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Paramecium is one of the most studied genera among ciliates. In particular, it is a model
organism for investigation of the sibling species problem (also known as the cryptic species
problem), spatial distribution, and its role in speciation. The global distribution of
Paramecium species and of sibling species belonging to the P. aurelia species complex
(Ciliophora, Protista) still need study, e.g. sampling in some territories has been quite
limited, while Europe has been investigated for years with the majority of the P. aurelia
species isolated from here. The large territory of Yakutia (republic Sakha in the Russian
Federation), known for its climate extremes and continuous permafrost that extended over
several glacial and interglacial cycles of the Pleistocene, has not been studied before. In the
present study we collected paramecia in the central part of Yakutia. Newly established strains
were identified to species according to morphology and, in case of the P. aurelia complex, by
crossing with the test strains (the reference strains for the particular species). New stands of
P.primaurelia, P. biaurelia and P. novaurelia were described from the territory of Yakutia.
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The 15 known species of the P. aurelia complex
(SONNEBORN 1975; AUFDERHEIDE et al. 1983)
differ in geographical distribution, frequency, and
their character of occurrence. Some are considered
cosmopolitan, such as P. primaurelia, P. biaurelia,
P. tetraurelia and P. sexaurelia (SONNEBORN 1975;
PRZYBOS & FOKIN 2000; PRZYBOS & SURMACZ
2010), whereas others have been recorded in only
a few habitats (e.g. P. tredecaurelia and P. quade-
caurelia; PRZYBOS et al. 2013a, b). According to
FOISSNER (2006) and FOISSNER e al. (2008) ciliates
including Paramecium represent “the moderate
endemicity model” as concerns their distribution.
However, various parts of the world have not been
studied to the same degree. The USA (SONNEBORN
1975) in North America has been carefully sur-
veyed, and the majority of species in the complex
were recorded. Similarly, Europe (cf PRZYBOS &
SURMACZ 2010) has been investigated for many
years, with many water bodies sampled, and the

majority of species have also been recorded there.
Some territories are still awaiting exploration, in-
cluding huge territories in Asia. In this publication
the presence of different Paramecium species in
the central part of Yakutia, Russia, was investi-
gated, and newly established strains of the P. aure-
lia species complex were identified to species by
crossing with the test strains (the reference strains
for the particular species).

Yakutia, or the Sakha Republic in the Russian
Federation, is characterized by a sharply continen-
tal climate. It is known for its climate extremes,
with the Verkhoyansk Range being the coldest
area in the northern hemisphere, with some of the
lowest natural temperatures ever recorded. The
Northern Hemisphere’s Pole of Cold is at Verk-
hoyansk, where the temperatures reached as low as
-67.8°Cin 1892, and at Oymyakon, where the tem-
peratures reached as low as -71.2°C in 1926. Even
in central parts the winter is long (during 7 months
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average temperature is below 0°C) and rather cold;
average January temperature: -28°C. Summer is
short and comparatively hot, average July tem-
perature in the central part is +19°C. However, it
known to be very hot during the day; in Yakutsk in
July a temperature of +38.4°C was recorded. Ya-
kutia is a dry region with average annual precipita-
tion of 200 mm in central parts.

Most of Yakutia is covered by permafrost. Cal-
culations indicate that the time required to form the
deep permafrost underlying Yakutia was over
a half-million years. This extended over several
glacial and interglacial cycles of the Pleistocene .
The depth of the permafrost can be as much as
1 493 m in the northern Lena and Yana River ba-
sins. In central part it is about 300-500 m. Overly-
ing permafrost is a thin active layer that seasonally
thaws during the summer. Protozoan life is sup-
ported only within the active layer since growth
can occur only in fully thawed water for some parts
of the year. The thickness of the active layer varies
by year and location, but is typically 0.6-3 m. In
Yakutia there are vast numbers of lakes and rivers
of which the Lena river is the biggest (4310 km),
and has hundreds of tributaries.

Material and Methods

Material

Paramecia were collected in 2013 by M. Rautian
and A. Beliavskaia from several water pools in
four regions belonging to the Lena basin: Oleok-
minsk (60°22°46°'N/120°24°55""E), which is
in the taiga zone, has discontinuous permafrost,
Yakutsk (61°40°42°°'N/129°21°27E), Sangar
(63°55°24°°N/127°28 18 'E) and Zhigansk
(66°7°N/123°3°E; see maps — Figs 1,2 ) are in the
area of continuous permafrost. Zhigansk is situ-
ated beyond the North Polar Circle. In each region
30-60 water samples (50 ml) were taken from dif-
ferent ponds, creeks and river backwaters. The dis-
tance between sampling points varied from dozens
of meters up to dozens of kilometers. Samples
were analyzed for Paramecium species presence.

Water samples were analyzed by light micro-
scope. If paramecia were found, single cells were
isolated by micropipette, washed several times to
remove associated protozoans, and transferred to
a micro-aquarium with a drop of culture medium.
After several (3-5) cell fissions, the clone was
transferred to a tube and cultured as usual.

Paramecia were analyzed on slides stained using
aceto-carmine (SONNEBORN 1970) and by DIC
microscopy; identification to the particular species
of Paramecium genus was made according to cell
size and morphology, the type and number of mi-
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Fig. 1. Territory of Yakutia marked in red within Russia.
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le% 2. Sampling points situated along the Lena River in
akutia, Russia.

Table 1

Paramecium species detected in col-
lected samples

Collecti Number of

\Paramecium species oliection samples with

region . :

partlcular Species

Olekminsk 3
. caudatum Yakutsk 11
Sangar 3
Olekminsk 1
. aurelia complex Yakutsk 10
Sangar 2
P. multimicronucleatum| Y akutsk 1
L Olekminsk 1
P. nephridiatum Yakutsk 1
P. putrinum Yakutsk 6
Olekminsk 3
P. bursaria Yakutsk 6
Sangar 1

cronuclei, morphology of contractile vacuoles and
number of CV pores (VIVIER 1974; FOKIN 2010/2011).
Paramecium species identified in the samples are
in Table 1. All paramecia from the P. aurelia com-
plex have a nuclear apparatus with two vesicular
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Table 2a
New stands of species of the Paramecium aurelia complex in Yakutia, Russia
Strain Species Collection place Coordinates
designation
Yal31-14 | P. primaurelia . oemgnn
Yal3l-13 | P. primaurelia Sangar settlement on the Lena River, 63°55'24" "N/
— . small pond 127°28'18'E
Yal3l-16 | P. primaurelia
. . Yakutsk city, 62°00°81""N/
Ya88-7 P. primaurelia bayou 129°43° 42
. . Yakutsk vicinity, 62°00°24" "N/
111-1 P. biaurelia pond 129°39°28°F
13-2 P. primaurelia Yakutsk city, 62°01'N
11-5 P. novaurelia Pond “Warm” 129°43'E
. Yakutsk city, 62°00N"
89-1 P. novaurelia ditch 129°42°74E
. . Yakutsk city, 62°00'69"'N
91-2 | P. primaurelia Ditch, dry grass 129°42'74"E
: . Yakutsk city, 62°01°22"'N
189-5 P. primaurelia Pond “Warm © 129°43 13" E
179-6 P. primaurelia Yakutsk ZOO 61°40°72"'N
P Pond with water birds 129°21272E
. . Way to Pokroskoye, 61°54' 17N
100-1 | 7. biaurelia Lena River Bay 129°34'22"E
. . Sangar settlement on the Lena River, 61°51'46"°N
108-20 P. biaurelia small pond 12993325 E
. . Olekminsk town, 60°22°46"'N
58-21 P. primaurelia ditch 120°24°55
. . Olekminsk town, 60°22"18"'N
53-20 P. primaurelia ditch 120°26'21"
58-3 P primaurelia Olekminsk town, 60°22°46"'N
P pool 120°24'55"E
Table 2b
Paramecium aurelia stands in the Far East and China
Strain designation Species Collection place Coordinates
. . 42°86"13°'N
192-2 P. tetraurelia Far East, Lake Levadiyskoye 132°66'43E
. . . . 30°25'63"'N
CHH7-7 P. primaurelia China, Zhejiang, Hangzhou, West Lake 120°15'82"

micronuclei. The studied strains of the P. aurelia
complex are presented in Table 2a,b.

Clone cultures were deposited in CCCS (Culture
Collection of Ciliates and their Symbionts, Collec-
tion registered in WFCC, #1024 ) in St. Petersburg
State University.

Methods

SONNEBORN’s methods (1950, 1970) of cultiva-
tion and identification of strains were used. Para-
mecia were cultured at 27°C in a medium made of
dried lettuce in distilled water, inoculated with
Enterobacter aerogenes and supplemented with
0.8 mp/ml B-sitosterol. New strains were identi-
fied as particular species of the P. aurelia complex

on the basis of strong conjugation between the
studied strain and the reference strain of the spe-
cies.

The following standard strains were used:
strain 90, Pennsylvania, USA, P. primaurelia;
strain Rieff, Scotland, Great Britain, P. biaurelia;
strain Sydney, Australia , P. tetraurelia;

strain 87, Pennsylvania, USA, P. pentaurelia;
strain 138, Florida, USA, P. octaurelia;

strain 205, Edinburgh, Scotland, UK, P. novaurelia.

The standard strains belong to the collection of
strains of the Institute of Systematics and Evolu-
tion of Animals, Polish Academy of Sciences,
Krakow, Poland.
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Table 3a

Survival of hybrids in the inter-strain crosses, strains from Yakutia x standard strains of

P. aurelia spp.

Fl1 F2

Species Strain designation (obtained by | (obtained by

conjugation) autogamy)
Paramecium primaurelia | 131-16 (Sangar, Yakutia) x 90/ (Pennsylvania, USA) 95 98
Paramecium biaurelia 111-1 (Yakutsk, Yakutia) x Rieff Scotland, GB/2 94 93
Paramecium novaurelia | 11-5 (Yakutsk, Yakutia) x 205/9 (Edinburgh, Scotland, GB) 56 52
Table 3b
Survival of hybrids in inter-strain crosses , strains from Far East and China

Species Strain designation F1 F2
Paramecium tetraurelia | 192-2 (Far East, Russia) x Sydney/4 88 80
Paramecium primaurelia | CHH7-7 (China,Hangzhou) x 90/1 (Pennsylvania, USA) 98 96

In the intra and inter-strain crosses, the F; gen-
eration was obtained by conjugation and F, by
autogamy (using the method of daily isolation
lines) (Table 3a, b). The occurrence of the desired
stage of autogamy (specimens at the stage of two
macronuclear anlagen) was examined on prepara-
tions stained with aceto-carmine. Survival of
clones in both generations was estimated as per-
centages. According to CHEN (1956), clones can
be considered as surviving after passing 6-7 fis-
sions during 72 hours after separation of partners
of conjugation or postautogamous caryonids.

Results and Discussion

In three regions, namely, Olekminsk, Yakutsk
and Sangar different Paramecium species were
detected. In some samples there were many Para-
mecium cells, often different species in the same
sample (Table 1).

In the Zhigansk region 36 water samples were
collected, but none of them contained paramecia.
The reason for this large difference between this
region and others is unclear. It was the most north-
ernregion of the expedition, but other peculiarities
(microelements, etc.) of the region cannot be re-
jected.

As aresult of identification of sibling species be-
longing tothe P.aurelia species complex, new stands
of P. primaurelia, P. biaurelia, and P. novaurelia
were recorded in Yakutia, Russia (Table 2a). All
strains from Yakutia identified as particular spe-
cies (P. primaurelia, P. biaurelia, and P. novaurelia)
of the P. aurelia complex reacted (conjugated) with
each other (within particular species).

P. primaurelia was also recorded in China, and
P. tetraureliain a stand inthe Far East, Lake Leva-
diyskoye (Table 2b). The samples of water with
plankton were collected by M. Rautian in 2013.

The species P. primaurelia, P. biaurelia, and
P. tetraurelia are cosmopolitan species (SONNE-
BORN 1975).

Survival of inter-strain hybrids of strains from
Yakutia (the studied strain crossed with the
standard of the particular species) is presented in
Table 3a and hybrids of strains from China and the
Russian Far East in Table 3b. In P. primaurelia,
P. biaurelia and P. tetraurelia the survival of
strain crosses was high. A lower degree of F2 vi-
ability was observed in P. novaurelia hybrids in
crosses of strains Yal1-5 (Yakutia, Russia) x 205
(Scotland, GB) originating from remote habitats.
This may reflect the high genetic divergence be-
tween the studied strain (from Yakutia) and stan-
dard crossing partner. P. novaurelia is common in
Europe but was never found in Asia. Low survival
of progeny was previously established in the case
of strong geographic isolation, i.e. for rare species,
P. tredecaurelia and P. sonneborni (PRZYBOS et al.
2013, 2014). Itis also important that P. novaurelia
was considered as a species limited in occurrence
to Europe (SONNEBORN 1975), at present it was
found in stands remote from Europe. This species
may have been transported by humans, as it was re-
corded in the town of Yakutsk, which is a commer-
cial centre.
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