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BerynurenabHoe ¢j10BO

MexnyHaponHelii moneBoi cummnosuym «buonorus charHoBeix mxoB» (International
Meeting on the Biology of Sphagnum) sBiseTcsi O0COOCHHBIM COOBITHEM W OOBEIUHSET
CIELMAIMCTOB B 00JIACTH CUCTEMATHKH MOX000Pa3HbIX, (HIOPUCTOB, Te000TaHUKOB, TOP(POBEIOB,
HKOJIOTOB— BCEX TEX, KTO HEPABHOAYIIEH K pacTeHusiM pona SPHAGNUM, u3y4aet ux reorpaduio,
(¢uIoreHno, B3aUMOOTHOIIEHUSI C JIPYTMUMHU PACTCHUSIMU, BO3MOXKHOCTH HCIIOJIB30BAaHUS U
BbIpalllBaHUsI.

Perynspubpie BCTpeuM CHEUUATHCTOB-C(ArHONIOTOB MPEIOCTABISIIOT 3aMEYaTeNIbHYIO
BO3MOKHOCTH OOMEHSTHCS OMBITOM, MIOACIIUTHCS 3HAHUSIMH, 3aBSI3aTh HOBbIE KOHTAKTHI HE TOJIBKO
COCTOSIBILIMMCSI MCCJIEIOBATEIISIM, HO U MOJIOJIBIM YU€HBIM, CTY/ICHTaM U aCIIUPAHTAM.

[TepBbiii MexayHapOAHBIH CHMITO3HYM, TOCBSIICHHBIN charHoBbiM MxaM (1" International
Symposium on the Biology of Sphagnum), 6p1n1 opranuszoBan bputanckum bpuonorndeckum
OobmectBom (BBS) u MexnaynaponHoii Accommanueir 6puosioroB (IAB) B urone 1991 r wu
mpoxXoausl B JKceTepckoM YHHBepcutere B BenukoOputanuu. CUMMIO3HYM CHITpall BaXKHYIO
pOJIb B MOMYJISAPU3AINH UEH, O TOM, YTO C(HarHOBbIE MXH MOXXHO W HYXXHO YMETh OIPENEIATh B
MOJIEBBIX YCIOBUSX. BBUTH Oy OJIMKOBaHBI TIOJIEBBIC ONIPEISIUTENH CParHOBBIX MXOB — B HopBeruu
(Flatberg, 2002), ®unnsuauu (Laineetal., 2009, 2011), Dcronunu (Vellaketal., 2013), BeixonuT u3
TeYaTy MOJICBOU aTiiac-ONpeIeIUTeNb C(harHOBBIX MXOB Ha pycckoM si3bike (Hockosa, 2016).

Ha wmamreit mamsitu cocrosutich cummo3uymbl B Hopeeruu-IlIBenmu (3™ International
Meeting on the Biology of Sphagnum, Uppsala-Trondheim, 2002), na Amnsicke (4™ International
Meeting on the Biology of Sphagnum, 2008), JlarBuu-Dctonun (5" International Meeting on the
Biology of Sphagnum, 2012).

C MomenTa nocnenHeit Bctpeun B Tapty, Octonus B 2012 1. mponuio yetbipe roaa, u
y4eHbIe, HHTEpECYIoIuecs cparHOBHIMA MXaMH, CHOBa COOMpPArOTCs BMecTe. Bo BpeMsi HAyqHOTO
myTemecTBus 1mo Oonoram JlaTBuu u DCTOHHMM, NMPUHUMABIIAE B HEM ydactue charHomoru
BBICKa3aJi 3aMHTEPECOBAHHOCTh U MOXKEJIaHHE MOCeTUTh 3amaanyro Cubupb, KoTOpas, Kak
M3BECTHO, M300mIyeT 3a00I04eHHBIMU TpocTpancTBamMu. OHHM oOparminchk Kk Mapun HockoBoit
C BOIIPOCOM O BO3MO)KHOCTM OpIaHM30BaTh CIEAYIOLIYI0 TEMAaTU4eCKyr BCTpeuy B Poccum.
Ham mpunuia B rojsoBy cyactiauBas MbIC/b Hamucath A-py Enene JlanmmuHoil, KoTOpas OXOTHO
COIVIaCHJIaCh IMIPUHSITH COOOIIECTBO CHArHOIOTOB U MPEIOKUIIA IPOBECTU OYEPETHON CUMITO3UYM
(1-11 aBrycra 2016 r.) Ha 6a3e FOropcKoro rocynapcTBEeHHOTO YHUBEPCUTETa, XaHThI-MaHCHICK.

[IpenBapsier 1miecToil TMONEBOM CUMIO3UYM JBYXJHEBHas cQarHoBasi JKCKypCUS B
Jlenunrpanckoit obnactu (28-31 wurons 2016 r), rae Henaneko ot Cankr-IletepOypra MoxHO
OOHApYXHUTh 3HAUUTEIHFHOE Pa3HOOOpasne charHOBBHIX MXOB U MX MECTOOOUTAHUH.

Kpome HayuHBIX ONEBBIX 3KCKYPCUH, 3alNIAHUPOBAHbI HAYYHbIE CECCUU C ITPEICTABICHUEM
JIOKJIAZIOB YYAaCTHUKOB. AHAIW3UPYs MPUCTAHHBIE MaTepHasbl, MOXXHO CKa3aTh, 4TO reorpadus
te3ucoB Cumnosuyma-2016 crnenyromas: Poccusa (Kapenus, [lerpo3aBoack; Cankr-lletepOypr;
Teepb; bopok, SpocmaBckas 00:1.; Tanmom, MockoBckas 001.; bamkoprocran, Yda; 3anagnas
Cubups, Xantei-Mancwuiick; Tromens; KOxnas Cubups: HoBocubupck, Tomck; Jlanpanii BocTox,
Xabaposck), benapych, Ocronus, Jlursa, Gunnsaaus, [senus, l'epmanus, Yexus, Kanaga.
Temaruka npeacTaBIEHHBIX TE3UCOB I0CTATOYHA MIMPOKAs U OTPAXKAET CIEAYIOLINE HAITPaBICHUS
M3y4deHus C(harHOBBIX MXOB:



1. TpaguumoHHbIe WCCIENOBaHMSA: CUCTEMaTHKa, (iaopa c(harHOBBIX MXOB, PEIKHE BUJBI
c(harHOBBIX MXOB.
2. ITpupocrt cdaryos
. Ilpoxyxknust carHOBEIX MXOB, OroMacca, IECTPYKIUS
. Conmeprxanme azota, pochopa, kamus B OTACITBHBIX BUaX C(harHOB
. O11eHKa IPOEKTUBHOT'O MOKPHITHA C(ArHOB MPH CYKIIECCHOHHBIX CMEHAX
. B3aumooTHoOIIEHHS BUIOB B COOOIIECTBAX
. BeipamuBanue c()arHOBBIX MXOB M UX UCIIOJIh30BaHUE
. Masno n3yueHHbIe OpraHu3MbI U OOJIOTHBIE OMOTOIIBI
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. bonotHoe paitonnpoBanue (Ha npumepe ['epmanmn)

B memom, mnpeoOmamaroT OSKCIEpUMEHTaIbHBbIE pabOTHl, CBSI3aHHBIE C IOJEBBIMHU
UCCIICIOBAaHUSAMHU TIO OIPEJEJICEHUI0 CKOPOCTH IMpHUpocTa C(arHoB, OICHKE HX OHOMAaCCHI,
MIPOEKTUBHOTO MOKPBITHUS, CKOPOCTH PA3IOKEHUS, COJIEPIKAHUS OTAETbHBIX AJIEMEHTOB B C(ParHOBBIX
Mxax ¥ T.J0. Tem cambIM nioguepkuBaeTcsi OnocdepHas posib c(harHOBBIX MXOB, YCTaHABIHMBAIOTCS
0C00EHHOCTH MX (PYHKIMOHUPOBAHMS U BaXKHOCTh B KPYTOBOPOTE BELIECTB.

['eoboTaHnMYeCKHE acleKThl OTPaKE€Hbl B MyONMKAIMSIX, MOCBSIIEHHBIX MOHUTOPUHTY
c(harHoOBOTO MOKPOBA MPH PA3INIHBIX BHIAX HAPYIICHUH, BBI3BAHHBIX BIMSHAEM TaKUX (PaKTOPOB,
KaK IHUPOTCHHBIM M aHTPONOTeHHBIH (Menuopaius, oOBogHeHue). IlpencraBiensl pe3yabTaThl
W3y4eHUs MHOTOJIETHEH €CTeCTBEHHON AMHAMUKH C(arHOBOTO MOKPOBA COOOIIECTB B YCIOBUAX
3aro0BEHOTO peXxuMa.

MHTepecHON U HENPOCTOMN I U3y4YEHHs] TEMOMU SIBIIIETCS BOIIPOC O B3aUMOOTHOLICHUSAX
OTJENIbHBIX BUJOB MPU UX COBMECTHOM MPOM3PACTAHUU, TJI€ B KAYECTBE MCCIEAYEMOro 0ObEeKTa
BBICTYTAIOT PaCTeHUS poaa Sphagnum.

3aMeTHOE YUCIIO PA0OT MOCBSIIEHO PAMOHAIBHOMY MCIOIb30BAaHUIO COKPOBHILA HAIIUX
60110T — caruyma. Y4eHble IeSATCS OMBITOM I10 €T0 BhIPAIIMBAHUIO B UCKYCCTBEHHBIX YCIOBHUSX,
MIPOU3BOACTBY U IPUMEHEHHUIO.

bonora u Hacensromme uX c(arHoBble MXM SIBISIOTCS YHUKAIBHBIMH OHOTOMAMH,
KOTOpbIE CO3/1al0T 0COOBIE YCIOBHSI JUIS CYLIECTBOBAHMSI PA3IMYHBIX BUI0B OUOTHI, B YACTHOCTHU
npeacTaBuTeNeit MakpodayHbl 0€CIIO3BOHOYHBIX U TIPOTUCTOB.

WHTepec 1 3HTY31Ma3M B OTHOILICHUH U3YUEHUS ATUX YIUBUTEIbHBIX pACTEHUH — C(harHOBBIX
MXOB — HE yracaeT, B CTPEMJICHUU MO3HaTh UX OMOJIOTHUIO, KOJIIOTHUIO U Teorpaduio MOsSBISIOTCS
BCE HOBBIE HAay4HbIE U MTPUKJIAHbIE aCIIEKThI UccaenoBaHuil. Y 3TO HEe MOXKET He paJoBaTh.

JXemaem ygacTHUKaM BIOXHOBEHHS, XOPOLIEH ITOTOABI U HOBBIX OTKPHITHIA!
JoGpo noxanosats B Poccuto, 106po noxanosars B 3anagnyo Cudbups.

O. [ anannHa



Foreword

The International Meeting on the Biology of Sphagnum is a particular event which brings
together many different scientists: taxonomists, florists, phytosociologists, peat specialists,
ecologists — all those who are interested in plants belonging to the genus “SPHAGNUM”, who study
their geography, phylogenies, interactions with other plant species and utilisation and farming.

Regular meetings of sphagnologists give a good possibility to share their experiences; to
exchange knowledge on a field of Sphagnum bryology not only for senior scientists but also for
young researches and university/college students alike.

The first International Symposium on the Biology of Sphagnum was organized by the
British Bryological Society (BBS) and International Association of Bryologists (IAB) in July 1991,
hosted in Exeter, England.

This Symposium played the important role for the popularisation of the idea that Sphagnum
mosses can be identified in field conditions. Since then, several field guides for Sphagnum moss
identification were published in many different countries — for example, Norway (Flatberg, 2002),
Finland (Laine et al., 2009, 2011) and Estonia (Vellak et al., 2013). The first Russian field-guide
will be put into print this year (Hockosa, 2016).

I would like to remind you that previous symposia were hosted in Norway-Sweden
(3™ International Meeting on the Biology of Sphagnum, Uppsala-Trondheim, 2002), in Alaska
(4™ International Meeting on the Biology of Sphagnum, 2008) and Latvia-Estonia (5" International
Meeting on the Biology of Sphagnum, 2012).

Four years have passed since the last meeting in Tartu, Estonia in 2012, and now scientists
from around the world who are interested in Sphagnum mosses will meet together again.

During the scientific excursions on Latvian and Estonian mires, the participants showed
interest in Russian mires and told us about their wish to visit West Siberia, renowned for its
seemingly endless peatlands. Then they asked Maria Noskova about a possibility to organize the
next meeting in Russia. We discussed this idea and decided to write to Dr. Elena Lapshina who
kindly agreed to host the “Sphagnum Society”, from 1% to 11™ August 2016 on the base of the Yugra
State University, in Khanty-Mansiysk.

A two-day field trip in the vicinity of St. Petersburg comes before the meeting in West
Siberia from 28" to 31 July 2016.

Apart from scientific field excursions, the forthcoming 6" meeting will include scientific
sessions with presentations from the participants. Looking through the submitted materials, one
can say that the global geography of the authors is as follows:

Russia (Karelia, Petrozavodsk; Saint-Petersburg; Tver; Borok, Yaroslavl region; Taldom,
Moscow region; Bashkortostan, Ufa; West Siberia, Khanty-Mansiysk; Tyumen; South Siberia,
Novosibirsk, Tomsk; Far East, Khabarovsk)

Belarus

Estonia

Latvia

Lithuania

Finland

Sweden



Germany
Canada
and the Czech Republic.
A wide spectrum of theses contains the following research topics:
Sphagnum taxonomy, floristic studies, rare species of Sphagnum mosses
Sphagnum growth
Productivity of Sphagnum moss species, biomass, decomposition
N, K and P concentrations in some species of Sphagnum mosses
Estimation of Sphagnum coverage in different stages of ecological successions
Interrelations of plant species in communities
Utilisation of Sphagnum mosses and Sphagnum farming
Poorly studied organisms and mire biotopes
Mire regionality (Germany)
In general words, the experimental field observations on Sphagnum species’ growth,
their biomass, coverage and rate of decomposition, etc. prevail. The important biosphere role of
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Sphagnum mosses is emphasized, as well as the peculiarities of their functioning and role in the
cycling of matter.

Geobotanical aspects of studies can be found in some theses concerning the monitoring
of Sphagnum cover under different disturbances (fires, drainage and restoration). The results of
long-term monitoring of natural dynamics of sphagnum cover in the Nizhnesvirsky Nature Reserve
(Leningrad region, Russia) are also given.

An interesting and complicated theme is the question on interrelations of plant species
growing together. Sphagnum species are study objects of such researches.

A remarkable number of theses are devoted to the problems of rational use of a “treasure” in
our mires — Sphagnum mosses. The experiences on Sphagnum farming and its usage are presented
within the theses.

Mires together with inhabiting Sphagnum mosses are unique biotopes which form the
specific habitat conditions for living organisms, in particular, the species of invertebrates and
protists.

Scientific interest and enthusiasm in relation to these amazing plants — Sphagnum mosses
—is growing; some new scientific and applied aspects of researches are coming into view. And this
is very promising and very exciting times.

Best wishes for good weather and new discoveries to all!
Welcome to Russia, Welcome to Western Siberia.

Dr. Olga Galanina



INTERNATIONAL SPHAGNUM MEETINGS - A BRIEF HISTORY

Richard E. Andrus, professor (retired)
USA, NY

1. Great Britain. July 1991.

The concept of an international meeting to discuss
Sphagnum and have extensive field trips began in Great
Britain in 1991. In July of that year bryologists from as
far away as Japan gathered in Scotland to begin the field
trip that ended up in Exeter, England, where the formal
presentations took place. The primary organizers of the
meeting were Roger Daniels and Michael Proctor.

The field trip began in Scotland on a blanket mire
in a rather cold driving rain. From there we moved to
England where we visited a variety of mostly weakly
minerotrophic to ombrotrophic mires. Several of these
were strongly human influenced, such as the Cranesville
valley mire, which had been previously mined for peat
but since flooded and recolonized with a mostly Section
Subsecunda species. Another site was a planted conifer
forest with Sphagnum growing throughout.

The Malham Tarn fen in Yorkshire had a mineral
rich margin where we saw some minerotrophic rarities for
England, such as Sphagnum squarrosum, riparium and
contortum.

2. Northeastern USA and Quebec, Canada. July, 1996.

The second meeting moved across the Atlantic
where it originated in Quebec and moved from there
south into New York State and New Jersey. This itinerary
allowed participants to see a wide variety of often
unusual mire types in this area. The main organization
was done from Quebec at the Universite Laval by Line
Roquefort and Robert Gauthier, who set up the Quebec
field trip portion as well as the formal presentations. The
Quebec field trips focused mainly peatland restoration,
as much of this was being done in this region after
extensive peat mining.

From Quebec the group moved across the border
into the USA for the portion of the field trip organized
by Cyrus McQueen, Eric Karlin and Dick Andrus. The
group first stopped in the Adirondack Mountain region
of northern New York State where we stopped at poor
fens, an ombrotrophic mire and an extensive rich fen.
A large diversity of species were seen as a result of the
variety of site types. Since most of the participants were

not from the US, another surprise was the abundance of

poison ivy and poison sumac, a hazard not encountered
in Europe! The group moved again to the Pine Barrens
of New Jersey, an extensive sandy area along the eastern
seaboard that hosts a large number of the endemic coastal
plain Sphagna, including such species as carolinianum,
cyclophyllum, perichaetiale, flavicomans, macrophyllum,
and torreyanum.

3. Sweden and Norway. August, 2002.

The third meeting was a very well organized
exposure to the heartland of Sphagnum interest in
which the field portion extended many kilometers from
Sweden to Norway. The organizing committee consisted
of Kjell Ivar Flatberg, Urban Gunnarsson, Hakan Rydin,
Sigurd M. Sastad and Karen Thingsgaard. The enormous
diversity of habitats and species was well represented as
16 sites were visited in all!

The foray began in Uppsala, Sweden where the
emphasis was more on peatland types and dynamics. A
raised concentric bog in Ryggmossen and an eccentrically
domed bog in Kulflyten were visited. The last stop in
Sweden at Visjovalern in Jamtland Province was more
minerotrophic than the rest and several rich fen indicators
were seen there.

Passing into the North Trondelag in central
Norway and from there to South Trondelag we entered
into what might be the most diverse place in the world for
Sphagnum species, with around 50 taxa. The optimum
climate and geologic diversity have generated a large
variety of mire types that support a great diversity of
mire species, Sphagnum especially. One mire in this
region contains well over 30 species! This trip saw over
40 species.

The 9 sites ranged from blanket mires, medium
fens, raised bogs, poor fens and rich fens.

The meeting concluded with presentations at the
Norwegian University of Science and Technology in
Trondheim, Norway.

4. Alaska. August 2008.

Because of its great climatic diversity within
the latitudes most conducive to peatland development,
Alaska has greater Sphagnum diversity than any US state

and indeed any country in the world. In an effort to see
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as much of this as possible the meeting field trips were
split between the southern coastal region and the central
region of Alaska, a distance so great that a plane trip
was involved. The meeting was organized by Jon Shaw,
Blanka Shaw and Dick Andrus.

The meeting began in Juneau where a variety of
maritime peatlands were seen. An extensive complex of
ombrotrophic mire and sloping fen had the typical species
seen in Southeast Alaska. Much of this area contains
blanket mires vegetation and several of these were visited
also. Also seen was a forested fen habitat that had a mix
of Sphagnum rubininosum, girgensohnii, russowii and
quinquefarium similar to that seen in Norway on the last
international meeting. From Juneau the entire group flew
to Anchorage where we had access to the Anchorage area
and the Kenai Peninsula. The peatlands here were very
different as there were no raised bogs but many kettle
hole type fens. More minerotrophic mires also occurred.
Around Anchorage were seen several kettle hole poor
fens with extensive floating mats and a nice mix of the
Acutifolia and Cuspidata species found here. The last
phase of the field trip was the Kenai Peninsula where the
fens were all minerotrophic, mostly medium fens. A great
diversity was found here that differed radically from what
was seen around Juneau.

5. Latvia and Estonia. August 2012".

1 Written by Maria Noskova & Olga Galanina

About 10% of Latvian territory and 22% of
Estonian territory is covered by peatlands. The meeting
was organized by Nele Ingerpuu, Edgar Karofeld, Kai
Vellak (Estonian part), Liene Aunina, Anda Medene,
Mara Pakalne, Inese Silamikele (Latvian part).

The excursion route started from Riga; went north
to the vicinities of Sigulda and Valmiera, and then it
turned to the west to the Gulf of Riga. Thus, first two days
the participants could get familiar with some beautiful
raised bogs in Latvia.

Next days they crossed southern Estonia and
arrived to Tartu. The conference has been hold in the
University of Tartu (founded in 1632). In the 19th century
here worked the botany professor Edmund Russow, who
described seven Sphagnum species. The participants
enjoyed very much the half-day boat trip to the mire
system in the delta Emajogi at Lake Peipsi. They could
see many eutrophic and mesotrophic sphagnum species,
including Sphagnum subnitens.

During the excursion days the participants
travelled through Eastern and Northeastern Estonia
exploring the various mires. Interesting objects to see
were the air polluted bogs in NE where the peat mosses
are regenerating during nearly twenty years.

The trip route was continued along the Gulf of
Finland and ended in Tallinn.
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COATHOBBIE MXH PECITYBJIMKH FAIIIKOPTOCTAH (FOXKHBIN YPAIT)

SPHAGNA IN THE REPUBLIC OF BASHKORTOSTAN (THE SOUTHERN URAL)
9. 3. bauesa
E.Z. Baisheva
Wiyt 6uonorvm Y umcroro HayuHoro tientpa PAH
Ufa Instituite of Biology of RAS

The study of sphagna in the modern-day
Bashkortostan started in the middle of the XIX century.
Two species (Sphagnum capillifolium and S. squarrosum)
have been reported by Yulian Shell’ (Ilennb, 1883)
for the Iremel and Yamantau Mountains. Later, Czech
botanist Josef Podpéra published information about six
species (Sphagnum squarrosum, S. teres, S. flexuosum,
S. fallax, S. palustre and S.magellanicum) for the
territory of Ufa and interfluve area between the Kama
and Belaya rivers (Podpéra, 1921). Some data were
available in the publications devoted to geobotanical
investigations (I'epacumos, 1926, 1931; TionmunHa, 1931;
KpamenunnukoB, Kydeposckas-Poxanen, 1941, etc.).
There are two preliminary lists that include Bashkortostan
Sphagnum species. The first has been published by
Dmitry Zerov — famous Ukranian botanist who worked
in the Southern Ural with E. Bradis, A. Bachurina and
other scientists from Institute of Botany of Ukrainian
Academy of Sciences at the 1941-1943, during the
Second World War. The list reported 27 species for
the Bashkir Cis-Ural and the Southern Ural, including
25 species for Bashkortostan (3epoB, 1947). Forty six
years later, E.Ignatova and M. Ignatov published the
preliminary list of Bashkortostan mosses that includes
26 Sphagnum species (Mruarosa, Urnaros, 1993). Since
then, further information has been obtained on distribution
and diversity Sphagnum species in the Bashkortostan.

The purpose of this paper is to present the
checklist for Sphagnum species in Bashkortostan based
on literature data, herbarium specimens collected
by E.Baisheva, A.Muldashev, V. Martynenko,
P. Shirokikh, A. Solomeshch, A.Khusainov and
some other colleagues at 1993-2015. The author
the for all
The Republic of Bashkortostan is situated on

expresses appreciation collectors.
the border of Europe and Asia between latitudes 51°34°
— 56°31’ N and 53°08” — 60°00° E and covers an area
143600 km?.  The

and hardwood forests, forest steppe and steppe zones

temperate  coniferous—broadleaf

replace each other along 500 km from the north to
the south. In the mountains of the Southern Ural the

vegetation cover is associated with vertical zoning and
includes alpine belt with alpine tundra and bare rocks,
subalpine belt with Betula shrublands, sparse pine-spruce
forests and mesophytic tall-herb meadows, and forest
belt with mountain taiga. The climate is continental.
The mean annual precipitation is 350-800 mm. The
mean temperature of January is —14.5°C - —17°C, the
mean temperature of July is +16.5°C - +19.5°C. The
frost-free period ranges from 55-120 days depending
on the elevation above sea level (Armac..., 2005).

ThedifferentpartsofBashkortostanarecharacterized
by various degrees of bogginess: from 0.1 per cent in
the steppe areas to 611 per cent in forest and mountain
zones. The mires are most concentrated in the interfluve
area between Kama and Belaya rivers and in the Southern
Ural mountains. The minerotrophic (nutrient rich) fens
predominate and represent more than 85 per cent of the
total mires area in republic. The oligo- and mesotrophic
raised and transitional bogs are rare and accounted only
S per cent and 10 per cent of mires area, respectively.

According natural zoning of A.Muldashev
(Peectp..., 2010) the territory of Bashkortostan is
divided into fourteen districts: 1. Kamsko-Tanypskiy
district of broad-leaved, mixed broad-leaved-coniferous,
dark coniferous and pine forests; 2. Zabelskiy district
of broad-leaved forests; 3. District of mixed broad-
Plateau; 4.
North-Eastern district of forests and forest-steppe; 5.

leaved-dark coniferous forests of Ufa

Predbel’skiy district of forest-steppe; 6. District of
forests and forest-steppe of Belebey Upland; 7. Cis-
Ural district of steppe; 8. Zil’merdakskiy district of
broad-leaved-dark coniferous forests; 9. Yamantauskiy
district of dark coniferous forests and high mountainous
vegetation, 10. District of broad-leaved forests in
the Southern Ural western slope; 11. District of light
coniferous forests in the central part of the Southern Ural;
12. District of forest-steppe in the Southern Ural eastern
slope; 13. District of forest and forest steppe of Zilair
Plateau; 14. District of steppe of the Trans-Ural (fig.).

In the check-list of Sphagnum
Bashkortostan the

species of

below nomenclature  follows
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Fig. The scheme of natural zoning of Bashkortostan
according A. Muldashev (Peectp..., 2010).

“Check-list of mosses of East Europe and North Asia
(Ignatov, Afonina, Ignatova et al., 2006), Species
are annotated with: citing the publication in which
the species was mentioned for the first time for the
modern-day Bashkortostan; frequency (Un — unique;
Rar — rare; Sp — sporadically, Fr — frequent, Com —
common); occurrence in 14 districts of zoning (cited
above). Specimens are kept in UFA and partly in MHA.

1. Sphagnum angustifolium (C.E.O.Jensen ex
Russow) C.E.O.Jensen — Gerasimov, 1926. Com. 1-3, 5, 9.

2. Sphagnum balticum (Russow) C.E.O.Jensen —
Zerov, 1947. Rar. 1,2, 5,6, 9.

3. Sphagnum capillifolium (Ehrh.) Hedw. — Shell’,
1883. Com. 1-4, 8-10.

4. Sphagnum centrale C.E.O. Jensen — Gerasimov,
1926. Sp. 1-3, 5, 9.

5. Sphagnum compactum DC in Lam. et DC — Un.
9. New record for the Bashkortostan.

6.  Sphagnum contortum K.F. Schultz — Baisheva,
Ignatova, 2013. Rar. 1, 3.

7. Sphagnum cuspidatum Ehrh. ex Hoffm. —
Zerov, 1947. Rar. 1.

8. Sphagnum fallax (H. Klinggr.) H. Klinggr. —
Podpera, 1921. Com. 1-3, 5, 8-10, 12.

9. Sphagnum fimbriatum Wilson — Ignatova,

Ignatov, 1993. Rar. 1, 2, 9.

10.  Sphagnum flexuosum Dozy & Molk. — Podpera,
1921. Fq. 1-3, 5,9, 12.

11.  Sphagnum fuscum (Schimp.) H. Klinggr. —
Tyulina, 1931. Fq. 1, 2, 4, 9.

12. Sphagnum girgensohnii Russow — Tyulina,
1931.Com. 1, 3,4, 9, 11.

13.  Sphagnum jensenii H. Lindb. — Zerov, 1947.
Rar. 1,5, 9.

14.  Sphagnum lindbergii Schimp. — Ignatova,
Ignatov, 1993. Rar. 9. This species is included in Red
Data Book of Bashkortostan (Kpacuas kuwra..., 2011).

15.  Sphagnum magellanicum Brid. — Podpera,
1921. Com. 1-5, 9, 11.

16.  Sphagnum majus (Russow) C.E.O. Jensen. —
Zerov, 1947. Sp. 1, 5,9, 12.

17.  Sphagnum obtusum Warnst. — Zerov, 1947. Sp. 1-3.

18.  Sphagnum palustre L. — Podpera, 1921. Sp.
1-3,9.

19. Sphagnum papillosum Lindb. — Zerov,
1947. Rar. 1, 9.

20. Sphagnum platyphyllum (Lindb. ex Braithw.)
Warnst. — Baisheva, 2002. Sp. 1-3, 9, 12. This species is
included in Red Data Book of Bashkortostan (Kpachast
KHHTa. .., 2011).

21.  Sphagnum quinquefarium (Lindb. ex Braithw.)
Warnst. — Zerov, 1947. Rar. 3.

22, Sphagnum riparium Angstr. — Gerasimov, 1926.
Sp. 1-3, 5, 9.

23. Sphagnum rubellum Wilson — Zerov, 1947. Rar. 9.

24.  Sphagnum russowii Warnst. — Tyulina, 1931.
Fq.1,3,4,9.

25.  Sphagnum squarrosum Crome — Shell’, 1883.
Com. 1-5,9, 12.

26. Sphagnum subnitens Russow & Warnst. —
Zerov, 1947. Rar. 9.

27.  Sphagnum subsecundum Nees — Genkel’,
Ostasheva, 1933. Sp. 1-3, 9.

28.  Sphagnum teres (Schimp.) Angstr. — Podpera,
1921. Sp. 1-4, 9.

29.  Sphagnum warnstorfii Russow — Tyulina, 1931.
Fq.2-4,9, 12.

30. Sphagnum wulfianum Girg. — Tyulina, 1931.
Sp. 1, 9.

In study area, the highest diversity of Sphagnum
species have been revealed in the most elevated part
of the Southern Ural (district 9 — 26 species), in the
interfluve area between Kama and Belaya rivers (district
1 — 24 species) and in the Ufa Plateau (district 3 — 18
species). These areas are characterized by high degrees
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of bogginess and diversity of wetland vegetation.
Also, it should be noted, that mire vegetation of some
others districts had not been sufficiently studied.

At present day the effectiveness of mire
conservation is sufficient only in the district 9, where
two protected areas have been organized — the Southern

Ural Nature Reserve (2528 km?) and “Iremel” Nature

mire types with respect to bryophytes are mesotrophic
and eutrophic calcareous fens, oligotrophic raised bogs
and karst mires. Most of them are small sized and play
a vital role in the preservation of biodiversity in forest
and forest-steppe zones, but theirs protection is not
highly efficient. Natural areas preservation efforts should
integrate information on mire vegetation and be increased.

Park (493 km?). In Bashkortostan, the most threatened

Study was partly supported by UNDP/GEF Ne00072294 “Improving the coverage and management efficiency
of protected areas in the steppe biome of Russia”.
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NMHHOBAILIMOHHBIE CITIOCOBBI ITEPEPABOTKM COPAT'HOBLIX BHUIOB
MXA B 30HAX OIIEPEXAIOIIEI'O PASBUTHUA OJAJIBHEI'O BOCTOKA

INNOVATIVE WAYS TO PROCESS SPHAGNUM MOSSES

AT THE ADVANCED DEVELOPMENT ZONES IN THE RUSSIAN FAR EAST
B.B. Yaxkos
V.V. Chakov
®I'BYH HHCcTUTYT BOAHBIX U 9KojJormueckux mpoodiem IBO PAH, Xabaposck, Poccust
Institute of Water and Ecology Problems FEB RAS, Khabarovsk, Russia

Chakov(@ivep.as.khb.ru
s IIECTH, (Ha CCTOIHSIITHUN ICHb) W JICCOBOIACTBE C IIETbI0 (OPMOBKH KacceT JUIs
,HaJ'IBHCBOCTO‘IHBIX TeppI/ITOpI/Iﬁ OIICPECIKAOUICTO BbIpalliluBaHUA CaXXCHIICB C 3aKpBITOI71 KOpHCBOﬁ

passurust (TOP), nBe pacronoxeHs! B Xa0apoBCKOM Kpae.
Kaxnas 3 HHX 0O0benMHSIET NMPOM3OHBI aroMeparui
JIByX KpynHeimmx (XabapoBck u Komcomosnbck-Ha-
Amype) Topos1oB 3TOro peruoHa. [l1sl yKka3aHHBIX 30H yKe
cerogns «Kopnopanueil passutusa [lanpHero BocTtokay
CO3/1aH 0COOBII MTPAaBOBOM M SKOHOMUYECKUI PEKIMBI.
Pacnonarasice Ha Oeperax  p. Amyp
TEPPUTOpPHAIILHO ~ 00a  ropoja  NPHYpOYEHBI K
CpenneaMypckoif  HU3MEHHOCTH,  3a00JI0YE€HHOCTH
KOTOpOH nopsiaka 36,6 THIC.  KM?.
CcdopmupoBaBmmecs: 371ech OOJOTHBIE HKOCHCTEMBI
UTPAIOT BAXHYIO poOjib B OajaHce yrieposna TaeKHOU
30HBL. B pacTUTETHHOM IIOKPOBE TaKHX 3KOCHCTEM
BRKHEHWIIMM TIPOAYLIEHTOM BBICTYNAIOT C(arHoBbIC

COCTaBJIACT

MXH, JAO0JI1 KOTOPBIX KPAaTHO MPEBBIMAET MPOTYKIHIO
pacTeHuil KyCTapHUYKOBO-TPABSIHOIO, KyCTaPHUKOBOIO U
npesecHoro sipycoB (Komoresa, Koceix, 2011; Kymoga,
Konotesa, 2014). Mopdonoruueckoe CTpOCHHE 3THX
pacTeHMH W WX KICTOYHAsh CTPYKTypa oOecleunBacT
UM HU3BECTHYIO YHHKAJIbHOCTb, KOTOPas BBIPAXAaeTCs B
CHOCOOHOCTH HaKalUIMBaTh BJIAry B JICCSITKH pa3 BBIIIC
cobctBenHoro Beca. Ilpm sToM mpupoct Onomaccs
c(harHOBBIX MXOB Ha BEPXOBBIX 00JOTAaX OCYIIECTBIISATHCS
UCKJIIOUYUTENBHO 32 CYET arMOC(EpHBIX OCagKOB W
TUTPOCKONMUYECKON BIIard, UCHAPSIOIIECHCS U3 BEPXHHUX,
3a4acTylo, MepeyBIaKHEHHBIX TOP(SHBIX — 3ajexel
MPAKTUYECKH JIMIIEHHBIX MHHEpANbHBIX cosell. Kpome
TOTO, AHTHUCETITHYCCKIE CBOMCTBA CParHOBBIX MXOB M X
ObICTPOEC BO30OHOBIICHHE TTOCIIE U3BSATHS U3 SKOCHCTEMBI
00ecTIeunBaloT MOCIEAHNM BOCCTAHOBIICHHE B KOPOTKHE
CPOKH, & OPraHUYECKOMY CBIPBIO BEICOKYIO KOHBIOHKTYPY
Ha BHEHNIHEM M OTEYECTBEHHOM pbIiHKaX. Ceromns
c(arHoBble BU/BI MXa M TOP(a MIMPOKO HCIIOIB3YIOTCS
JUIsl TIPOU3BOJICTBA 1IEJIOT0 CHEKTpa TOBApOB HAPOJHOIO
MOTPEOICHHS C BEICOTOH J100aBICHHON CTOMMOCTEIO.

B JlanbHEBOCTOYHOM pETHOHE TPAJULMOHHO

C(l)aFHOBBIG MXH HCIIOJIb3YIOTCA B CaJ0BOACTBEC

cuctemot. Tpapuumonunoe g Snonun u crpan FOro-
Bocrounoit A3umM BbIpalllUBaHUE OPXMJEH CErojHs
HEBO3MOXKHO Oe3 carnosbeix cyodcrparos. Kpome Toro,
Ha TEPPUTOPUHM POCCHHCKHUX perrnoHoB /IB charnosbrii
cyOcTpar MCITONb3yeTcsl B TEIUIMYHBIX XO3SHCTBAX IS
KyJIBTHBUPOBAHUSI OPTAaHMYECKUX OBOILCH, CONepKaHHe
HUTPATOB B KOTOPBIX B 1.5-2,0 pa3a Huke mokazaTenei
EBpocrannmapra (50 Mr/r) naxke Juisi OTKPBITOrO T'PyHTa
(YakoB, 2009). Hapsiy ¢ 5THM BBICOKHE aHTHCENITHIECKHE
1 COpOLMOHHBIE CBOMCTBA C(DarHOBBIX MXOB MO3BOJISIOT
WCIIONB30BaTh WX JUISl  W3TOTOBJIEHHS CTEJICK  JUIs
CTIIOPTHBHOH, pabouell u moBcenHeBHOW 00yBH (Hakos,
2013; Kozynun u n1p.,2013).

Oco0OeHHO aKTyaJdbHBIM HA CETOMHSIIHWN JICHb
JUISl pETHOHA Ha TEPPUTOPHH KOTOPOTO MPOJIOKEHA TIeast
ceTb HerenpoBonoB u3 CaxanuHckoi oomacti n Cubupu
TIPOM3BOJICTBO  BBICOKO3()(EKTUBHBIX HePTecOpOCHTOB
Ha ocHOBe carHoBoro mxa (Yakos, 2008; OHHIICHKO,
Yakos, 2012).

Hnst CBIPEEBOIO
perMoHa K MHTCHCHUBHO pa3BUBAIOLNIMMCS CTpaHam
TUXOOKEAaHCKOTo Oacceiina,
TIPUHIATIBI

IIOJKJIFOYCHU A OKOHOMHMKH
AKTHBHO OCBaMBarOIINM
MPpOU3BOACTBA MIECTOTO ISKOHOMHUYECKOT'O
YKi1aaa, B COOTBETCTBUU C napa)mrMoﬁ TEXHOJOTHICCKOU

CHHTYJSIDHOCTH, aBTOPOM B COTpPY/ITHHYECTBE
co crnemmanuctamu JB®Y (. BrnammBocTok) u
IO3TY (. Kypck) paszpaboTaHbl W 3alaTeHTOBAHBI

TaKue MHHOBALMOHHBIE MPOAYKTHI
opranmdecknii yriepon (Yakos,

Kak amMopHbIi
Onwnmenko, 2011),
YIJIEPOHBIA BOJIOKHUCTBIA Marepuall M3 YIIEpPOIHBIX
HaHOTPYOOK (OHHMIIEHKO 1 p., 2014) 1 HaHONPOBOIA N3
KOJJIOM/THOTO BEIIECTBA TyMycoBoii mpruposs! (Kyzmenko
n gap., 2014). Bce Tpu mpomykTa MpPOHM3BOIATCS U3
BO300HOBIISIEMBIX PECypcoB 00J0T — c(harHOBEIX MXOB M
XHUIKoH (azel Topda WM ApeHakHBIX OOJIOTHBIX BOA C
OITpE/ICIIEHHOM KOHIIEHTPANeil T'YMUHOBBIX BEIIECTB.
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AmopbHbIi OpraHuyecKui YIIepos,
MOJIyYeHHBIH METOJIOM mupoiuza Sphagnum  fuscum,
SBISCTCS (YHKIHMOHAIBHBIM MAaTE€pPHajOM H MOXET
HCTIONB30BaThCs B TMPOM3BOJACTBE 3MIEKTPOmoB ans Li-
on akkymyisitopoB  (Onishchenko, Chakov, 2011).
3amareHToBaHHBIN criocoO cuHTe3a YHT u3 cdarnooro
MXa B OTIIMYHE OT TPAIUIIMOHHON TEXHOJIOTHH, SBIISCTCS
dHEprocOeperalonmM ¢ OKOJIOTHYECKH Oe30TacHBIM.
B mHactosmee BpeMs W3 HAHOTPYOOK MPOU3BOIATCA
BCEBO3MO)KHBIE  THICCUIIATOPBI,  AHTUKOPPO3UIHEIC
MOKPBITHSA, a TakXKe KOMIIO3WTHBIE MaTepHaslbl B
~7 pa3 mpodHee CTajl W Ha JBa MOpsAKa Jerde ee.
Hcnonp3oBanne YHT mis cuHTe3a KapOWUIOB THUTaHA
u BoimbppaMa B OTEUYECTBEHHON aBUAIMOHHOHW U
CYIOCTPOWUTENHHOW MPOMBIIUIEHHOCTH 00€CIeunBaeT
HameMy 0O0OpOHHOMY KOMIUIEKCY MapUTeT ¢ MHPOBBIMH
JUIepaMHU TIPOU3BOICTBA BOOPYIKEHHI.

TexHonornyeckui rpoiiecc
YABTPAIUCIIEPCHBIX MPErnapaToB U3 C(HarHoBoro mxa
MOCTpOeH Mo cienytouieit cxeme. Ha nepsom stamne st
yAaJeHusl MOCTOPOHHUX TNpHMeceil (uronerpura odec
omurorpodHoro mxa (Sphagnum fuscum) TpPOIYCKArOT
gyepe3 cemapanuoHHoe cuTo. OYHIEHHBIM MOX CyIIarT,
[OMEIass €ro B CYIIMIbHBIA MmIKa(, 000pyIOBaHHBIH
BEHTWJISIIIMOHHBIM 00JTyBOM Teryioro Bo3ayxa (t=45—
50°C). ITpu3TOM €ro BIaKHOCTh CHIYKAETCSI KAK MUHUMYM
mo 10 % ot ucxomuoit maccel. Ilocme mpocymmBaHUS
carHoBbIi MOZIBEPTalOT  M3MENBYCHUIO, 0
KpymHOCTH MeHee | MM. B kauecTBe y31a n3MenbueHHS
MOTYT OBITh WCIIONB30BAHBI YCTPONCTBA HW3BECTHON
KOHCTPYKITHH, 00€ CTICYNBAIOIIIE N3MEIbUCHIE MaTepraja
JI0 HY)KHOW JUCTIIEPCHOCTH, HAIPUMEp MHUKCEpPHI Kak
MeXaHH4YeCKne, TaK W BHOPOMHKCEPHI,
peryiIupyemMble 0 CKOPOCTH U pa3MepaM H3MEIBICHUS.
[Tocne 3TOTO MOATOTOBICHHYIO MACCy AWCHEPCHOTO MXa
MOJIBEPTAIOT MHUPONIK3Y MpHu Temieparype 850-950°C, B
BakyymHo# neun tura CHBD-2.4.2/16 N2, cHabx)eHHOM
KaMepoil paBHOMEpPHOTO HarpeBa M 00OPYIOBAaHHON
JMATYMKAMK 3aIIUTHONH arMocdepsl (MHEPTHOH Cpelbl),
a Take CcHaOXKeHHON (QyHKIMEH OoTBoJa Ta30B U
KOHJIeHCaTa. MIHTepBan BpeMeHH HarpeBa COOTBETCTBYET
1-2 u. IlomydeHHBII aMOP(HBIA YIICPOS OXJIAKIAIOT
kak muHEMyM g0 20°C, mocie dYero, MOABEPraroT
MPOIIECCYy MEXaHOAKTHUBAIlMM Ha BapHO-TITIAHETAPHOU
menbHuIe Pulverisette - 4 pupmer «Fritschy (I'epmanus).
B ominune OT OOBIYHBIX IIAPOBBIX MEJIBHHUI] B BApPHO-
ItaHeTapHoi menpHHIe Pulverisette - 4 ckopocTH
BpamieHUs Pa3MOJBHBIX CTAKAHOB M OIIOPHOTO THCKA
MOTYT yCTaHABIUBATHCS HE3aBUCUMO APYT OT JpyTa.

Jnst CHUHTE3UPYEMBIX  CyOCTaHIUI
B 000MX CiydasX HCHOIB3YIOTCS IPOCBEUHBAIOIIIEC
95IeKTpOoHHbIE MHKpockombl (II9M) Tuma Libra-120
(dupma Zeiss) u IByXMOIYIbHBIE PEHTTEHOCTPYKTYPHbIE

CHHTE3a

MOX

JKCIIaTCIBbHO

aHajaus3a

anamm3aropbl  Ttuna audpakromerp STOE STADI
(I'epmanmst), a TakKe paMaHOBCKAs CHEKTPOCKOTIIHS
(ciexTpockonust KOMOMHAITMOHHOTO PACCEesTHUS).

Cdepa wucrmonp3oBanust Kuakod (asel Topdha
MOXOBBIX Ype3BBIYAfHO  pa3HOOOpazHa OT
YTUINTAPHBIX I[IAMIIYHEW BIUIOTH A0 KOCMETHYECKHX
IpernapaToB MW JIEKapCTBEHHBIX  cpeactB  (Yaxos,
3aBropynpko, 2008). Tax, B  yacTHOCTH, €€
KOHIIGHTPUpOBaHHAas  (GopmMa  HaAmUia  IIHPOKOE
NpUMEHEeHHE B MeaunuHe. DO HEeKT oT ee NMpUMEHCHHS
oKazaJics BBICOKHUM, yYeHBIe
JlampHEeBOCTOYHOTO TOCYZAPCTBEHHOTO YHHBEPCHUTETA
3aMaTeHTOBANINM W BHEAPWIN B KIMHHUKAX Xa0apoBCKOTO
Kpas MeNbld psx  METONMK JUId JICYCHHS TaKUX
3a00JIeBaHNH KaK: aJJIPTHYECKU JepMaTo3, CHHIPOM
THIEPIUNHUACMAN, THIIEPKOATYISAINN, TePOKCHIAIIIH
(Kozynun u ap., 2013); nuzmeTtabonuueckas HedporaTus
y nereit (Sidorenko et al., 2008).

Hapsgy ¢ otuMm, cnenmamuctsl  MHTK
«Mukpoxupyprus riaza» um. akajgemuka C.H. @enoposa
TaKKe 3alaTeHTOBAIM HECKOIBKO METOIUK JICUCHUS
x)uakor (aszoit Topda: crnocod MMMyHOpEaOeTHTAILIUH
IIpHU JICYCHUN BOCTIAJICHWH MEPEIHEro OTpe3Ka Ias3a |
Croco0 JieueHus: TUCTPOoGUICCKUX 3a00ICBaHMIA 183,

ITonoxurenpHbINA 2PPEKT CPepCcTB U MpenapaTroB
TYMHUHOBBIX  BEIIECTB,  00JaJaiolux
aMmpuuIbHBIMU, a TaKkKe 3JICKTPOXHMMHUYECKUMH U
COpOLIMOHHBIMU ~ CBOMCTBAaMH  JJOCTUTACTCS
HAIAYMST B HUAX TPAKTHYECKH TIONHOTO crucka 20-u
OCHOBHBIX AMHHOKHCIIOT, CIIOCOOHBIX AaKTHBHU3HWPOBATh
HMMYHHBIA cTaryc opranm3ma (YakoB, 3aBropyanbko,
2008).

ITomumo

0osot

HAaCTOJIBKO qTo

Ha OCHOBEC

3a CUCT

npo4yero, TYMHHOBBIE  KHCIOTBHI,
SBIISIICH HanboJiee peakIMOHHOCTIOCOOHON YaCcThIO ATHX
BEIECTB W Oyiarojiapsi HaJMYHIO B HUX KapOOKCHUIIBHBIX,
THJPOKCUIIBHBIX M KapOOHWJIBHBIX TPYII, a TaKkKe
apoMaTHyYeCcKUX (pparMeHTOB, MOT'YT BCTYIIaTh B HOHHBIE,
JIOHOPHO-AKICTITOPHBIC U TUAPO(HOOHBIC B3AUMOICHCTBHSI
C BEIIECTBAMU  OpPraHUYECKOM W  MUHEpaJIbHOU
npupoasl. M, camoe 1iaBHOE, Kak yKe YINOMHHAJIOCH,

yMYyCOBBIE BEILeCTBa obnaaror CBOMCTBAMHU
CaMOCOOPKH M CaMOOPTaHM3AIMK 32 CYET CIIOCOOHOCTH
(GbopMHUpOBaTh  JNEMEHTbl  JCHAPOUJIHBIX  CTPYKTYp

(pakTaabHBIX KJIACTEPOB. V3BECTHBIC HAa CETOMHSIIHHN
JICHb  CHOCOOBI IOJy4€HHsS HaHONPOBOJHHUKOB IS
COCIMHEHUS OTACIBHBIX MHKPO- M HAHOIEKTPOHHBIX
JJIEMEHTOB W/WiK (DOPMHUPOBAHUS HAHOKOMIIOHCHTOB
JJNIEKTPOHHOW JJIEMEHTHOH 0a3bl 00NagaloT  [EeIbIM
pSAIOM  CYIIECTBEHHBIX HemocTarkoB. K mx uwmcry
CIIeyeT OTHECTH, NOMHMO UINTEIFHOCTH IIpoIiecca
¢dbopmupoBanust nposoaaukoB (Kysmenko u ap, 2014),
ele M CIOKHOCTh CO3JaHHsS OTHOPOIHOTO Marepuana
C 3aJaHHBIMHM TapameTrpamu cTpykTypbl (Ky3meHnko u
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np, 2013), a tarke 3amnpenenbHash MHOTOCTAIUHHOCTD
onepanuii ux cuaresa (Kuzmenko et al., 2014).

Bo wu30exaHue IepednciIeHHbIX HEIO0CTATKOB
B IpoliecCe HAUIMX OKCIEPUMEHTOB, KOJIOUIHBIN
pactBop xuakoi ¢aser Toppa (KP JKDT) meromom
Kaluld ~ [OMEIAJCs Ha  IOJIOKKHA €
KPUCTAUIMYECKHUMU  CTPYKTYpaMu U
00pabOTKM MOBEPXHOCTH (CTEKJIO, KepaMHUKa, KPEMHUI
u ap). B pesymprare paboTBl OBLIO YCTAaHOBICHO,
YTO Ha TPOLECChl CaMOOPraHU3alMK YIJIEPOIHBIX
JICHIPOUJIHBIX  KIACTEPOB BO BpeMsl HCHAPEHHs
cBOOOIHOI BiIary U3 Karesib Ha Pa3jIMYHbIX MMOJIOKKAX
BJIMSIOT [OBEPXHOCTHOE HATSDKEHHE U
TO €CTh Hapamerpshl,
UccnenoBanue TemIepaTypbl
MOJJIOKKH C HCIHOJb30BAHHEM TEPMOCTATUPOBAHHOTO
CTOJIMKA AaTOMHO-CHJIOBOTO MHKpockoma (ACM) Ha
(dbopmupoBaHue (PpPaKkTAIbHBIX CHCTEM B HCCICAYECMOM
KP XK®T co 100 % xoHmeHTpamueidl ykasajio Ha
3aBHCHUMOCTH  (OpPMHUpPOBaHHUS  OJIOKOB €
BBIPQKEHHBIMH TPAHUIAMH BOKPYT Ka)KIOro (pakraia

pPa3HBIMH
Ka4eCTBOM

BSI3KOCTb,
OTIPENIETSIONINE KAUJUIIPHBIE

SABJICHHUSA. BJIMAHUSA

YETKO

B pE3yJIbTaTe YBEIWYCHHS TEMIICPATyphl ITOIIOKKH.
Kaxk npaBuiio, 3Tu 6J0KM UMEIOT aHAJIOTHIO C sTYeHKaMu
Bbenapa. MIMeHHO B TakuX YCIIOBHUSX Karlisi IEPEXOIUT B
HEPaBHOBECHOE COCTOSHUE, IPU KOTOPOM BBITIOTHSICTCS
HEOOX0IMMOE YCIIOBHE CaMOOPTaHU3alMK YITIEPOJAHOTO
BemecTBa JKDT B nuHEHHBIE CTPYKTYPHI U3 aHCAMOJIeH
Hanoyactury or 30HM g0 70 BM (Ky3meHko wu
ap., 2012). Takue ancamOiau B Te4YeHHE 3 MHHYT
(OpMHPYIOT JTMHEHHO-YOPSII0YSHHbIE HAHOPa3MepHbIE
TOKOIIPOBOJAIINE CTPYKTYPHI CO CTPOTO 3aJaHHOMN
opueHranueii. OOecrneynBaeTcs JaHHBIA IPOIECC
TOJIBKO TIOZ JEHCTBHEM AIIEKTPUYECKOTO TOCTOSHHOTO
II0JIS ¢ HANPSHKEHHOCTHIO He Oostee 5% 103,

Takum 00pa3oM, ONMUCAHHBIE TEXHOJIOTHYECKHE
MIPUEMBI IIEPEPaOOTKH BO30OOHOBIISIEMBIX PECYPCOB OOIOT
MIOJTHOCTBIO COOTBETCTBYIOT COBPEMEHHBIM CIIOCO0aM
HCTOJTB30BAHMS YIBTPAANCICPCHBIX MaTEePHAIIOB B CBETE
pemieHns  3afad  TEXHOJIOTWYECKOM CHHTYISAPHOCTH,
0COOEHHO TIPU TPOM3BOJACTBE M3AEIUN ¢ TIoMOIIbI0 3D
MIPUHTEPOB.
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[IPOAYKLIUS U AECTPYKLUS COATHOBBIX MXOB B OJIUTOTPO®HBIX
BOJIOTAX KOXKHO-TAEXXHOM ITOJI30HbBI 3AIIATHOM CUBUPU

PRODUCTION AND DECOMPOSITION OF SPHAGNUM MOSSES IN
OLIGOTROPHIC BOGS OF SOUTH TAIGA OF WESTERN SIBERIA

E.A. ToaoBankas, JI.I. Hukonosa
E.A. Golovatskaya, L.G. Nikonova

NHCTUTYT MOHUTOPHHTA KJIMMAaTUYECKUX U dKosornyeckux cucrem CO PAH

golovatskayaea@gmail.com

bananc yrmepoga B Ouocdepe ompenensercs
JIByMST OCHOBHBIMH TIPOIIeCCaMU: HaKOIUICHUEM yTIIeposia
B rporiecce hoTocuHTe3a (YUCTasi epBUYHAS TPOILYKIIHS
(NPP — net primary production)) ©u BbIIEIEHUEM
CO, m wMerana TmpH TETEPOTPOYHOM JBIXAaHMH H
pasiioKeHHH opraHudeckoro BemiectBa. OCOOEHHOCTH
OOJIOTHBIX HSKOCHCTEM 3aKJIIOYaeTCsi B TOM, YTO OHH
XapakTepu3yroTcss Ooliee HU3KOW, IO CPaBHEHUIO C
MIPOYKTUBHOCTHIO, CKOPOCTBIO MUHepannu3aluu
OpPTaHMYECKOTO BEIIECTBA PACTEHHH, 3a CYET Yero H
MIPOUCXOIUT TOCTOSHHOE HAKOIICHHE OpPTaHUYCCKOTO
BemlecTBa B Buae Topda. OCHOBHasI 4acTh €XKErojHOU
MPONYKIMH OOJIOT, OTMHpasi, BOBIEKAETCS B MpPOIECC
pasznoxenus. [Iporiecc MIUHEpaTU3aIH SBISCTCS OTHUM
13 KOMIIOHEHTOB KpPyroBOpOTa yIiepoja U OTpaykaeT
ero pacxogHyio dactb. OT MHTEHCHBHOCTH IpoIecca
MHHEpAIHU3alHN 3aBUCUT CKOPOCTh aKKyMYILIIIUN TOpda
U BBICBOOOXK/JICHUSI NHTATENbHBIX BellecTB. l3ydeHue
MPOIIECCOB TpaHC(hOpMAMK OPTAaHWYECKOTO BEIIECTBA
pPaCTUTENBFHBIX OCTAaTKOB U TOpda mprodpeTaeT O0IbIIoe
3HauUEHHE B CBSI3U C U3MEHEHHEM KJIMMaTa U BO3pacTaHUEM
YPOBHSI AQHTPOIIOTEHHOTO BO3JCHCTBHSA Ha TNPHUPOTHBIC
9KoCHUCTeMBI. CKOpPOCTh HECTPYKIMH PACTUTCIBHBIX
OCTaTKOB 3aBHCUT OT HMHAMBHUIYaJbHBIX OCOOCHHOCTEH
XUMHUYECKOTO COCTaBa PACTEHUM M YCIIOBUM, B KOTOPBIX
9T Tporecckl mporekaroT (Kosmoeckas m mp. 1978).
KonnuecTBeHHbIE OLEHKH IMPOXYLUPOBAHHUS M IIOTEPh
pacTUTENFHOTO  BEMIECTBA TPEOYIOT IHMHAMHYECKHX
HAOIONCHUH B pa3IMYHBIX THUIAX OOJOTHBIX IKOCHCTEM,
ONPEACISIIONMX ~ PEKUM  UX
2009).

Toph00OPa30BATEIIMHOIUTOTPODHBIX

(DYyHKIIMOHMPOBaHUS

(ITaprmmaa, CdarHoBele  MXHU  SIBJISIOTCS

OCHOBHBIMHU
0OJOT W  XapaKTCPU3YIOTCS  HU3KOW  CKOPOCTBIO
necrpyknun  (KosmoBckast u  Jp.
2009,

paboTsl

1978, IlapmmHa,
2013). Henn
3aKJIFOYACTCsl B HMCCJICOBAaHUM IIPOIIECCOB

TonoBarixas Hukonosa,

TpaHchopMaMu PACTUTEIBHBIX OCTATKOB Sphagnum
angustifolium, Sphagnum magellanicum w Sphagnum

fuscum B TOpGSIHOI 3a11€XkKK ONMUroTPOPHOrO 00JI0TA.

OOBEKTHI HUCCICA0BAaHUA PACIIOJIOKCHBI Ha
TCPPUTOPUUN  CTAllMOHapa «Bacroranbe» I/IHCTI/ITyTa
MOHHUTOPUHTIA KIMMAaTHYCCKHX n OKOJIOTHYCCKUX

cucreM CO PAH (bakuapckuii paitoH, Tomckas ob6macth
56°58"CI11 82°36° B/1). BeiOpaHHBIi palioH CTallMOHAPHBIX
HaOJIOICHUI Ha CEBEPO-BOCTOYHBIX OTporax boibIoro
Bacroranckoro 000Ta PpacrojOKeH B MEXIypedbe
pex Hxca-bakduap u XapakTepusyeTcs 3aKOHOMEPHOM
CMCHO# OOJIOTHBIX (DPUTOIICHO30B OJUTOTPO(HOrO THUIIA.
HccnenoBanust MpoBOAMIINCH HA JIaHIAQTHOM Ipoduite
p. Kirod, xoTopelii mepecekaeT CleAyroIiue OCHOBHBIE
BI'LL:
KyCTapHHYKOBO-C()arHOBBIA  (UTOLIEHO3 —

BHJIBI  OJNIMTOTPO(MHBIX  OOJOTHBIX COCHOBO-
BBICOKHUI
psIM; Takol ke (PUTOLIEHO3 C YrHETEHHBIM JPEBOCTOEM
— HHU3KUH PsAM; OTKPBITYIO OCOKOBO-C(harHOBYIO TOIIb.
XapakTepucTuka pPacTUTEIHHOTO TOKPOBA, MOITHOCTH
TOp(sHOM 3aJeku ¥ CPEIHEMHOTOJIETHHE YPOBHH
oonmorubix Box (YBB) wuccnenyembix  puTOICHO30B
MpeACTaBIeHBl B Tabn. 1, moapoOHOe ommcaHUe
uccienyeMbeix cooOmectB npuseneHo B (Iomosarkas,
2009).

HccnenoBanyn 4uCTYyIO TEPBUYHYIO IPONYKIIUIO
U CKOPOCTH Pa3JIOKEHUs] TPEeX BUJIOB C(arHOBBIX MXOB
(Sphagnum angustifolium (Russ. Ex Russ.) C. Jens,
Sphagnum  fuscum (Schmp.) Klinggr. u Sphagnum
magellanicum Brid.) KaXablii W3 KOTOPBIX SIBISCTCS
JIOMHHAHTOM BMOXOBOM ITOKPOBEH CCIIETyEMBIX OOTOTHBIX
¢uTorieHo30B TaoM. 1). YUCTYIO IEPBUYHYIO TIPOIYKIIUIO
(NPP) onpenesisin METOIOM «MHIUBHYaJIbHBIX METOK,
SBJISIONIASCS MOIU(UKALMEH METoJa «IEePEeBI30K» MU
MTO3BOJISIIOINAS. M3yYaTh JIMHEHHBIN MPUPOCT OTIACIBHBIX
9K3EMILISIPOB pa3HbIX BU0B MX0B (Kockix, 2003 Kosykh
et al., 2008). Macca TOIUYHOTO MTPUPOCTA KAXKIAOTO BHUA
c(harHOBBIX MXOB DPaBHSJIACH IPOU3BEICHUIO CPETHETO
MIPUPOCTa OJIHOTO PACTEHUS] HA KOJIMYECTBO PACTECHHI
Ha enumHMIE Mwiomann. Ilo komudecTBy crebneil Ha

eIMHUIIC TUTOIAN ¥ CPETHEMY IIPUPOCTY OJHOTO CTEOIIS



18

Tabauna 1. PactutensHbIN TOKPOB U

CClieIyeMbIX OOJOTHBIX (DUTOLIEHO30B

JEPEBbBSA KYCTAPHUYKH

TPABBI MXH

Baxuapckoe 60J10T0

MorHocTs TopdsiHoit 3anexu 100cm, (YBB (cMm) cpennu

CoCHOBO-KYCTAPHMYKOBO-C(aruoBblii puToneHo3 — Bbicokuii psim (BP)

i: -19, makc: +3, mun: -44)

Pinus silvestris L. Pinus Ledum palustre L.
sibirica Mayr. Chamaedaphne calyculata
Betula pubescens Ehrh. (L.) Moench

Vaccinium vitis-idea L.
Vaccinium oxycoccus L.
(90%) (90%)

Carex globularis L. Sphagnum angustifolium
Eriophorum vaginatum L. | (Russ. Ex Russ.) C. Jens
Rubus chamaemorus L.

(15%) (96%)

MormHOCTh TopdstHO# 3anmexu 200cM, (YBB (cM) cpeman

CoCHOBO-KYCTAPHMYKOBO-c(aruoBblii ¢puronenos — nuzkuii pam (HP)

i: -9,5, makc: +0,5, muH: -13)

P, silvestris f. Litwinowii L. palustre

C. calyculata
Andromeda polifolia L.
Vaccinium uliginosum L.
(30%) (65%)

E. vaginatum Sphagnum fuscum
R. chamaemorus (Schmp.) Klinggr.
Drosera rotundifolia L.

(5%) (95%)

OtkpsiTast ocokoBo-charnosasi Tonb (OT)

MormmrOoCTh Topdstaoit 3anexu 300 cm, (YBB (cm) cpennmii: -5, makc: +0,2, muH: -10)

- V. oxycoccus
C. calyculata
A. polifolia

(20%)

E. vaginatum S. angustifolium
Carex rostrata Stokes. S. magellanicum
Carex limosa L.

Scheuchzeria palustris L.
(50%) (100%)

orpeziessiiach TOAWYHAS TPOMYKIUSI BHIOPAHHOTO BHAA
MXa.

CKOpOCTh Pa3fioKEHHsI PACTHTENIBHBIX OCTaTKOB
OMpezessiyiach METOJOM 3aKJIaJKH PACTUTEIbHOCTH B
topd (Koszmosckas u mp., 1978, Tonosarkas, HukoHoBa,
2013). B aBrycre—cenTsiope 2008 r. Ha Oonore OBLIH
coOpanbl c(arHoBele MXH. PacTUTECNBHBIA Marepua
OBLT BBICYIIICH B JJAOOPATOPHBIX YCIOBUSAX M Pa3BEIICH B
HEHMITOHOBBIC MEIIOUKH (Macca HaBeCKH 3—06 T), KOTOpPEIC
3aKJaJbIBad B TOPQSHYIO 3alekb Ha Iyouny 10 cm
OT TIOBEPXHOCTH B KOHIIE BETETAIIMOHHOTO MEepHoaa
(cenTs10pn 2008 1.). [ToBTOPHOCTH OMBITA — 3-X KpaTHAsL.
O0pa3ubl u3BIeKaauch B ceHTsiope 2009r. B mcxomHbix
o0pa3max ® TOcie OHKCIEePHMEHTa I10 Pa3JIOKCHHIO
OTIpEAEIsI  YObIIb MAacChl PAacTUTEIHLHOTO BEIIECTBA
BECOBBIM METOJIOM, U NU3MEHEHHE COJICPIKaHUs yIliepoja
Mo OOMCTIPHHATHEIM ~ METONUKaM  (ATPOXMMUYECKHE
METOJIBL.., 1975).

Kpome ToOro, mpoBOAMIOCH U3MEPEHUE SMHCCHH
CO, ¢ NMOBEPXHOCTH HCCIEMYEMBIX TOPMSIHBIX 3aEmKEN
KaMEpHBIM METOZIOM IPOBOJIMIIOCH C HCIOIB30BAHUEM
uHdpaxpacHoro razoananuzatropa OIITOI'A3-500.4
(BAO «OIITOK», Cankt-Iletepbypr, Poccus).

Pesyabrarbl. Ilpomykims c¢harHoBeIX MXOB
3aBUCHT OT JIMHEWHOTO MPUPOCTA MXOB U OT INIOTHOCTH
MOXOBOH JiepHHHBL. COINIACHO TOJMYYEHHBIM JIaHHBIM
MaKcUMallbHasi YUCTask IEPBUYHAS TIPOAYKIIMS MOTyueHa
s Sph. fuscum B HU3KOM psiMe (pHC.), Te OTMEUaeTCs
MUHUMAaJIbHBIA JWHEHHBI npupoct (1,1 £ 0,3 cm/ron),
OJIHAKOBA 3a CYET OOJIBIIONW TIUIOTHOCTH BEJIMYMHA
MIPOAYKIMH MaKCHMallbHa CPEAN HCCIEAYEMBIX BHJIOB
(240 + 50 r/m’rox). MuHHMasbHAS TPOIYKIHS TOTyYeHA
st Sph. angustifolium AMHEHHBIH TPUPOCT KOTOPOTO
MakcumaleH (2,5 + 0,6 cM/T), HO U3-3a PBIXJIOTO CIOKEHHS
JICPHOBUHBI TIPOAYKIMs MUHHMabHA (148 + 30 r/Mron).

[Tpoueccor JECTPYKIHN OpPraHu4YecKoro
BEIECTBA PACTCHUH SBISIOTCS HEOTHEMJIEMOH 4YacThIO
Ouornornueckoro Kpyrosopora. Hakoruienne Topda
MIPOMCXO/IUT 3a cYeT Oosiee HU3KOM CKOPOCTH Pa3iioKEHHs
PAaCTUTENBHBIX OCTATKOB 10 CPABHEHUIO C MPOAYKIHEH U
OTMHpaHUeM pacTeHuH. [T0CKOIBKY OIIEHHTH CKOPOCTh
OTMHpaHusi c(parHOBBIX MXOB BECbMa 3aTPYAHHUTEIBHO,
n3-3a OCOOCHHOCTEH pocTa C(HArHOBBIX MXOB, TO MEI
MpUHUMAIN TOAWYHBIA omajx MXoB paBHbIM 70 % oT
nponykiyn (I1ssBuenxo,1967).

CkopocTb  TpaHC(hOpPMAIMM  PAaCTHUTENBHBIX
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BLICOKWH pAM H13KWiA pam

Puc. [Tponykuus, onajg ¥ NOTeEpU OPraHMYECKOrO BELIECTBA
TIPY Pa3JIoKEHUH CHArHOBBIX MXOB

OCTaTKOB TakkKe pasnuyHa. HambGonee MeuieHHO
paznmaraercsi Sph. fuscum (TIOTEpH Macchl 3a TOA
cocTaBiisitoT 4 % OT HCXOIHOTO Beca), Hanbosiee ObICTphIe
MOTEpH MAacChl XapakTepHBl It Sph. angustifolium
(17 %). Ilpm pa3mokeHUW CQarHOBBIX MaKCHMATbHBIH
BBIHOC yIviepoaa Moay4deH st Sph. angustifolium,
MUHUMAJIBHBIN U1 Sph. fuscum.

Pacuer moTepp  pacTUTENBHOTO  BELIECTBa
c(harHoBbIX MXOB B IPOIECCE PA3JIOKEHHS TT0Ka3aJl, 4TO
CKOPOCTH Pa3IOKEHHsI C(HArHOBBIX MXOB 3HAYHTEIHHO
HIDKE CKOPOCTH €)KETOIHOTO HAaKOIUIEHWs (UTOMAcChl
MXOB M TIOCTYIUICHHSI MOXOBOrO omaja. Exxeronnbie
MOTEPU OPTaHUYECKOTO BELIECTBAa IPHU  Pa3iIOKCHUH
pPacTUTENBHBIX OCTaTKOB C(arHOBBIX MXOB COCTABIISIOT
or 13 r/M> B rox must Sph. fuscum Ha HU3KOM psiMe

1o 24 t/m? B tox must Sph. angustifolium Ha BBHICOKOM

M PaznomeHune

Sph. magellanicum

Ocokoso-cdarHoeaa

psme. IIpeBblllleHHE  €XKETOAHOM
MIPOYKIHH

B 3aBHCHMOCTH OT BHIA MXa,

c(harHOBBIX ~ MXOB,
HaJl CKOPOCTBIO WX Pa3JIOKCHUS
cocrtaBiser 2-25 pa3. MuHMMaibHas
pasHUIlA MEXAy NPOAYKIHEH W
JIECTpyKIMEH TmoiydeHa miust Sph.
angustifolium, MakCUMaabHas —
it Sph. fuscum. VI3 exeromHoro
omasa MXxa Pa3noXKeHHIO
6-17%, B

pe3yabrare MPOUCXOANT HOCTOSIHHOE

oABEPracTca  JIMIIb

L HAKOIUICHUE CIIa00pa3IoKUBIICTOCS
caruoBoro Topda.

OnHAaKo CleayeT yYUTHIBATD,
49TO B TOP(SHOW 3aTCKH MOMUMO
JIECTPYKIMU
MUHEPATH3aLHsI

CBCKETO onazaa

Topda,
0COOCHHOT'0 B YCIIOBHUSIX AEATEILHOTO Topu3oHTa. [lorepn

MPOUCXOAUT W camoro
yIaeposa MpH pasjioKeHHH Topha MOKHO OLEHHUTH,
WCIIONB3YS JIAHHBIE 110 3MHCCHH YIJIEKHCIIOTO Tasa |
MOTEPSIM  YIJIEPO/ia TIPU  PA3JIOKEHHH PACTUTEIHLHOTO
omnaza.

CcO c

2
TOpQSHON 3alIeXKH SIBISCTCS CyMMapHOH BEIMYHMHOM,

O6mui ITOTOK TTOBEPXHOCTH
XapaKTepu3yIolleil MoTepy yriiepoaa MpHU pa3lioKEeHUH
pPAaCTHTEIBHOIO oOmaja H camoro Topda, a TaKke
BBIJICJICHNE YIJIEpoAa B BHJE YIICKHUCIOTO Ta3a IpH
JBIXaHUM KOpHEH M c(harHOBBIX MXOB. Jlonsi mbIxaHus
c(harHOBBIX MXOB yUHUTHIBasIach cornacHo (Haymos, 2009);

BKJIaJT KOPHCBOI'O JbIXaHHA B IMOTOK C02 C MOBCPXHOCTHU

Taommua 2. I[ToToku ymiepoaa B 600THBIX (uTolieHo3ax, rC/m? B Toj1

MNOTOKH YIUIEPOJA BP HP oT
Owmuccus CO, ¢ MOBEPXHOCTU 1 184 140 123
Jlpixanne carHoBBIX MXOB 2 74 87 54
JIpIxaHue kopHeH 3 75 42 37
S;;:X?IPHHI\;I MOTOK yIIIEPO/Ia C TIOBEPXHOCTH TOPQSTHON 4=1.23 39 1 3
[pomyxrwst charHOBBIX MXOB 5 79 97 61
Omnan charHoBBIX MXOB 6 41 46 41
[orepwn yrepona mpu pa3noKeHUH c(harHOBBIX MXOB 7 10 4 5
[Torepu yriepona rmpu pasioxeHun Topha 8=4-7 29 7 27
OcTarok omnaja B CUCTEME 9=6-7 31 42 36
Yucrast 3KocuCTeMHast TPOAYKIIHS CharHOBBIX MXOB 10=5-4 40 86 29
AKKyMyIAIUs yriiepona B Topge 11=9-8 2 35 9
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MOYBBI COCTABISCT OKOJNO 1/3 oT oOmero moTroka
yroiekucnoro rasa (Tutnsnosa, Tecapikosa, 1991). Takum
0o0pa3oM, Ha OCHOBAaHHUM WMEIOMINXCSA (M3MEPECHHBIX )
JTAHHBIX MOYKHO OIICHUTbH CIICAYIOIIHNE TIOTOKU YIIIepoia B
HCCIeTyeMbIX OO0JOTHBIX (UTOLIEHO3aX: TIOTEPH YIIepoia
MIpH Pa3IoKEeHUU Top(da; 0CTaTOK ormana B (PUTOLIEHO3E;
YHCTYI0  JKOCHCTEMHYIK  MPOAYKIUIO  C(HarHOBBIX
MXOB; YHCTYI0 aKKyMYISLMIO yriiepoaa B Topde (Tald.
2). B wuccremyembix OonoTHBIX ¢uTorieHozax NEP
u3MeHnsiercss oT 12 Ha BeICOKOM psiMe 10 86 rC/m’ros Ha

HU3KOM psAMe. AKKyMyJSIUH yriepoaa B Buae Topda

MaKCHMaJbHas Ha HU3KOM PsIME B TO BPEMsI KaK COITIACHO
HOJ'[y‘IeHHI)IM JAHHBIM Ha BBLICOKOM pﬂMe B HaAcCToOsICC
BpeMsi aKKyMyJsiiust Topda 3a cdeT c(harHoBbIX MXOB HE
npoucxonut. NEP cocrasnser na bakuapckom 6oore 30—
54 %, ua 3BTpohHOM Beero Juiib 5 %; Ha KupcanoBckoM
— Ha TOISIHOM y4acTke - 31 %, B TO BpeMsl KaKk Ha psiMe
KupcanoBckoro 0os0Ta HakorieHuEe Topda B HaCTOSIICE
BpeMs HE IPOUCXOANT. TakuM 00pa3oM, MPaKTUIECKH Ha
BCEX HCCIEIYeMBIX OOJOTHBIX (PUTOIIEHO3aX OCHOBHOE
HAKOIUICHUE YIIIepPO/ia MPOUCXOIUT 338 CUCT HAKOTUICHHS
(uromacchl.
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COAT'HOBBIE MXHM B ITIOCTIIMPOTI'EHHBIX CYKHECCUAX
BEPXOBOI'O BOJIOTA

SPHAGNUM MOSSES IN POST-PYROGENIC SUCCESSIONS

OF RAISED BOG
I.I. T'pymmo', H.A. 3esienkeBuy’, O.B. Co3uHoB>

D. Grummo', N. Zeliankevich!,0. Sozinov?

"MHcTUTYT SKCcniepuMeHTanbHOi 0oTanuku uM. B.®. Kynpesnya HAH Benapycu,

Munck, benapycb, zm.hrumo@gmail.com

' poaHEHCKHIA TOCyaapcTBeHHbIN yHUBepcuTeT uM. 1. Kymansl, ['ponHo, benapycs, ledum@list.ru

CdarnoBele mxu (Sphagnum spp.) SBISIOTCS

KJIFOYEBBIMU  3M(HUKATOpAaMH  BEPXOBBIX 0OOJOT W
COOTBETCTBEHHO OCHOBHBIMH WHAMKaTOPaMH CKOPOCTH
JIeMyTaliu OOJIOTHBIX OKOCHCTEM IIOCIE IOXKapoB,
KOTOpbIE 3aKOHOMEPHO BO3HHKAIOT Ha Oomorax ¢
HapyHIEHHbIM T'HIPOJOTHYECKUM peKUMOM. OnHuM
U3 Takux OONOT sABIseTCs BepxoBoe Oomoro ExpHA —
camoe KpyInHoe BepxoBoe Oosoto B benapycu: okosno 20
TeIC. Ta. s pa3pabOTKH MPOTHO30B BOCCTAHOBICHUS
€CTECTBEHHOW paCTUTEILHOCTH OOJOTHBIX 3KOCHCTEM
6omoTa « EMpHS HaMH TPOBE/ICH aHATTN3 TIOCTICTIOKAPHOM
JTUHAMUKH (DUTOIICHO30B.

IloneBble n

KaME€paJIbHBIE HCCICIOBAHUS

MMpOU3BEACHbBI B COOTBETCTBHUU C O6IlIel'IpI/IHHTI)IMI/I
B FeO60TaHI/IKe, JICCOBCACHHUH, TIOYBOBECJICHUN n
MaTeMaTUYeCKOM  CTaTUCTHKE METOJAMU (HOHeBaH

reoboranuka, 1959-1976, Ilporpamma..., 1974).

Jlist neTasbHBIX CTAllMOHApHBIX HCCIEIOBaHUM,
MIPeyCMaTpPUBAIOIINX ~ MHCTPYMECHTAIBHYI0  CHEMKY
KOMIIJIEKCA IKOJIOTO-(DUTOLIEHOTHYECKHUX —TIOKa3arelei,
3aKJIaJbIBANI CEPUI0 MOCTOSHHBIX MPOOHBIX IUIOMIAZCH
(TIITIT) mnomaneto 0,01 ra. HamouBeHHBIH TOKpOB
[IITIT wnccmemoBanu Ha 25 yderHbIX Twromankax (YII)
pasmepom 1m2. Ha xaxmoit YII ompenesnsuid BHIOBO#
COCTaB, TPOEKTHBHOE MOKPBITHE, BCTPEYAEMOCTb,
Ha/3eMHyI0 (uTomaccy. Yuér HaazeMHOW (uTOoMacchl
KMBOTO HAMOYBEHHOTO MOKPOBA IPOM3BOAWICS Ha
YYEeTHBIX Iulomiankax pasmepom 50x50cm s
TPaBSIHO-KYCTapHUYKOBOTO M 25 X 25 ¢cM 11T MOXOBO-
JUIIaHHUKOBOTO SIPyCOB: Cpe3aJii HaJ3€MHbIE YacTH B
5 KpaTHOHM MOBTOPHOCTH (METOI KOHBEpTa) HA ypOBHE
MOYBBL. YKOCHYIO (PUTOMACCY, pa3/elICHHYIO 10 BHJaM
OTOHMpaNy JJs MOCIEAYIOIMNX JTa00PaTOPHBIX aHAJIN30B
(ompeneneHnst BO3IYIIHO-CYXOro M aOCONIOTHO CYXOTrO
Beca, XUMHUYECKOTO COCTaBa).

KaprupoBaHne MEKpOT pyIITUPOBOK HAITOYBEHHOTO
MOKPOBa  OCYIIECTBILSUTH

«METOoJaM KBaapaToBy.

TIITIT
ACIIWJIN Ha HECKOJbKO MUKPOTrpPpYHNIIHNPOBOK, HanOolee

JKvBoll  HamOYBEHHBIH  IOKPOB BU3YaJlbHO

XapakTepHBIX M dYacTo Bcerpevarommxcs. Kaxnoi
MHUKpPOTPYITIHPOBKE MTPUCBANBACTCS MOPSIIKOBBIH HOMED
(kom MHUKpOTpynmupoBKH). IloMHMO pacTHUTETHHBIX
MHUKpPOTPYITIHPOBOK YUYUTHIBAIN: TTOBAaJICHHBIE JIEPEBbS,
OTOJICHHBIE YYAaCTKH TO4YBBI M mpouee. Jlamee BCIO
[III1 pas6buBanu Ha KBagpatbl mo | M? ¢ MOMOLIBIO
MEpHBIX JIEHT, BEPEBOK M KOJIBIIIKOB. JlJIsI perucrpanun
CTPYKTYDBI

HCIOIB30BAIM  ONIAHK C CETKOMU COOTBETCTBYIOIIETO

MIPOCTPAHCTBEHHOM MHUKPOTPYIITHPOBOK
Mmacmtaba: 1 M? peanpHO# omanku = 1 cm? Ha GraHke.
B nanpHeimem, aHaTU3UpPysS KaXKIBIH 3 00pa30BaHHBIX
KBaJpaToB Ha MECTHOCTH, IIPHCBaWBaId €My HOMEp
XapaKTepHOH MUKPOTPYNIIUPOBKH M 3aHOCHIM  €T0
Ko B OJIaHK Ha COOTBETCTBYIOIIMI KBajapar. B ciyuae
CJIOKHOCTH CTPYKTYPBI HAITOUBEHHOTO TTOKPOBA BO3MOYKHO
pasOuenne kBajapara Ha Ooinee Menkue (50%x50 cm)
C TIPUCBOEHHEM COOTBETCTBYIOIIETO KOZAA KaKIOMY.
B nampHelimem psiioM cTosIME HOMEpa Ha OnaHke
OOBEAWHSAIN B KIACTEPHl, PHCYHOK OIM(POBLIBAIH,
ruc
PaCCUNTHIBAIM TUIOMIAIH MUKPOTPYNIHPOBOK. JKOJIOTO-

C HCHOOJBb30BaHUEM  CTAaHAAPTHBIX Moz[ynef/i

LICHOTUYECKUE JaHHBIE TIO0 PAcTUTENLHOMY IOKPOBY Ha
[IIIT momygenst B 2006, 2010 1 2015 .

st

HOCTHI/IpOFCHHOﬁ AEMYTalluu MBI UCIIOJIB30BaJId JaHHBIC

CPaBHHUTEJIFHOIO  aHajlM3a  CKOPOCTH
¢ asyx IIIII: 241 u 242, HaxonAmMXca HA PACCTOSHUU
350 M gpyr ot apyra (OTHOCHTENBEHOE MpPEBBIIICHHUE
[IIIIT 242 otnocutensuo IIIIT 241 ~ 1,3 m). Mcxonubiit
(momokapHsIif) puTorieHoTHYe kit 00k Ha [TITIT Ne 241
(dopMupoBana KOMIUIEKCHAs KOYKOBAaTO-MOYQ)KWHHAS
pacturensHOCTh (ace. Andromedopolifoliae-Sphagnetum
magellanici (koukn) + acc. Drepanocladofluitantis-
Ha [ITIIT Ne 242

- COCHOBO-HyIHI/IIIeBO-Ky'CTapHI/I‘-IKOBO-C(i)aFHOBOG

Caricetum limosae (MOYa)XKHWHBI);

penkornecne (acc. Sphagno-Pinetum sylvestris). Ananms
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Taﬁ.lmua 1. Ilokazarenu BUJIOBOT'O pa3HOO6pa3I/IH nu q)HOpI/ICTI/I‘IeCKOFO CXOACTBA PACTUTCIBbHBIX COO6III€CTB
Ha IIOCTOSAHHBIX HpO6HI)IX momansax

IMOKA3ATEJIb IIIIIT Ne 241 IIIIIT Ne 242
2006 r. 2010 . 2015 r. 2006 r. 2010 r. 2015~

Yucno net nocne noxapa 4 9 14 4 9 14
O6mee uncio BuoB (Ry/100 m?) 12 19 20 12 18 22
Wnpexc llennona (H”) 1,74 2,02 2,19 2,02 1,81 2,12
Mepa BeIpaBHEeHHOCTH 00mHii BunoB (E) 0,48 0,40 0,44 0,63 0,34 0,38
Wunexe beprepa-ITapkepa (d) 0,32 0,29 0,21 0,27 0,41 0,29
Koaddumment odmuoctu (Ks):

= Cpepencena (K) 0,77 0,75 0,53 0,70

® Yexanorckoro (K)) 0,40 0,38 0,29 0,25

9KOJOro-QUTOLCHOTHYSCKUX  JaHHBIX  aByx  [IIII Pasnmuunss B CKOPOCTH JAEMYTAallMd BBISBICHBI

(NeNe 241 wm 242), naxomdmmxcs B JMUILEHTPE MOXKapa
2002 r., moka3an CyIEeCTBEHHbIE PA3IUYUS IO CKOPOCTH
BOCCTaHOBJICHUSI €CTECTBEHHBIX OOJIOTHBIX COOOIIECTB.
Ha IIIIIT Ne 241 na mpotsxenun 10 J1leT MOHUTOpHHIA
COXpaHseTcs  MOHOAOMHMHAHTHOCTh  PAaCTHTEIHHOTO
1); ma IIIIIT Ne242 ckopocTh

CYIIIECTBEHHO

coobmecTBa (Tall.

JAEMYTAlMOHHBIX IIpoOECCOB BBIIIIC,

OTMEYACTCA TICPEX0d OT MOHO- K MOJUJOMHUHAHTHOMY

COOOIICCTBY.
IMporecc BOCCTAHOBIICHHUS 60JI0THO#
pAacCTUTENBHOCTH, B TIEPBYIO OYEpEeNb, MAPKUPYIOTCS

nosiBJIcHHeM H (hopMHpoBaHHEM C(HarHoBOrO ITOKPOBa
(puc.). Hanbosnee BbIpakeHHasi dKCraHcusi c(harHOBBIX
MXOB B PacTHTENbHbIC cooOIIecTBa HaOMOIaeTCs Yepes
9-12 ner mocne noxapa. Jlons B CTPyKType HaJ3eMHOM
¢uromaccel carnos Ha IIIIIT Ne 241 mocrynarenbHO
yBenuuunack ¢ 1,9 % (2006 r.) mo 11,9 % (2010 r.) u
44,1 % (2015 1); TITIIT Ne 242: 15,2 % (2006 1) < 17,5 %
(20101) <43,5 % (2015 ). CooTBEeTCTBEHHO (huTOMacca
carHoBeIX MX0B BbIpocya 3a 10 yer na ITIIIT Ne 241 ¢
16,3 no 290,1 r/m* (Bo3a.-cyx. Bec) u Ha IITIIT Ne 242
¢ 79,7 no 369,1 r/m* (Bo3m.-cyX. Bec). IIpoekTHBHOE
MOKPBITHE C(ArHOB TAKKE CYIICCTBEHHO YBEIHUYHIIOCH:
CyMMa YaCTHBIX HPOEKTHBHBIX IOKPHITHH C(AarHOBBIX
mxoB Ha IIITIT Ne241 cocraBuma 1,2 % (2006T.) <
10,7% (2010 1) < 48,5% (2015 r); IIIIIT Ne 242 —
1,4 % (2006 1) < 32,9 % (2010 ) < 95,0 % (2015 1.).
HaGmonmaercst poct 1oam ydactusi c(harHOB-«ITHOHEPOBY
MOXOBOTO MOKpoBa (Sphagnum capillifolium, Sph. molle),
a 3aTeM M CMEHa JIOMHHAHTOB KOHCTAHTHBIMH BHJIAMU
MOXOBOTO TOKPOBa €CTECTBEHHBIX OOJIOT peruona: Sph.
rubellum, Sph. angustifolium, Sph. cuspidatum, Sph.
magellanicum (tabm. 2).

U Ha YpPOBHE JUHAMHUYECKHX MHUKPOTPYNITHPOBOK
na IIIIT Ne242 ¢opmupoBanue

pactutensHoro coobmectsa k 2015 1 BeTymwio B

(cM.  pHCYHOK):
(a3zy ycroiunBoi nemyTanuu, B To Bpems kak Ha IITIIT
No 241 eme npeoOnagaroT TUTPECCUBHBIE TeHISHITNH. B
2015 r. o0mias ImIomaas, 3aHUMAaeMasl MPOU3BOIHBIMH
«IEMYTHUPYIOIIMMU» MUKporpynnuposkamu Ha [IIIIT
Ne 241, cocraBuna33,8 %(8B2010—12,5%);alllIIINe 242
—  «IWTPECCUBHBIC» MHUKPOTPYNIHMPOBKH MOTHOCTHIO
(100 %) cmeHMIMCH MUKPOTPYIITUPOBKAMH 11 KOTOPBIX
XapakTepeH AEMYTAallMOHHBIA TpeHa pa3BUTUA  (CO
Sphagnum spp.). Pa3nnuHblii CyKIIECCHOHHBIH cCTaTyc
JIBYX CPaBHHUBAeMbIX (PHTOIIEHO30B CBSI3aH C KOMITJICKCOM
(aKTOpOB: CTEIEHBIO MOBPEXKJICHUS MOXapaMu (B
MEePBYI0 Ouepe/lb KOPHEOOUTAEMOTO CJI0s1), COCTOSHUEM
GaHKa JMacriop pacTeHHUH, XapakTepoM OOBOAHEHHOCTH
cybctpara. JleMyTanMoHHAs AWHAMHKA PACTHUTEIBHBIX
COOOIECTB TakXKe CONpsHKEHAa M € H3MECHEHHEM
SKOJIOTUYECKUX YCIOBHUIl: YBEIMYEHHUS YBIKHEHUA (3a
CUEeT BOCCTAHOBJICHHSI ¢()arHOBOTO MOKPOBA), YCHIICHUS
KHCIOTHOCTH cyOcTpaTa (Kak CIEACTBUS HapalliBaHUI
(uTOMacchl, aKTHBHOTO pa3BUTHS c(harHos).

Pesymsrarst HCCIIeIOBAaHUI MTUPOTCHHBIX
cykueccuii Ha cdarHoBbIX Oosorax bemapycn u anamus
JUTEPaTypHBIX HCTOYHHMKOB MO3BOJIMIM pa3paboTarh
CXEMy IIOCJICTIOKAPHOW IEMYTallMd pPaCTUTEIBHOCTH
(I'pymmo u 1p., 2015). CoracHo 3ToH MOJeNu MOJTHOE
BOCCTaHOBJICHHE
2002 r

MaCCI/IBa«EHBHH», Ha Hall B3IIA4, MOXET COCTaBHUTHb

PACTUTCIIBHOCTHU IoCJe noxxapa

Ha 3HAYUTCIBHOW TEeppuUTOpUH OOJIOTHOTO

30-351eTr mpu CcTAOWMIBHOM pa3BUTHH C()ArHOBOTO
MOKpoBa Ha ()OHE BBICOKOTO YPOBHSI OOJOTHBIX BOJ,
YTO TapaHTHPYeT CHUCTeMa KAaCKaJHBIX MEepeMBIUCK,
noctpoenHas B 2015 . Ha kanane B ~150 m ot TITIIL.
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TNerenpa Terenpna
I:l 1. Eriophorum vaginatum - Calluna vulgaris - Polytrichum strictum
- 2. Eriophorum vaginatum - Polytrichum strictum

- 1. Eriophorum vaginatum - Calluna vulgaris - Sphagnum spp.

- 3. Eriophorum vaginatum - Vaccinium uliginosum + Calluna vulgaris - I:l 2. Eriophorum vaginatum - Calluna vuigaris - Polytrichum strictum

Polytrichum strictum - 3. Eriophorum vaginatum - Andromeda polifolia + Calluna vulgaris - Sphagnum spp.
- 4. Eriophorum vaginatum - Andromeda polifolia + Calluna vulgaris - ) ) . . X
Polytrichum strictum - 4. Eriophorum vaginatum - Vaccinium uliginosum + Calluna vulgaris - Sphagnum spp.

- 5. Eriophorum vaginatum - Andromeda polifolia + Calluna vulgaris - Sphagnum spp.

A — noctosiHHas npobHas nnowagb Ne 241

Ilerenpa INerenpa

Cl 1. Eriophorum vaginatum - Calluna vulgaris - Polytrichum strictum - 1_Calluna vulgaris - Sphagnum spp.

- 2. Eriophorum vaginatum - Ledum palustre + Calluna vulgaris - Polytrichum strictum - 2. Chamaedaphne calyculata + Calluna vulgaris - Sphagnum spp.
[ 3. Eriophorum vaginatum - Calluna vuigaris - Sphagnum spp. [T 3. Ledum palustre + Calluna vulgaris - Sphagnum spp.

- 4. Calluna vulgaris + Vaccinium vitis-idaea - Polytrichum strictum - 4. Eriophorum vaginatum - Calluna vulgaris - Sphagnum spp.

- 5. Eriophorum vaginatum - Vaccinium uliginosum + Calluna vulgaris

Polytrichum strictum | 5. Vaccinium vitis-idaea + Calluna vulgaris - Sphagnum spp.

- 6. Vaccinium uliginosum + Calluna vulgaris - Sphagnum spp.

b — noctosiHHas npobHasa nnowanb Ne 242

Puc. ®dnykryanuu pacTUTENIBHBIX MUKPOTPYIIITUPOBOK B CIOKEHUHU JKHBOTO HATIOYBEHHOTO MOKPOBA
Ha MOCTOSHHBIX MPOOHBIX TIOMIAAIX
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Taonmua 2. PasHoroguyHasi ©3MEHUYMBOCTD IICHOTHYCCKUX TIOKa3aTeneit Sphagnum spp.
HA ITOCTOSTHHBIX MPOOHBIX IJIOMIAISX

BUJ roabl MOHUTOPHUHTA
2006 r. 2010 r 2015~

IIpoek- | Berpe- N®3 IIpoek- | Berpe- @3 IIpoex- | Bcerpe- N3
THBHOE | 9ae- | N | +m | TMBHOE | Hae- M | +m | TMBHOE | Hae- M | +m

1o- | MOCTb, Mo- | MOCTh, Mo- | MOCTb,

KpBbI- % kpeitre [ % kpeitie | %

THE (n=25), (n=25),
(n=25), % %

%

241

Sphagnum magellanicum| 1,2 1,2 4 0,1 0,8 0,8 4 1<0,1 4.0 1,2 20 0,8

Sphagnum angustifolium - - - - 1.0 1,0 24 0.2
Sphagnum rubellum - - - - 0,6 0,4 16 | 0,1 4,0 2,1 40 1,6
Sphagnum capillifolium - - - - 0.1 0.1 4 100 + 4 |<01
Sphagnum cuspidatum - - - - 9,2 3,0 72 16,6 | 26,1 6,5 72 1 18,8
Sphagnum molle - - - - - - - - 134 53 52 6,9
Sphagnum fuscum - - - - - - - - + 8 |<0.,1
242
Sphagnum angustifolium | 0,2 4 |<0,1 - - - - 11,0 1,3 9 | 10,6
Sphagnum magellanicum - - - - 2,8 1,0 56 | 1,6 16,3 2,8 72 | 11,7
Sphagnum rubellum 1,2 0,7 16 | 0,2 - - - - 49,0 4,4 100 | 49,0
Sphagnum capillifolium - - - - 30,1 33 9 |289| 144 2,0 32 4,6
Sphagnum cuspidatum - - - - - - - - 1,5 0,3 28 0,4
Sphagnum fiscum - - - - - - - - 0,1 4 |<0,1
Sphagnum fallax - - - - - - - - 0,1 4 |<0,1
Sphagnum russowii - - - - - - - - 2,6 0,7 8 0,2

IIpumeuanne: M — cpeqnee 3HaueHHE, = m — omuoOKa cpeguero, M3 — uHIEKC PUTONEHOTHYECKOH 3HAYMMOCTH: =
(cpenHee 3HaUCHHE IPOSKTUBHOTO MOKPBITHS *BeTpedaeMocts)/100%).

Tlonesast reoboranuka: B 5 T. M.—J1.:, 1959-1976.

[Iporpamma 1 MeToMKa OMOTEOLIEHOIOIMYEeCKHX UccnenoBanuii. M.: Hayka, 1974. 403 c.

I'pymmo, J1.I. TlocnenokapHas JHHAMHKA paCTUTEIBHBIX coodmiecTB BepxoBoro 6omnora Enpns / 1.1 ['pymmo, O.B. Co-
3uHOB, H.A. 3enenkeuy, O.B. ['ananuna, E.B. Moiiceitunk, /1.10. Xumuackuii, P.B. [[Bupko / PactutenbHOCTE 0OJOT: COBpe-
MEHHbIe IPOOIeMbI Kilaccu(UKaliK, KapTorpadupoBaHus, HCIOIB30BAHUS U OXpaHbl: MaTepuaisl I1 MexayHapogHOro Hay4HOTo
cemuHapa (MuHCk, 24-25 centsa0ps 2015 ) / Db HAH Bbenapycu. Munck: Konorpan, 2015. C. 31-37.
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INFLUENCE OF GRAMINOID PLANTS ON THE DEVELOPMENT
OF THE MOSS LAYER (SPHAGNUM SPP,)

Mélina Guéné-Nanchen®, Rémy Pouliot, Sandrine Hugron and Line Rochefort

Peatland Ecology Research Group, Centre for Northern Studies, Université Laval, Quebec City,
Québec, Canada

‘melina.guene-nanchen.l@ulaval.ca

Introduction. Sphagnum fibers could be used
as an alternative horticultural substrate (Caron and
Rochefort, 2013). To minimize human pressure on
natural peatlands where Sphagnum fibers are usually
harvested, many researchers are looking at the possibility
to produce non-decomposed Sphagnum fibers on a
cyclic and renewable basis, namely Sphagnum farming.
Despite these numerous benefits, research on Sphagnum
farming is still at an early stage. Pouliot et al. 2015
suggested that optimization of growing conditions is
primordial to maximize productivity, but more research
is needed about other factors influencing Sphagnum
productivity, including biotic interactions. In natural
peatlands, graminoid plants have either a positive effect
by facilitating Sphagnum growth (Malmer et al., 1994;
Pouliot et al., 2011) or a negative effect by competition
(Murray et al.,1993), depending on the graminoid plant
species and its density. Previous Sphagnum farming
trials have shown that colonisation by graminoids plants
is inevitable. In the context of large-scale Sphagnum
biomass production, it is important to know to what extent
graminoid plants affect the development of Sphagnum
carpetsand may need to be controlled. The general aim for
this project is to evaluatethe effects of graminoid plants
on the development of Sphagnum moss carpets. More
specifically, we have conducted two experiments, one at
small-scale and another one at large-scale.

2. Materiel and methods.

(1) Small-scale experiment. The first experiment

was conducted in a cutover peatlandin Quebec, Canada
(48°19°N, 68°50°W). The remnant peat was characterized
by minerotrophic conditions and rewetted (Malloy et
al., 2014). The experiment was conducted in an area
where Sphagnum warnstorfii and Carex aquatilis were
reintroduced by hand in 2009 at different densities. In
2015, S. warnstorfii, C. aquatilis cover, litter cover,
biomass accumulation, thickness and density, were
evaluatedin quadrats of 30 cm x 60 cm (n=105) placed
systematically in the area. Linear regressions were done
with R Studio and regression significance were verified
afterward (0=0.05). Sphagnum variables were analyzed

according to C. aquatilis and litter variables.
2) The
experiment was conducted in three Sphagnum farming

Large-scale experiment. second

basins established in 2006 in a large cutover bog located
in New Brunswick, Canada (47°40°N, 64°43°W). On
one side of eachbasin (115 m x 15 m), graminoid plants
(mainly Eriophorum angustifolium) were mowed with
a weed trimmer (Weed-Eater®) three times per summer
from 2013 to 2015. After 3 years of mowing, graminoid
plants and litter covers were respectively 70 % and 60 %
lower on the mowed (M) sidewhen compared to the un-
mowed (UM) side (respectively: t,=5.8 and 13.8, p=0.002
and <0.0001). At the end of the 2015 growing season,
four transect were disposed lengthwise of basins (two
in M side and two in UM side). Along these transects,
covers of Sphagnum, graminoid plants and litter (n=18)
was evaluated in 1 m x 5 m quadrats, Sphagnum biomass
was collected inten 25 cm x 25 cm quadrats (n=10)
and Sphagnum carpet thickness was measured at every
2 meters (n=46). ANOVAs were performed to evaluate
the effect of mowing on Sphagnum cover, thickness and
biomass (MIXED procedure in SAS), followed with
protected LSDs (0¢=0.05).
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Fig. Negative polynomial regression between Sphagnum
warnstorfii and Carex aquatilis litter cover (%)
+ standard error (SE)
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3. Results and discussion
(1) Small-scale experiment. The presence of

C. aquatilis and its litter affected negatively Sphagnum
warnstorfii for all the variables measured (R? between 0.02
and 0.74). Among variables measured for C. aquatilis,
litter cover was the most influential parameter in explaining
Sphagnum cover (R*=0.74, p<0.0001). The negative effect
of graminoid litter began to be observable from 20-25 %
and Sphagnum cover decreases rapidly thereafter (Fig.).
It was not possible to observe the effect of scaffolding, or
any effect of facilitation. This might be because litter was
really abundant since it was accumulating since 2009 (up
to 600 g m?). If this graminoid plant or a similar species
with the same rate of litter accumulation was to colonize
a Sphagnum farming station, mowing will probably be
recommended.

(2) Large-scale experiment. Mowing did not
11 —0-82, p=0.417),
=0.75, p=0.455). However, Sphagnum

affect Sphagnum cover (F nor

biomass (F,

thickness was 15% higher in the un-mowed treatment

(F, |, =9.16, p=0.023). In this experiment, the dominant

111

graminoid plant (Eriophorum angustifolium) had no
effect on Sphagnum cover and biomass, because its litter
cover was always lower than 10 % and its growth form
is unique stems. Therefore, this graminoid plant seems
not to compete with Sphagnum mosses for space. The
effect of scaffolding has been observed, but the increase
of Sphagnum thickness does not translate on Sphagnum
biomass, because the thickestcarpets are fluffier, they
grow in height without necessarily accumulating more
biomass. In this context with this graminoid plant,
mowing is not necessary.

4. Conclusion. This project demonstrated that
the effect of graminoid plants on Sphagnum mosses is
dependent on the species characteristics, more specifically
its litter accumulation. These experiments suggested that
Sphagnum moss could tolerate graminoid cover under
35 % and litter cover under 20-25 %.
of Sphagnum farming, different recommendations could

So in the context

be made, but more studies need to be done with different
graminoid species.

Financial support was provided by the Natural Sciences and Engineering Research Council of Canada, the
Canadian Sphagnum Peat Moss Association and its members. We thank all the field assistants, as wells as all
members of the Peatland Ecology Research Group.

Caron, J., & L. Rochefort. 2013. Use of peat in growing media: State of the art on industrial and scientific efforts envisioning

sustainability. ActaHorticulturae 982:15-22.

Malmer, N., B. M. Svensson, & B. Wallén. 1994. Interactions between Sphagnum mosses and field layer vascular plants in

the development of peat-forming systems. Folia Geobotanica et Phytotaxonomica 29:483-496.

Malloy, S., & J. S. Price. 2014. Fen restoration on a bog harvested down to sedge peat: A hydrological assessment. Ecological

Engineering 64:151-160.

Murray, K. J., J. D. Tenhunen, & R. S. Nowak. 1993. Photoinhibition as a control on photosynthesis and production of

Sphagnum mosses. Oecologia 96:200-207.

Pouliot, R., L. Rochefort, E. Karofeld, & C. Mercier. 2011. Initiation of Sphagnum moss hummocks in bogs and the presence

of vascular plants: Is there a link? ActaOecologica 37:346-354.

Pouliot, R., S. Hugron, & L. Rochefort. 2015.Sphagnum farming: A long-term study on producing peat moss biomass

sustainably. Ecological Engineering 74:135-147.



27

CHALLENGES OF UTILIZING LIVING SPHAGNUM MOSSES

AS A GROWING MEDIA CONSTITUENT
Jan Felix Kobbing, Gerald Schmilewski

Klasmann-Deilmann GmbH, Germany

jan.koebbing@klasmann-deilmann.com, gerald.schmilewski@klasmann-deilmann.com

Introduction. For decades now, the substitution
of peat in growing media has been receiving a lot of
attention in public debate, in particular in Central and
Western Europe. In the past, the reasons for this were
rooted primarily in the loss of natural habitat (pristine
peatland) and its specific biodiversity, caused by state-
driven peatland drainage measures and the creation of
cultivated agricultural land and space for settlement.
Today, the discussion is centred on greenhouse gas
emissions. Moreover, the peat and growing media sector
is confronted with a massive decline in available peat
extraction sites in Western and Central Europe.

The harvesting of peat mosses (Sphagnum spp.)
from living bogs or the cultivation of peat mosses on
degraded bogs are seen as possible ways of replacing
peat as a growing media constituent. As peat origins from
decomposed Sphagnum mosses, harvested living mosses
bear comparable quality properties. However, as it is a
living material it must be processed to obtain the required
properties.

Project. To investigate the above mentioned
topics Klasmann-Deilmann GmbH launched in 2015 a
10 ha Sphagnum-farming project entitled: ‘Large-scale
cultivation of peat moss in Lower Saxony as an after-use
following black peat extraction and its potential for the
sustainable production of an alternative growing media
constituent”. The research project involves different
Sphagnum species being assessed as to their productivity
and suitability. The impact on biodiversity and climate
change is being investigated by the University of
Hannover and the Thiinen Institute, Braunschweig. A
particular challenge is optimizing the hydro management
of peat moss cultivation areas. An unusual aspect is
that this project, unlike previous field trials, is being
implemented on sites where the residual peat layer
following depletion consists of strongly decomposed
peat. Due to their low water conductivity, such areas
areless suitable, but in Germany — owing to the scarcity
of sites where the residual layer is weakly decomposed
peat — only areas with residual strongly decomposed peat
are the realistic option.

The inoculation material as well as the farmed
mosses will be processed and used in horticultural growth
trials.

Requirements for horticulture. For most
growing media constituent peat is the benchmark as it has
outstanding physical, chemical, biological and economical
properties. Schmilewski (2008, 2015) outlines the main
advantages of raised bog peat:

- Low pH-value, allowing easy pH adjustment

- Low nutrient, enabling easy adjustment of plant
nutrients

- High water capacity and high air capacity

- Good structure stability

- Low microbial activity

- Free from human and plant pathogens, pollutants
and heavy metals.

Challenges. Difficulties to cultivate peat mosses,
finding available bog areas and proving the profitability
of Sphagnum farming are the most challenging efforts
(Schmilewski, Kobbing, & Rammes, 2016). Hereafter the
focus is on the use of peat mosses as a growing media
constituent.

When harvesting the mosses the presence of weeds
and viable weed propagules (e.g. seeds) is not tolerable.
Various plant species can present a problem when farming
Sphagnum. Experience has shown that associated living
plants such as ross-leaved heath (Erica tetralix), ling
heather (Calluna vulgaris), purple moor-grass (Molinia
caerulea), grasses and other plant speciescan invade
cultivation areas via the inoculation material. It can also
be expected that seeds or spores carried on the wind and
in irrigation water will enter the site. Some vascular
plants may promote the growth of peat mosses by serving
as growth support for the peat mosses or improving the
microclimate; however, if they progressively spread they
will compete strongly with the mosses. They also make
harvesting more difficult and considerably affect the
quality of the growing medium. As the use of herbicides
on peatland is prohibited, the only weed control currently
possible is that by mechanical means, which is very costly.
So starting from collecting the mosses, the presence of



28

weeds must be avoided or weeds associated with the
collected mosses must be manually separated later on.
We tried to reduce the growth of weeds by covering the
mosses with a shading fleece which at the same time
improves the micro-climate.

To ensure the absence of weeds, weed seeds and
pathogens in the peat moss the Dutch foundation for
quality assurance of growing media, R.H.P. requires the
hygienization of Sphagnum spp. by means of gamma
radiation or steam treatment when used in growing media.

Furthermore, the mosses must be dried and most
likely cut/chopped and sieved in order to obtain particle
sizes suitable for the different areas of application. How

the mosses have to be processed is under research in our
project as well. Hygienization and dry ensures long term
storage.

offer
potential as a growing media constituent as they have

Conclusion. Sphagnum mosses great
chemical, physical and biological properties comparable
to peat. However, first trials show that, apart from the
problems to cultivate Sphagnum mosses, the further
processing requires a lot of work and energy, even if
industrial moss processing can be improved. As long as
peat is still available and accepted by society Sphagnum

mosses will remain a niche product.
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JIMHEWHBIM TTPUPOCT CPATHOBBIX MXOB HA TEPPUTOPUU
3AITAJIHOM CUBMPU B CBS3U C IIOT'OJIHBIMU VCJIIOBUAMMU

LINEAR INCREASE OF SPHAGNUM SPECIES IN WESTERN SIBERIA
IN CONNECTION WITH WEATHER CONDITIONS

H.I'. Koponarosa*, H.II. Kocbix, B.A. CtenanoBa
N.G. Koronatova, N.P. Kosykh, V.A. Stepanova
®I'bYH Uncturyt nousoBenenus u arpoxumun CO PAH, HoBocubupck
Institute of Soil Science and Agrochemisrty SB RAS, Novosibirsk

*coronat@mail.ru

3ananHo-Cubupckue  TOpSHUKH  3aHUMAIOT
wromans okoigo 600 000 xm?> u comepskar 70.2 IIr
yoieposia, 4To COCTaBisieT 10 26 % Bcell Ha3zeMHON
AKKyMyJSIIUM ~ YIIepoja C BPEMEHH  IOCIEIHETO
onenenenns (Smith et al.,, 2004). PocTt OCHOBHBIX
MIPOJYIICHTOB BEPXOBBIX OOJIOT, C(arHOBHIX MXOB, B
3HAUNUTENIFHOH Mepe KOHTPOIHMPYETCS aO0MOTHYECKUMHU
(axropamMu. AKTyalIbHOCTb HCCIEIOBaHUS 00YyCIIOBICHA
HEOOXOAMMOCTBIO M3ydaTh M3MEHEHHE NPOTyKINOHHBIX
XapaKTepUCTUK CParHOBBIX MXOB B OTBET Ha BO3/ICHCTBHE
(bU3MYECKUX MapaMeTpPoOB OKPYXKAoUIeH Cperpl, TaKhX
Kak TeMIlepaTypa, YCJIOBHsl YBIQKHEHUS U JpyrHe INpH
HM3MEHEHNH KINMaTa.

B 3amagnoit Cubupm Opmio 3amokenHo 11
KJIIOUEBBIX YYAacTKOB C PACCTOSHUEM MEXIY HUMHU
B 1-3 Tpamyca mIHpOTHI, KOTOpbIE pACHOJATAINCH B
CIIEAYIONMX OMOKIMMATHYECKHX 30HaX M TIO30HAX:
JIeCOCTeNnH, MOATalre, MOXKHOH, cpenHell U ceBepHOI
Taiire, necorynape. Ha KaxaoM KIHOUEBOM Y4acTKe
UCCIIEZIOBAHNE  MPOBOJMJIOCH B  TOBBINICHHBIX U
TIOHIDKEHHBIX dJIEMEHTax OOJIOTHOTO MHKpOiaHamagTa.
K HOBBINICHHBIM OTHOCHJIMCH COCHOBO-KYCTapHHUYKOBO-
c(harHOBBIE  PSIMEI

U TpAdbl, KOTOPBIE BXOIAT B

KOMIUICKCHBIC TPsAJA0BO-MOYAXKUHHBIC WA T'PAAOBO-

03€pKOBO-MOYQ)KUHHBIC ~ MAacCCHBEI, " MEp3IbIe
wiockoOyrpucteie  TopdsHukH. K mMOHMKEHHBIM
nanamadgram OTHOCHJIHCh TpaBsiHO-C(parHOBEIE

MOYQKHHBI W TONMH. B TOBBIMICHHBIX 3KOCHCTEMax B
MOXOBOM ITOKpOBE AOMHUHHpOBaI S. fuscum, okomno 10 %
TuToma v 3aHuMant S. magellanicum, a Taxxe BCTpedyalich
S. angustifolium u S. capillifolium. B Tonsx u MOYaKUHAX
oTMeueHO Oorpliee pa3HOoOpasme C(arHOBBIX MXOB,
MPOEKTUBHOE MOKPBITHE KOTOPBIX MEHSJIOCh HA Pa3HBIX
KJIFOYEBBIX yyacTKax. Mbl H3y4aiu IPUPOCT MOYAKMHHBIX
BunoB S. balticum, S. fallax, S. riparium, S. lindbergii,
S. jensenii, S. papillosum w S. majus. JluHEHHBIN

MIPUPOCT MXOB B MOBBINICHHBIX 3KOCHCTEMAX OMPEICIISLIH
Metonom «EprmkoB» (Mitchell et al., 2002; Robroek et
al., 2007; Breeuwer et al., 2010; Siegenthaler et al., 2014;
Bengtsson et al., 2016), a B TOHMKEHHBIX YKOCHCTEMaX —
MeTozoM nHANBHAYaTbHEIX MeToK (Kosykh et al., 2008).
MeTku yCTaHaBIHMBajlM B KOHIIE Mas — Hadalie HIOHS
M CHUMAJIU TOKa3aHUs IPUPOCTAa B KOHIIC aBrycra —
Hagaye CeHTOps. Yncino moBTOPHOCTEH M3MEPEHUs IS
Kax1oro Buaa mxa 0bw10 oT 3 mo 13. Ipupoct u3ydanu
Ha TPOTSHKCHHU TPEX BETCTAllMOHHBIX ce30HOB 2013-
2015 rr. Ucrronb30Baiy ITOroaHbIE JaHHBIE ¢ OIIMKANIIINX
METEOCTaHIUM, pa3MelEHHbIE Ha caifTe rp5.ru.

CpenHerofoBble JHHEHHBIC TMPHUPOCTHI  BUIOB
MOBBIMICHHBIX  JIAHAMAPTOB  ObUIM  CIICAYIOIIHUE:
S. fuscum 1.3+0.1 cm, S. magellanicum 1.6 £0.1 cm,
S. angustifolium  3.2+0.4 oM, S capillifolium
22+0.5cm. IlpupocT MOUYQXKHHHBIX BHAOB OBLT:
S. balticum 29=+02cwm, S fallax 7.6+1.2 cm, S.
riparium 11.0+ 1.3 cm, S. lindbergii 3.7+0.3 cmM,

S. jensenii 5.5+ 0.9 cwm, S. papillosum 1.8+0.1 cMm u
S. majus 4.8 = 0.4 cm.

IMpupoct S. fuscum KOppeJIUpOBa co
(K=0.81,
P=0.00002) u B MeHbIIEH CTENEHH — CO CpexHel
(K=0.71, P=0.0007). [ua
KOppeJsiliis €O CPEIHEro0BON
(K=0.60,

P =0.0078), a xoppensiiuu co CpeHe TemrepaTypoin

CPEHErOJOBOM  TEMIEpaTypoll  BO3ayxa

TEMIIEpaTypoil  Jjera
S.  magellanicum
Temreparypod  Bozayxa Obuta  ciabee
nera He oOHapyxeHo. Koppersuus npupocra 0001X BUAOB
C CyMMOI1 ocaikoB He BbIsiBeHA. [Ipupoct S. capillifolium
3aBUCENl OT CPEIHErof0BOM TeMIepaTypsbl
(K=0.67, P=0.0178),

Bo3nyxa (K=—0.60, P=0.0160) u orpunarensHas

BO3/IyXa
CpeIHENeTHEH TeMIIepaTypsbl

KOPPEJISIHsl YCTAHOBJICHA C CyMMOH OCaIKOB 33 3UMY
n Becny (K=—0.35, P=0.0290). Ilpupoct BuOa
S. angustifolium He 3aBUCET OT TEMIEPATYPHI U OCAJIKOB.
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[lpupocTel ~ MOY@XWHHBIX  BHAOB,  KpoOMe
S. lindbergiiu S. papillosum, 3HauNMO KOPPETUPOBATH CO
CpeIHel TOI0BOH TeMIeparypoil Bo3ayxa: KodppHuinueHT
koppemsiiuun 66Ut ot 0.27 (P =0.0244) y S. balticum
mo 0.79 (P=0.0001) y S. fallax u S. majus. Cymma
OCaJIKOB 3a TOJ| HE 3HAYUTEIbHO BIMsIA HA MPUPOCT
MOYa)KMHHBIX C()arHOBBIX MXOB Ha BCEM IPOTSIKEHHN
3amanno-Cubupckold  HuU3MeHHOcTH.  OnHako, Ha
YPOBHE OT/EIbHO B3STBIX PErMOHOB — Iora 3arajHoii
Cubupu, cpenHeTa&XHOH TMOA30HBI HWIIM  CEBEPHOTO
peruoHa pactpoCTpaHEHUsT MEP3IBIX TI0CKOOYTPUCTHIX
TOPSHUKOB, — B  YCIOBHUSX  OTHOCHTEIILHOIO
0JTHOOOpa3usl TEMIEPATYPHOTO PeKMMa, (PaKTOp OCAIKOB
CTAHOBUTCS CTAaTUCTHYECKH Oolee 3HAYUMBIM, 4YCM
¢dakTop Temmeparypsl. Tak, Ha fore 3amagHoit Cubupn
(;ecocremnnasi, moaraékHas 30HBI M IOKHAs Talra)
npupoct S. fuscum TposiBUI cla0yl0 3aBUCHMOCTh OT
ronoBoit cymmer ocanakoB (K =0.22, P =0.0355), u ayTp
OOJIBIIYI0O — OT OCaJKOB 3a 3MMHE-BECEHHHMH MEpHOJ
(K=0.26, P=0.0132). B »TOM e peruoHe MpUpOCT

S. magellanicum ObBIT CBA3aH C TONOBBIMH OCaIKaMHU

(K=0.45, P =0.00005),
S. balticum, HampoTHB, OTPUIATEIBHO KOPPEIUPOBAT

a M[OpUpoCT MOYAKUMHHOIO

C TOIOBBIMH OCaJKaMH M CyMMOW OCAaIKOB B 3HMMHE-
Becennuit nepuoy (K =—0.60, P =0.0370).

Takum 00pa3om, Temrieparypa — 5TO 3HAYMMBIN
(axTop, OIpeeISIONINI BETNIHHY JIMHEHHOTO IIPHPOCTa
OONBIIMHCTBA CharHOBBIX MXOB Ha ITPOTSHKEHHUH 3arajiHo-
CulupcKoil HUBMEHHOCTH: YeM BBIIIE CPEIHSS TOI0Bast
TeMIeparypa, TeM BbIlle HpupocT. Ha pernonanrsHOM
YPOBHE, BKIJIIOYAIOIIEM OJIHY HMJIM HECKOJIBKO OOJOTHBIX
30H, CYIIECTBCHHOEC 3HAUCHHE TNPHOOPETAIOT OCAaIKH,
npu4éM 3HAYMMOCTh HMMEIOT TOJIOBBIE OCAIKH H/WIH
OCaJIKM, BBINABIINE B 3UMHE-BeceHHUH mnepuon. Ilpm
UX BO3PAaCTaHUM, MXH MOBBIIICHHBIX JaHAmAadTOB
pearupyroT yBeIHUeHUEM IIPUPOCTA, & MXH OOBOAHEHHBIX
MOYaXMH CTpaJaloT OT OOBOJHEHHS W CHWXKAIOT €ro.
He obGnapyxeHO BIMSHHME JIETHUX OCAIKOB HAa MPUPOCT
caraoBeIx Mx0oB. Cpenuss s Bceit CHOMpPH BeTMYIHA
JMHEHHOTO  TpHpocTa

MXOB  BHJOCICIU(pUYHA |

MakKCUMaJIbHa IJI1 MOYaXMHHBIX BUOB.
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THE VARIATION IN STANDING BIOMASS AND BIOMASS
PRODUCTION BETWEEN VEGETATION COMMUNITIES

OF AN OMBROTROPHIC BOREAL BOG
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T. Vesala®¢, E-S. Tuittila*
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Due to the imbalance between organic matter
production and decomposition, peatlands are a globally
important carbon storage. Biomass distribution and
production is known to be dependent on water table
(WT) distance from the peat surface (Laine et al. 2012),
but differences in biomass production, especially
belowground, between vegetation communities of
peatlands with spatially varying WT are poorly known.

Our aim was to quantify the standing biomass and
biomass production of different species and vegetation
communities along the WT gradient. We also estimated
the ecosystem-level standing biomass and biomass
production to find out the proportions of species, plant
communities and above- and belowground compartment
of the total ecosystem biomass. The ecosystem-level
biomass production estimate was compared with
cumulative ecosystem net primary productivity (NPP)
derived from eddy covariance measurements.

The study site was an ombrotrophic bog (61°50° N,
24°12’E) located within Siikaneva peatland complex
in Central Finland. The large variation in vegetation in
relation to WT depth was divided into six classes based
on the species composition. To define the coverage of
the vegetation types and species, a systematic vegetation
inventory was conducted within the study site.

Standing biomass of the vascular plants was
estimated by converting the maximum growing season
vascular green area (VGA) of each species to a standing
biomass estimate. The difference between seasonal
maximum and minimum VGA was coverted to biomass
production estimate. Belowground vascular plant standing
biomass was estimated from peat samples. Root biomass
production was derived from peat-filled root ingrowth
socks. Sphagnum moss standing biomass was estimated
by converting the area covered by each species to biomass
of the capitula. Biomass increment of Sphagnum species
was measured using the cranked wire method (Clymo

1970). NPP was derived from the eddy covariance
measurement data as the difference of net ecosystem
exchange (NEE) and ecosystem respiration (R ).

Standing biomass was concentrated on dry
vegetation communities with a gradual decrease towards
wet surface types. Both above- and belowground, shrub
biomass was concentrated on the driest surface types and
sedge biomass to the wet end of the WT gradient (Fig. 1a).
Belowground standing biomass comprised on average
75 % of the total vascular biomass. Sphagnum biomass
was the highest at hummocks and high lawns (Fig. 1a).

Biomass production was rather similar between
vegetation communities with an exception of mud
bottoms almost without vegetation (Fig. 1b). The even
production along the WT gradient was a result of different
optima of the vegetation components. Vascular above-
and belowground biomass production was concentrated
on the drier surfaces whereas Sphagna produced the most
biomass at intermediate WT levels (Fig. 1b). On average
53 % of the vascular biomass was produced belowground.
Total ecosystem biomass production estimate, 132 g m
growing season’!, corresponds to 59-66 g C m? growing
season’'. The estimate is slightly lower than the ecosystem
NPP, 154 g CO, m” growing season’', which converted to
carbon is 80 g C m? growing season™.

Due to the higher biomass production of species
growing on the wet end of the WT gradient, standing
biomass and biomass production did not show the same
water table level optimum. Although our estimates of
standing biomass and biomass production are mostly
lower than previously measured at other ombrotrophic
sites (Vasander 1982, Moore et al. 2002, Murphy et
al. 2009), the results are supported by the similarity of
ecosystem NPP and biomass production estimates. This
suggests that even sites of similar nutrient status may vary
widely in their biomass production.
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JTNHAMUKA U CKOPOCTb POCTA COAT'HOBLBIX MXOB

DYNAMICS AND INCREASE RATE OF SPHAGNUM SPECIES
H.II. Kocwix*, H.I'. KoponaroBa, B.A. CrenanoBa
N.P. Kosykh*, N.G. Koronatova, V.A. Stepanova
®I'bYH Uncturyt nousoBenenus u arpoxumun CO PAH, HoBocubupck
Institute of Soil Science and Agrochemisrty SB RAS, Novosibirsk

*npkosykh@mail.ru

CcarnoBele  MXH,  SBISIOTCS ~ OCHOBHBIMHU
npoayucHTaMu 60J'IOTHI)IX OKOCUCTCM, H BBIABJICHUC
JUHAMHKAa M CKOPOCTH HX pOCTa B 3aBHCUMOCTH OT
(haKkTopoB  cpelbl  SBIAETCS — aKTyalbHOW — 3ajaveit
UCCIIEZIOBAaHUI B CBA3M C MX OOJBLION poNbI0 B
o0Opa3oBaHMM OHONOTHYECKOW mpoayKiuu. HecmoTps
Ha OTPOMHYIO TeppHuTOpHIo OonoT B 3amanHoit Cubupw,
HUMCCTCA OYCHb MaJI0 OAHHBIX O JIMHEHHOM IIPpUPOCTE
Cc(harHOBBIX MXOB OTOTO pErHOHa M OCOOEHHOCTEH
JUHAMHKH W CKOPOCTH pPOCTa B TEUCHHE CE30Ha.
Llens paboOTHI 3akifo4aeTcsl B BBISIBICHUH XOJa POCTa
c(arHOBBIX MXOB U OLEHKH CKOPOCTH JIMHEIHOTO
NIPUPOCTa B TEUECHHE BETETALMOHHOIO Ce30Ha Hamboiee
HIMPOKO PACHPOCTPAHEHHBIX BUJIOB C(arHOBBIX MXOB
3amagaoit Cubupn. KirodeBple ydacTKH 3aJI0KEHBI IO
IMIMPOTHOMY TPaJUCHTy B PENPE3CHTATUBHBIX THIIAX
6osior Tepputopun 3ananHoi Cubupu. [IpupocTsl MxoB
OTIPEIETISUTH Ha TIOBBIIEHHBIX IEMEHTaX MUKpopebeda
BEPXOBBIX 0OJOT, K KOTOPHIM OTHOCSITCS PSIMBI, T'PSI/IBI,
Oyrpbl M B OOBOJHEHHBIX MOY@)XMHAX. PacTUTEIHLHOCTH
PSIMOB M Tpsii TIPEACTaBICHA COCHOBO-KYCTapHUYKOBO-
c(arHOBBIMH ~ COOOIIECTBAMH C  JIOMHHHPOBAHHEM
S. fuscumB MoxoBoM sipyce. OCHOBY pacTUTEIbHOCTH
GyrpoB

COCTaBIISIET KyCTapHHYKOBO-C(harHoBO-

JINIIAHUKOBBIC COO6HI€CTBa C JAOMHWHHUPOBAHHUEM

JIMIIAaHHUKOB u MHOT'OJICTHUX BCYHO3CJICHBIX
KyCTapHHKOB, B pu3eMHOM cioe 110 10 % ITIT npuxonurcs
Ha MXU. B MouakMHax pasBHTBHI OCOKOBO-C(arHOBbIC
coobmectBa ¢ ydyactuem Carex limosa, Scheuchzeria
palustre, Eriophorum russeolum B TpaBSHOM spyce U
rocroAcTBoM Sphagnum balticum MoxoBoM Tokpose. B
MeCTax CTOKa OOJIOTHBIX BOJ| BCTPEYAIOTCSl HEOOJbIIHE
YYacTKH OTKPBITHIE 0COKOBO-C(harHOBBIE ME30TPOQHBIE
Tond. MOXOBOH MOKPOB 3TOro cooOIecTBa OYEHb
pa3HOOOpa3eH W MPEACTABICH OJUTOTPOMHBIMH U
Me30TPO(HBIMU

BBICONIPOAYKTHBHBIMU  C()arHOBBIMH

Bunamu  Sphagnum  fallax, S. riparium, w3 TpaB
BcTpeuaercs: Menyanthes trifoliata, Comarum palustre,

Carex lasiocarpa, Eriophorum vaginatum. Ha xaxmom

KIFOYCBOM  YYacTKe B THIIMYHBIX  PACTUTCIBHBIX
COO00IIIeCTBaX YCTAaHABIMBAJINCH METKU B HaYaje ce30Ha,
B KOHLIE BETETAllMOHHOIO CE30HA MU3MEPSUICS JIMHEHHBIN
pupocT. I3MepeHust MpOBOIIITUCH B TCUCHUE ITOCICTHUX
Tpex Jer. s MXOB, pacTyllMX Ha Ipslax, MpUMEHsUICS
Meton «&pmmkoBy (Clymo, 1970; Bengtssonetal., 2016).
PocT MOYaXMHHBIX MXOB CHJIBHO 3aBHUCHT OT YpPOBHS
OOJIOTHOW BOJBI, U YaCTO MMEET HAKIOHHBIA POCT MpHU
BBICOKOM €T0 CTOSIHUH, TIO3TOMY JIJISI MOYQKIHHBIX MXOB
MIPUMEHSUICS METOJ «MHAUBHIYATBHBIX» MeToK (Kosykh
et al.,, 2008). [lns BBIABICHUS TUHAMUKUA JIHHCHHOTO
MIPUPOCTAa MXOB B 30HE JIECOCTEMH MPHUPOCT OTMEYAJICS
5 pa3 B TCUYCHHE BETCTAllMOHHOTO ce30Ha. CKOpOCTh
OIpeelisilach Kak OTHOILICHHE JUHEWHOTO MPHPOCTa
(MM) KKOTHYECTBY JTHEH, M BRIPAXKAaeTCs B MM/JICHD.

Kak

MPUPOCTa

IIOKa3aJin HUCCICA0OBAHMA, CKOpPOCTb

3aBUCHT OT BuAa c(harHoBoro  Mxa.
MUHUMaIBHBIH MPUPOCT OTMEUEH HA IOBBIIICHHBIX
aNeMeHTax penbeda Ha rpsjax, psMax M Oyrpax Mxa
S. fuscum, cpenHsisi ckopocTh ero Mensiercs ot 0,01
no 0,26, ymeHbIIasChb C TPOABIDKCHWEM Ha CEBEp, B
30HE JICCOTYHJPbl OTMEYEH MUHHMAJIBHBII IPUPOCT.
Junamuka ckopoctd pocrta S. fuscum, TpoOCIeKeHHas
B TEUeHHE 3 JIeT B JIECOCTENH, IOKa3aja HM3MEHEHHE
ckopoctH npupocta ot 0,04 MM/1eHb B TIEPHOT TTOKOS 110
0,32 MM/1eHb B TIEpHOJ] MAKCUMaJIBHOTO POCTa BecHOU. B
ropax Yexuu, CKOPOCTh pocTa Mxa S. fuscum N3MeHsIIach
ot 0,02 1o 0,1 mm/nens (Hajek, 2009). Cxoxwe 3HaYCHAS
ObUTH Toy4eHb! st S. fuscum Ha 6onorax Kanansl - 1o
0.2 mm B nenb (Asada et al., 2003).

MoyakuHHbIE MXHM PACTyT CHUJIbHEE, JMHEUHBIN
mpupocT ux B 2-3 pasa Bblme. B cpeaHem BennumHa
CKOPOCTH JTMHEHHOTO TIpUpocTa A S. balticum oTMedeHa
B mpenenax 0,23 Mm/neHs. B TeueHme ce30HA OHA CHITEHO
OTKJIOHSIETCS OT CPEHEH BEeIMYMHBI. BBIBAIOT EpUO/IBI C
MaKCHMAaJIbHBIM IPUPOCTOM. B mieproas MakcuManbHOTO
pocTa CKOpPOCTh JIOCTUraeT 3HAYMTEeNbHOH BeanuuHsb 0,4
— 0,5 MM B JIeHb, B NEPHOJ TIOKOSI CKOPOCTh CHUIKAETCS

mo 0,1 - 0,18 MM B 1eHb, OCEHBIO CKOPOCTH POCTa
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CTaHOBHUTHCS MUHUMAaIbHOH, omyckasch a0 0,01 MM B
IIeHb. B yCIIOBHSIX ONMHTOTPOQHBIX MOYaKUH CpemHei
Talru OTMEUEHBI 2 MHKa POCTa BECHOW U JIETOM.

Mxmn,
(S. riparium, S. fallax), AIMETOT BRICOKHE TEMITHI pocTa. J{is

oburarone B ME30TPOPHBIX  TOILIX
9TUX BHJOB OTMCYCHBI MAaKCHMAJIbHbIC CKOPOCTH POCTa,
cKopocTh ux koseonercst ot 0,4 mo 1,0 Mwm/meHs, mpuuem
HE 3aBHCUT OT 30HBI WM KIFOYEeBOro ydacTka. Hajek
(2009) npuBOIKUT JAHHBIE KOJEOAHUSI CKOPOCTH MPUPOCTA
MOYQXMHHBIX MXOB B T€UEHHE CE30HA, KOIJIa BECHOW POCT
MXa UJIET C MAKCUMaJIbHOU CKOPOCTHIO 710 0,6 MM B JIEHb, a B

MIEPHUOJI TIOKOSI OCEHBIO POCT cHIKaeTcst 10 0,25 MM B JICHb.

Takum 00pa3oM, CpemHsisi CKOPOCTh JTUHEHHOTO
NpUpPOCTa MXOB B TeueHHE ce3oHa Mensiercs or 0.02
mo 1,0 Mm/meHp B 3aBHCHMOCTH OT BUAA U MEpUoaa
HaOroneHWs. MUHHMaIbHAs  CKOPOCTh  IPUPOCTA
otMmedeHay cparHoBoromxa S. fuscum. CpemHsis CKOpOCTh
MPUPOCTAa OTMEUEHA y MOYAKUHHBIX MXOB, PACTYIIMX
B OJUTOTPO(HBIX YCIOBHAX. MakcHMaiabHas CKOPOCTb
XapakTepHa Ui MXOB, pPacTyIOIMX B ME30TPOQHBIX
Tomsix. B auHamuke pocta OTMEUEHbI MEPUOBI MTOKOS U

MAaKCUMAJIBHOI'O pOCTa.

Paboma evinonnena npu noooepicke POOU, epanm Ne 14-05-00775
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SPHAGNUM FARMING IN GERMANY: HOW TO MAXIMIZE

PEATMOSS PRODUCTIVITY
Matthias Krebs, Greta Gaudig
Institute of Botany and Landscape Ecology, Ernst Moritz Arndt University of Greifswald,
partner in the Greifswald Mire Centre, Soldmannstr. 15, D-17487 Greifswald, Germany

Most promising areas for Sphagnum farming in
Germany are degraded bogs in the northwest (Lower
Saxony), like cut-over bogs or bog grasslands to produce
Sphagnum biomass for growing media. Since 2004 we
investigate in greenhouse and field experiments which
site conditions stimulate Sphagnum growth and how they
can be transferred to large-scale application.

All experiments show the high and stable water
table as the decisive factor for good Sphagnum growth,
whereas fertilization is not necessary under nutrient rich
conditions like in Lower Saxony. Thus, an automatic
water management for Sphagnum farming sites is
indispensable: irrigation during summer and discharge

of surplus water to prevent flooding in particular during

winter. As vascular plants may impede the growth of
the peatmosses and may impair the quality of the raw
material for horticultural substrates, their cover could
be kept low by regular mowing. In addition to the site
conditions Sphagnum growth can be accelerated by a
rapid establishment of the peatmoss lawn. It depends on
sufficient cover density and the size of initially peatmoss
fragments when installing the culture.

These preconditions at a field experiment on
former bog grassland enabled the establishment of a
thick, dense and productive peatmoss lawn 1.5 years after
field preparation with annual Sphagnum growth rates up

to 8.7 t dry mass per hectare.
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THE EFFECT OF WINTER CONDITIONS ON THE NUTRIENT
STATUS (N, P,K) OF THREE SPHAGNUM SPECIES
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Fig. 1. Schematic map of sampling sites in Estonia and

Finland: Ménnikjarve (M), Paaskiila (P)
and Kiiminki (K) raised bogs.

Boreal raised bogs are acidic and poor in
nutrient contents, and can mostly be found from
regions where plants have to cope with freezing
temperatures and variable snowpack depths during
the winter. Only limited amount of species can inhabit
northern bogs, the most visibly Sphagnum mosses.
Winter conditions, however, can have an effect on
the ecology, growth and physiological properties
of Sphagna, including nutrient concentrations
and their stoichiometry that in turn can impact the
Sphagnum performance throughout the growing
season. Thus, we tested (1) how do winter conditions
affect the concentration of macronutrients (N,
P, K) in Sphagnum capitulum, and (2) does it
vary between species and habitats with different
prevailing climatological conditions? For that, we
harvested the samples of three Sphagnum species
(S. angustifolium, S. fuscum, S. magellanicum) from

%

the permanent plots (n=60) at three sites in Estonia and
Finland (Fig. 1). The samples were collected firstly just
before the first snowfall in November 2014, and in April
2015 when snow coverage was less than half. N, P and K
concentrations were analysed from the 1 cm top segment
(capitulum) of all species.

Nutrient status of analysed species is presented in
Fig. 2. Our preliminary results indicate that all analysed
nutrients differed significantly among the seasons, species
and sites (p<0.05), exept N that did not vary among
the sites. Despite the earlier opinion that P is the most
stabile element in Sphagna, our results show the minor
overall decrease of N (4.6 %), whereas P and K content
declined in average considerably more (26.0 % and
14.9 %, respectively) during the winter. Concentrations
of tested nutrients were highly correlated (p>0.5;
p<0.001) with each other, indicating the importance of
N:P:K stoichiometry. The shift towards the P-limitation
causes therefore probably stoichiometric imbalance that
is likely to retard the plant performance during the spring
and possibly afterwards as well. If the mosses are not
able to transport enough nutrients to capitula from lower
segments or take up from the atmosphere, the deficit of
macronutrients can reflect also in primary production.
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Fig. 2. Percentage (%) of remaining amount of nutrients
(N, P, K) after the winter compared to the autumn amount.
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RARE SPHAGNUM SPECIES OF WEST SIBERIA

PEJIKUE BUJIbI CPATHOBBIX MXOB 3AITAJJHOM CUBUPU
E.D. Lapshina

E. /. lanmuHa

Yugra State University, Khanty-Mansiysk, Russia

e_lapshina@ugrasu.ru

The natural conditions over most of the West
Siberian Plain (moderately continental climate, excess of
precipitation over evaporation, flat relief) are responsible
for the abundance of peat mires and paludified wet forests,
where the ground vegetation is dominated by Sphagnum
mosses. These mosses are also widespread in various
habitats of the forest-tundra and tundra zones. However,
biodiversity of Sphagnum mosses of this vast territory
still remain poorly studied.

The present paper provides preliminary results of
the study of biodiversity and distribution of Sphagnum
mosses in West Siberia. They are based on the field studies
conducted from 1975 to 2015 and the moss specimens
collected by the author (over 1500 specimens), and earlier
publications summarizing all the available data by date
(Lapshina & Muldiyarov, 1998; Lapshina & Pisarenko,
2013; Pisarenko et al., 2016, in press).

Atotal of 41 of Sphagnum moss species from West
Siberia are known. Twenty five of them are widespread
within the whole plain or and display a maximum
frequency of occurrence in one or another bioclimatic
zone. Based on today’s knowledge of West Siberian moss
flora, 12 species have been identified as rare species, of
which 5 species (Spahnum cuspidatum, S. contortum,
S. platyphyllum, S. perfoliatum and S. rubellum) occur
sporadically, but are fairly abundant and consist of a
limited number of habitats, and 7 species (S. annulatum,
S. subfulvum, S.
S. beringiense, S. miyabeanum) are represented by scarce

S. palustre, tenellum, S. steerei,
specimens collected at one to several localities. Ecology
and location of West Siberian rare species are described
briefly below.

S. cuspidatum Ehrh. ex Hoffm. This species is
common for wet hollows of raised bogs in Europe but in
West Siberia with its continental climate gets rare in spite
of wide spread of suitable habitats. It is met sporadically
and is fairly abundant, mostly in the south of the forest
zone (in the small-leaved forest zone and in the south and
middle taiga). It has not been found to the north of 63°N
(Lapshina & Pisarenko, 2013; Pisarenko et al., 2016,

in press). It grows on the waterlogged Sphagnum fens,
hollows, and mostly along the shores and in the water of
secondary pools of raised bogs. Numerous references to
this species as a dominant of plant communities on West
Siberian mires (Liss & Berezina, 1971; Liss et al. 2001
et al.) have been incorrect.

S. contortum Schultz. It grows in sedge-moss
poor fens, mesotrophic transitional bogs and herbs-sedge-
dwarf shrub-(Betula nana) moss fens. It is rare and fairly
abundant throughout the entire boreal forest zone (6
habitats in the small-leaved forest zone and in the south
taiga and 5 habitats in the middle taiga are known). Its
frequency of occurrence increases slightly northwards
in the forest-tundra and south-tundra (Czernyadjeva,
2001; Pisarenko et al., 2016, in press), which is probably
connected with the overlap of its distribution area with the
habitat of Sphagnum beringiense, another rare species.

S. platyphyllum (Lindb. ex Braithw.) Warnst.
It grows as thinned populations or single plants in
the waterlogged sedge and sedge-moss communities
of poor fens. It was once found on the sandy soil in a
sedge-willow thicket on the small river bank. It occurs
sporadically, mainly in the south of the forest zone, where
it was once described as a co-dominant of the moss cover
in the
community. It should be noted that scarce finds from the

mesotriphic  Calamagrostis-sedge-Sphagnum
forest-tundra and even the south-tundra have been also
reported (Czernyadjeva, 2001; Pisarenko et al., 2016, in
press).

S. perfoliatum L1.1. Savicz. It grows in large
hollows and waterlogged lawns poorly supplied with
mineral nutrients as a part of flat palsa mire complexes
in sedge communities with hypnum mosses (Warnstorfia
exannulata) and liverworts. It is encountered sporadically
solely in the narrow forest-tundra and south-tundra area
between 66° and 68° N, where about 10 new localities
have been revealed in addition to the finds known before
(Czernyadjeva, 2001). This species does not practically
spread to the forest zone.
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S. rubellum Wilson. This species seems to be
extremely rare in boreal forest zone of West Siberia,
but it spreads over a large distance in the tundra zone
(Czernyadjeva, 2001). It grows on the low hummocks
and ridges of oligotrophic and mesooligotrophic mires,
in bogged Betula nana communities, in the dwarf
shrub-moss tundra and on flat-polygonal tundra-bog
complexes. It is referred to the list of species for the
north of the boreal forest zone: Khanty-Mansiysk
Autonomous District (KhMAD), Nefteyugansk District,
upper Bolshoy Salym basin (60°02°-60°22'N, 70°52°—
70°59°E), collected by L.F. Shepeleva, and identified
by Yu. Mamontov (Shepeleva et al., 2008); in Nature
Reserve Park “Sibirskie Uvaly” in the northeastern part
of KhMAO (Kuzmina & Kukurichkin, 2012; identified by
L.E. Kurbatova); Muryangun Rriver basin in the upper
Tromyegan river (62°45°—62°50°N, 72°12’-72°30’E)
(Kuzmina & Koroleva, 2001). Numerous references
in the literature to scarce finds of this species from the
southeastern and central part of West Siberian forest zone
(Lapshina & Muldiyarov, 1998; Lapshina & Pisarenko,
2013) seem to be incorrect. All available herbarium
samples were re-identified as Sphagnum fuscum or S.
russowii. The specimen collections of this species should
be completely revised to determine its actual distribution
in West Siberia.

Four species, Sphagnum annulatum, S. palustre,
S. subfulvum and S. tenellum, are represented by single
samples at the forest zone of West Siberia.

S. annulatum H. Lindb. ex Warnst. It is a typical
poor fen species, which is seldom reported. There is
only one locality known in the southeastern part of West
Siberian forest zone, where it was encountered at a small
mesooligotrophic basin mire and sampled twice from a
poor sedge (Carex lasiocarpa)-Sphagnum fen and from a
hollow in a pine-dwarf shrub-sedge fen: Tomsk Province,
Asino District, near Minaevka settlement (57°25'N
— 85°48" E), sampled by E.Ya. Muldiyarov and E.D.
Lapshina, identified by A.I. Maksimov.

S. palustre L. This forest-bog species is scarce
in West Siberia. It was first revealed twice: in Tomsk
Province, Teguldet District, near Kuyan Gar settlement
in the southeast of the forest zone in a sedge-herb-Betula
nana fen at the head of the creek on “Ulukh-Chayakh”
mire system, (57°20'N — 88°19" E) and in a low birch-
sedge (Carex lasiocarpa) community on “1* Elovochnoe”
poor fen, Tomsk Province, near 86" Planning quarter
settlement (56°23° N — 84°33" E). After that, the species
has been reported from the middle taiga: KhMAD,
Nizhnevartovsk District, foot of the Agan high land, in a

wooded swamp (61°N — 76°E) and on the flood plain of
the Ob River, near Nizhnevartovsk (61°07"N. — 74°59°E).
All the samples were collected and identified by E.Ya.
Muldiyarov.

In the past several years two new species have been
revealed in the forest zone of West Siberia and listed to
the Red Data Book of the Khanty-Mansiysk Autonomous
District — Yugra (Vasin, Vasina, 2013).

S. subfulvum Sjors. There are two localities of this
rare species in the middle taiga of West Siberia: KhMAD,
Sovetsky District, Nature Reserve Park “Kondinskie
Ozera”, Polosatoye mire (60°57'N — 63°45'E), an
aapa complex, on low ridges and hummock slopes
(Yurkovskaya & Maksimov, 2007). In 2010, the species
was found 700 km to the east: Surgut District, around
Surgut City, cottongrass-sedge-Sphagnum mire, sampled
by G.M. Kukurichkin and identified by Yu.S. Mamontov.

S. tenellum (Brid.) Pers. ex Brid. This rare species
with well-defined oceanic distribution occurs in the
central West Siberia as an isolated population located
thousands of kilometers away from the main portion of
the distribution area (Lapshina & Maksimov, 2014). It has
been encountered in a pool-ridge-hollow complex on a
raised oligotrophic mire, where it was sampled at three
sites: KhMAD, Sovetsky District, Nature Reserve Park
“Kondinskie Ozera” (60°51'N — 63°31" E).

The critical revision of the species of the Sphagnum
imbricatum complex and the Subsecunda section,
conducted by A.I.Maksimov under the Project “Mosses of
Russia” (2004-2015), has revealed three new rare species
Sphagnum steerei, S. beringiense and S. miyabeanum in
the Arctic West Siberia (Maksimov, 2007; Maksimov,
2015).

S. steerei R.E. Andrus (= S. imbricatum ssp.
austinii  var. arcticum Flatberg). Three samples,
collected in different years by N.Ya. & S.V.Katz and 1.V.
Chernyadjeva from the southern Yamal Peninsula and
Gydan Peninsula and stored in LE, were identified as this
species (Maksimov, 2007). According to the occurrence
of S. imbricatum s.]. in Yamal Peninsula documented
earlier (Czernyadjeva, 2001) S. steerei seems to occur
sporadically over the most of West Siberia’s tundra zone.

S. beringiense A.J. Shaw, R.E. Andrus & B. Shaw.
It is a new species described recently from North America
(Shaw et. al., 2008). It was revealed in West Siberia’s
tundra zone (Yamal Peninsula), where it seems to replace
S. contortum (Maksimov, 2015). Further study is expected
to show its probable wider occurrence in northern West
Siberia.
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S. miyabeanum Warnst. It is an Asian-North
American species similar to S. subsecundum and re-
identified recently as an independent species (Shaw et
al., 2014). It occurs in Asian part of Russia, e.g. at Yamal
Peninsula, where it was found once (Shaw et al., 2014,
2015). Further studies are needed to more accurately
determine the distribution of the species in Siberia.

Incorrect references

Earlier references to the rare Sphagnum moss
species Sphagnum subnitens and S. quinquefarium
from the southeastern part of West Siberian forest zone

of Sphagnum subnitens (Novosibirsk Province, the
southern margin of “Bolshoe Vasyuganskoye” mire, in
the upper Icha River, a forested pine raised bog) was re-
identified as Sphagnum capillifolium. The sample of S.
quinquefarium (Tomsk Province, middle Chulym River
basin, paludified forest) was re-identified as poorly-
developed Sphagnum warnstorfii.

References to S. imbricatum and S. pulchrum from
West Siberia seem to be incorrect either. Both species
are known to occur in the region only from the literature
(Glebov, 1969; Dyachenko, 2006) and are not supported

(Lapshina & Muldiyarov, 1998) are incorrect. The sample by herbarium specimens.
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L.I. Savich-Lyubitskaya (1951) has studied and
generalized extensive data on the Sphagnum mosses
of Russia. She described two earlier unknown species
of Sphagnum in the section Subsecunda: S. orientale
L.I. Savicz and S. perfoliatum L.1. Savicz from Siberia.
They occur in Asian Russia and North America, and
S. orientale has recently been reported from China (Shaw
et al., 2014; 2015). Shaw et al. (2010) proposed to raise
the rank of the section Subsecunda to a subspecies,
based on genetic analysis. In the past decade, two more
new species of this subgenus from North America,
namely S. inexspectatum Flatberg (Flatberg, 2005) and
S. beringiense A. J. Shaw, R. E. Andrus & B. Shaw (Shaw
et al., 2008), have been described and S. miyabeanum
Warnst. has been re-confirmed as a species (Shaw et al.,
2014). They also occur in Asian Russia (Flatberg, 2005;
Ignatov, Afonina, Ignatova et al., 2006; Chernyadyeva
et al., 2009; Fedosov et al., 2011, 2012; Chernyadyeva,
2012; Shaw et al., 2014, 2015).

Large collections of Sphagnum mosses of the
subgenus Subsecunda, sampled by the author in Yakutia
(River Indigirka), by V.E. Fedosov on Taimyr (Anabar
Plateau) and on Bering Island (Komandor Islands
Archipelago) and on Kamchatka Peninsula (collected by
LV. Chernyadyeva and V.Yu. Neshataeva, BIN RAS),
were studied under the project “Mosses of Russia” (2004-
2015).

Twenty-seven species of Sphagnum were found
on Anabar Plateau (Fedosov et al., 2011). One of them,
Sphagnum beringiense, has never been reported from
Russia before, but was known only from Alaska (Shaw
et al., 2008). S. perfoliatum is new to the Krasnoyarsk
Region. §. inexspectatum, found for the first time on
Kamchatka Peninsula (Chernyadyeva et al., 2009), was
known earlier only from Chukotka (Flatberg, 2005).
Twenty-three species of Sphagnum were found on Bering
Island; 18 of them, including S. inexspectatum, were

listed for the Komandor Islands Archipelago for the first
time (Fedosov et al., 2012).

Sphagnum orientale from the Sphagnum moss
collections was hard to identify in accordance with
the identification keys for the species of the subgenus
Subsecunda (Savich-Lyubitskaya, 1952; Abramova et al.,
1961; Savich-Lyubitskaya & Smirnova, 1968), it is noted
that hyaline cells with large pores along the commissures
and often with small pores in the centre of the cell were
present on both surfaces of the stem leaf of S. orientale.
The branch leaf hyaline cells on the convex surface have
tiny, “poorly visible holes in finely ringed membranous-
perforated pores”. Consequently, plants that have very
small membranous-perforated pores on the commissures,
often with 2-3 holes inside the ring on the convex surface
of branch leaves and stem hyalodermis 1-2-layered,
should be identified as S. orientale, as we did. However,
it was doubtful that the samples were identified correctly.
The plants we studied had some, dominantly small, ringed
angular pores on the external surface of the stem leaves,
and there was no third row of pores along the centre of the
hyaline cells on the convex surface of the stem and branch
leaves, which is not quite consistent with the description of
the species (Savich-Lyubitskaya, 1951: 206, 1952: 144).
Our data show that Sphagnum orientale occasionally has
some ringed pores on the free surface of the hyaline cells
in both stem and branch leaves, but they do not form
rows. The study of a type sample of S. orientale (LE) has
corroborated our observation. To identify this species, we
used the following combination of features: the plants are
not glossy, the stem hyalodermis is single-layered, but
in some parts of the stem it is double-layered; the stem
leaves are 0.7-0.9 mm in size, on the convex surface they
have some small ringed pores in the corners of the cells
and less commonly on the commissures; on the concave
surface in the upper 1/3-1/2 portion of the leaf hyaline
cells have 12-20 fairly large pores (in comparison with the
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size on the external surface) located on the commissures;
on the convex surface of branch leaf hyaline cells have
tiny holes in the finely ringed membranous-perforated
pores that form continuous rows on the commissures. In
our opinion, S. orientale should be re-described. It should
also be taken into account that the stem hyalodermis of
S. orientale and S. perfoliatum in some portions of the
stem is sometimes double-layered, particularly in the
latter species. As this feature is often disregarded by
researchers, the species was identified incorrectly.

of S
S. plathyphyllum from Asian Russia in the herbaria
LE, MHA, MW, PTZ were revised to look for new
localities of S. beringiense and S. inexspectatum. A
hundred samples, defined earlier as S. contortum and
S. platyphyllum, were studied. To revise samples of
S. platyphyllum from the Arctic regions of Eastern

Herbarium collections contortum and

Siberia and the Far East, the species were re-identified as
S. beringiense, and samples of S. contortum were mainly
re-identified as S. beringiense, partly as S. perfoliatum
and occasionally as S. orientale. Samples of S. contortum
from areas with an oceanic and sub-oceanic climate were
mainly re-identified as S. inexspectatum. Preliminary data
suggest that S. contortum does not occur in the Arctic and
probably in the Subarctic, Eastern Siberia and the Far
East. Therefore, the distribution of S. contortum in Siberia
and the Far East should be revised.

Sphagnum beringiense has been reported from
Yamal Peninsula, Chukotka, Vrangel Island, Yakutia and
the Far East (Fig. 1). S. inexspectatum occurs in Chukotka,
Kamchatka and the Komandor (Bering Island) and Kurile
(Iturup Island) Islands (Fig. 2). Sphagnum platyphyllum
was also reported from many regions of Asian Russia
(Ignatov, Afonina, Ignatova et al., 2006). We confirm
its occurrence in Kamchatka Peninsula, Iturup Island,
Sahalin Island, Buryatia and Yakutia, but its distribution
area should be studied in more detail.

In conclusion, it should be noted that our study
in Asian Russia has revealed 8 Sphagnum species of
the section Subsecunda: S. beringiense, S. contortum,
S. inexspectatum, S. miyabeanum, S. orientale,
S. perfoliatum, S. platyphyllum, S. subsecundum s.str. The
occurrence of S. auriculatum Schimp. and S. inundatum
Russow in Far Eastern Russia is doubtful (Cherdantseva,
1976; Abramova & Abramov, 1977; Ignatov, Afonina,
Ignatova et al., 2006; Bakalin, Pisarenko, Cherdantseva
etal., 2012; Chernyadyeva, 2012) and should be checked.
S. miyabeanum was reported from Russia for the first
time (A. J. Shaw et al., 2014, 2015). We have studied
a sample of this species from Yamal, referred to in the
above publication, and several samples from Kamchatka,
Bering Island and Iturup Island (Fig. 3).

Key for identification of Sphagnum species of the
subgenus Subsecunda from Asian Russia
1. Stem hyalodermis is single- to double-layered

.................................................................. 2
—1. Stem hyalodermis is 2—4-layered

.................................................................... 6
2. Stem hyalodermis is single-layered

.................................................................... 3

—2. Stem hyalodermis is single- and locally double-
layered ...o.oeie i 4
3. The stem leaves, up to 0.5-0.8 mm long
and 0.5 mm wide, have either no or a few fibres in the
upper portion. The hyaline cells on the concave surface
of the stem leaf have 3-6(8) large pores. The branch
leaf hyaline cells on the convex surface have fairly
large rounded elliptical pores in the rows along the
commissures; on the cocave surface they have scarce
angular ringed pores in the upper 2/3 portion of the leaf
................................................... S. subsecundum
—3. The stem leaves are smaller, 0.5-0.6 mm
long and 0.3 mm wide, and have no fibres in the upper
portion. The hyaline cells on the concave surface of the
stem leaf have 3—4(6) large pores. The branch leaf hyaline
cells on the convex surface have fairly large rounded
ringed pores in the rows along the commissures; on
the concave surface they have either no pores or scarce
angular ringed pores in the upper 1/3 portion of the leaf.
.................................................. S. miyabeanum
4. The branch leaf hyaline cells on the convex
surface have many small membranous-perforated pores
in the rows on the commissures. The free surface of the
hyaline cells in the upper half of the leaf is occupied by
oval, slot-like and single thickly ringed rounded pores.
The stem leaves are lingulate, triangular-lingulate,
0.9-1.2 mm long; the hyaline cells in the upper 1/2-2/3
portion of the leaf have rudiments of thick fibres, single
septa and many pores in the rows along the commissures
on both surfaces of the leaf and often on the free surface
of the hyaline cell.............................. S. perfoliatum
—4. The branch leaf hyaline cells on the convex
surface have numerous pores in the rows on the
commissures and usually no pores in the centre of the
hyaline cells. The stem leaves are triangular-lingulate
and smaller, with septa, fibres and pores located on the
commissures, dominantly on the concave surface in the
upper 1/4—1/3 portion of the leaf. The pores on the convex
surface of stem leaf hyaline cells are not numerous,
and are located mainly in the corners of the cells, less
commonly on the commissures, or are completely absent.

5. The branch leaf hyaline cells on the convex
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surface have tiny holes in finely ringed membranous-
perforated pores that make up continuous rows on the
commissures. The stem leaves are 0.7-0.9 mm in size, with
well-developed auricles. The hyaline cells on the concave
surface in the upper 1/3—1/2 portion of the stem leaf have
12-20 small pores located on the commissures............
...................................................... S. orientale
—5. The branch leaf hyaline cells on the convex
surface have large ringed pores in the rows along the
commissures. The stem leaves are about 0.8 mm long,
with either no or scarce fibres in the upper portion. The
hyaline cells on the concave surface of the stem leaf
have 8-13 rounded, medium-sized commissural pores
............................................... S. inexspectatum
6. The stem hyalodermis is double-layered,
locally single-layered. The stem leaves are either equal
to or larger in shape and size than the branch leaves
................................................. S. platyphyllum
—6. The 2-4-layered stem hyalodermis is well-
differentiated. The stem leaves are much smaller than the
branch leaves...........coooviiiiiiiiiiii i 7

7. The stem leaves are up to 0.7-1.0 mm in size,
triangular-lingulate to lingulate; the hyaline cells on the
convex surface in the upper portion of the leaf have few
ringed angular pores and on the concave surface larger,
numerous ringed pores in the corners of the cells and
on the commissures. The branch leaf hyaline cells on
the convex surface have very small ringed pores in the
discontinuous rows along the commissures and sporadic
pores on the concave surface.................. S. contortum

—7. The stem leaves are larger, 0.8—1.1 mm in size,
short- to elongate-langulate, triangular; the hyaline cells
on both leaf surfaces have more or less numerous rounded
finely ringed pores on the commissures and larger pores
on the convex surface. The branch leaf hyaline cells on the
convex surface have rounded ringed to finely ringed pores
that form rows on the commissures; there are either no or
scarce pores on the concave surface, but sometimes more
numerous rounded pores are observed......................
.................................................. S. beringiense

The study of A.I. Maksimov was conducted under state order (project Ne 0221-2014-0007 and partly 15-34-2010)
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NATURAL GENESIS OF THE GEOTROPIC CURVATURES

AND THEIR USE FOR GROWTH ESTIMATING IN SPHAGNUM MOSSES
V. L. Mironov
Institute of Biology Karelian Research Centre RAS

vict.mironoff{@yandex.ru

Several methods have been designed for estimating
length increment in Sphagnum mosses (Clymo, 1970),
the most common ones being the tied thread and cranked
wire methods. In practice however, these methods are
unfortunately rather laborious on the one hand, and
involve a number of artefactual phenomena, which may
distort the results, on the other. Furthermore, the available
methods cannot yield substantial amounts of material, as a
great many artificial markers would have to be deployed.

The way to reduce labour-intensity, amplify
sample size, and eliminate artefactual effects is to employ
innate biological markers of Sphagnum mosses (Malmer,
1962; MynpausipoB, Jlammmnua, 1983). In spite of the
advantages they offer, innate markers have very limited
applicability for determinations of length increment in
Sphagnum mosses. One reason is the lack of obvious
distinct innate markers on shoots. The other one, in our
opinion, is the poor theoretical substantiation of the
structures commonly occurring on shoots, which could be
used as such markers. It is not before such markers get
involved in practice that the increments and productivity
of both Sphagnum mosses and mire ecosystems at large
can be accurately estimated, not to mention the amount of
effort the commonly used techniques require. Hence, the
search for the innate markers that reflect length increment
in Sphagnum mosses remains topical. We believe one
such marker is geotropic curvatures of the stem, which
are nearly ubiquitous in Sphagnum moss shoots.

Mosses of genus Sphagnum grow through the
division of apical meristem cells and elongation of the
daughter cells. The direction of shoot growth on even
mire surfaces is orthotropic, with slight deviations under
Shoots
within a mat are usually slanting. The physiological

heterogeneous microtopographic conditions.
reason for the orthotropic growth of Sphagna is the
explicit negative geotropism (Bismarck, 1959) typical
of the growing parts of their shoots. When shoots begin
to deviate from the vertical, compensatory mechanisms
return them to the initial growth direction. As a result,
characteristic geotropic curvatures appear on the stem.
The widely naturally occurring curvatures of Sphagnum
moss shoots are also of geotropic nature. We have, through

in situ observations, revealed the causative relationship
between the regularly recurring natural events that build
up the load on the Sphagnum mat and the formation of
such stem curvatures. This relationship was used as the
basis for the suggested technique for determination of
shoot length increment, and analysis of the causes of
geotropic curvatures is central to this method.

Nival genesis of geotropic curvatures. An example
of by far the most typical and all-embracing physical
impact on mire surface in northern and alpine regions
is the snow load. A steady snow cover annually forms
in most of the territory of Russia, snow amounts usually
peaking shortly before the beginning of snowmelt. In
most of Karelian territory the average snow cover water
equivalent on the eve of snowmelt is 100-120 mm, the
corresponding pressure on mire surface being 1000-
1200 g/dm?. Similar estimates have been given for mires
of southern Finland (Lindholm, Vasander, 1990). The
snow load on individual Sphagnum specimens (individual
snow load) depends hyperbolically on the density of the
Sphagnum mat, and the response of the Sphagnum cover
to this load depends also the degree of its freezing at the
time of snowfall, local distribution and density of the snow
cover, species affiliations of Sphagna, capitula closure
within a mat, degree to which capitula are submerged in
water, and a number of random factors.

The effect of the snow cover physical impact on
mire surface is usually underestimated, although recent
studies (Yazaki, Yabe, 2012) have shown that the snow
load may force Sphagnum hummocks down considerably
or even modify their surface structure. The Sphagnum
cover bears the direct load. We have estimated that where
snow storage is 100 mm, the snow weight per Sphagnum
moss capitulum may be 20 g (Sphagnum riparium) to
1 g (S. fuscum), i.e. manifold more than the weight of the
capitula. The actual load may be considerably higher than
the estimates because of additional mire water storage in
basal snow layers, which is quite common in microrelief
lows.

Apart from forcing down and deforming the
sphagnum cover, snow pressure causes moss shoots to
deviate from the vertical axis (Fig. 1). The geotropic
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Fig. 1. The nival genesis of geotropic curvatures in Sphagna

response to such a deviation may appear both after
snowmelt and underneath the snow cover. We have
observed geotropic curvatures in unfrozen Sphagnum
mats (S. riparium, S. majus) massively forming after first
heavy snow and early in March, under half a meter of
snow. This process appears to be a first diagnostic trait of
growth restart after winter dormancy, and we demonstrate
below how this can be applied for practical purposes.

Process stages:

1 — orthotropic direction of shoot growth in the
Sphagnum mat;

2 — declination of shoots as the Sphagnum mat is
pressed down by snow load;

3 — declination of shoots retained until the onset of
growth;

4 — formation of geotropic curvatures; shoots return to
orthotropic growth.

Aqueous genesis of geotropic curvatures. A
momentous event for some hollow- and flark-dwelling
Sphagnum species is the transition of their apexes from
sub-aqueous (submerged) to supra-aqueous (emergent)
position (Fig. 2). Stem curvatures of geotropic nature form
in the process. A generalized model can be suggested to
describe this process.

At elevated mire water levels (MWL) in
spring hollow-dwelling Sphagnum species acquire the
orthotropic direction of capitulum growth, although their
stems remain fully submerged at that time (stage 1). Later
on, as MWL declines and shoots are clongated, moss
capitula gradually get to deflect from the initial position
(stage 2). Significant factors in this process are water

surface tension forces, stem resilience, capitulum weight
and size. Once a deflection threshold is reached, geotropic
response is enacted to correct the growth direction, and
stem curvature is formed as a result (stage 3). MWL
drop may take a while, entraining capitula and gradually
increasing the angle of their declination from the vertical
axis. Meantime, compensatory mechanisms continuously
rectify the direction of capitulum growth. Thus, if this
stage is prolonged, stem curvatures may become quite
long and subdued. When the critical MWL is reached,
when further water drop no longer has the capacity to drag
Sphagnum capitula along, capitula emerge from water to
air (stage 4). The direction of growth is then stabilized,
and the formation of geotropic curvatures stops (stage 5).

Process stages:

1 — orthotropic direction of shoot growth at elevated
MWL;

2 — declination of shoots as a result of MWL drop;

3 — geotropic curvature formation upon MWL drop;

4 — apexes begin to emerge as MWL has dropped
critically and further decline can no longer entrain shoots;

5 — shoot growth is steadily orthotropic in spite of
further MWL reduction.

The role of other factors in the formation of
geotropic curvatures. Other natural factors that may cause
slight compensatory stem curvatures to form are heavy
rain and hail. They both produce a direct physical impact
on the Sphagnum mat and enlarge the weight of shoots.
In addition to the above causes, one should mention the
impact-generated geotropic curvatures usually associated
with a focused destructive impact on the Sphagnum

"’I-”mﬂ-”’”m 2= o MWL 3 o

Fig. 2. The aqueous genesis of geotropic curvatures in Sphagna
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cover. Such impacts in mires of Karelia are, mainly,
recreation and wildlife movements. They considerably
disturb the natural structure of the Sphagnum cover,
inflicting massive damage on shoots and altering their
spatial orientation. Nonetheless, the apical meristems
of a majority of the damaged shoots remain functional,
so that the shoots retain the capacity for growth and
compensatory response. This mechanism secures a rapid
recovery of the natural structure of the Sphagnum cover.

The same shoots growing under natural conditions
would usually have a mixture of geotropic curvatures
of different genesis. The most universally suitable for
various practical tasks are the geotropic curvatures of
nival genesis, as they reflect the process of Sphagnum
moss growth since its very beginning. Hence, they can be
used as natural markers, and the distance from them will
correspond to length increment since the onset of growth.
They stand out more or less distinctly on the stem,
and form a marker horizon in a substantial part of the
Sphagnum cover of mire and forest ecosystems exposed
to snow impact.

In the case of continuous observations or where
additional artificial markers (e.g., tied threads) on shoots
are available, it is fairly easy to monitor increment
with respect to the horizon of nival curvatures, even if
curvatures of different genesis are abundant. Where
continuous observations and additional markers are
lacking, accurate differentiation of geotropic curvatures
of nival genesis from among a variety of other curvatures

may be problematic, if at all possible. For instance, these
markers can be lost to transformation of lower shoot
sections into peat.

In our observations, nival curvatures stood out
better against other curvatures in undisturbed sections
of the Sphagnum cover. Some moss individuals also
demonstrated differences in the density of branches, as
well as contrast between living and non-living tissues
of the shoot around the curvature. Coloured species
sometimes also had a locally modified stem pigmentation
at the curvature. When identifying nival curvatures, one
should remember that they precede aqueous ones, as the
former appear at the very beginning of growth and the
latter form in connection with emergence from water.
Under mesotrophic and eutrophic conditions, where
shoots are stained by silt particles, there is often a distinct
boundary between the darker, grown under water, and the
lighter, grown above water, portions of the shoot. This
fact can help rule out curvatures of aqueous genesis.

In disturbed sites, nival curvatures were often
visually indistinguishable from curvatures of artificial
genesis, apparently because of a complex process of
regeneration of the Sphagnum cover. Hence, one should
be heedful about choosing such sites for the study.

After the curvatures have been isolated, it only
remains to measure the distance from the curvature to the
top of the capitulum, and to form a sample of relevant size
for the length increment to be determined.

The study was carried out using funds allocated from the federal budget for implementation of state ordered project
Ne 0221-2014-0007.
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SPHAGNUM COVER DYNAMICS IN TRANSITIONAL MIRES,
THE RESULTS OF 27 YEARS OF MONITORING
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PE3VJIBTATHI 27-JIETHEI'O MOHUTOPHHIA
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The dynamics of the Sphagnum cover in three plant
communities of mesotrophic mires was analyzed using
data from long-term monitoring (Boch and Smagin, 1993).
The task was to assess whether the species composition of
Sphagnum mosses in these communities has changed, and
to identify long-term trends in the Sphagnum cover.

Surveys were carried out in south-eastern Ladoga
region, in Nizhnesvirsky Strict Nature Reserve (60°38’N
32°58’E). The contemporary landscape of this territory
has formed during the second stage of the post-glacial
Ladoga transgression ca. 2 Ka B.P. (Kvasov, 1975). It now
appears as a system of levee ridges (0.5 — 4 m high) and
swales. The forested levees and mire-filled swales follow
the contour of the Ladoga shoreline and alternate for 5 km
inland. Information about vegetation in the Nizhnesvirsky
reserve can be found in an article by Boch and Vasilevich
(1983). Mire plant communities in this landscape
are distributed as follows: eutrophic-mesotrophic
communities are found closest to the Ladoga shore, they
are followed by mesotrophic communities, and the mires
furthest away from the shore are oligomesotrophic.

Annually for ten years since 1989 (1989-1999), as
well as in 2006 and 2015 standard geobotanical relevés
were drawn early in August for the sample plots (SP)
established in the mires. Each SP was 10 x 10 m? Twenty
0.5 x 0.5 m? sampling frames were arranged inside each
SP at random distances following a “Z” pattern, and the
percent cover of each species of vascular plants and mosses
was visually estimated within them. The abundance of a
species in SP was estimated as the arithmetic mean of the
20 sampling frames. Only the dynamics of Sphagnum
mosses is analyzed in this paper. Species affiliations of
the mosses were verified in the laboratory after each
field season. To avoid in situ identification errors when
determining the abundances of Sphagnum species the
morphologically similar S. angustifolium, S. fallax, S.
Mexuosum were analyzed collectively as S. recurvum
complex.

Vegetation of the mires in question represents the
following types of communities.

1) Sedge-buckbean (SP 6) (Menyanthes trifoliata,
Carex limosa, C. chordorrhiza, C. rostrata) — very
wet mires, the youngest (situated the closest to Lake
Ladoga shore), with low (ca 5%) percent cover of

Sphagnum mosses: Sphagnum angustifolium, S. fallax, S.
fimbriatum, S. magellanicum, S. riparium, S. squarrosum,
S. cuspidatum, S. majus. 2) Buckbean-sedge (SP 8)
(Menyanthes trifoliata, Carex lasiocarpa) communities
without a closed Sphagnum moss carpet — average
percent cover of Sphagna is less than 40%, the greatest
contribution (ca. 30%) made by Sphagnum recurvum
complex, chiefly Sphagnum fallax. The communities
also included S. angustifolium, S. flexuosum, S. obtusum,
S. majus, S. subsecundum, S. squarrosum. 3) Buckbean-
Sphagnum communities (SP 9) (M. trifoliata, Sphagnum
fallax), the furthest away from Lake Ladoga shore, with
low water content, closed Sphagnum carpet (percent
cover over 70%). Dominated by the Sphagnum recurvum
complex, the rest of mosses (S. majus, S. obtusum, S.
fimbriatum, S. subsecundum) contributing some 10% to
the cover.

Among-year variations of the abundance of
Sphagnum mosses in the named communities had the
following characteristics. Constant inhabitants of SP 6
were S. squarrosum, S. riparium, S. recurvum complex.
The amplitude of variation of the mean cover of individual
species in this plot was too high to allow assessing trends
in the abundance of each species. Overall, one can
however remark the increased cover of S. squarrosum,
the absence of S. fimbriatum since 1992, brief shows of S.
cuspidatum and S. majus — these species were found only
in 1992 and 1995, respectively.

Average percent cover in SP 8 ranged within
15-40%. Species of the S. recurvum complex and S.
subsecundum were found in all years of observations,
S. obtusum only once in 1999. S. majus was present in
the community from 1993 onwards to the end of the
observations. Unabundant S. squarrosum was found in
the community from the beginning of observations until
2006, but was missing in 2015.

In SP 9 mosses of the S. recurvum complex
dominated in all years. S. majus occurred with low
abundance annually since 1991, S. obtusum and S.
fimbriatum were encountered only once each, in 1989 and
1992, respectively.

The analysis of the dynamics of the total Sphagnum
cover revealed the following variation trends (Fig. 1, 2, 3).
Mires with a low percent cover of Sphagna demonstrated
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a higher among-year variation of the cover, the mire with
a moss cover of 30-40 % featured smooth among-year
variations, and the lowest variation was observed in mires
with a well-developed moss cover. A reduction in the
Sphagnum cover was seen in all the communities and all
sample plots in 1998.

One can generally speak of a tendency towards an
increase in the Sphagnum cover in the communities with

fairly low moss cover, i.e. sedge-buckbean and buckbean-
sedge communities, and a slight downward trend in the
total cover of Sphagnum mosses in the community with
a well-developed Sphagnum carpet — the buckbean-
Sphagnum type. A task for further research is to determine
how the identified patterns correlate with environmental
factors, first of all the climate.
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Germany has four main areas with Wetlands: 1. the
alpine foodhills, 2. The «Mittelgebirge», 3. the north-west
lowlands and 4. the north-east lowlands. Each areas is
different in his altitude, climate, geological underground
and relief.

The alpine foothills. The alps are lying in the south
of Germany. They are forming the geographical border
between Germany and Austria. They are about 1200 km
long and stretching from west-south-west to east-north-
east, crossing eight different countries: France, Monaco,
Italy, Switzerland, Austria, Liechtenstein, Germany
and Slovenia. The most wetlands in the German part
of the alps occurring in the foothill region north to the
alps. This is a continental area with is rich in chalk. The
altitude reaches from about 500 up to 1000 m (Dierkes
Weltatlas). The wetlands are seperated in 70 % fens and
30 % bogs. The alpine foothills containing a lot of small
wetlands. There are fens, riverbanks and bogs. A lot of
the bogs are still more or less intact. They have survived
the “great times” of the peat digging in Germany because
they were to small for the industrial peat digging that has
disturbed the large bogs in North-West-Germany. The two
biggest bogs at the alpine foothills are the “Wurzacher
Ried” and the “Murnauer Moos”. The protected Area of
the Wurzacher Ried has a size of 1812,00 Hektar (bfn-
Geodienste). The wetlands are covering about 1700
hectare whereby one third is covered by fen, one third
by anthropoge affected bogs an one third untouched bogs
(http://www.naturschutz.landbw.de/servlet/is/69349/).
The Murnauer Moos has a size of 2377,98 hectare.

In the bogs of the alps grows the “Moor-Spirke”
(Pinus mugo ssp. rotundata). This is one of the tree
subspecies of Pinus mugo.

The “Mittelgebirge” The Mittelgebirge is an area
crossing the middle of Germany in a line from the west
to the east. The most east part is the Eifel, a part of the
Rhenish Massif (german: Rheinisches Mittelgebirge). It
lays at the border to Belgium where the Mittelgebirge
from the Rhenish Massif over in the Belgian part with
the “Massif of Stavelot”. On this massif a large bog,
the High Feen (french: Hautes Fagnes) has appeared.
This bog has started about 8000 years ago in structures
called “Lithalsen”. Lithalsen are somehow similar to
palsen. They had been formed about 10.000 years ago
at the end of the last ice age. Icelensens grew under the

soil forming a small hill, up to 100 m in their average.
When it got warmer after the ice age, the ice melted at
the upper surface and the earth slipped off the icelens and
formed a circular wall of earth. In between this wall the
remaining ice melted and left a small lake or pond. In
this ponds at fist a fen appeared and changed later into a
small bog. These small bogs spread over the walls into the
landscapes and formed a large bog around the lithalsen.
In this way a large mosaic of bogs, fens and birch forest
has been created. One of the main peat mosses in this bog
systhem was Sphagnum magellanicum.

Today most of this bogs are drained by human and
turned in a large Molinea-heatherland. In between some
lithalsen there could survive an hollow-vegetation mainly
with Sphagnum fallax , S. cuspidatum and S. papillosum.
In total in the High Fen and surroundings (spreading into
Germany) several peatmossen are to be found. The main
peatmosses in open areas are S. fallax, S. auriculatum
and S. papilosum. In the forest, mostly along spring-
streams the main peat-mosses are S. fallax, S. flexuosum
and S. palustre. Further there occur in smaller patches:
S. magellanicum, S. teres, S. ginquefarium, S. rusowii,
S. girgensohnii, S. rubellum and S. squarrosum. There is
only one place with S. majus and S. angustifolium is very
rare as wel.

At the foot of the Mittelgirge along the border to
the Netherlands are some Calluna-heather-land above
sand. In this heather-lands are some pools and spring-
streams to find. Here are growing S. subnitens, S.
compactum at the dryer places, S. fallax, S. papilosum, S.
cuspidatum and S. auriculatum at the open and wet places
and S. fallax, S. flexuosum, S. paluste and S. auriculatum
in the birch- and elder-carrs along the spring-streams.
Again there is only one very small place with S. majus.
Again S. magellanicum and S. rubbelum are to find only
in small patches.

There are as well some small bogs at other places
of the Mittelgebirge in Germany. These are the the area
of the Black Forest (German: Scharzwald) with several
small bogs. The Rhon with the “Scharzes Moor” and
“Rothes Moor”, the Harz mountains with the “Grofles
Torfhausmoor” and at the east-border of Germany the Ore
mountains (German: Erzgebirge) with the “Kranichsee”
and the “Georgenfelder Hochmoor”. In the Harz-mountain
area are some small bogs left nearly untouched by human.
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The “Grof3es Torfhausmoor” is about 30 hectare big and
about 5 meter deep.

About 8000
years ago the glaciers receded to the north. The climate

North-west-German __lowlands.
changed. The warm and rainy atlanticum started. This
has been the time when in Nort-west-Germany the bogs
started to grow. But they didn’t grow continuously but
in fast-growing and slowly-growing periods depending
on small changes in climat as well as in on the changes
of the sea level. So the peat-forming vegetation has been
overlaid several times by sea-sediments. A large wetland-
complexes with fens and bogs developed in between
these 8000 year. One of the biggest, bog-dominated
complexes was the “Boutanger Moor”. It has been
about 70 km long and stretched from the Netherlands
into Germany. 2000 square-kilometer has been located
in the Netherlands and about 1000 square-kilometer in
Germany. The most important peatmosses have been
Sphagnum magellanicum, S. papillosum, S. rubellum and
S. cuspidatum. Further but not so important for the peat-
forming have been S. tenellum and S. pulchrum.

At about 1000 A.D. only the grassy lands
surrounding the bogs has been used by human for feeding
their livestock. At about 1000 A.D. the peat working
started in the Netherlands because they citys where they
needed peat as fuel. The peat wording slopped over to
Germany later. About 200 years ago the peat-digging
started by a few farmers located directly at the margin

of the bog. They needed the peat mainly for heating and
cooking. Later on they began to sell the peat to villages
in the neighborhood. At about 1830 A.D. first attempts of
mechanical peat extraction started. At the first third of the
19" century the German peat-digging industry reached it’s
first peak. The peat has been used for example as fuel for
the steam locomotives. With the mining of coal the peak
of the peat industry descended but with the first world war
the coal run short. So at the 20 century the interest in peat
came up again. Additional to the need of heating-material
and fuel they wanted to open up more ground for people
to life and work on. Their attempt was to get grasslands
for their livestock and grounds for their fields. The peat
industry in Germany got a second peak.

The climate at the north-west-German lowlands is
atlantic. The altitude is at several places just 3 m above
the sea-level.

North-east-German _lowlands. In north-east-
Germany the wetlands containing mainly fens. But there
are as well some bog-vegetations to find. It is a moraine
landscape created by the Weichselian Glaciation. It
contains a lot of lakes, ponds and riverbanks. Soma places
are rich with chalk. In this areas are some more or less
rare peatmosses to find. This are for example S. molle,
S. obtusum, S. subsecundum, S. riparium and S. centrale.

The climate at the north-east-German lowlands is
continental.
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CTPOEHME 1N JMHAMHUKA JEPHUHBI COPATHOBOI'O MXA

STRUCRURE AND DYNAMICS OF SPHAGNUM MOSS TURF
B.B. IlanoB
V.V. Panov
TBepckoil rocy1apCTBEHHBIN TEXHUYECKUN YHUBEPCUTET
Tver State Technical University

vvpanov6 1 @gmail.com

B pa3Butmum  carHoBOro - IMOKPOBAa  SIPKO  «3aBUXPCHHYIO» CTPYKTYpPY PacTUTEILHOIO MaTepHaia.

MIPOSIBIIAICTCSI KOHTHHYAIBHBIM XapakTep COOOIIecTBa,
YTO TO3BOJISICT ONMMCHIBATH €T0 TOHSATHEM «JICpHUHAY.
Kpome TtoOro, odeBHMAHO, YTO >KUBas 4acTb MOXOBOTO
MOKPOBa UMEET CBsI3b C (POPMHUPYEMBIM €10 CyOCTpaToMm.
B mHacrosmiee Bpems JAepHMHA ONpeneseTcs Kak
COBOKYTTHOCTh MOXOBBIX CTEOCIBKOB, PACTYIIHX BMECTE
1968),
BBICOKOH HEOJHOPOJHOCTH MOXOBOTO TIIOKpPOBa €To

(CaBuu-Jlrobunkas, CmupHOBa, OJTHAKO TIpHU
CJIE/IyeT JICTUTh HE TOJIBKO 0 BHJAM, HO U TI0 ITPHU3HAKaM
€ro CTPYKTYPBI.

Ha ry6uny 10 4 cM, ClIoif U3 TOJIOBOK M BEPXHUX
4acTeil MXOB UMEET OOJIBIITY O MACCY, YeM CJION Ha TITyOHHEe
4-6 cm, Tre mpeodIagarT BEPTUKATIBHO PACIOIOKCHHBIC
cTeONM MXOB, HIDKE Macca BHOBb BO3PACTaeT, TaK Kak
3/IeCh HAuMHAETCS MPOIECC YIUIOTHEHHsI OCTaTKOB
(BopoObeB, 1965). [ToaToMy BepTHKaIbHYIO CTPYKTYpY
JIEpHUHA YIOOHO MpEeNCTaBUTh OOJacTsIMH: 1) TOJOBOK
Mxa (007acTh CKyYEHHBIX BEpPXYIIEUHBIX KOPOTKUX
BETOK MXa), 2) CPEIHHX YacTed CTOSIIUX BEPTHUKAIHHO
WJIN HaKJIOHEHHBIX cTeOneil u 3) ux Oa3aibHBIX YacTel
cTebeil, HWKHUE TPaHUIIbl KOTOPBIX YCIOBHBI.

I[To nanmeim K.E. MBanoBa (1953) BenuunHa
30HBI MEX/y IIOBEPXHOCTHIO MOXOBOTO TIIOKpOBa H

CJI0EM

YIIIOTHHUBIIUXCS

PaCTUTCIBHBIX OCTaTrKOB

30Ha rOJIOBOK MXa 001agaeT OOJIBIIIEH MACCOM, YeEM
HIKEJIeKAIUN CII0H, II03TOMY B YCJIOBHSIX ITOBBILIEHHOTO
YBIQXKHEHHUS JCPHUHA PA3yIUIOTHSACTCS U IMPOCEAaeT, a
npu He(bPIHPITe BJIar'd IJIOTHOCTH U IPOYHOCTH ACPHUHBI
Bo3pacraeT (CMonsHUIKHH, 1977) 1 0HA COXpaHAET CBOIO
¢dopmy. TIporutoroaHss 4acTh Mxa [0 Mepe OTMHPAHUS B
TCUCHUC 6HI/I)K&I7II.HI/IX JICT NEPEXOAUT B TOPHU3OHTAJIBHOC
MOJIOKEHUE, a UX TMOCJeAyIoee YIUIOTHEHHE [0
obpasoBanust Topda miures 15 u 6onee ner (Mmomerc,
1980). Crpykrypa IOMOIIBEHHOTO CJIOS C(arHoBOi
JICPHUHBI B HEYIJIOTHEHHOM cOCTOsSHHM (pHc. 1), a ero
HWXHAA TpaHUIla MPOXOAUT IO T'paHUIIC, TIEC TCPACTCA
CTPYKTYpHAas CBSI3b ICPHUHBI C CyOCTpaTOM.

IIporiecc  «mpocenanusi»  ACPHUHBI  CIETyeT
paccMmarpuBarh Kak OT/IeNbHbIH (hakTop, yIpaBIIsIOIINii ee
cyliecTBoBanueM. [Ipu3Hakyu BepTUKAIbHOW CTPYKTYpPbI
JICPHUHBI TEKYIIIET0 IPHUPOCTA, BO MHOTOM OIPEACTISIOTCS
0COOCHHOCTSAMU TOMYHBIX IIPUPOCTOB MPEAIICCTRYOIINX
JeT, T.e. €€ TOPU3OHTAIBHOW CTPyKTypoi. Kpome
TOTO, ABWXCHUC ANCPHUHBI CBA3aHO C KojIeOaHUSIMU |
«penbehoM» TOACTHIIAIOIIEH TOBEPXHOCTH (TTOIpoOHEee B
(ITanog, 2008)). [ToaTomy mporiecc npocenanus IePHUHbBI
9T0 (hopMa ee MEXaHHUECKOTO TIEPEMEILICHUS B KTIOMCKE»
OIITUMAJIBHBIX yCHOBI/Iﬁ CyII€CTBOBaHUA.

C omHOM CTOPOHBI MOXOBOW ITOKPOB 00JamacT

B S TR et « v g d -

":\ b N2,

Puc. 2. Tpaekropus ABIKEHHS CPArHOBOI JEPHUHBI
B IJTAHE 3@ HECKOJIBKO JIET

L &



53

KOHTHHYaJIbHOCTbIO, U TIOHATHE 00beMa JIepHUHBI
SIBJISIETCSI OTHOCUTEIIBLHBIM, HO C JIPYTOii CTOPOHBI,
MMEHHO IIPOTHBOpEYHE B JIBUWKEHHUU JIEPHHH
MPUBOAUT K TOSBICHUIO TPaHUI] U «peibedar
MOBEPXHOCTH C(arHOBBIX JepHUH (MOApOOHEe
(ITanos, 1991)). Kaxapiii Bua charaoBoro mxa F
UMEET CBOM DKOJOIMYECKHE OCOOEHHOCTH U N
€ro MecTooOHMTaHHe XapaKTepu3yeTcs CBOeH ﬁ

aMIUTUTY0U U3MEHEHUS YPOBHS OOIIOTHOM BOJIBI.

M

O1HaKO HEPEKO MOKHO BHJIETh, YTO MOX OJJHOTO
BUJIa 3aHUMAET KaK TOBBIIICHHs MUKpOpelibeda,
TaK ¥ MOHWKEHUSI. 7

B  3aBucuMocTH  OT  HM3MEHYMBOCTHU
BII&)KHOCTH, KOJHMYECTBA CBETa M BO3pacra
pacTeHuil KOIMYECTBO M PACIOJIIOKEHHE MOp
Yy OJHOIO U TOTO K€ BHJA M JaXe Yy OJHOM
u TOW ke ocobm wmxa Bapeupyer (CaBud-
Jlrobunkas, CmuphHoBa, 1968). Kpome Toro,
Oonee KpyImHbIE OCOOM MXa HMMEIOT W Oolee
KpYITHbBIE HOBOOOpa3yIOIIHecs noberu
(CononeBuu, 1966). [ToaTomy, nepHrHA 00IaAaeT
OIpe/IeTICHHBIM

HHTEPBAJIIOM  YCTOHYHBOCTH

650 625

P
f d - —
7 :: "—’ - = 2
P el ).
bl =
~ 600

625

WIA 3KOJIOT0-MOP(OIOTHYECKON TUIACTHIHOCTH
K HW3MEHYMBOCTH CpEIbl, HO C COXpaHCHHEM

BHUIOBBIX IIPU3HAKOB MXOB.

Puc. 3. CoorBercTBHE (OPMBI TOBEPXHOCTH MOXOBOTO ITOKPOBA
U CTPYKTYpE MEepEeMEIICHUs CParHOBBIX JICPHUH (pa3mep
mwiomaaky 1x1 M; ceuenue ropuzonTaneu 12,5 Mm; cTpesiku
YKa3bIBAIOT HAIIPABJICHUE MIEPEMEIICHUS MXa; YUCIIA — OTMETKH

[TomHOTO MOAOOHS AEPHHUH, COCTOSIINX U3
OJHOTO BHJAa MXa, JaKe B OUHAKOBBIX YCIOBHAX
He OyzeT, Tak kak Mopdosorust ocodeit Mxa Oynet
3aBHCETh HACTOAIINX YCIOBHH CYIIECTBOBAHUS U OT TEX,
B KOTOPBIX CYIIECTBOBANA JIEPHUHA B MPEIICCTBYIONIHE
ronsl. Kpome TOro, COXpaHEHHIO WHAMBHIYATbHOCTH
JIEPHUH CITOCOOCTBYET MEXaHU3M PETyISAINHU ITIOTHOCTH
JIEPHUH 32 CcueT 0Opa3oBaHUs OOKOBBIX MOOETOB MXOB
(Cmonsuutkuid, 1977). [ToaTomy, HeCMOTPS Ha KOJICOaHHSI
YBIQXXHEHUS Ha MOBEPXHOCTH OOJNIOTa B TEUCHHE psla
JET, MEXaHU3M pETYISIUN IUIOTHOCTU JEepHUHBI U
CIIOKUBINAA CTPYKTypa MACPHUHBI B COOTBETCTBHHU C
MOJCTWIAIONINM CJIOEM IPONUIOTOAHUX NPHUPOCTOB HE
JaloT el paspymarbes. Ha puc. 2 mokazaHa HUOKHSIS 9acTh
JIEPHUHBI, B KOTOPOH MO OPMEHTALNH MPOILIOTOIHUX
CTBOJIMKOB MXOB MOXHO OMNpPEACTUTh TPACKTOPHIO
nepeMeIeHus JepHUHBI B TEUSHHE psija JieT (moapoOHee
(ITanos, 2006 a, 2008)).

Hapymenne  mepeMermeHuss  OPUBOOUT K
M3MEHEHHUIO TUIOTHOCTU JAEPHUHBI, MOPHOJIOTHU 0COOCeH,
YTO BBI3BIBACT H3MEHEHHE (OPMBI IMOBEPXHOCTH. B
9TOM OTHOIICHHWH BA)XKHBIM SIBIISETCS B3aUMOJACHCTBHE

OTAENBHBIX JEPHUH U 00pa30BaHUE T'PAHHIl MEXTY HUMH

MIOBEPXHOCTH)

(mogpoduee (ITanoB, 2006 6)). I'paHUIBI BO3HUKAIOT
MpU HMX TMPOTHBOHANPABICHHOM [BIKCHUH, WU IPU
OIpaHMYCHUH KaKUM JIM0O0 MPEIsITCTBUEM B BUIE yUacTKa
TMOBBIIICHHOTO UIIK MUHUMAJIBHOTO yBIKHEHUs (puc. 3;
METO/IMKa MOCTPOSHHUS MOBEPXHOCTH H3nokeHa B (Panov,
2012)). Ecnm HampaBieHWE TIepeMeIleHuss JIepHUHBI
OTCYTCTBYET, TO OHA pacrajaercsi B OTJCJbHbIE 0COOU
WM XapaKTePU3yeTcs BEPTUKAIBHBIM POCTOM.

Takum o6pa3om, menocTHOE (PyHKIIMOHHPOBAHUE
c(harHoBOd JIEPHUHBI TAKXKE BBIPAKAETCS B Pa3BUTHUH
U CYyIIECTBOBAaHMHM 30HBI MEXKAY OONACTBIO TOJOBOK
MXa M 30HOW YIUIOTHEHUSI PACTHTENIBHBIX OCTATKOB.
MOXKHO TPEIIoNIoKNUTh, YTO HA OCHOBE MeEXaHHU3Ma
MepeMEeICH s JICPHUH MOTYT BBITIOJIHITHCS CIEAYIOLIHE
JIOTIOJIHUTENbHbIE K OHOJIOTMYECKHM CBOWCTBaM MXOB
(bYHKIMU: KOMIICHCUPYIOTCS €KETroHasl KIIMMaTHIecKas
HM3MEHYMBOCTh B TEUEHHE ONMKaNIINX JIET W BHIOBbIC

0COOEHHOCTH CarHOBBIX MXOB B PA3BUTHUHU ITOBEPXHOCTH

0onora. DTOT TpoIecc MO3BOJIIET  JIEPHUHAM
BBIPABHUBATH CBOIO  IOBEPXHOCTb,  CJIEIOBATEIBHO,
ONTHMAJILHO  COOTBETCTBOBATH  THUAPOPHU3MICCKUM

0COOEHHOCTSIM BHEIITHEH CpeJIbl.
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SPHAGNUM FARMING: IN SEARCH FOR HIGHLY PRODUCTIVE
MOSSES, ITS BREEDING AND PROPAGATION

(THE INTERDISCIPLINARY PROJECT MOOSZUCHT)
Anja Prager

Institute for Botany and Landscape ecology at Ernst-Moritz-Arndt-University Greifswald, partner
in the Greifswald Mire Centre (GMC), Soldmannstr. 15, 17489 Greifswald, Germany

anja.prager@greifswaldmoor.de

The use of large amounts of slightly humified
(‘white”) Sphagnum peat as a hitherto irreplaceable
raw material for horticultural growing media leads to
irreversible damage to climate, biodiversity and other
peatland ecosystem services as well as loss of area
available for agricultura] use. The German growing media
industry, being the largest worldwide, depends on a peat
resource that is nearly depleted in western and central
Europe. The most promising alternative for this fossil peat
is renewable Sphagnum biomass cultivated sustainably on
rewetted degraded bogs (paludiculture).

Whereas the agro-technical requirements are
meanwhile well-established, large-scale implementation
of Sphagnum farming for horticultural growing media is
mainly hampered by:

e Insufficient productivity of the hitherto used,
randomly sampled wild parent material to make
Sphagnum farming economically feasible;

e  Lack of appropriate volumes of high quality moss
propagules to kick-start large-scale cultivation.

The just started
‘MOOSzucht”  (with
Freiburg, Karlsruhe Institute for Technology - KIT,

interdisciplinary  project
partners  University  of
NiedersaechsischeRasenkulturen - NIRA, and University
of Greifswald) aims at removing these bottlenecks by
e  Increasing Sphagnum productivity in commercial-
scale cultivation compared to currently used
undifferentiated wild parent material by selection
of highly productive wild provenances and by
smart breeding techniques,
e Increasing proliferation rate of Sphagnum
propagules by using optimized axenic conditions
in a photobioreactor.
e  Assessing performance of selected Sphagnum
cultivars in lab and field cultivation.
For more information about Sphagnum farming and
the ‘MOOSzucht’ project see www.sphagnumfarming.
com.
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O I'ETEPOTPO®HbLIX XI'YTUKOHOCHAX CO®AT'HOBBIX MOYAXHWNH
BEPXOBBIX FOJIOT EBPOITEMCKOI'O CEBEPA POCCHUH

ON HETEROTROPHIC FLAGELLATES OF RAISED BOGS SPHAGNUM
HOLLOWS IN THE NORTH OF EUROPEAN RUSSIA

K.W. IIpokuna!, J[.A. ®uaunnos'?, A.Il. MpLUIbHHKOB!
K.I. Prokina', D.A. Philippov'?, A.P. Mylnikov'

"MuctutyT O6Monoruu BHyTpeHHux Boa uM. M.J1. [Tananuna PAH, kristin892@mail.ru

>TroMeHCKHUI ToCyaapCTBeHHBIN yHUBEpCHTET, philippov d@mail.ru

MouaKUHBI SIBIISIIOTCS ONHUM M3 CHelU(pUIeCKuX
TUTIOB  OOJOTHBIX BOAOEMOB. OHH  TIPENCTABISAIOT
c000ii 3aMKHYTBIC MEXIY ITOJIOKHUTEIbHBIME (popMamu
MUKpopenbeda (rpspamu, Koukamu) OOBOAHEHHBIE
MOHMKeHUs1 Ha Oosotax. Ha BepxoBbIX 0Oo0yI0Tax OHHU
BXOISIT B COCTaB KOYKOBATO-MOUYQKUHHBIX, TIPSIIOBO-
MOYaKUHHBIX u IPsI0BO-MOYaKUHHO-03EPKOBBIX
KOMIIJIEKCOB. MOYa)XMHBI CharHOBBIX OOJIOT BTOPUYHBI IO

CBOEMY IIPOUCXOXKJeHHI0. OHU MOT'YT UMETh pa3iIM4yHbIe
pa3Mepsl, KOHPHUTYpaIHio, 0COOEHHOCTH PaCTUTEIHFHOTO
IIOKPOBAa, YPOBEHb OOJIOTHO-TPYHTOBBIX BOJA M, Kak
[IpaBUJIO, JIMIIEHB! YYaCTKOB OTKPBITON BOJBL.
I'mapoOuonoruyeckue ncciaenoBaHus charHoBbIX,
IeHXIIePHEeBO-CParHOBEIX,  OYEPETHUKOBO-C(HAarHOBBIX
MOYaXUH BepxoBbIX 0Ooior Ha CeBepe EBpormeiickoit
Poccun mpoBoasTcsi peako, a Marepuall 1o HEKOTOPhIM

Tabéauua. XapakTepucTuka MeCT 0TOOpa TUAPOOHOIIOTHYECKHUX TIPOO

KOJIU-
BOJIOTO | Ne ®UTOIIEHO3 Ne MHUKPOYCJIOBUSL YECTBO
BUJIOB*
. Trichophorum cespitosum— la | Sphagnum lindbergii (BBDKMMKM)
Jlaiickoe 1 . . 7 (1)
Sphagnum lindbergii 1b OTKPBITBIA y4aCTOK BOZbI
Carex rostrata—Scheuchzeria 2a | Sphagnum papillosum (BbLKUMKI)
2 | palustris—Sphagnum b P dbereii 6 (0)
Benbonoro papillosum Sphagnum lindbergii (BBLHKUMKH)
3 Scheuchzeria palustris— 3a  |0OBOAHEHHBIN yIaCTOK 5(0)
Hepaticae 3b  |oOHaxEHHBIM yyacTOK TOpdha
4 Eriophorum vaginatum— 4a | MmeHee 0OBOTHEHHBIA yUaCTOK 12(5)
- Sphagnum cuspidatum 4b  |Gomee 06BOTHEHHBII yUaCTOK
epBoe )
5 Scheuchzeria palustris— Sa Sphagnum balticum (BBXUMKH) 6(1)
Sphagnum balticum 5b  |OTKpBITBIA y9acTOK BOIBI
Trichonh ) 6a Te4€HOTHNKOBO-C(HarHOBBIH
e | [t ceptonn | @ |y o
pras pap 6b | Sphagnum papillosum (BBIXKHUMKH)
Scheuchzeria 7a  |Sphagnum papillosum (BBKUMKH)
VYnebnoe 7 |palustris—Sphagnum ] 5(0)
cuspidatum~+balticum 7b | Sphagnum cuspidatum (BBDKUMKH)
8 Scheuchzeria palustris— 8a  |meHee 0OBOTHEHHBIN yyacToOK 7 ()
Sphagnum balticum~+S. fallax 8b | 6onee 06BOMHEHHEI y4aCTOK
[IInuenrckoe - -
9 Eriophorum vaginatum— 9a MeHee 00BOHEHHBIH y4acCTOK 4 (0)
Sphagnum angustifolium 9b |Gonee 06BOAHEHHBII YUaCTOK
6ooTo Osn3 10 Carex lasiocarpa—Sphagnum 10a_|Sphagnum majus (BbKUMKH) 17 8)
o3epa Kpyrioe majus+ lindbergii 10b | Sphagnum lindbergii (BBXAMKH)
Scheuchzeria palustris— 1la | Sphagnum cuspidatum (BBDKMMKR)
Cectpopenxoe | 11 . - - 5(1)
Sphagnum cuspidatum 11b | cuabHOOOBOIHEHHBIN YUaCTOK

IIpumeuanue. * B CKOOKaX OTMEYEHO KOIMYECTBO YHHKAIbHBIX BHAOB IJK (BCTpedeHHBIX TONBKO B OIHOM

MECTOOOUTAHHH).
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TpyniiaM  OpraHM3MOB  NPAKTHYECKH  OTCYTCTBYET.
Hampumep, rereporpodusie  sxryrukonocusl (1K)
MOUYaXHH CQarHoBbiXx 00J0T (2 He OOJOT B IIEIIOM)
omHcaHbl UL oaHaX 6! (TuxoHeHkoB, Masei, 2009).

Hammm nccnenoBanus NpoXoAMiN B UIOJIE—aBryCTe
20151. Ha 8 BepXOBBIX 00I0TaxX YeThIPEX peruoHoB Poccuu:
Apxanrenbckas obnacts (I[Ipumopckuii paiton, 6010TO
Jlatickoe (64°31°54” c.m., 40°13°55” B.1.); TTuHeKCKMIA
paiion, Ben6omoro (64°36’34” cam., 43°14°38” B.1.),
oonora Ileproe (64°33°45” c.m., 43°20°41” B.1.),
[Tatoe (64°33°08” c.m., 43°19°43” B.n.), VYmeOnoe
(64°32°42” c.m1., 43°21°20” B.11.)), Bosoroyckast o6macTh
(Csivoxenckuii paiion, 6oxoro Ilmuenrckoe (59°57°02”
c.ur., 41°19°08” B.11.)), Pecniyonuka Kapemus (Jloyxckuii
p-H, 6omoto 6;m3 03. Kpyrnoe (66°20°32” ¢.m., 33°35°27”
B.1.)), T. Camnkr-IlerepOypr (6omoro Cectpopenkoe
(60°07°23” c.m1., 30°02°37” B.71.)). Beero Ob110 codpano
22 npoOst 3 11 Movaxkus (Tad.).

Marepunan u meroabl. [Ipo6sl Bombl oTOmpanu
B TUTACTHKOBBIE 15 MJI MPOOHMPKH W TPaHCIIOPTHPOBAIH
B saboparoputo mpu Temneparype 4°C. Ilocie
TPAHCIIOPTHPOBKH TPoOBI  o0oramanud CycreH3uei
bakrepuii Pseudomonas fluorescens Migula u3 pacuera
0,15 mi cycnieH3un Ha 5 MIT TIPOOBI M BBIICPKUBAIN B
TepMocTare npu temneparype 21°C B momHON TeMHOTE.
[TpoObl TpocMarpuBali B TPEX IOBTOPHOCTIX: Ha
TPEThH, LIECThIC W JEBATHIE CYTKH IOCIE TOIKOPMKH,
9TO COOTBETCTBYeT OOmenpuHAToOl Mertoanke (Vers,
1992). Jlns HaONIOACHUH HCIOIB30BAIN MHKPOCKOI
AxioScope Al (Carl Zeiss, I'epmanusi) ¢ ¢a3oBbIM H
muddepeHInanbHO-MHTETPUPOBAHHBIM ~ KOHTPACTOM |
00BEeKTHBAMH BOJHON MMMepcuu (o0Iee yBeTHYeHHE,
x1120). Mukpockon ObuUT 000pyIOBaH HUGBPOBOU

11 1 6 2 5
100 +

90 1

80 1
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¢dorokamepoit AxioCam ERc 5s wu anamoroBoit
Buncokamepoit AVT HORN MCI1009/S. XKusbix K
npocmarpuBaii B yamkax [lerpu. ToransHble penaparsl
K MOATOTaBINBAIIN COIJIaCHO OOIIeTTPUHATON
meroauke (Moestrup, Thomsen, 1980) u mpocMarpuBanu
B TPaHCMHCCHOHHOM  JJIEKTPOHHOM  MHKPOCKOIIE
JEM-100C. B pabote wucmoip3oBaHa COBpPEMEHHAs
Makpocuctema sykapuot (Adl et al, 2012). Cucrema
X0aHO(IATEIUIAT ~TpEACTaBICHa B COOTBETCTBHU C
paboroit Humme wm np. (Nitsche et al., 2011). s
MOCTPOCHUSI IEHIPOTrpaMMbl (hayHUCTUIECKOTO CXO/ICTBA
UCIIONB30BaH METO/l OJMHOYHOTO IIPHUCOEAMHEHUS Ha
OCHOBE pacuera KoddduimenTa (ayHUCTHUECKOTO
cxozactBa bpes-Kepruca B nporpamme PAST.
Pesyabratel M ux oocyxaeHune. Bcero B
c(harHOBBIX MOYXMHAX CceBepa eBporelickoit Poccun
obHapyskeno 35 Bunos K u3 Tpéx monmuduiaeTnueckux
kjmacrepoB, a Ttakke IJK  HeompemeneHHOro
CHCTEMaTH4ecKoro mojioxkeHus. bombpmuHCTBO (19)
BUIOB (Bicosoeca cylindrica (Lackey, 1939); Spumella
dinobryonis Skuja, 1948; Cercomonas directa Brabender
et al, 2012; C. granulifera (Hollande, 1942); C.
longicauda Dujardin, 1841; C. parvula Tikhonenkov,
2006; C. pellucida Brabender et al., 2012; C. simplex
(Moroff, 1904); Spongomonas wuvella Stein, 1878;
Allapsa sp. 1; A. sp. 2; Bodomorpha sp. 1; B. sp. 2;
Sandona sp. 1; S. sp. 2; Teretomonas rotunda Howe
et al., 2009; Massisteria sp.; Protaspa simplex (Vers,
1992); Helkesimastix faecicola Woodcock et Lapage,
1914) mpuHaUIKUT K TOJUPHUICTHUECKOMY KIacTepy
SAR (rpymnma, Brirodaromass B ceOsd MaKpOTAKCOHBI
Stramenopiles Patterson, 1989; Alveolata Cavalier-Smith,
1991 u Rhizaria Cavalier-Smith, 2002). Ha Bropom mecTe
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Puc. [Iennporpamma cxonctia (%) npotrcrodayH pa3inyHbIX MOYKUH (HOMEpa
M0 TOPU30HTAJIM COOTBETCTBYIOT TAKOBBIM B Ta0I1.).
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110 BUJJ0BOMY OorarcTBy Haxoautcs kinacrep EXCAVATA
Cavalier-Smith, 2002, k kotopoMmy oTtHocsTcst 11 BHIOB
(Reclinomonas americana Flavin et Nerad, 1993;
Anisonema acinus Dujardin, 1841; Entosiphon sulcatum
(Duajrdin, 1841); Notosolenus apocamptus (Stokes,
1884); N. similis Skuja, 1939; Petalomonas sp.; Ploeotia
obliqua (Klebs, 1893); Neobodo designis (Skuja, 1948);
Rhynchomonas nasuta (Stokes, 1888); Parabodo
caudatus (Dujardin, 1841); Bodo saltans Ehrenberg,
1832). Menee 6orat Bunamu knactep OPISTHOKONTA
Cavalier-Smith, 1987, Bxuowatormii 3 Buna (Codosiga
botrytis Kent, 1880; Monosiga ovata Kent, 1880;
Salpingoeca clarki Stein, 1878). K 'K HeonpenenéuHoro
CHUCTEMaTH4YeCKOTO IOJOKEHUSI OTHOCATCS 2  BHAA
(Ancyromonas sigmoides Kent, 1880 u Amastigomonas
caudata Zhukov, 1975).

Hawubornee yacTo BeTpeyaronMuCs BUJaMu ObIIH
Bodo saltans (16 npob); Helkesimastix faecicola (12
po06); Spumella dinobryonis (7 mpo0); Bodomorpha sp.
1 u Parabodo caudatus (5 po06). CpenHee KOITUIECTBO
BUIOB B Tipode — 4.7, B KaXIOH MowaxuHe — 7.3.
MakcuMasbHBIM BHJIOBBIM OOTaTCTBOM XapaKTepU3yeTCst
MouyakuHa ¢uronenosa Carex lasiocarpa—Sphagnum
majus+lindbergii Gomora ©mm3 03. Kpyrmoe (mpoOsr
Ne 10a, 10b) — 17 BuIOB, @ MUHUMAJIBHBIM — MOYQKHAHA
¢duToreHo3a Eriophorum vaginatum—Sphagnum
angustifolium (ipo6s1 Ne 9a, 9b) — 4 Buna.

Ha genpporpaMme (ayHHCTHYECKOTO CXOZICTBA
komriekcoB [2K  mccneoBaHHBIX MOYaKMH —BHJIHO,
4TO OOJNIBIIMHCTBO M3 HUX CXOXKH IO (payHHCTHYECKOMY
cocraBy Ha 50% wu Oosee. OTAETBHO OT BCEX CTOMT
mpo6a Ne 10 (puc.) u B Hel ke OBUIO 3a()UKCHPOBAHO
MaKCHMaJbHOE KoaruecTBO BUIOB (17). BeposTHo, Takoe
OTINYKME CBSA3aHO C OCOOCHHOCTSMHU TeorpaduyecKoro
TIOJIOKEHUS JAHHOTO 00JI0Ta KaK HanOosee CEBEPHOTOo U3
oOcienoBaHHEBIX (Ha Oepery 3ammBa beioro Mops).

B 10 e BpeMmst mpocinexuBaeTcs (HOpMHpOBaHUE
TpEX KJIacTepoB, (DAyHUCTHYECKOE CXOJCTBO BHYTPH
koTopeIx Oombme 60 %: 1) mpodsr Ne 2, 5 u 6; 2) mpoOsI
Ne 3 u 8; 3) mpoOsr Ne 7 1 9. BeposTHO, B OMUTOTPO(HBIX
MOYaXMHax c(arHoBeIX OOJOT BceW cpeaHei Talrn
(GOpPMUPYIOTCSI  CXO)KME YCIIOBMSI Ul OOWTaHus, a
pas3Iuuus CBSA3aHbI C JIOKAIBHBIMU (PaKTOpaMu.

Ha omurorpodHEIX 6070TaX IEHO3000pa3yIONIYI0

pomb  wWrpator  cdarHoBele MXuH. B ycrnoBusx

WCCJICJIOBAaHHBIX PETHOHOB B C(arHOBBIX MOYaKHMHAX
yame BCero  BcTpewarorces  Sphagnum  balticum,
S. cuspidatum, S. papillosum, S. majus, S. jensenii,
S. fallax, S. angustifolium, S. lindbergii. DTu BUAHI,
Kak TpaBuio, (GopMupyrOT JIMOO MOHOJOMHHAHTHEIC
cooOrmiecTBa, OO0 00pPa3yrOT IICHO3BI C PA3IUYHBIM
Ha0OpOM MJIM COUETaHNEM JaHHBIX BUIOB. MccrnenoBanus
BBDKMMOK 5 BHJOB C(DarHOBBIX MXOB ITOKa3aJI1, YTO OHH
(dbopmupyrot ycroBust aiist oouranus 27 Bunos [ K. Tombko
OJIMH IIMPOKO paACHpOCTPAaHEHHBI B Pa3HOTHUITHBIX
MIPECHOBOAHBIX BostoéMax BHL (Bodo saltans) BcTpedancs
B Ooyiee 4eM TOJIOBHHE BBDKMMOK. borbmias e dacTb
MIPOAHAIN3UPOBAHHBIX BHJOB C(ArHOBBIX MXOB HE
COJICPXKHUT YHHKaIbHBIX (3aMKCHPOBAHHBIX TOJIBKO B
BBDKMMKAaX KOHKpeTHOro Buma ctarmyma) Bumo 1K,
kpome Sphagnum cuspidatum (Cercomonas granulifera,
Sandona sp. 2); S. lindbergii (Cercomonas longicauda,
Spongomonas uvella, Allapsa sp. 2, Bodomorpha sp.
2, Anisonema acinus, Entosiphon sulcatum); S. majus
(Salpingoeca clarki, Notosolenus apocamptus, N. similis),
S. papillosum (Cercomonas directa).

B MouaxuHax cgarHoBBIX OOJOT CKIIaIbIBAIOTCS
pasiuuHBIE 1O  CTCNEHM OOBOAHEHMS  YCIIOBHSL.
PasznooOpaszue [K ymenbmaercs ot 6oiee 00BOTHEHHBIX
MHUKpOOHOTOB (6 BHIOB) K MeHee 00BOMHEHHBIM (13).
BeposiTHO, 9TO MOXeT OBITh CBSI3aHO C TEM, YTO BCE
oOHapykeHHbIe HaMn BUBI [ K ABISAIOTCSI GEHTOCHBIMU
OpraHM3MaMu, CBSI3aHHBIMH ¢ cyOcTpartom (B ciydae
60110T 5TO TOpQ WM YacTHIKH charnyma) — Mos3aronme
(27 BuIOB) U npUKperuieHHbIe (7 BUIOB), U MOTYT OBITh
0OHapy’KEeHBI B IVTAHKTOHE JIUIIb HA HETIPOIOKUTEIEHON
paccesMTeIbHON CTaANH XKU3HEHHOTO IIHKJIA.

B menom, Hamm WccieoBaHUS IOKa3aid, 4YTO
charHoBbIe MOYQXKHUHBI CO3/IAI0T YCIOBHS JUIS OOUTaHUS
me menee 35 BumoB [OK. dayHucTnyeckmii cocras
kommiekcoB [2K  moctatouHo oOmHOpONEH W Malo
3aBUCST OT (NIOPUCTHYECKOTO COCTAaBA M LIEHOTHYECKUX
XapaKTEepUCTUK PACTHTEIBHBIX COOOIIECTB B Mpeienax
MOYaXHH. B TO e camoe Bpemsi ypoBeHb OOBOAHEHHMS
carHoBBIX MOUY@QKMH B OONBIIEH Mepe OIpereiseT
BugoBoe OorarctBo komiuiekcoB [OK. HaubGosbiueit
cnenupUKoOd M MaKCHUMaJbHBIM BHJIOBBIM OOTraTCTBOM
XapakTepu3yeTcs JoKaJdbHas (hayHa HauboIee CeBEPHOTO
6eoMopcKoro 6oIoTa.

Paboma svinonnena npu ¢unarncosoii noooepoicke PH® (epanm Nel4-14-01134). Asmoput 6nacodapsim
T'B. Pomanuc (UDIIC YpO PAH), O.B. I'ananuny (BUH PAH, CII6I'Y) u A.A. Ipacudopo (3UH PAH) 3a nomoww
6 NONEBLIX UCCTEO0BAHUSIX.
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COMMUNITIES OF MACROINVERTEBRATES IN HABITATS OF BIPOLAR-
DISTRIBUTED SPHAGNUM SPECIES AS A MODEL TO EVALUATE THE
RELATIONSHIPS OF HISTORICAL AND ECOLOGICAL FACTORS IN THE
EVOLUTION OF COMMUNITIES: A PRELIMINARY COMPARISON OF
BOGS IN EUROPEAN RUSSIA AND SOUTHERN CHILE

COOBIIECTBA MAKPOLECITO3BOHOYHLBIX B BUOTOITAX BUITOJIAIPHO-
PACIIPOCTPAHEHHBIX BUJIOB SPHAGNUM KAK MOJIEJIbHBIN
OBBEKT JIA U3VUEHM A POJIM NICTOPUYECKHNX 1 OKOJIOT'MYECKUX
OAKTOPOB B 5BOJIIOLIMN COOBIIECTB: ITPEJIBAPUTEJIBHBIE
PE3VJIbTATBI UCCJIEJOBAHUI BOJIOT

EBPOIIENMCKOU YACTU POCCUU U TOTA YNJIU
A.A. Przhiboro'?, A.A. Prokin*?, D.A. Philippov*?
A.A. Ip:xxu6opo’”, A.A. llpoxkun®?, JI.A. ®uaunnos>’

'Zoological Institute of Russian Academy of Sciences, St Petersburg, Russia, dipteran@mail.ru

’Papanin Institute for Biology of Inland Waters of Russian Academy of Sciences, Borok,

Nekouzsky District, Yaroslavl Province, Russia, prokina@mail.ru, philippov_d@mail.ru

*Tyumen State University, Tyumen, Russia

According to the current estimates, the World
diversity of Sphagnum mosses is 150-250 (Ignatov &
Ignatova, 2003) or 350-500 species (Shaw et al., 2010)
with 15 bipolar-distributed, includes 14 species common
for the Palacarctic Region and Patagonia (Michaelis,
2011). Mires (bogs and fens) with Sphagnum moss
dominance are known since the Permian (Meyen, 1987).
Contrastingly, the diversification of extant Sphagnum
species occurred relatively recently, between seven and
20 m.y.a, and was possibly associated with cooling of the
Northern Hemisphere and the origin of boreal vegetation
during the Miocene (Shaw et al., 2010). Thus, all Southern
Hemisphere species and lineages of Sphagnum are often
supposed to originate from the ancestral forms of the
Northern Hemisphere.

The vegetation of Sphagnum mires is extremely
specific; the associations include few sphagnophilous
plants, mainly shrubs. Sphagnum associations can be
attributed to coenotic systems of consortia-type, where
the dominant action ensures consistent associations.
Probably, the associations of Sphagnum moss species can
be considered as an example of “similar associations”
(Razumovsky, 1981), that is, associations occurring
different geographical regions, which are similar in

structure and dynamics. In Sphagnum habitats, many
plant species are concentrated having a “bipolar” type
of distribution in a broad sense, with parts of the range
in temperate zones in the Holarctic, Antarctic and
Australian phytochorions, including the Patagonian and
Neozealandic regions.

One can suggest former more widespread
distribution of recently bipolar species of Sphagnum and
associated plants, in a fairly uniform climate (Chumakov
et al, 1995), which dominated from the second half
of the Permian to the Cenozoic and were subsequently
substituted by more thermophilic species in the tropics. In
such a case, bipolar-distributed arthropod species, so far
unknown, may be found as well. Arthropod communities
in Sphagnum associations are highly specific and
include a relatively low number of taxonomic groups
(with a high number of cosmopolitans), that simplifies
comparative analysis of geographically distant faunas
and communities. Despite the large number of studies on
various groups of invertebrates in Sphagnum associations,
no comprehensive studies of macroinvertebrates in distant
regions of the Earth have been conducted.

As model objects for the comparative study, we
have chosen five bogs situated in different landscapes at
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different latitudes in the temperate zones of the Northern
and Southern hemispheres (the Boreal and Patagonian
regions, respectively). We examined typical non-forested
Sphagnum bogs with an area of 1-3 km?, mostly without
significant traces of anthropogenic influence, with
well-developed habitats dominated by two common
bipolar-distributed Sphagnum moss species, Sphagnum
magellanicum and S. cuspidatum. The first species is
typical of relatively dry sites; the second one is strongly
hygrophilous, reaching high abundance at the shorelines
of bog pools and lakelets.

In the Boreal region, we studied two bogs situated
in northwestern European Russia: a bog in Loukhi District
of Karelia near the North Polar Circle (66.34°N 33.54°E)
and a bog at northwestern border of St Petersburg (60.12°N
30.04°E). In the Patagonian region, we studied three bogs
in outmost southern Chile: a bog at the south of Tierra
del Fuego (54.49°S 68.90°W) and two bogs in continental
Chile near Punta Arenas, a foothill bog at a distance from
the sea (53.40°S 71.23°W) and a lowland bog near the
sea coast (53.63°S 70.95°W). All bogs under study are
mesooligotrophic or oligotrophic and characterized by
well-developed hummock-ridge microrelief. Ecosystems
and habitats in both areas are relatively young, recently
formed by postglacial recolonizations. Four bogs under
study contained the habitats dominated by both the model
Sphagnum species, the foothill bog near Punta Arenas,
only S. magellanicum. Hence, we studied a total of five
model sites dominated by S. magellanicum and four sites
dominated by S. cuspidatum.

Preliminary descriptions of flora and vegetation
features of the study bogs were compiled, including the
lists of bryophytes and vascular plants. The Chilean bogs
under study are characterized by a very small number
of Sphagnum species. We found only three Sphagnum
species, while in Eurasian bogs similar in the size and
trophic level up to 15-18 species may be found. The
vegetation cover of Sphagnum bogs of the southern Chile
has more differences than similarities as compared with
Sphagnum bogs of northern Eurasia. Common features
include a relatively low diversity of higher vegetation, the
prevalence of monocots in the flora, and a high proportion
of Ericaceae. The differences much more numerous: in
particular, Carex magellanica was the only species of
vascular plants common with the Boreal region. Some
similarities in floristic composition is detected only at the
family level (the most common and typical representatives
of Ericaceae, Juncaceae, Cyperaceae, Droseraceae, etc.)

and only partially, at the genera level (Empetrum rubrum/

nigrum, Drosera uniflora/rotundifolia,
magellanicum/annotinum,  Caltha  sagittata/palustris,
etc.). According to Katz (1971), the study bogs belong

to two wetland provinces: the Magellan Province with

Lycopodium

evergreen subantarctic forests and plants-pillows on turf
and the Province of Tierra del Fuego with deciduous forests
and raised Sphagnum peat. The study bogs combine the
features of the Sphagnum moore and Reisermoore groups.

We aimed to estimate and compare the taxonomic
composition, taxonomic and trophic structure of
macroinvertebrate communities in the Sphagnum layer on
the model sites, including the abundance and biomass of
macroinvertebrates. On each model site, five quantitative
samples were taken up to a depth of ca. 20 cm from the
surface (sample area of 0.05 m?). The substrata were
washed in sieves (with smallest mesh 0.5 mm), then the
macroinvertebrates were extracted by flotation in a strong
solution of NaCl combined with hand-sorting of the coarse
fraction. Wet weight of invertebrates was determined
using a torsion balance. A part of immature Diptera (larvae
and pupae) from the samples was kept alive to rear adults,
which was necessary to identify species and to reveal
their larval habitats. Sphagnum substrata from each model
site were kept in the laboratory, and the insects emerging
from the substrata were collected. In addition, we used
non-quantitative sampling techniques, i.e. net-sweeping,
yellow pan traps, pitfall traps and sampling from bog
water bodies with aquatic nets.

Field work in northwestern Russia was conducted
in June to early July 2015, in Patagonia, late October to
mid-November 2015. A total of 45 quantitative samples
were processed with a total area of 2.25 m? More
than 800 adults of Diptera in 10 families have been
reared (including the rich material of Ceratopogonidae,
Chironomidae and Cecidomyiidae), as well as their
parasitoids (Hymenoptera in five families).

According to our preliminary estimate based
mostly on quantitative samples and rearings, the
macroinvertebrate communities in the study bogs are
poor in the number of taxa. The species in 7 to 11 species
occurred on each model site.

In S. magellanicum habitat in the Boreal region, the
following orders and families were common or abundant:
Oligochaeta  (Enchytraeidae), Aranei
(Hebridae,

(Dytiscidae, Staphylinidae, Elateridac), Hymenoptera

(Lycosidae),

Heteroptera Dipsocoridae), Coleoptera

(Formicidae), Diptera (immature Tipulidae, Limoniidae,

Ceratopogonidae,  Chironomidae, = Cecidomyiidae).

Enchytraeidae and the larvae of Ceratopogonidae were
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the most abundant. Enchytraecidae and the larvae of
Limoniidae had the highest biomass.

In S. magellanicum habitat in the Patagonian
region, the following orders and families were common
or abundant: Oligochaeta (Enchytracidae, Lumbricidae),

Geophilomorpha (Geophilidae), Aranei (Lycosidae,
Linyphiidae), Coleoptera (Staphylinidae, Elateridae,
Curculionidae), Diptera  (immature  Limoniidae,
Chironomidae, Ceratopogonidae, Empididae,

Dolichopodidae, Ephydridae, Muscidae). Enchytraeidae,
the larvae of Elateridae and Ceratopogonidae were the
most abundant. The larvae of Elateridac had the highest
biomass. Seven families of Coleoptera were recorded:
Chrysomelidae (3 species), Elateridae (Margaiostus
magellanicus), Curculionidae (4), Pselaphidaec (1),
Carabidae — (5), Scirtidae (1), Staphylinidae (4).

In S. cuspidatum habitat in the Boreal region, the
following orders and families were common or abundant:
(Cybaeidae),
(Dytiscidae,

Oligochaeta  (Enchytraeidae), Aranei
Odonata  (Libellulidae),

Hydrophilidae), Hymenoptera (Formicidae), Diptera

Coleoptera

(immature Tipulidae, Limoniidae, Ceratopogonidae,
Chironomidae, Cecidomyiidae, Tabanidae). The larvae
of Chironomidae and Ceratopogonidac were the most
abundant. The larvae of Tabanidae, Limoniidae and
Libellulidae Elateridae had the highest biomass.

In S. cuspidatum habitat in the Patagonian

region, the following orders and families were common

or abundant: Oligochacta (Enchytracidae), Aranei
(Lycosidae, Linyphiidae), Coleoptera (Dytiscidae,
Hydrophilidae, Curculionidae), Trichoptera, Diptera

(immature Limoniidae, Chironomidae, Ceratopogonidae,
Empididae, Dolichopodidae, Ephydridae, Muscidae).
Enchytraeidae, the larvae of Chironomidae and the aduts
of Dytiscidae (Liodessus sp.) were the most abundant; the
larvae of Muscidae, Chironomidae and Trichoptera had
the highest biomass.

The larvae of Diptera are represented by 7-12
families in each habitat and, as a rule, comprise 1/4 to
4/5 of the total biomass of macroinvertebrates. The larvae
of Chironomidae and Ceratopogonidac are the most
abundant dipterans; Limoniidae and Cecidomyiidae are
common. As a rule, immature Limoniidae or, more rarely,
Chironomidae or Tabanidae, have the highest biomass.
The larvae of Chironomidae, Ceratopogonidae, Odonata,
Trichoptera, and the adults of Hydrophilidae (Enochrus
(Hugoscottia)), Dytiscidae (Lancetes, Liodessus ) and
Scirtidae occurred in bog pools and streams.

Macroinvertebrate communities in the Patagonian

Sphagnum habitats are characterized by the following
notable differences from the Boreal ones: 1) a significant
proportion of the Elateridae larvae in the total biomass
of macroinvertebrates in the S. magellanicum habitat; 2)
an almost complete absence of ants, free-living larvae of
gall midges (Cecidomyiidae) and true bugs (Heteroptera),
root-feeding aphids (Pemphigidae); 3) relatively high
abundance of Muscidae larvae and puparia in the
S. cuspidatum habitat; 4) low abundance of Odonata
larvae and significant role of Trichoptera larvae in the
total biomass in the S. cuspidatum habitat; 5) the presence
of “aquatic” Empididae larvae and pupae of the genus
Neoplasta (the subfamily Hemerodromiinae), which in
the Palaearctic are confined mostly to running waters
and are never found in peatlands; in Patagonia, the larvae
and pupae of Neoplasta occurred in all studied bogs, in
particular, they were common in the drier S. magellanicum
habitat; 6) different subfamilial and generic composition
of Chironomidae and Ceratopogonidae: as distinct from
the Boreal bogs, only Stilobezzia and Dasyhelea of
Ceratopogonidae were common; chironomids included
abundant Podonominae.

All study habitats are characterized by a low total
abundance of macroinvertebrates (usually no more than
500 ind./m?) and low biomass (average biomass, 0.3 to
1.5 g/m?). These values are several times as low as in most
other semiaquatic habitats of the temperate zone of the
Palaearctic, such as the water margin zone of lakes and
running waters.

The S. cuspidatum habitat is characterized by a
higher average biomass of macroinvertebrates aligned
between the study sites; it was usually about 1 g/m?
The S. magellanicum sites differ from each other in the
average biomass (0.3-1.5 g/m?), which may be due to
differences in the trophic conditions and hydrological
regime of a drier habitat.

Sapro- and detritophagous species were the
dominants in the total abundance and biomass in
S. magellanicum habitats. In contrast, predators (adult
Dytiscidae, larvae of Odonata, Muscidae, predatory
larvae of Ceratopogonidae and Tabanidae) had the highest
biomass in the S. cuspidatum habitat in the study period.
Phytophagous invertebrates were always relatively few,
are represented mainly by the larvae of Curculionidae,
as well as the immature stages of Hydrellia (Ephydridac)
and Agromyzidae (Diptera).

The
Patagonian bogs are characterized by a similar level of

same-type habitats in the Boreal and

abundance and taxonomic richness of macroinvertebrate
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communities. On one hand, many life forms and
taxonomic groups (orders, families, and sometimes even
the genera) living in similar conditions are the same in
bog habitats of both distant region (e.g., members of
Geophilidae, Elateridae,
Chironomidae, Ceratopogonidae, Limoniidae). On the

Dytiscidae, Curculionidae,

other hand, many above-listed strong differences between

the bog communities allow us to suggest that dramatic
distinctions between the Boreal and Patagonian faunas may
result in the considerable differences in the composition
and structure of macroinvertebrate communities in the
similar habitats of two regions. The relative depletion of
macroinvertebrate fauna of Patagonian bogs is associated
with climatic conditions and history of the region.

We are grateful to A. Prosvirov (Moscow) for help in identification of Elateridae. The work of all the authors of
this study was supported be the Russian Science Foundation (grant no 14-14-01134), in addition to this, the work

of A. Przhiboro (i.e. field equipment, field trips in NW Russia, processing and analysis of samples) was partially
supported by the Russian Foundation for Basic Research (grants no 15-04-00732 and 14-04-01139).
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FACTORS AFFECTING THE SPHAGNUM BIOMASS
IN REVEGETATED MILLED PEATLANDS

Anna-Helena Purre'& Mati Ilomets?

'Tallinn University, School of Natural Sciences and Health, annahele@tlu.ee

2Tallinn University, Institute of Ecology, ilomets@tlu.ce

Peat excavation is ongoing activity in many
northern countries (e.g. Canada, Ireland, Finland, Sweden,
Estonia, Russia and others). In Estonia, there are almost
10 000 hectares of abandoned milled peatlands, from
which at least 2 000 hectares will be restored latest by 2023
in cooperation with Estonian government and European
Union. Furthermore, vast areas are under continuing peat
excavation. These areas have been drained and peatland
vegetation has been removed. In order to restore milled
peatlands, water level has to be raised and often some
further methods like diaspore dispersal and mulching are
needed.

The main objectives of the peatland restoration
activities are to create biological diversity and community
structure that is similar to nearby peatlands in the pristine
state, restore peat (and carbon) accumulation function,
and restore water buffering ability of the peatland
(Pfadenhauer & Grootjans, 1999).

Plant biomass and peat moisture and organic
content were measured in Tallinn University, Institute
of Ecology, chemical analysis were conducted in plant
biochemistry laboratory in Estonian University of
Life Sciences. For data analysis IBM SPSS Statistics
ver. 21 was used and the ordination analysis (Principal
Component Analysis (PCA)) was done in CANOCO 5.0.
Sphagnum cluster was created using k-means clustering
of bryophyte biomass samples in SPSS. Results were kept
statistically significant if 0<0.05.

Sphagnum species biomass was 0.8+0.1 g dm?
in the Ohtu site and statistically significantly (p<0,01)
higher in the Viru site (5.0£0.2 g dm?). In addition to
Sphagnum species (mainly Sphagnum fuscum, Sphagnum
angustifolium, Sphagnum magellanicum and Sphagnum
rubellum), Polytrichum strictum, Aulacomnium palustre,

Pleurozium schreberi and Dicranum polystum were also

Rochefort (2000) and Rochefort et al.
(2003) have considered Sphagnum

Q p
—

species and their recovery to be
important in peatland restoration, so
creating suitable conditions for peatland
functioning.

Ohtu and Viru
were restored using the moss-transfer
technique (Rochefort et al., 2003), both

study sites are located in the Northern

study sites

P
Peat org <o

P. strictum

D. polysethmPeat

 Peat

Estonia. Ohtu site was restored in spring
2006 and Viru site in autumn 2008.
Bryophyte samples were collected
in 2012 (Ohtu site, N=280) and in
2013 (Viru site, N=282) for analysing
variations in bryphyte biomass between

Sphagnum

Axis 2 (18%)

restoration techniques. More peat and
bryophyte samples were collected in
autumn 2012 (N=60, both sites) and

-1.0

pH_Peat

Moisture A. palust

™

2015 (N=61, both sites), for connecting y
bryophyte biomass with peat properties. -1.0
Peat pH was measured during the
sampling.
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Fig. PCA analysis connecting the biomass of the bryophyte species and

environmental variables.
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present in both sites.

Variations in Sphagnum biomass in the revegetated
milled peatlands was explained mainly by peat organic
and moisture content (Fig.). Peat of the samples that
were clustered to be with high Sphagnum biomass was
characterized by relatively high peat moisture content
(84,4+0,6%) and peat organic content (98,1+0,3%). pH
(3,3#0,1) and peat nutrient levels remained near 1% (N)
or below 0,05% (PK).

In the Ohtu site, Sphagnum biomass did not differ
significantly between the plots with different dispersed
species, but in the Viru site Sphagnum had statistically
significantly (p<0,05) increased biomass (5.0 g dm? or
higher) in the plots where S. fuscum or S. magellanicum
had been used in a dispersal material. Sphagnum species
biomass did not differ significantly between the plots
with different diaspore dispersal rates in the Ohtu site. In
the other hand, Sphagnum biomass differed significantly
between microtopographic zones with Sphagnum biomass

being higher in depressions.

The study was financed by Estonian Science Foundation grant ETF-9070. The chemical analyses were conducted
with the aid of Tallinn University Centre of Excellence of Natural Sciences and Sustainable Development. Authors
thank mire research group in Institute of Ecology, Tallinn University for the preparations of the study sites.
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INTERCHANGE OF SPHAGNUM SPECIES AFTER RESTORATION
OF NATURAL HYDROLOGICAL CONDITIONS

Sigita Sprainaite

Kamanos State Nature Reserve, Lithuania

s.sprainaityte@yahoo.com

The aim of research: to find out the changes of
composition and cover of different Sphagnum species
before and after restoration of natural hydrological
conditions.

Site description. Slope of the raised bog with
degraded Ledo-Pinetum R. Tx. 1955 and Vaccinio
uliginosi — Pinetum Kleist 1929 plant communities was
investigated. This part of bog was drained by one ditch dig
out from lake in central part of bog in 1906. Hypothetically
it could be Sphagnetum magellanici Sukopp 1959 ex
Neuhausl 1969 before draining. Species composition was
more changed in the vicinity of the ditch: abundant layer
of semishrubs, cover of Sphagnum sparse or absent. The
better condition persisted at a distance of 30-75 meters
from the ditch.

The highest altitude (sample plot No II) is
83,32 meters above sea level. The I-st plot is 9 cm lower
and cover part of shallow canal valley with subsided peat
beneath. The subsidence occurred due to draining in 100
year period. The III plot is in 25 cm lower position as the
slope goes down.

The canal was finally blocked in 2007.

Methods:

1. Water level measurements were carried out
in 1,5 m deep water-wells at a distance of 6, 37 and 75
meters to the ditch. The ground water level was regularly
measured from April to October in fifteen-day period in
2007-2014.

2. Three sample plots of 10x10 m for flora
investigation were established at a particular distance
from the ditch: 0,5-10,5 m (I plot), 30-40 m (II plot) and
65-75 m (III plot). Cover of different Sphagnum mosses
(%) was assessed in 20 squares in size 1x1 m in each
sample plot (60 small sample plots totally) before (2005
— I and II plot; 2006 — III plot) and after ditch damming
(2008, 2009, 2011, 2014).

Results:

1. Interchange of Sphagnum species during 9
year period occurred due to changes of water level and
features of slope relief. Water level increased up to the
surface level to 14 cm above (up to 14 cm down during
summer period) in the I plot; ranged from 47 cm below to
the surface level in the II plot and between 5-50 cm below
in the III one.

2. Different number of Sphagnum species was
recorded in three monitoring sites. 4 species were

obtained at the highest altitude (II plot) while 8 species
at the lowest site (III plot). No one species had extinct
or appeared new during observation period. Two species
were counted near the ditch (I plot) before damming and
5 species in the fourth year (and later) after closing the
canal.

3. The mean cover (%) of peat moss layer started
increasing consistently after ditch damming:

YEAR I plot | II plot I

plot

2005 (before restoration) | 0,22 11,9 26,8

2014 (seventh year after 20,9 16 32,5
restoration)

4. Sphagnum capillifolium was the dominating
species in all sample sites before management activity.
It remained so for four year after water level restoration.
Later other species of Sphagnum became more abundant
in the I plot while the tendency did not change in more
furthermost sites.

5. The difference occurred due to peat subsidence
and highest ground water level in the I plot where
mesotrophic conditions have formed and new species — S.
fallax, S. squarrosum and S. flexuosum emerged. S. fallax
first appeared in 2011 (mean cover 0,4%) and spread
to 17% in 2014. S. fimbriatum was very sparse before
ditch damming (mean cover 0,025 %) and increased
to 2 % in the seventh year afterwards. The increase of
S. capillifolium was not so significant and since 2011
remained stable.

Plots No II contain Sphagnum species typical
to ombrotrophic raised bogs: S. angustifolium,
S. capillifolium, S. flexuosum (very sparse) and
S. magellanicum. In addition four more species —S. fallax,
S. fuscum, S. rubellum and S. russowii were found in the
111 plot.

Conclusion: Interchange of Sphagnum species
depends on slope relief and height of restored water
level and more significant becomes in the fourth year
after management activities and later. Mesotrophic
environment with corresponding Sphagnum species
forms in the inundated area of drainage ditch valley. The
furthermost sites are less influenced, but the abundance of
all Sphagnum species had increased.
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PLANT COMMUNICATION IN BRYOPHYTES
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Vascular plants can communicate between each
other, as well as with other groups of organisms. This
ability helps them to survive in communities and adapt
to changing environment, e.g. by enabling to assess
competitive strength of surrounding plants (Ninkovic
2003), prepare for fungal or herbivore attack (Shiojiri et
al. 2006, Karban et al. 2014) or attract herbivore predators
(Guerrieri et al. 2002). So far, the best explored method of
plant communication is a communication through volatile
organic compounds (VOC). In contrast to vascular plants,
communication between bryophytes or bryophytes and
other organisms is almost unknown. The only example
described is a study of bryophyte—microarthropod
interaction (Rosenstiel et al. 2012), where male and
female shoots produce different type of volatile cues to
attract microarthropods that transport male spermatozoids

to female gametes (the analogy of ‘plant—pollinator-like’
relationship in flowering plants).

In order to find out whether bryophytes recognize
identity of their competing neighbours through VOC, we
exposeda moss Hamatocaulis vernicosus (rare species,
poor competitor in poor-fen environment) to the air
enriched by VOC produced by Sphagnum flexuosum
(superior competitor in poor-fens). We used ‘twin-chamber
cages’ setup, following Ninkovic (2003). In addition, we
cultivated both species separately and in mixtures under
low/high nutrients and under shady/non-shady conditions
(simulated by far red light addition). In both experiments,
we measured the growth in length, biomass and changes
in shoot architecture and VOC production. The results
will be presented at the conference.

Guerrieri E. et al. (2002): Plant-to-plant communication mediating in-flight orientation of Aphiduservi. // J.

Chem. Ecol. 28: 1703-1715.
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Lett. 17: 44-52.

Ninkovic V. (2003): Volatile communication between barley plants affects biomass allocation. // J. Exp. Bot.,

54:1931-1939.

Rosenstiel T.N. et al. (2012): Sex-specific volatile compounds influence microarthropod-mediated fertilization

of moss. // Nature 489: 431-433.

Shiojiri K. et al. (2006): Changing green leaf volatile biosynthesis6.in plants: An approach for improving plant
resistance against both herbivores and pathogens. // PNAS, 103: 16672—-1667.
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YHCTAS IEPBUYHAS IIPOAYKLMA U PA3JIOXEHUE SPHAGNUM
FUSCUM (SCHIMP.) KLINGGR. B CPEJIHEN TAWTE
3AIIAJHOM CUBMPU

NET PRIMARY PRODUCTION AND DECOMPOSITION OF SPHAGNUM
FUSCUM (SCHIMP.) KLINGGR. IN THE MIDDLE TAIGA
OF WESTERN SIBERIA
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Sphagnum  fuscum  SBISETCS OMUHAHTOM
MOXOBOTO TIOKPOBAa TIOBBIIICHHBIX 3JIEMEHTOB pebeda
B OOJOTHBIX JKOCHCTEMax CpeIHEH Taiirm 3amaJHoi
Cubupu: B psMax ¥ Ha TpsiaX TPsSIOBO-MOYKHHHOTO
xomruiekca. [lenmpio Hamrel pa®oThl ObUIO MapaiebHO
C  ompenereHeM YUCTOU
npoaykiun  (NPP)

CKOPOCTBh Pa3JIOKCHUA OU€Ca ITOIr0 KE BUJA. Ha ocnose

BCJIMYHUHBI HepBH‘IHOﬁ

c(arHoBoro Mmxa IpPOCIEAUTH
MTOJTYYCHHBIX JaHHBIX OBLTH IIPOBEICHBI PacUeTHI OalaHca
pacTUTENHFHOTO BellecTBa C(AarHOBOIl COCTaBISIONICH
9KOCHCTEMBI BEPXOBOTO O0JIOTA.

UccnenoBanust nposonmiucs B 2012-2015 rr.
Ha omurorpodHOM Oomore «MyxpuHO» (cTanuoHap
FOropckoro ynuBepcurera, 60°53°20” c.am. u 68°42°10”
B.J.), PAaCIOJOXEHHOM B IION30HE CpEIHEH Tairu.
[Mponyxkuwys S. fuscum onpenessiack Kak NPOU3BEICHHE
TUTOTHOCTH (KOJIMYeCTBO cTebei mxa B 1 M) Ha Maccy
TOIIOBOTO JIMHEHHOTO TpupocTa. CKOPOCTh pa3ioKeHHS
c(arHoBoro oueca M3y4ajad B IOJIEBOM DKCIIEPUMEHTE.
KanpoHoBBIe MEIIOUKH C 04ecoM S. fiscum B KOTHIECTBE

2 T cyXoro Beca 3aKjajbpIBaii Ha m1youHsl 5 u 30 cM ot
TOJIOBOK MXa, BBIHUMAJIM 4€Pe3 OAMH, JiBa M TPHU Tofia.

Yucras nepsuunas npoaykuus (NPP) S. fuscum
BappupyeT oT 320+26 no 390+50 r/m? B rom (Tabm.).
ITotepn Maccbl C(arHOBOro oueca INPH Pa3IOKECHHU
ObUTM MaKCHMAJIbHBIMA B TEPBBI TOX M COCTAaBWIIN
24,9+5,6 %, urto coorBercTByeT 79,7+17,9 r/™M* B TOA,
HCXOJS U3 pacdyeTa, 4To KOJM4ecTBO orMepinero B 2013
rogy c¢arHoBoro odeca II0 Macce paBHO BEIUYUHE
YHCTOM TEpBUYHOW TPOAYKIMH B 3TOM ke romy. B
MOCTCAYIOIINE TOIbl IMOTEPH MOCTETIEHHO CHIKAINChH
(20,7+5,3 % B Teuenue Broporo roma u 10,843,5% B
TeYeHUe TPeThero ropa). B pesynsrare obmme norepu
3a TpH rojia cocTaBuim 56,4+3,5 % wmu 180,5+11,2 1/ m?
IIpH Pa3NOKEHUU odeca, oOpasoBasmrerocs B 2013 T, u
219,9+13,7 r/m? ipu pa3noxeHUH oueca 00pa30BaBIIeroOCs
B 2014 1. Ocrarounast Macca obpasioB oueca S. fuscum
TI0CJIe TPEXJICTHETO SKCIIEPUMEHTA 0 Pa3lIoKEHHIO OblIa
He 6oiee 43,6+3,5 %.

Tabauna. bananc pacturensHOTO BeniectBa Sphagnum fuscum

NPP (S. FUSCUM) MOTEPH IIPU PA3JIOXKEHUU OBIIUE NOTEPU
(r/m? B ron) (r/m? B ron) 3A3T0JIA
3a 1-ii ron 3a 2-ii ron 3a 3-i ron (r/m?)
3a 2013 . 320,0+26,0 79,7179 66,2+17,0 34,6+11,2 180,5+11,2
3a 2014 . 390,0£50,0 97,1+21,8 80,7+20,7 42,1+13,7 219,9+13,7

Paboma svinonnena npu noooepacxke POOU, epanm Ne 14-05-00775.
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THE STUDY OF CONJUGATE GROWTH OF SPHAGNUM AND PINES
ON OLIGOTROPHIC BOG

Mihail Ya.

Voytehov

The Taldom local administration for the nature reserve,

Taldom, the Moscow region, Russia

The average growth of Sphagnum were determined
by sundew (Drosera rotundifolia), which growth is
corresponding to the length growth of Sphagnum (V.N.
Sukacév (1926) method). From top Sphagnum layer were
extracted the sundew stems 8-10 cm. and by the number
of leaf rosettes remnants was determined the age of the
extracted parts of the plant. The length of the stem was
measured by the measuring tape and divided by the
number of years which determined by the above method.

According to our preliminary research in the bogs
of the Polistovsky state biosphere reserve in 2013-2014
the annual growth of sundew on sites covered by pine
3-6 m tall (salinity of surface bog water is 27-37 mg 1)
is 5-6 mm., and it reduced to 1.5-2 mm. for the most
oligotrophic (water salinity is 10-15 mg I'!) a flat treeless
bog areas (here prevails Drosera anglica). On tussocks
on the investigated area are dominated various species
of Sphagnum: Sphagnum angustifolium, S. centrale,
S. magellanicum, S. subsecundum, and other.

More detailed studies were held on 11-12 July 2015
at the bog Kolpitsky moss (Smolensk region, Demidovsky
district, the National park Smolensk Lakeland). The
bog is located in an oval valley among fluvioglacial
deposits. The Sphagnum peat layer over 1 m. Almost flat
topography of the bog, the homogeneous finely-tussock
microrelief (tussock up to 20 cm) suggests that the main
factor influencing the increment of pine is the availability
of mineral nutrients (salinity of water on bog edge is 45-
70 mg I''). The main source of mineral nutrition is the

runoff from the shores of the basin. Both visually on the
areas, and on the space photo (Google) shows that out
of main flooded site the growth of the pine is better on
the fringes of the swamp, but closer to the center it gets
worse. The absolute Sphagnum magellanicum domination
on the tussocks allows to explore the growth on one moss
species.

Height of pine was determined by eye. The annual
increment of pine was determined by dividing the height
of the part of the trunk 0.5 m above the bog to the top
on the number of annual whorls of branches. Diameter
at a height of 50 cm was determined by measuring tape.
Volume of wood was determined on the model sites of
10 x 10 m. and converted to area 1 ha. At each site were
examined 5 sundew plants.

The main measurements were held in the middle
part of the pine bog along the cut-ride, where better
lighting and higher abundance of sundew. On the
southern bog edge was also investigated growth of the
sundew on almost treeless papulose-hollow site, where
are moss tussocks up to 40 cm tall among the more
watery part of the bog (site 1). In addition, the growth
of the sundew was investigated on a small oligotrophic
bog adjacent to the North (site 3). Here, in addition to
Sphagnum magellanicum has abundance of Sphagnum
angustifolium.

These data give the base to conclude that the deficit
of mineral nutrition create similar complicates both the
growth of Sphagnum magellanicum, and the growth of pine.

Table. The annual increment of pine and sundew in the studied areas.
Sites are listed in order of increasing growth of pine trees.

SITES HEIGHT | ANNUAL | VOLUME | INCREMENT OF SUNDEW, MM
No | COORDINATES | OF PINE, M | INCREMENT | OF WOOD, (WHICH CORRESPONDS
OF PINE,CM| M?HA TO A GROWTH OF SPHAGNUM)
1 [N 5528005 <04 <2 <0,1 (5,4+5,4+5,4+6,0+6,0) 5= 5,6
E 031 38 631
2 [N 5528064 2.25+0,75  |2,5+0,5 1,75 (7.018.078.01105711.0)5 ' = 8.0
E 03138 579
3 [N 5528673 4,515 4,5+0.5 4,5 (7,0+7,6+8,2+8,2+9,5) 51 = 8,3
E 031 39,244
4 [N 5528234 542 5,515 9 (9,049,5+11,0+11,0+12,0) 5 = 10,5
E 031 38 807
5 [N 5528250 5,5¢1,5 6+1 11 (8,5+8,519,049,6+12,0) 5' = 9,6
E 03138714
6 |N 5528347 6,5+3,5 8+4 27 (14,3+16,0+15,9+17,0+14,0) 5' = 15 4
E 03138 412

The author expresses his gratitude to the administrations of nature reserves Polistovsky and Smolensk Lakeland for
their help assistance in the work.

CykaueB B.H. 1926. [Sukachev V.N.] Bonora, ux obpa3oBanue, pa3Butue u cBoiictBa [Bogs, their development and

properties]. Jlennurpana: M3a. Jlenunrp. Jlecuoro nn-ta. 162 c.
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OBBEMHAS TTIJIOTHOCTh CPATHOBOW JEPHUHBI
BEPXOBBIX BOJIOT TAEXHOM 30HbI 3ATIAJTHOM CHUBUPU

BULK DENSITY OF SPHAGNUM TURF OF RAISED BOGS

IN TAIGA ZONE OF WESTERN SIBERIA
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Oropckuii rocynapcTBEHHbIN YHUBEPCUTET

zarov.evgen@yandex.ru

Topdsinast 3aJeKb JeTTUTCS Ha JBa
(YHKIIMOHANBHO Pa3JIMYHBIX YPOBHS — 30HY aKTHBHOTIO
peoO0pa3oBaHusl OPraHMYECKOTO BEIIECTBA (aKpOTEIM
WIN  JIeSTENbHBbI  TOPU30HT) M OTHOCHTENHHO
CTaOWIbHYIO B OMOXMMUYECKOM IUIaHE 30HY HAKOIUICHHS
topda (karorenm). [paHuia yCIOBHO ONPEACISICTCS IO
Cpe/iHeMy MHUHHMMAJIbHOMY YPOBHIO CTOSIHHSI OOJIOTHBIX
Box (YBB). B 3aBucumoctu or YBB Ttepputopuio
3aHUMAIOT pa3IU4HbIe cooOInecTBa pacTeHuH. Tak, mms
TaexXHOH 30HBI 3amaaHod CuOMpPH AT YBIaXHEHHBIX
Y4acTKOB (TOIH, MOYQ)KUHBI) OJIMTOTPO(HBIX CharHOBbIX
00JI0T XapakTepHbI (UTOICHO3bI C MpPeoOIaTaHuEeM B
MOXOBOM MOKpoBe S. balticum, S. jensenii, S. papillosum,
S. majus, a cpenu TpaB Eriophorum vaginatum,
Scheuchzeria palustris, Carex limosa; Ha 0onee Cyxux
ydacTKax (psiMax, TpsAax) B HANOYBEHHOM ITOKPOBE
a0COJIFOTHO AOMUHUPYET S. fitscum, OOUIbHBI BEPECKOBBIC
KyCTapHUYKU U Pinus sylvestris [@ununmos, JlanmuHa,
2008].

[lepenerasich, )KMBbIE PACTEHHsI U X OTMEpIIHE
ocraTku  (OPMHUPYIOT BOJIOKHHCTYIO CTPYKTYpY, B
KOTOPOH IPOMEKYTKU-TIOPBI, 3aII0JIHEHB] BOAON U I'a30M.
[Tpu sTOM JOMUHMpYOLIME BUABI MXOB (opmupyrOT
CBOM XapaKTEpHbIIl «IIOYBEHHbIH CKEJET», KOTOPBII
OIpe/iesIsieT OCHOBHBbIE (DU3MUYECKUE XapaKTePUCTHKU
Oouorora (B yacTHOCTH 00beMHYI IUOTHOCTH (OII)
U TIOpUCTOCTh). Ha momio JAeATeNbHOr0 TOPH30HTA,
BKJTIOYAIOIIETO MOXOBOHM KkoBep, mpuxomutcs 90-95 %
BCEro romoBOro croka Boabl [Zarov et al, 2015], uro
SIBJISIETCSl  ONpeessomuM  (akTopoM  (HOPMUPOBAHUS
0ooTHBIX MuKposiaHamadpToB. [Ipu 3ToM mMokaszareb
OII siBnsieTcs KIIOUEBBIM MapaMeTpOM ISl ONpeeIeHHS
CTOKa ¢ OOMOT NpH THAPOIOTHYECKHX H3BICKAHUAX
[Boelter, 1968; UWsanos, 1957]. Ilokasarear OII
ompenensercs Kak OTHOIIEHHE Beca aOCONIOTHO
CYXOW Macchl OPraHHYECKOTO BELIECTBA K ee 00beMy B
€CTECTBEHHOM COCTOSTHHUH.

Lenbto paboThl OBUIO ONpeesieHne MOKa3arels
OIl cdarHoBOM AEpHUHBI ISl MHUKpOJaHAIIA()TOB C
JIOMHHUPOBAaHHEM pA3JIMYHBIX BHJOB C(HArHOBBIX MXOB
JUTSE THIIMYHOTO OJIMTOTPO(HOro 00JI0Ta TaCKHOM 30HBI
3anagnoit Cubupn.

Hccrnenyemblii GONOTHBIM MaccUB PaCHONIOKEH
B 30 kM K foro-3amaay oT TI. XaHTBI-MaHCHICK

(XantpI-MaHcUliCKMii  aBTOHOMHBIH OKpyr - IOrpa)
Ha JIeBOOEpeKHOW Teppace peku MpThill W sBIsieTCs
pENpe3eHTaTUBHBIM ~ JUISL  CPEIHETAe)KHOH  30HBI
Bamagnoit Cubupu. IloBepxHOCTh 00JI0TA HMEET
BBINYKJIYI0 (opMy, cpeHsisi TiyouHa Topda cocTapisier
3.1 M, ¢ MakCHMMaJbHbIMM 3HAUCHUSIMH OKOJIO 6 M,
3aperuCTpUPOBAHHBIMU B pailoHE O03€pHON KOTJIOBUHBI
B ceBepo-3anaaHoi 4actu Oosora. TopdsiHas 3anexs
Ha 2/3 cio)KeHa BEPXOBBIMH C(ArHOBBIMH M IYIIHIIEBO-
cdarnoBeiME Buaamu topda (61.6 %), n nmoacruiaemas
0.5-1.5 M cnosMHU TEepexXOmHBIX M HU3MHHBIX TOP(OB.
OOmmas riom@ane UCCIeyeMOi TePPUTOPHH COCTABUIIA
6.35 KM%, M3 HHUX Ha JIOJI0 MOYaXUH npuxoautcs 38.2 %,
rpsin — 14.9 %, tunngaroro psma — 24.3 %, pocioro psMa
-4.1 %.

B 3umnmit mepwox 2011-2012 u 2015 romax
W3 MOHOJHMTOB Mep3Jioi c(arHoBOW JIEpHUHBI ObLIM
0TOOpaHbl 00pa3Lbl MOYBHI 10 MAKCHUMAJILHOM ITyOUHBI
TIpoMep3aHus, KoTopast cocraBmia 40 cM Ha Tpsijiax u B
psmax 1 30 cM B TOIISTHBIX COOOIIECTBAX, C ITOCIIEAYIOIINM
nobopom 00pasmoB Topda o mryomHbl 60-70 cM s
BKJIFOUCHUS B KOJIOHKY BEPXHHX TOPU30HTOB COOCTBEHHO
Topca. OOpa3iel ObUTH OTOOpPAaHBI BO BCEX THITUYHBIX
OONIOTHBIX MHUKpOJaHAmapTax (JOMHUHAHTHBIE BHIBI
yKa3aHbl B CKOOKax) — pociblil psM (S. angustifolium),
TANUYHBIA psM (S. fuscum u OOMIIME KyCTapHHYKOB),
torib (S. papillosum), B rpsiI0OBO-MOYQKUHHOM KOMILICKCE
00pa3sipl 0TOOpaHbl OTIENbHO Ha Tpsiae (S. fuscum) u B
Mouakuue (S. balticum).

B kaxmom mukponanmgmadte oTOOp 00pasioB
OBbUT IPOBE/IEH B TPEXKPATHOH IIOBTOPHOCTH Ha Y4acTKax,
BBIOPAaHHBIX B Pa3JIMUHBIX YacTAX OOJIOTHOTO MacCHBa.
Bce o0pasipl ObUIM JJOCTaBJICHBI B JIAOOPATOpHIO, T
OBUTH BBICYIIEHBI JI0 a0COJIIOTHO CYXOT0 COCTOSTHHMS (24 4
npu TeMneparype 105 °C) u B3BeIIeHBI ¢ TOUHOCTBIO JI0
0.01 . Becero ObuT0 TpOaHaTU3UPOBAHO 225 00pa3IoB.

Pesynbrars MIPOBEAEHHBIX UCCIIE0BAHUM
MIPE/ICTaBIICHBI Ha PUCYHKE 1.

Haubonpmme 3nagenust OI1 ms Bepxuux 30 cm
c(arHoBOi JEpPHUHBI XapaKTEPHBI JUII POCIOrO psiMa
(0.069+0.017 r/cm?), MUHUMATTBHBIE 3HAYEHHST OTMEUYEHBI
B TomsHbIX ycrmoBusix (0.016+0.006 r/em?). st Gomee
DIyOOKMX — MCCIIEIOBAaHHBIX  CIIOEB  MaKCHMallbHbIE
3HAYECHUS 3aperuCTPUPOBAHBI JUTSE pociioro
(0.101£0.06 r/cm?) u trmmysOTO psiva (0.110+0.043 r/em?).
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Puc. 3menenne nokazarens OI1 MOXOBO# JIepHUHBI IO ITyOWHE AJIs1 MUKPOJIaHAMA(TOB C pa3HBIMU
JIOMHMHAHTHBIMH BU/IaMH C(arHOBBIX MXOB (JJMHUSIMH 0003HaUeHa (YHKIMS JIMHEHHOH perpeccun)

B umenom, 3uauenus mokasarens OII  Beime
JUIE MUKponaHmamagToB ¢ Oojee IITyOOKHM YpPOBHEM
3ajeraHust OOMOTHBIX BOA (POCITBI M TUIMMYHBIN PSIMBI,
TpAABI), YeM s Oonee BIAXHBIX YYAaCTKOB (TOMH H
MOYaKUHBI).

IToxaszarens OIl mMeeT OOLIyI0 TEHACHIMIO K
YBEIMUYCHHIO ¢ TIIyOMHOW. J[7s BCEX HCCIeI0BaHHBIX
YY4acTKOB B3aUMOCBA3b Mexay mokaszarenem OIl u
nyOuHO# 661Ta mocToBepHO (R? He Menee 0.71) omucana
YpaBHEHHMEM JIMHEHHON perpeccuu, NpecTaBICHHBIMU
Ha pucyHke. Camble BBICOKHE YITIOBbIE KOA(D(HUIIMEHTBI,
CBUJCTENBCTBYIOIIME O  MaKCHUMAaJbHOM  CKOPOCTH
M3MEHEHHUs TI0Ka3aTeNsl, XapaKTepHBl JUISI THIIUYHOTO
psma (0.0166) u mouaxunsl (0.0137), MUHMMaIbHBIC

— mast Tonu (0.0019). Jlnst psiMma 3T0 OOBSCHSETCS TEM,
YTO COOCTBEHHO TOP(], TI/A€ PACTUTEIBHBIE OCTaTKH
MIPUHUMAIOT TOPH30HTAJIBHYIO CIOMCTOCTh U IIO3TOMY
UMEIOT 0oJiee BBICOKYIO IUIOTHOCTH, IIOTANaceT B
HCCIIeyeMble TIpesienbl. B MouaknHe u3-3a epeMeHHOTO
B TEUEHUE CE30Ha YpPOBHS OOJNOTHBIX BOJ CTEOEIBKH
MXOB KOMITAaKTHO CIPECCOBBIBAIOTCA IOJ] CIIOEM KHBOTO
rofIoBOTO Tpupocta. B 00BomHEHHOUW CharHoBo TomU
YPOBEHb OOJOTHBIX BOJl BCEIa CTOUT Ha MOBEPXHOCTH,
MOXOBOH MOKpPOB, OTMEPIIHE YacTH C(ArHOBBIX MXOB
U TIOA3€MHBIC YaCTH COCYIUCTBIX PACTCHHUH OCTAIOTCS
B BOJIC BO B3BEIICHHOM cocTosHHM, TeM cambiM OII ¢
TyOMHOM yBETMUMBACTCSA C HAMMEHBIIEH CKOPOCTHIO.
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