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Family Gammaridae (Crustacea: Amphipoda), mainly its Echinogammarus
clade in SW Europe. Further elucidation of its phylogeny and taxonomy
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Abstract: Most parts of the Echinogammarus clade of Gammaridae have been
appropriately classified with the help of a molecular analysis, ultimately freed of the
Echinogammarus-Chaetogammarus malediction. Among defining morphological cha-
racters, the gnathopod interrelations are comparatively well congruent with molecular
markers. Genus Homoeogammarus distribution area extended from Mediterranean
to Atlantic islands. Chaetogammarus and Trichogammarus are firm members of the
morphologically very diversified Ponto-Caspian group genera, not closely related to
the morphologically similar Echinogammarus, Marinogammarus or Homoeogam-
marus. Genus Pectenogammarus (along with Neogammarus and Laurogammarus)
synonymized with Homoeogammarus. Parhomoeogammarus diagnose corrected,
based on topotype samples of the type species. Freshwater species of the ‘European
Eulimnogammarus’ in SW Europe defined as Iberogammarus gen. nov. Continental
Homoeogammarus-like, but molecularly distinct group, defined as Dinarogammarus
gen. nov. Some here accepted genera are molecularly well supported, some are morpho-
logically difficult to distinguish, but each one is morphologically homogeneous; they
are also geographically well defined. In both respects, the very speciose and widely
spread Homoeogammarus is different.

Keywords: Amphipoda, Gammaridae, systematics, molecular phylogeny, bioge-
ography, new genera

Izvlecek: Vecino taksonov klada Echinogammarus druzine Gammaridae smo
uspeli z molekulsko analizo primerno razvrstiti in kon¢no resiti prekletstva imen
Echinogammarus-Chaetogammarus. Med morfoloskimi znaki omogoca velikost
gnatopodov I in II klasifikacijo, ki je dokaj skladna s klasifikacijo po molekulskih
znakih. Izkazalo se je, da razsirjenost rodu Homoeogammarus seze od sredozemskih
otokov dale¢ v Atlantik. Chaetogammarus in Trichogammarus sta ¢lana morfolosko
zelo raz€lenjene ponto-kaspijske skupine rodov in nista blizu morfolosko podobnim
rodovom Echinogammarus, Marinogammarus ali Homoeogammarus. Rodovi Pecte-
nogammarus, Neogammarus in Laurogammarus so sinonimni s Homoeogammarus.
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Na osnovi topotipskih osebkov tipske vrste smo popravili diagnozo rodu Parhomoe-
ogammarus. Sladkovodne vrste ‘evropskega Eulimnogammarus’ iz JZ Evrope smo
definirali kot /berogammarus gen. nov.. Kontinentalne populacije, podobne rodu
Homoeogammarus, vendar molekulsko drugac¢ne, smo definirali kot Dinarogammarus
gen. nov.. Nekateri tukaj definirani rodovi so molekulsko podprti, nekatere je tezko
dolociti morfolosko, vsak zase pa je morfolosko enoten; so tudi geografsko defini-
rani. Vrstno raz¢lenjen in geografsko zelo razsirjen rod Homoeogammarus je tezko

definirati le morfoloSko.

Kljué¢ne besede: Amphipoda, Gammaridae, sistematika, molekulska filogenija,

biogeografija, novi rodovi.

Introduction

The previous attempt to classify the family
Gammaridae on numerous samples from the entire
distribution area, of the essentially entire ecological
range and with most of its supposedly subordinate
groups, has shown that a purely morphological
characterisation can not give us a phylogenetically
plausible system. The most surprising result of
molecularly grounded studies is the nesting of
endemic, highly aberrant (disparate) endemic
‘families’ from the lake Bajkal (e.g. Baikalogam-
maridae, Macrohectopidae, Pallaseidae; Lowry
and Myers 2013, Kamaltynov 1999, Tahteev
2000), within the genus Gammarus; this had
been pointed out by Macdonald et al. (2005) and
verified by Hou and Sket (2016). Similar is the
situation with Pontic families (Pontogammaridae
beside Gammaridae; Grabowski 2014, Lowry
and Myers 2013) which however still retained
a phylogenetic status of genera, but within the
family Gammaridae.

Gammaridae with shortened endopodite of
uropod III make the family particularly difficult
to classify. Even among the molecularly well
supported genus Gammarus outside the strange
Bajkal, there are species, which have erroneously
been classified as separate genera, like Fontogam-
marus (S. Karaman 1931).

The majority of gammarids with shortened
uropod III endopodite have been classified as
species of Echinogammarus or Chaetogam-
marus, some of them changing their position
between these two genera, occasionally com-
pleted by Marinogammarus and some others.
The authors either did not make much effort
with reasoning their decisions or the reasoning

was not very convincing. But even the very
serious attempt of Stock (1968) gave no happy
result.

After the ancient Schellenberg’s (1937a),
among the most comprehensive revisions were
made by Stock (1968) and by Karaman (1977a).
Stock synonymized the taxa Homoeogammarus,
Parhomoeogammarus, Ostiogammarus with
Echinogammarus, while in Chaetogammarus
he united the Pontocaspian member with some
Mediterranean and Atlantic species. Karaman
included Chaetogammarus, Marinogammarus,
Pectenogammarus, the European Eulimnogam-
marus into Echinogammarus and rejected the
majority of previously used taxonomical charac-
ters as not being genus specific. Later, Karaman
(1977b) rejected also the genus Neogammarus.
Nevertheless, Lowry and Myers (2013) revived
all these genera (except Eulimnogammarus).

Only recently (Hou and Sket 2016) a molecu-
larly based analysis separated most of above men-
tioned genera. However, some parts of the family
still remained unresolved. The most confusing is
the Stock’s (1969) ‘west European Eulimnogam-
marus’, homonymous with a Bajkalian genus, but
evidently being molecularly close to European
genera. In this paper we are trying to solve this
and some additional problems.

Material and methods

Samples

Animals were caught by a hand net and pre-
served in 96% ethanol, exchanged after the first
fixation. At least taxonomically important parts
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of the biochemically treated specimens have been
preserved for a later morphological examination
and/or study.

This paper is aimed to answer some phyloge-
netic and taxonomical questions left open in Hou
and Sket (2016). We could direct our sampling
mainly to areas of highest diversity at the genus
level, which appeared to be the SW Europe and
the shallow seas washing it. This includes the
Macaronesian islands, Canaries and Madeira. The
main subject of the analysis are groups of the clade
Echinogammarus, while the clades Gammarus
and Sarothrogammarus have only been used in
some comparisons, evaluations.

As genera have been designated the sub-clades
characterised by a high molecular or morphological
singularity (e. g. Iberogammarus) or separated by
other branches of such a character (e. g. Chae-
togammarus within the Ponto-Caspian group of
genera), if at least 80% support.

Therefore, our attention was focused on ob-
taining topotype samples of species, particularly
type species of established or potential genera.
We only attributed the species identity to samples
from type localities and being morphologically
adequate. The species identity can only be assured
in topotype samples, since even the morphology
of a population may change through the year
(Pinkster 1988). For some details on sampling
see Hou and Sket (2016).

Molecular methods

Total genomic DNA was extracted from
specimens using the Tiangen Genomic DNA kit.
Four different gene regions were amplified with
primers in Hou et al. (2011), including nuclear
fragments of 28S rRNA, 18S rRNA, elongation
factor 1a (EF-1a), and a portion of mitochondrial
cytochrome oxidase subunit I (COI). Sequence
chromatograms were proofed and edited using
Sequencher 4.2 DEMO (Gene Codes Corpora-
tion, Inc). Sequences were aligned using Clustal
X (Thompson et al. 1997) and adjusted by eye
using MacClade 4.06 (Maddison and Maddison
2000). The COI and EF-la fragments were
translated using Drosophila mitochondrial DNA
or universal genetic code on MacClade to check
for the pseudogenes.

The best-fitting partitioning schemes and nu-
cleotide substitution models were selected using
PartitionFinder 1.1.1 with the Bayesian information
criterion (Lanfear et al. 2012). The four-partition
scheme defined by gene region was selected as
best-fitting scheme, 28S with SYM+I+G substitu-
tion model, COI with TIM+I+G model, 18S with
GTR+I+G model and EF-1a with TrNef+I+G
model. The phylogeny was reconstructed under
maximum parsimony (MP) and maximum likeli-
hood (ML). MP analyses were performed using
PAUP* 4.0b10 (Swofford 2002). All phylogeneti-
cally uninformative characters were excluded from
the analysis, and gaps were treated as missing
data. Heuristic searches were conducted using
tree bisection reconnection branch swapping,
with a limit of one million rearrangements for
each replicate. Bootstrap support indices were
generated based on 1000 bootstrap replicates with
ten random-addition sequences. ML analysis was
performed using RAXML 8.2.9 (Stamatakis 2014),
staring with 1000 rapid bootstrap replications
followed by a thorough tree search. The GTR-
GAMMA model of rate heterogeneity was used
for the four-gene partition scheme. To compare
the tree topology, ML analysis was implemented
using GARLI 2.01 (Genetic Algorithm for Rapid
Likelihood Inference; Zwickl, 2006), with four-
gene partition model.

Results

The alignment of the combined data set con-
tained 266 taxa (Table S1) with 5149 base pairs
(bp), including 1507 bp for 28S, 656 bp for COI,
2385 bp for 188S, and 601 bp for EF-1a. All new
sequences were deposited in GenBank (accession
numbers MK159866-MK 159939, MK 176331,
MK176332). The MP and ML analyses produced
congruent phylogenetic trees, except for a few
disagreements with lower support values. The
main discrepancy was tip nodes within the Ponto-
Caspian group of genera, with short branches.

Anumber of purposely collected new samples-
taxa caused no substantial change in the previously
(Hou and Sket 2016) constructed parts of the
phylogram, but clarified some previously unclear
situations (Fig. 1 and Suppl. Fig. 1).
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Figure 1:

Echinogammarus s. str.

Typhlogammarus
group of genera

Parhomeogammarus

Maximum likelihood phylogenetic tree of Echinogammarus based on the combined analysis of
mitochondrial (COI) and nuclear (28S, 18S and EF-1a) markers. Numbers represent statistical

bootstrap supports of nodes. Taxonomical information is presented in S2.

Slika 1:

Filogenetsko drevo veje Echinogammarus po analizi maximum likelihood (ML) na osnovi kom-

biniranih mitohondrijskih (COI) in jedrnih (28S, 18S and EF-1a) podatkov. Stevilke nad vejami
so vrednosti ML bootstrap. Vrstna imena so provizori¢na, taksonomske resitve so prikazane v S2.
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After basally branching off of the Relicto-
gammarus and the Sarothrogammarus clades,
the gammarids divide into the Gammarus clade
with generally plesiomorphic uropod III (with well
developed endopodite) and the Echinogammarus
clade with generally apomorphic uropod III (with
more or less reduced endopodite). The plesiomor-
phy of the mentioned character (discussed by Hou
and Sket 2016) is not in accord with the sequence
of the tree branching.

The Echinogammarus clade is further clearly
split into a number of well supported monophyla,
while the sequence of branching off events is
unclear, poorly supported. Well supported groups
within the Echinogammarus large clade are:

e Parhomoeogammarus clade,

e Echinogammarus + Typhlogammarus group
genera as well as each of both separately,

e ‘W European Eulimnogammarus’ (sensu
Stock 1969) clade,

*  Marinogammarus clade,

e Homoeogammarus + Dinaric + Pontocaspian
genera group as well as each of the last men-
tioned branches separately; Chaetogammarus
and Trichogammarus are morphologically
similar to Echinogammarus or Homoeogam-
marus, but molecularly clearly nested within
the morphologically very different and very
diverse Pontocaspian group.

Beside the strong molecular similarity, there
are rarely strong, but mostly weak morphological
differences between these branches. Morphologi-
cally well distinguished are Echinogammarus s.
str., iphlogammarus group, ‘ Eulimnogammarus’;
less distinct are Marinogammarus, Parhomoe-
ogammarus, while morphologically indistinct
are geographically and molecularly well defined,
mainly coastal Homoeogammarus and the conti-
nental Dinaric branch.

Discussion

Within the morphologically very diverse
Ponto-Caspian group, there are again morphologi-
cally and molecularly distinct and well supported
branchlets: Chaetogammarus and Trichogam-
marus (sensu Hou and Sket 2016); they are the

only Ponto-Caspians morphologically similar to
Homoeogammarus. We will be able to classify the
morphologically and molecularly very diverse rest
of Ponto-Caspian genera (and species) only when
we obtain more complete series of samples from
Caspian area. All authors agree that they have to
be divided between a number of genera, but their
definitions and species contents have been con-
ceived highly diversely (Birstejn and Romanova
1968, Barnard and Barnard 1983, Karaman and
Barnard 1979, Stock 1974).

It could be shown that Gammarus anisocheirus
Ruffo which was (in the lack of the type sample of
E. lusitanus) by Hou and Sket 2016 presented as a
‘questionable Parhomoeogammarus member’, is
in fact not related to the type species Gammarus
(Parhomoeogammarus) lusitanus Schellenberg
1943. Two populations of P. lusitanus form a well
supported clade which includes also Echinogam-
marus pacaudi Hubault and Ruffo 1956, thus
forming the genus Parhomoeogammarus Schel-
lenberg 1943. On the other hand, G. anisocheirus
could now be enthroned a type species of /bero-
gammarus gen. nov., comprising species of the
Stock’s (1969) ‘European Eulimnogammarus’,
which used to pose a particular phylogenetic and
biogeographical enigma. G. anisocheirus has
already been attributed to that group by Pinkster
and Stock (1970) for its morphological similarity.
In our new tree, Iberogammarus is a well supported
monophyletic branch with G. anisocherirus and
some populations resembling E. grandimanus.

(1) Genus Homoeogammarus
Schellenberg 1937

(= Echinogammarus p. p.) remains the most
speciose and the widely spread group of the
Echinogammarus clade, its majority is relatively
morphologically unified, with an extensive distri-
bution area in Mediterranean and Atlantic.

Beside the previously (Hou and Sket 2016)
listed species, according to further molecular
analysis it includes also the following members:
Marinogammarus atlanticus Dahl, 1958, Neogam-
marus festae Ruffo, 1937, Pectenogammarus
planicrurus Reid, 1940. So, we can confirm the
previous suppositions that the genus Pectenogam-
marus Reid, 1940 is superfluous, and so are
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Neogammarus Ruffo, 1937 and Laurogammarus
G. Karaman, 1984 (Karaman 1977, Hou and Sket
2016). But inclusion of the molecularly relevant
species into Homoeogammarus makes it even
more difficult to morphologically diagnose this
genus. Opposite to the hint by Hou and Sket 2016,
Echinogammarus spinulicornis Pinkster and Stock
1971 is not a member of Parhomoeogammarus,
it is now a molecularly proven Homoeogam-
marus sp., inhabiting freshwater affluents of the
Atlantic.

Biogeographically important is the fact that
some Homoeogammarus spp. are present far
within the Atlantic area. H. planicrurus reaches
from French Mediterranean coast to the Great
Britain. H. cf. atlanticus is present in the At-
lantic Madeira, most probably (Dahl 1958; not
molecularly proven) it is conspecific with H.
atlanticus from Azores; its closest counterpart is
the Adriatic H. cf. stocki, while we were not able
to obtain the Canarian and topotypic samples of
the Mediterranean ‘Chaetogammarus’ olivii (H.
Milne Edwards 1830) with which H. atlanticus
might also be conspecific (Stock 1995). Our ef-
forts to sample probably related Gammarus nox
Stock 1995 (Madeira) and Chaetogammarus
chaetocerus Beyer and Stock 1994 (La Gomera)
were not successful. The Italian Peninsula and
adjacent big islands are occupied by species of
Homoeogammarus also inland (Ruffo and Stoch
2006), while in other parts of the Mediterranean,
they are limited to narrow coastal belts (estuaries
and coastal springs).

(2) The Stock’s (1969) taxon
‘western European (species of)
Eulimnogammarus’

Stock (1969) classified his species Eulim-
nogammarus macrocarpus Stock 1969, along
with Gammarus anisocheirus Ruffo 1959 and
with the marine Gammarus obtusatus Dahl 1938
into the noted Bajkalian genus Eulimnogammarus
Bazikalova 1945. Molecular analysis has shown
that (1) the genuine Bajkalian Eulimnogammarus
is phylogenetically a member of the genus Gam-
marus (Hou and Sket 2016) and endemic to lake
Bajkal, well distinguished from Echinogammarus

and its relatives, (2) G. obtusatus appears to be
a member of Marinogammarus (Hou and Sket
2016), (3) G. anisocheirus is related to E. mac-
rocarpus, but not closely related to Gammarus
(or Eulimnogammarus). Our present tree clearly
shows that G. anisocheirus and E. macrocarpus
can form a separate genus, weakly related to
Marinogammarus and Homoeogammarus, but
not to Gammarus. This is the rationale of the here
established Iberogammarus gen. nov.

Iberogammarus gen. nov. syn. western Euro-
pean (species of) Eulimnogammarus Stock 1969
p. p. (Pinkster and Stock 1972).

Type species Gammarus anisocheirus Ruffo
1959; type locality is a hygropetric confluent of
Neste d’Aure, at St. Lary-Soulan, Hautes-Pyrénées,
France (825 m a.s.l.).

Additional species: molecularly proven Eulim-
nogammarus cf. macrocarpus. Not molecularly
proven Eulimnogammarus macrocarpus Stock
1969, Eulimnogammarus toletanus Pinkster and
Stock 1970.

Genus diagnosis. Gammariform amphipods
from SW Europe (Iberian Peninsula), similar to
Homoeogammarus, but with markedly different
gnathopods; gnathopod propodite IT only less than
80% length and up to 60% width of propodite I.
Uropod III endopodite 20-50% exopodite length,
linear, with a terminal and one or more marginal
spines; exopodite with marginal groups of spines
and variable setation.

Distribution. Fresh waters of Central and
NE part of Iberian Peninsula, including central
Pyrenees.

Remark. The most reliable marker of /bero-
gammarus is the smaller and particularly the nar-
rower gnathopod II propodite, which also differs
remarkably in shape with its very short palmar
margin. Besides, the uropod III endopodite bears
also a marginal spine which is normally absent in
Homoeogammarus; the setation and the endopodite
length are very variable.
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(3) Correction of the
Parhomoeogammarus definition

Before obtaining a sample of the Parhomoe-
ogammarus type species, we (Hou and Sket 2016)
overestimated the similarity of G. anisocheirus
with it. In both, gnathopod I is somehow larger
than gnathopod II, which is a comparatively rare
character in gammarids. Additional sampling
allowed a correction of that mistake. Here, we
have samples of two distant populations of the
type species while G. anisocheirus was moved
to a new genus (/berogammarus). Corrected data
are given here.

Parhomoeogammarus Schellenberg 1943
(mended diagnosis) syn. Gammarus (Parho-
moeogammarus) Schellenberg 1943.

Type species Gammarus (Parhomoeogam-
marus) lusitanus Schellenberg 1943, type locality
Lugar de Mantelaes, Paredes de Coura, Portugal.

Additional molecularly proven species Gam-
marus (Echinogammarus) pacaudi Hubault and
Ruffo 1956.

Genus diagnosis. Gammariform amphipods
from Iberian peninsula and SW France, similar
to Homoeogammarus, but gnathopod propodite
II may be equal to or slightly shorter (only ca
80% length of) than propodite I, while they are
approximately equally wide. Eyes elongated, more
than twice as long as wide. Pereopod VII basis
proximally convex, distally tapering, without a
marked distoposterior lobe. Uropod I1I endopodite
less than 25% exopodite long, scale-shaped to
linear, with terminal and marginal spines; exo-
podite with marginal groups of spines and long
setae.

Distribution. The genus seems to be limited
to fresh waters in northern Portugal and adjacent
NW Spain (all between Porto and A Coruiia), SW
France and NE Spain (Pinkster 1993).

Remarks. For P. pacaudi, the dentate posterior
margin of pleonites (‘I’armature caractéristique du
métasome’ Hubault and Ruffo 1956) was denoted
the primary specific character. In fact, within the
type population there are also individuals with
unarmed pleonites. Both cohabiting (syntopic)
morphs are molecularly indistinguishable.

Another putative candidate for this genus,
Echinogammarus spinulicornis Pinkster and

Stock 1971 (Hou and Sket 2016), appeared to
be a Homoeogammarus (see above), although a
very aberrant one.

(4) Continental Dinaric gammarids

Inland parts of the western Balkans host a
group of gammarids, morphologically similar
and provisionally attached to Homoeogammarus,
making that genus paraphyletic. Some additional
samples confirmed the geographical distinctness
of this group and forced us to establish for it a
separate genus.

Dinarogammarus gen. nov.

Echinogammarus Stebbing, 1899 p.p.,

Ostiogammarus S. Karaman, 1931 p.p.

(e.g. O. acarinatus).

Type species Ostiogammarus acarinatus S.
Karaman 1931a, Karaman 1970 (syn. Gammarus
pungens forma acarinata Schiferna, 1922 p.p.),
type locality spring Vrelo Bune, Blagaj, Mostar,
Bosnia and Herzegovina. Additional species,
molecularly confirmed: Gammarus cari S. Kara-
man, 1931b, Ostiogammarus cari bosnensis S.
Karaman, 1934.

Genus diagnosis. Gammariform amphipods,
morphologically indistinguishable from Homoe-
ogammarus. Pereon and pleon dorsally smooth,
each telson lobe less than twice as long as broad.
Antennae I and Il normal, antenna II shorter than
antenna [; antena II with short or long, dense or
sparse, straight setae. Mouth parts as in Gam-
marus. Gnathopods I and II subchelate, propodite
II slightly longer than propodite I. Coxal plate
IV distoposteriorly lobate. Pereopod VII basis
without a distoposterior lobe. Uropods I and II
usually normal, with distal and lateral spines.
Uropod III exopodite with marginal groups of
spines, usually accompanied by long setae that
are always straight; endopodite diminished and
scale-like, with terminal spine(s) only (without
facial or marginal spines)

Distribution. Fresh waters (springs and rivers)
in Dinaric karst from Ogulin in NW to Mostar in
SE (within the rhomboid: Ogulin — Knin — Mo-
star - Travnik — Ogulin), away from the Adriatic
coast. A local contact or shuffling with the coastal
Homoeogammarus spp. is not impossible, but at the
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moment, no case of shared locality of both genera
was molecularly signalled. Some Dinarogammarus
localities are in the Danube drainage (confluents
of Sava river), the others in the confluents of
the Adriatic. All Homoeogammarus localities in
Dinaric area are in the Adriatic drainage, close to
coast or even intertidal.

(5) The Echinogammarus-
Typhlogammarus genera complex

appears now to consist of two biogeographi-
cally distinct (groups of) genera. The subgroup-
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Supplement 1: Maximum likelihood phylogenetic tree of Echinogammarus based on the combined analysis of mitochondrial (COI) and nuclear (28S, 18S and

Priloga 1:

EF-1a) markers. Numbers represent statistical bootstrap supports of nodes. Taxonomical information is presented in S2.
Filogenetsko drevo veje Echinogammarus po analizi maximum likelihood (ML) na osnovi kombiniranih mitohondrijskih (COI) in jedrnih (28S,
18S and EF-1a) podatkov. Stevilke nad vejami so vrednosti ML bootstrap. Vrstna imena so provizoriéna, taksonomske resitve so prikazane v S2.
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