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MEA MeS

Fauna of Amphipoda in ancient Ohrid Lake in Macedonia is highly endemic, with nearly 12 en-
demic species of various origin. Among non endemic species in Ohrid Lake two species are inva-
sive species: Orchestia cavimana Heller, 1865 (sensu auct.), originated from the sea and Gammar-
us roeselii Gervais, 1835 originated from SE Europe and Asia Minor.

Orchestia cavimana is recent invader, observed in Ohrid Lake at the first time in 1998 and now this
species settles numerous shores of the Lake, covered by gravel and sand.

Gammarus roeselii invaded Ohrid Lake probably after the last Glacial period, and it was observed
in Ohrid already in 1924. This species settled numerous small torrents and springs along the entire
Lake Ohrid, often in mixed populations with native species. It penetrated also into the Lake itself
on some shores (Struga) till 20 m depth. The present molecular and genetic investigations of both
species suggest that probably several taxa exist under the names Orchestia cavimana (sensu auct.)
and Gammarus roeselii (sensu auct.). The influence of both taxa on the native Amphipoda species
in Ohrid Lake is still unknown.

Key words:  Amphipoda, Gammarus roeselii, Orchestia cavimana, invasive species, Ohrid
Lake, Macedonia

®daynara Ha Amphipoda Bo ctapoto Oxpuacko E3epo Bo MakenoHHja € BUCOKO €HIEMHYHA, CO
okoity 12 eHeMHYHH BUIOBH CO Pa3InyHO NOTEKII0. [ToMel'y HeeHIEMUYHHTE, /1Ba BUIOBH CE MH-
BasuBHU: Orchestia cavimana Heller, 1865 (sensu auct.) co Mmopcko notexsio u Gammarus roeselii
Gervais, 1835 (sensu auct.) co morekio on jyrouctouna Espona u Mana Asuja.

Orchestia cavimana e CKOpeIIeH HHBa3UBEH BUJI, OTKpUeH Bo Oxpuackoro E3epo aypu Bo 1998 roau-
Ha, a ICHeCKa 0BOj BUJI HAacelyBa OpOjHH JICIIOBU OJf €3€PCKUOT Oper MOKPUEHHU CO YaKall U TIECOK.
Gammarus roeselii o Hacemn Oxpuackoto Ezepo BepojarHo mocie nocnenHoto [manujanao [o-
0a, a OmJ1 OTKpHEH BO e3epoTo yiure Bo 1924 ronuna. OB0j BUI HaceIyBa MHOTYOPOjHH MaJIH ITOTO-
1M ¥ U3BOP JIOJDK 1esHoT Oper Ha Oxpujckoto E3epo, uecto Bo MEIIaH| MOITyJIALUK CO aBTOXTOHH-
Te BuaoBu. OBOj BU POApEN Ha HeKou AenoBH of Operot (Ctpyra) xo 20 m amadodnHa.
MOMEHTAJIHUTE MOJICKYIApPHU U I'€HETCKH HCTpaXKyBama Cyrepupaar Jieka BepojaTHO IMOCTOjar
MOBEKE TAKCOHM BO PaMKWTE Ha AeHemHute BUIoBU Orchestia cavimana w Gammarus roeselii.
Brujannero Ha oBHe JBa BHIA Bp3 aBTOXTOHUTE BHIOBU o Amphipoda Bo Oxpunckoro E3zepo e
Ce YIITE HeMO3HATO.

Kayunu 360poBu: Amphipoda, Gammarus roeselii, Orchestia cavimana, "HBa3UBHH BUIOBH,
Oxpuzncko Ezepo, Makenonuja.
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Introduction

Macedonia was always considered as very at-
tractive destination for discovery and study of its
very interesting and relatively highly endemic fauna
and flora, including fauna of Amphipoda. The fau-
na of Amphipoda in Macedonia is very rich, with
known 6 families, 6 genera and over 40 species and
subspecies, mostly endemic. Among them, in Ohrid
Lake are present over 12 endemic species of Am-
phipoda.

First data about Amphipoda from Ohrid Lake
basin in Macedonia, was presented by Spandl (1924)
who mentioned Niphargus cf. stygius for the springs
above Monastery near the Ohrid Lake, and Gam-
marus roeselii from Ohrid Lake and the springs
near Ohrid. Later, several other authors mentioned
or described new species from Ohrid Lake (Schifer-
na, 1926; Karaman, S., 1929a, 1929b, 1931, 1943;
Schellenberg, 1943; Karaman, G., 1963, 1976a,
1976b, 1985, 1989).

The present fauna of Amphipoda in Ohrid Lake
basin is consisting mainly from the endemic sub-
terranean and epigean species originated from the
Lake itself, as well as the species settling the adja-
cent freshwaters before the formation of the Lake.
Some species are developed through speciation from
the ancestors settled already these waters (various
Gammarus species) or they were developed into a
new species after the invasion the Lake through spe-
ciation and isolation (Synurella longidactylus Kara-
man, S., 1929a).

Among all these species known from the Ohrid
Lake basin, there are the species originated out of
Balkan peninsula, species invaders from other zoo-
geographical regions and penetrating later into the
Ohrid Lake thanks the present various favorable con-
ditions. We intended to paid our attention to these in-
vaders who can have a negative influence on the do-
mestic (native) fauna.

Material and methods

The studied material was partially collected by
the author during over 40 years, and partially based
on the samples collected by various other scientists
and collectors (from the Museum of Natural Histo-
ry in Skopje, from the Hydrobiological Institute in
Ohrid, etc.), as well as based on samples collected
by Stanko L. Karaman, who studied fauna of Ohrid
Lake during many years of past century.

The studied material of Amphipoda was collect-
ed by the plankton hand-net along the coast of the
Ohrid Lake, on the stone- and gravel beaches, 1-4
meters far from the water, under the rocks, gravel
and sand. Numerous samples were collected in the
shallow coastal sea-water up to 20 m depth, in vari-

ous types of bottoms: bottom covered by vegetations
(Chara spp. etc.), gravel, sand and sediments.

Various samples of amphipods were collected al-
so in the coastal springs and torrents [springs Biljan-
ini Izvori (=Studenciste), several springs near Mon-
astery St. Jovan; springs near Struga (Sum springs),
springs near Monastery St. Naum; springs and coast-
al torrents in Pogradec (Albanian coast), etc.].

The collected material was preserved in the
70% ethanol. The specimens were dissected using
a WILD M20 microscope and drawn using camera
lucida attachment. All appendages were temporari-
ly submersed in the mixture of glycerine and wa-
ter for study and drawing. Later all appendages have
been transferred to the permanent slides with Lig-
uid of Faure.

Investigation area

Ohrid Lake is 30.4 km long, and 24.8 km wide,
with maximum depth of 288 m. The lake covers area
of 358 km?, and the shoreline is 87.5 km long. Ohrid
Lake is one ancient Tertiary lake originated from the
geotectonic depression during the Pliocene epoch,
created over 4 million years ago.

Very complex geological history of the basin of
Ohrid Lake, the karstic oligotrophy of the lake itself,
with favorable atmospheric conditions, and zoogeo-
graphical and ecological history and situation, was
the base for developing and preservation of highly
endemic fauna of Amphipoda in the Lake.

Results

Based on our study of the Amphipoda fauna
from Ohrid Lake basin and the Lake itself during
over 40 years, as well as the studied material from
other sources, we can recognize among all known
species of this region, two species as invaders in
Ohrid Lake, Orchestia cavimana Heller, 1865 and
Gammarus roeselii Gervais, 1835.

FAMILY GAMMARIDAE
Gammarus roeselii Gervais, 1835 (sensu auct.)

Carinogammarus roeselii Spandl 1924: 454; Kara-
man, S., 1931: 57 (map);

Carinogammarus roeselii meridionalis Karaman,
S., 1929b: 89 [loc. typ. Ohrid Lake, coastal zone
till 20 m depth];

Carinogammarus triacanthus Schiferna, 1922: 35,
pl. I, fig. 1; text figs. 14, 15 [loc. typ.: N. part of
Skadar Lake]; Spandl, 1924: 454; Karaman, S.,
1929b: 89, figs. 4a, Sa; Karaman, S., 1931: 56;

Gammarus (Rivulogammarus) roeselii f. triacantha
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Schellenberg, 1943: 100, fig. 2b;

Gammarus (Rivulogammarus) triacanthus Kara-
man, G., 1966: 125;

Gammarus (Rivulogammarus) roeseli Schellenberg,
1937: 511,

Gammarus roeselii Karaman, G. & Pinkster, 1977:
170, figs. 1-3; Karaman, G., 1997: 24; Karaman,
G., 2003: 55;

Gammarus roeseli f. triacanthus Karaman, G., 1981:
249.

Locus typicus: River Yonne near Coulanges-
sur-Yonne, France.

Material examined:

--  Ohrid Lake, Monastery St. Naum, spring of Cr-
ni Drim river, 7 exp., 18. 7. 2011 [mixed with
G. parechiniformis Kar. G., 1977 [leg. M. Kom-
nenovj;

-- Sateska reka-River, influent of Ohrid Lake,
Macedonia, 3 exp., 1957 [leg. Institute Ohrid];

--  Ohrid Lake, several springs E. of Monastery St.
Naum, 17. 10. 2012, many exp. [leg. Karaman,
G. & Karaman, B.);

--  Ohrid Lake, in Chara sp., depth 13-15 m, Mace-
donia, 4. 9. 1934, 8 exp. (leg. T. Wolski);

-- Biljanini izvori- springs at coast of Ohrid Lake
in town Ohrid, 21. 7. 1969, many exp. mixed
with Gamm. ochridensis Schif., 1926 (leg. G.
Karaman);

-~ Ohrid Lake, coast on road Ohrid- Struga, 0.20-
0.90m depth along coast in the Scirpus plants,
19.7. 1985, many exp. (leg. Karaman, G. &
Karaman, B.).

Localities cited for Ohrid lake basin:

Spandl (1924) cited G. roeselii for Ohrid Lake
and springs near Ohrid.

Stanko Karaman (1929A) cited this species
from Ohrid Lake (on depth till 20 m) (Carinogam-
marus roeselii meridionalis) and from the springs in
the vicinity of Ohrid (triacanthus).

Stanko Karaman (1937) mentioned this species
for the springs at the coast of Ohrid Lake (triacan-
thus) and the coastal zone of the Ohrid Lake (roe-
selii meridionalis).

Schellenberg (1943) cited this species for Kaliste
and Ohrid Lake off Ohrid (12 m) (roeselii); Bej Bu-
nar spring; Sum spring; spring near St Naum (mixed
populations);

Karaman, S. & Karaman, G. (1959): Sum
springs near Struga (triacanthus); Ohrid Lake (¢ria-
canthus and roeselii);

Karaman, G. (2003) cited it for Pogradec, Al-
bania.

Smiljkov et al. (2005): Ohrid Lake (Radozda;
Livadiste; Kalista; Struga; As).

Discussion

Gammarus roeselii Gervais, 1835 is widely dis-
tributed species in rivers and springs over Central
and SE Europe, often collected mixed with some
other native Gammarus species. This very variable
species is characterized by presence of 4 dorsocen-
tral body-teeth.

Schiferna (1922) discovered and described
similar species Carinogammarus triacanthus from
Skadar Lake (Crna Gora), species with only 3 dor-
sal body-teeth. Later there were found often mixed
populations with specimens having 3 or 4 teeth, as
well as specimens with transitive this character, and
Schellenberg (1943) removed G. triacanthus to the
species G. roeselii as a distinct form only (R. roeselii
f. triacanthus).

Because of very large variability of populations
of G. roeselii in various localities, several distinct
subspecies and forms were created by various au-
thors (Carinogammarus roeselii meridionalis S.
Karaman 1929b from Ohrid Lake; Carinogammar-
us vardarensis vardarensis S. Karaman 1929b from
Vardar river, Rivulogammarus (Fluviogammarus)
triacanthus strumicae Karaman, S. & Karaman, G.
1959 from Strumica river, etc. On the other hands,
various authors cited single taxa under different
names, as subspecies, species, forms or synonyms
(Karaman & Pinkster 1977).

The present taxonomical status of all taxa of
Gammarus roeselii-complex is not clear. As the
morphological characters seems to be not sufficient
to recognize separate distinct taxa within this com-
plex, it is necessary to revise all taxa based on mor-
phological and genetic characters. It is evident that
within the G. roeselii-complex exist various distinct
taxa, but for the moment we mentioned here all pop-
ulations under the name Gammarus roeselii Gervais,
1835 and his forma triacanthus Schaferna, 1922. In
this work we took in consideration only data regard-
ing Ohrid Lake basin.

We collected G. roeselii in many springs and
small torrents around the Ohrid Lake: Biljanini Iz-
vori springs (=StudenciSte), several springs near
Monastery St. Naum, spring and torrents in Pogradec
(Albanian coast of Ohrid Lake), springs near Struga,
etc. But, in the shallow coastal waters of the Lake
(0-20 m), between Struga and Ohrid Town, and shal-
low waters near Pogradec, numerous specimens of
G. roeselli were collected mixed with specimens of
f. triacanthus, as well as intermediate specimens.
These samples support conclusion that the number
of dorsal body spines is not enough distinct charac-
ter to recognize the different taxa within G. roeselii
- complex.

Gammarus roeselii (sensu auct.) began his in-
vasion from the SE Europe and Asia Minor towards
the West probably after the last glacial period, and
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his invasion is still in the progress. Twenty years ago
it was collected at the first time in NE Italy (Padova)
(Karaman G. 1993).

In the Ohrid Lake, G. roeselii have not pene-
trated deeply in the Lake because of the strong bi-
ological resistance and competition with the native
Gammarus-species existing already there. It remains
in some shallow part of the Lake often covered by
plant Chara or in the lower part of the small tributar-
ies and springs near the lake, often in the mixed pop-
ulations with native species.

Gammarus roeselii pushed often the other na-
tive torrent- species towards the spring, sometimes
eliminating completely the native species (G. bal-
canicus or G. ochridensis). Our laboratory experi-
ments show that G. roeselii support much larger eco-
logical variability than native species G. balcanicus
Schaf., 1922, especially regarding the water temper-
ature, oxygen consumption, variety of the food, etc.
(Karaman G. 1966). We believe that the biological
resistance of native Gammarus fauna in the Lake
Ohrid is strong enough to prevent invasion of this
invasive species into deeper parts of Ohrid Lake.

Family TALITRIDAE
Orchestia cavimana Heller, 1865 (sensu auct.)

Orchestia cavimana Heller, 1865: 979, pl. 17,
fig. 1; Karaman, G., 1965: 27P, fig. 1-5; Karaman,
G., 1998a: 38; Karaman, G., 1998b: 28; Karaman,
G., 2003: 53.

LOCUS TYPICUS: Olympus Mt., Cyprus island.

Material examined:

-- Coast of Ohrid Lake between Struga and
Pogradec, Albania, 11. 10., 2012, 5 exp. [leg.
Karaman, G. & Karaman, B.);

--  Coast of Ohrid Lake near PeStani, Macedonia,
16. 10. 2012, 4 exp. [leg. Karaman, G. & Kara-
man, B.]

-- Coast of Ohrid Lake near Ohrid town, 15. 10.
2012 (leg. Karaman, G. & Karaman, B.).

Localities cited from Ohrid Lake basin:

Karaman, G. (1998b): Coast of Ohrid Lake near
Monastery St. Naum; mouth of the springs near this
monastery.

Karaman, G. (2003): Coast and springs near
Pogradec [Albania, Ohrid Lake].

Discussion

Orchestia cavimana is marine element settled
sea coast over Europe, Mediterranean coast and Asia
Minor, but always the places with slightly or pure
freshwaters. This species penetrated often deeply in-
to the European continent through the mouth of the
rivers, and settled some freshwater lakes far from
the sea also [Lago di Garda in N. Italy, etc.] (Kara-
man G. 1993).

This species has been discovered at the first
time in Macedonia (Dojran Lake) in 1965 (Karaman
G. 1965) and later along the coast of Ohrid Lake in
Macedonia and Albania (Karaman G. 1998b, 2003).
At the same time, we discovered it also in Serbia
[Danube river in Karatas and Kladovo (Karaman G.
1998a)].

Orchestia cavimana invaded recently Ohrid
Lake coast, because during our numerous studies of
Amphipoda fauna of Ohrid Lake provided during
last 50 years, this species was never found before
1998. The ecological consequences of this invasion
to the native fauna are still unknown.

Because of very large distribution of this species
in very different ecological niches, the new molecu-
lar and genetican studies provided by some authors,
indicated the possible existence of more distinct taxa
within Orchestia cavimana (sensu auctorum)-Com-
plex.

Conclusion

The present fauna of Amphipoda in Ohrid Lake
is consisting of over 12 endemic species belonging
to 3 genera: Synurella Wrzesniowski, 1877, Gam-
marus Fabricius, 1775 and Niphargus Schiddte,
1849. But, in Ohrid Lake are discovered 2 invad-
ers belonging to 2 different families and genera: Or-
chestia cavimana Heller, 1865 (sensu auct.), inva-
sive species of marine origin, and Gammarus roe-
selii Gervais, 1835, freshwater invader coming from
the SE Europe and Asia Minor.

Gammarus roeselii invaded Ohrid Lake proba-
bly after the last Glacial period, and Orchestia cavi-
mana (sensu auct.) invaded Ohrid Lake recently, be-
cause it was discovered at the first time along Ohrid
Lake shore in 1998, despite intensive previous stud-
ies of Ohrid fauna during last 80 years by various
authors.

The recent molecular and genetic studies of G.
roeselii and O. cavimana suggested the existence of
possible more distinct taxa within the present G. roe-
selii (sensu auct.) and O. cavimana (sensu auct.).

It is necessary to study the steps of these inva-
sions of the Lake and the eventual consequences on
the native Amphipoda fauna in Ohrid Lake.
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