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ABSTRACT

Phylogenetic position of the genus Chaetoniphargus Kara-
man et Sket (Crustacea: Amphipoda: Niphargidae) from
dinaric karst. An extreme case of homoplasy.

An alternative, phylogenetically grounded taxonomy of
the recently described Chaetoniphargus lubuskensis Kara-
man & Sket (Crustacea: Amphipoda: Niphargidae) is pre-
sented. The recently described new genus and species, Chae-
toniphargus lubuskensis from Dinaric Karst, has formerly
only been taxonomically evaluated by a classical approach,
based on morphology. Species of genera Niphargobatoides,
Niphargobates, Chaetoniphargus, differ from Niphargus spp.
mainly by slightly elevated number of maxilla I spines, by
gradual reduction of maxillary and mandibular palps, by a
strong reduction of urosomal structures. Molecularly, they
appear to be nested within the Niphargus tree, but separate-
ly. Their collective separation from Niphargus would make
the genus Niphargus paraphyletic, but for the low number of
these species practically without diminishing the confusing
diversity of it. A molecular phylogenetic analysis would in-
clude all here studied niphargid species as belonging to
Niphargus. The gradual change in morphology of mentioned
niphargids produces a smooth transition between Niphargi-
dae and unrelated Metacrangonyctidae. Since other facts
speak against the relatedness of both families, this is an ad-
ditional case of convergence, demonstrating the need of mo-
lecular analyses when we speculate on phylogenetic relations
within Amphipoda.
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1ZVLECEK

Filogenetski polozaj rodu Chaetoniphargus Karaman et
Sket (Crustacea: Amphipoda: Niphargidae) iz dinarskega
krasa. Skrajni primer homoplazije.

Podajava alternativno, filogenetsko osnovano taksono-
mijo nedavno opisanega Chaetoniphargus lubuskensis Kara-
man & Sket (Crustacea: Amphipoda: Niphargidae). Pravkar
opisan nov rod in vrsta iz Dinarskega krasa je bila takso-
nomsko ovrednotena samo s klasi¢cnim pristopom in na
osnovi morfologije. Vrste rodov Niphargobatoides, Niphar-
gobates, Chaetoniphargus, se razlikujejo od Niphargus spp.
predvsem po malce zvis$anem S$tevilu trnov na maksili I, po
postopni redukciji maksilarnih in mandibularnih palpov, po
moc¢ni redukciji urosomalnih struktur. Po molekulski ana-
lizi se izkaze, da so vgnezdeni v rod Niphargus in to lo¢eno.
Ce jih taksonomsko lo¢imo iz rodu Niphargus, ga naredijo
parafiletskega. Ker pa jih je tako malo, s tem ni¢ ne zmanjsa-
mo motece raznolikosti rodu. Molekulska filogenetska ana-
liza bi vgnezdila vse tukaj omenjene vrste kot pripadnice
rodu Niphargus, torej rodovna imena kot sinonima
imena Niphargus. Postopno spreminjanje v morfologiji ome-
njenih nifargidov nam pokaze gladek prehod med druzino
Niphargidae in le malo sorodno druzino Metacrangonycti-
dae. To je dodaten primer konvergence, ki kaze nujnost mo-
lekulskega preverjanja, ko ugotavljamo filogenetske odnose
znotraj skupine Amphipoda

Kljucne besede: podzemeljsko, taksonomija, filogenija,
Amphipoda, Niphargidae, Metacrangonyctidae, Chaetoni-
phargus.
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1 INTRODUCTION

Recently (KARAMAN & SKET 2018), the family Niphar-
gidae (Crustacea: Amphipoda), has been enriched for
an aberrant species within an independent genus. It
was a negligible addition to the species number, but an
important enrichment of the genera diversity. The
family includes more than 400 species (HORTON et al.,
2018), but the big majority of them belong to the di-
verse genus Niphargus. The related 12 genera are main-
ly monospecific and all together contain ca 20 species.
Most of them are characterized by peculiarities in
mouth parts, the organ very homogeneous in the oth-
erwise diverse Niphargus. The unity of the mouth ap-
paratus, contrasting to general and even diversity of
other body parts, was what probably misled taxono-
mists into conviction that mouth parts are a phyloge-
netically stable and taxonomically particularly infor-
mative group of characters. For those few niphargids
with deviation from normal (stygius type) niphargid
type, foundation of independent genera has been a
norm since ever. Illustrative is the ancient Niphargopsis
Chevreux, 1922, founded for a species with multiplied
setae and spines in mandibula and maxilla I. Chaeto-
niphargus (KARAMAN & SKET 2018) is a member of a
small group of small species; also related genera
Niphargobates (Sket 1981), Niphargobatoides (KARA-
MAN 2016) and conditionally Niphargopsis (SCHELLEN-
BERG 1942) are monospecific. Morphologically, these

genera, accompanied even with Metacrangonyx and
Longipodacrangonyx (BOUTIN 1994; BouTIN & MESso-
ULI 1988), form a morphologically homogeneous group
of taxa, characterized by a progressive reduction of
head- and urosomal appendages and telson. However,
a molecular analysis and biogeography demolish this
impression.

The recently described Chaetoniphargus lubusken-
sis differs from other known genera of the family Ni-
phargidae by strongly reduced mandibular palpus
consisting of only one small article, while all other
known niphargids are provided with well developed
3-articulated mandibular palpus.

Considering this, we created the new genus Chae-
toniphargus, with well defined morphological charac-
ter states. It resembles the previously described genera
Niphargobates, Niphargobatoides, as well as genera Me-
tacrangonyx and Longipodacrangonyx. In some charac-
ters, some other small niphargids resemble this group,
but they differ clearly in the ‘normal’ shape of the tel-
son (Microniphargus, Niphargellus, Carinurella;
SCHELLENBERG 1934, 1938, 1942; SKET 1971). Molecu-
larly, they are also alien to the group. We wanted to
include an alternative, phylogenetically based taxono-
my with the genus description, but the editor explicitly
asked to abandon such a heading. With this article we
are trying to correct the insufficiency.

2 MATERIAL AND METHODS

Morphology of Chaetoniphargus lubuskensis was taken
from the description by KARAMAN & SKET (2018).
Some specimens were preserved in ethanol 96% and
analyzed molecularly in another study (MoSkrIC,

2016). The Moskri¢’ OTU ‘Niphargobates sp. NC144’ is
taxonomically identical with Chaetoniphargus lubu-
skensis.

3 RESULTS

The morphology of the great majority of Niphargidae
species, including N. stygius (Schiddte) is a continuum
of states in many characters, including also very char-
acteristic mouthparts and uropods. However, in ma-
jority of them the shape and structure of mouthparts is
only slightly affected. Very seldom (in Haploginglymus,
MaTeUs & MATEUS 1958), the uropod III exopodite is
unarticulated, but then with a long proximal article.
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The following are the plesiomorphic character
states of all larger (longer than 10 mm) and of the great
majority of smaller (down to 2 mm) species of Niphar-
gus. In only few small species, the mouth parts are apo-
morphic, modified, as mentioned below. Among them
is the newly described niphargid C. lubuskensis.
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Table 1: Character states in morphology of oral and urosomal body parts in Niphargidae.

plesiomorphy

apomorphy

normally developed, with 3-articulated

spines in the row between the mandibular

mandibula o . . molar and incisor multiplied and differen-
palpus, with richly setiferous article 3 tiated

mandibular palpus palpus 3-articulated, with elongated arti- palPus shortened, apically reduced, to
cles rudimentary

maxilla I outer plate
spines

bearing very regularly 7 (exceptionally till
15) stout, simple or bifid to pectinate

ca 20 spines;
spines multiplied and differentiated;

maxilla I'palpus biarticulate

overreaching the top of the outer plate;

shortened and uniarticulate

than 1/2) cleft

uropod 3 longer than urosomites IT+I11 shorter than urosomite III
its endopodite biarticulate endopodite uniarticulate
telson as long or longer than wide, deeply (more | with broadly rounded apices; less deeply

cleft

with more than 1 spine on each lobe

spines replaced by setae

The genera Niphargobates and Niphargobatoides
are morphologically well defined, so is also Chaeto-
niphargus. They apparently form a phyletic group
with some changes of oral appendages in progress. In
process is the multiplying of mandibular and maxil-
lary setae and the reduction of some appendage parts
(e.g. palpus), beside this also reduction of uropods III.
Telson is losing its niphargid character; its clipping is
getting shallower, apices less prominent and less se-
tose.

We based our recognition of different genera based
on traditionally used morphological characters, sup-
posedly important differences, which allowed to clas-
sify (divide) the family Niphargidae into 13 genera.
They have been mainly applied already by BARNARD &
BARNARD (1983).

Within the family Niphargidae, genus Chaeto-
niphargus differs from the genus Niphargus by strongly
reduced mandibular palpus and only indistinctly tri-
turative molar, by strongly reduced palpus of maxilla I,
by uniarticulate accessory flagellum of antenna I, by
short and partially reduced uropod III with uniarticu-
late exopodite.

Within other genera, Chaetoniphargus is morpho-
logically most similar (KARAMAN & SKET 2018) to
Niphargobates and Niphargobatoides. They resemble in
the general body-shape, maxilla I, maxilliped, telson,
uropod III, but Niphargobatoides lefkodemonaki (Sket)
is still provided with a well developed 3-articulate
mandibular palpus, maxilla II inner plate is larger
than the outer one, its antenna I accessory flagellum is
2-articulated, uropod III with 2-articulated exopodite,
telson is Niphargus-like, dactylus of gnathopods with
several setae along outer margin. Niphargobates
orophobata resembles Chaetoniphargus (in telson,
maxilliped, accessory flagellum, maxilla I, uropod I1I),
but differs remarkably by the mandible, by maxilla II
with outer plate smaller than inner one.

Other genera of the family Niphargidae differ
much more from the genus Chaetoniphargus. It is very
interesting that within the family Niphargidae, most
taxa (over 400) have similarly shaped mouthparts, de-
spite the fact that they are living in very various habi-
tats (interstitial waters, subterranean streams and
lakes, springs) and that they are differently sized (from
2 to 30 mm).

4 DISCUSSION

Taxa, which are so convincingly grouped by morpho-
logical characters, cannot be grouped by molecular
means.

A molecular phylogenetic analysis done recently
by MoSkRrIC (2016) shows that most OTUs mentioned
in the identification key of KARAMAN & SKET (2018)

are phylogenetically nested within the genus Niphar-
gus. The taxonomic emancipation (= generic indepen-
dence) of any one species renders the genus Niphargus
paraphyletic. Although the paraphyly is necessarily ac-
ceptable in gammarid systematics (Hou & SKET 2016),
it brings no practical benefits in this special case. Only
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few of so erected genera include more than one species.
Thus, they do not make the Niphargidae system sig-
nificantly simpler.

More specifically, not only Niphargobates as one of
the morphologically most aberrant niphargid genera,
but also the recently described Chaetoniphargus, named
by MoSkRrIC (2016) as ‘Niphargobates sp. (NC144)’, ap-
peared to be nested within Niphargus (MoSkRIC 2016).
It is also important to tell that both morphologically
similar taxa are remarkably different by their phyloge-
netic origin. Niphargobates orophobata Sket is the ba-
sally split off taxon of the one group of ‘giant’ species
(sensu DELIC et al. 2017), containing Niphargus steueri
Schellenberg, N. arbiter G. Karaman, N. hebereri Schel-
lenberg. The “Niphargobates sp. (NC144)” (here de-
scribed as Chaetoniphargus lubuskensis) is the closest
(but still very distant) sister to another ‘giant’, Niphar-
gus orcinus Joseph. Thus, the molecular analysis sup-
ports neither the genus Niphargobates nor a new genus
Chaetoniphargus. The generic emancipation of any of
them makes the rest of Niphargus paraphyletic, without
a compensating benefit. While the fusion of both spe-
cies, which are morphologically very similar, into one
genus, would result even in a polyphyletic entity. The
Central European species Niphargopsis casparyi (Pratz)
is again from another molecular niphargid environ-
ment (DELIC et al. 2017; MOSKRIC 2016); this is a species
with even more spines in maxilla I, but otherwise not
similar to here mentioned niphargids.

Thus, the reduction and transformation of oral
appendages is a homoplasy, convergence. It is not in a
functional connection with their smallness, since
equally small or smaller species are not necessarily
similar. The small size of all here treated species is in
discrepancy with the fact, that the majority of small
and the very smallest Niphargus spp. exhibit normally
built mouth parts as well as normal appendages of the
urosomite III. Among the largest niphargids are the
exceedingly stout orcinus-type and the prominently
elongated krameri-type species, both reaching about
30 mm length. The smallest niphargid species are
below 5 mm long, some close to 2 mm, like N. longi-
dactylus Ruffo (5 mm), N. transitivus Sket (2 mm), N.
pupetta (Sket) (2 mm) (SKET 1971), but we know noth-
ing about their way of feeding and functioning of the
mouth parts. The functioning of this type of mouth
parts is sometimes characterized as “filtratory”, but it
has in fact never been observed working.

Besides being mutually convergent, genera Niphar-
gus, Niphargobates, Chaetoniphargus, represent anoth-
er case of an extreme homoplasy. The supposedly un-
related amphipods, Metacrangonyx spp. and Longipo-
dacrangonyx maroccanus (Boutin & Messouli, 2-3 mm)
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are similar (SKET, KRAPP-SCHICKEL 2016) to the here
treated niphargids exceedingly in some details of the
head and urosomal appendages, to some degree also in
the general habitus.

The animal’s habitus (except that the body is later-
ally depressed) and size is the same as of those niphar-
gids; mandibular palpus is uniarticulate and vestigial,
maxilla I is normally developed, but with modestly el-
evated spines’ number (in relation to typical Niphargus
spp.), uropod III not longer than urosomite III, its
exopodite uniarticulate and remarkably shorter than
peduncle, endopodite vestigial; telson is semicircular,
not notched at all to slightly terminally concave and
without stronger spines. A difference in relation to the
above treated niphargid group is the shape of gnatho-
pod propodi and the normally 3-5 articulated acces-
sory flagellum. In these two characters, metacrango-
nyctids deviate from here treated niphargids; the rest
would support their belonging to Niphargidae. Con-
sidering the telson shape in Chaetoniphargus lubusken-
sis and Metacrangonyx ilvanus (StocH 1997) it could
be easy to imagine that the entire (non-chipped) telson
of most metacrangonyctids is only the ultimate state of
its transformation. The accessory flagellum of antenna
I is normally 3-5 articulate in metacrangonyctids and
normally biarticulate (or even uniarticulate), but never
more, in niphargids.

The third, the strongest, distinguishing group of
characters are in maxilla I. In both, the spines of the
outer lobe are more numerous than in ‘normal’ Niphar-
gus spp. The palpus was subjected to slight reduction,
never occurring in ordinary niphargids. In metacran-
gonyctids, this extremity is stable in structure, and dif-
ferent from Niphargus. The biarticulate palpus in
metacrangonyctids is bearing terminally some stout
spines and some short setae. The inner lobe is provided
with a row of pinnate marginal setae. Neither of these
characters is present in any Niphargus sp.

This case makes us easy to imagine a generation of
convergent, morphologically nearly equal, unrelated
amphipod species. To support their unrelatedness, both
families are geographically very distant and different.
Niphargus inhabits the virtually whole Europe and
Near East, from Ireland to Iran. Its area includes some
Mediterranean islands. The species of the here treated
type are limited to SE Europe (Dinarides and Greece,
Niphargopsis the Central Europe). Metacrangonyctids
occur in a wide belt along the southern shores of Medi-
terranean between the Israel and Islas Canarias. The
only area where these groups are sympatric, are some
Mediterranean islands (e.g. Elba, STocH 1997; RUrro &
StocH 2005). Niphargus spp. have never been found in
Africa while metacrangonyctids never in Europe.
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5 CONCLUSIONS

These facts demonstrate the high possibility of the ho-
moplastic past of seemingly related amphipod species
which means also possibility of mistakes in morpho-
logically based taxonomy of Amphipoda. Although
the taxonomy of Niphargidae is not yet simply solved,

considering data of MoSKkRIC (2016), Niphargobatoides,
Niphargobates, Chaetoniphargus and Niphargopsis are
synonymous with Niphargus. These data also dispos-
sess legitimacy to phylogenetic (and taxonomic)
studies taken without any molecular verification.

6 POVZETEK

Nedavno opisana jamska postranica Chaetoniphargus
lubuskensis Karaman & Sket (Crustacea: Amphipoda:
Niphargidae) z Velebita je bila sistematsko uvr§¢ena na
osnovi morfologkih znakov in po klasi¢nem postopku.
Tukaj podajava filogenetsko studijo na osnovi mole-
kulske filogenetske analize. Rod Niphargus vkljucuje
priblizno 400 vrst, v 12 sorodnih rodov pa uvrs¢amo Se
okoli 20 vrst. Skupina rodov Niphargobatoides, Niphar-
gobates in Chaetoniphargus so podobne zivali, od
Niphargus jih locuje predvsem postopna redukcija
obustnih okon¢in in zadka.

Poprejsnja molekulska analiza kaze, da morfoloska
podobnost teh rodov ne odseva sorodstvenih, filoge-
netskih vezi. Vsi rodovi so sicer vgnezdeni v rodu
Niphargus, vendar loCeno, so torej plod konvergen¢ne
evolucije. Medtem, ko ima vseh 400 vrst nifargov sklop
obustnih okoncin oblikovan po tipu tipske vste Niphar-

gus stygius, pa imajo omenjeni trije rodovi konvergenc-
no preoblikovanega, razli¢no reduciranega. Podobno je
s telzonom in uropodi III. A homoplazija je sla e dlje.
Ti trije nifargobatski rodovi so se morfolosko mo¢no
priblizali sistematsko-filogenetsko dokaj oddaljeni
druzini Metacrangonyctidae. Mandibula je postala pri
obeh druzinah zaradi pokrnitve palpa skoraj enaka,
uropod III se je razvil podobno konvergentno, pa je
maxila I pri vseh vrstah metakrangoniktidov skoraj
enaka, druzinsko znacilna. Telzon predstavlja navide-
zno gladko filetsko vrsto Niphargus+Niphargobatoides
- Niphargobates — Chaetoniphargus - Metacrangonyx
ilvanus - druge Metcarangonyx spp.

Tukaj imamo opravka $e z enim primerom kon-
vergence, ki kaze nujnost molekulskega preverjanja pri
sistematskih $tudijah na postranicah (Crustacea:
Amphipoda).
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Figure 1, Some taxonomically relevant body parts of Niphargidae and Metacrangonyctidae. In columns follow: genus (or family)
name // mandibula // maxilla I // uropod III // telson. Drawings are not in scale. Taken from C. Boutin & M. Messouli,G.
Karaman, B. Sket, F. Stoch.

Slika 1, Nekateri taksonomsko pomembni deli telesa pri druzinah Niphargidae in Metacrangonyctidae. V stolpcih si sledijo: ime

rodu (ali druzine) // mandibula // maxilla I // uropod III // telson. Risbe niso v merilu. Povzeto po C. Boutin & M. Messouli, G.
Karaman, B. Sket, F. Stoch
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