging between
2-3) was found among individuals. In N. zagrosensis was
observed a greater number of intraspecific differences.
These differences included the number of apical spines
in each telson lobe (between 3—4), the ratio of antennal
length II to I, and the ratio of segments 4 + 5 to the fla-
gellum length in antenna II. It’s important to note that the
diagnostic characteristics of each species are based on the
fixed characters, which exhibit a consistent state for all
individuals of a species.

Discussion

In this research, two populations of the genus Niphar-
gus were collected from Iran and examined based on
morphological and molecular characteristics. DNA se-
quences support the species status of two new species,
N. elburzensis sp. nov. and N. zagrosensis sp. nov. The
Bayesian analysis revealed that the two newly identified
species are phylogenetically separate and independent
lineages, as indicated by high bootstrap values.

Niphargus elburzensis sp. nov. is characterized by two
clearly visible characters. The first one is the presence of
five distal, two lateral and one mesial spines on each tel-
son lobe. Although the presence of a mesial spine on the
telson lobe is common among European species (for ex-
ample N. podogoricensis Karaman, 1950; N. vinodolensis
Fiser, Sket & Stoch, 2006), this trait was observed only in
N. arasbaranensis (in press) and N. elburzensis between
Iranian species. However, N. elburzensis is distinguished
from N. arasbaranensis by the presence of five distal
spines on each telson lobe (compared to four distal spines
in N. arasbaranensis) and the greater length of the palpus
to the tip of the outer lobe in maxilla I (compared to equal
length of the palpus and outer plate in N. arasbaranen-
sis). The second distinguishing characteristic involves the
presence of two setae along the inner margin of pleopod
III. We found this trait in three species in Iran. However,
neither N. kurdistanensis, N. urmiensis nor N. fiseri share
produced epimeral plates (Mamaghani-Shishvan et al.
2017; Mamaghani-Shishvan and Esmaeili-Rineh 2019).

Although N. elburzensis is genetically close to N. fiseri
and N. urmiensis, it differs from these two species by sever-
al characteristics. These differences include a long palpus
in maxilla I, which passes from the tip of the outer lobe, in
contrast to N. urmiensis and N. fiseri exhibit equal lengths
of the palpus and outer plate. Moreover, N. elburzensis ex-
hibit two and three L-setae on palmar corner of both gna-
thopods, whereas N. urmiensis and N. fiseri each bear only
one L-seta on palmar corner of their gnathopods. Addi-
tionally, N. elburzensis is distinguished by the presence of
five distal spines on each telson lobe, while N. urmiensis
and N. fiseri each have three distal spines on each telson
lobe. N. elburzensis and its sister taxa N. urmiensis and
N. fiseri inhabit the shallow subterranean habitats. Geo-
graphic distances between the new species and its sister
taxa are 462—448 km, respectively.
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Figure 9. Niphargus zagrosensis sp. nov., holotype, male, 10.5 mm (ZCRU Amph.1501). A. Pereopod III; B. Pereopod IV;
C. Pereopod V; D. Pereopod VI; E. Pereopod VII. Scale bar: 1 mm.
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Figure 10. Niphargus zagrosensis sp. nov., holotype, male, 10.5 mm (ZCRU Amph.1501). A. Pleopod I; B. Pleopod II; C. Pleopod I1I;
D. Uropod I; E. Uropod II; F. Uropod III; G. Epimeral plates I-1II; H. Telson. Scale bars: 0.5 mm (G, H); 1 mm (A-E); 2 mm (F).
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Niphargus zagrosensis is characterized by a distinctive
combination of features, including a longer size of pereo-
pod VI to pereopod VII and the maxilliped outer plate
length less than half of posterior margin of palp article 2.

Although N. zagrosensis is genetically close to N. ali-
sadri, it differs from N. alisadri in several morphological
features: 1) Gnathopod II propodus shape: N. zagrosensis
has a triangular shape, whereas N. alisadri has a rectan-
gular shape. 2) Ratio of palpus to outer plate lobe length
in maxilla I: N. zagrosensis has a long palpus in maxilla I,
which passes from the tip of the outer lobe, while N. ali-
sadri has a short palpus, which does not reach to maxilla
I outer lobe. 3) L-setae in gnathopods I-II propodi: N. za-
grosensis possesses three and two L-setae on gnathopods
I-1II propodi, respectively, while N. alisadri has two and
zero L-setae (Esmaeili-Rineh and Sari 2013).

The sister taxa of N. zagrosensis are N. alisadri and
N. hegmatanensis. While the new species and N. hegma-
tanensis inhabit shallow subterranean habitats, N. alisa-
dri dwells in a cave lake habitat. The geographic distance
between N. zagrosensis and N. hegmatanensis is 124 km,
and between N. zagrosensis and N. alisadri is 141 km.
Additionally, there is a geographic distance of 163 km
between the two new species.

Recent studies suggest that the northern and western re-
gions of Iran harbor considerable richness in groundwater
amphipods (Mamaghani-Shishvan and Esmaeili-Rineh
2019; Bargrizaneh et al. 2021), highlighting the complex-
ity of the ecosystem and its biodiversity. The presence
of these organisms is crucial for nutrient cycling, ener-
gy flow, and overall ecosystem stability. Moreover, the
abundance of amphipod species can serve as indicators of
groundwater systems’ health, providing valuable insights
for environmental monitoring and conservation efforts.
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