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H3zyuenue ounamuku IUHEHO20 NPUPOCMA U NEPEULHOU NPOOYKYUU CPACHOBBIX MXO8 AKMYAIbHO 8 céene Mmou
POU, KOMOPYIO OHU ucparom 8 OUHAMUKe Yeaepood U e20 KOHCepsayuu 6 ude mopgsanou 3anexcu. B enobanvrom
Mmacwimabe, onpedeneHvl 3HAYEHUS ISMUX NApamMempos OJid PA3HbIX U008 CEACHOBBIX MX08 U 6 CBA3U C PAHbIMU
abuomuueckumu gaxkmopamu. OOnako, 00 Cux nNOp OCmMaemcs HeOOCMAmoK 8 OAHHLIX HA meppumopuu 3anaoHoi
Cubupu. OcobeHHO 8adCHbI OaHHble MHO2ONEMHe20 MOHUMOPUHEd, HA OCHO8e KOMOPLIX MONCHO 2080PUMb O
MHO2OemHel  OuHamuke. B nacmoswem uccredosanmuu  UCnonv3o8ancs Memoo  OMHOCUMENbHBIX — MemoK
(unousudyanvhvle KoMbLYA U KePUUKUY) Ot ONPedeNeHUst 200UYHO20 NPUPOCIMA U NPpoOyKmusHocmu 8 6udos cghacnyma
Ha eepxoeom Oonome 6 30He cpedHer matieu 3anaonot Cubupu. Habmodenus npooomicaruce 6 meveHuu 4
6ecemayUuoHHbIX Cce30H08. Bceeo coenano 1574 usmepenus auneiinoco npupocma u 200 uzmepenuti nepsuuHol
npodykyuu. Munooicecmeennviti OUCNEPCUOHHBIL AHANU3 NOKA3AL GIUSAHUE HECKONbKUX (PaKkmopos Ha 3HAYEeHUs.
JUHEUH020 NpUpoCma: 6uUd08as NPUHAONEICHOCHb, 200, Mecmoobumanue u ypogensb 0010MHbIX 600. JIunelinwviil
npupocm cgaznoswix mMxoe sapvuposar om 1,6 0o 3 (& cpednem medncdy eudamu 2,1), oanee no suoam: S. divum (1,6 cu
6 200), S. fuscum (1,7), S. capillifolium (1,7), S. papillosum (1,9), S. jensenii (2,7), S. angustifolium (3), S. majus (4,5 cm
6 200). I'00osas nepsuunas npooykyusa koaebaracs om 1,2 0o 3,7 (6 cpeonem 2,3) 2/om?: S. divum (1,2 2/om® 6 200), S.
papillosum (2,1), S. fuscum (2,1), S. jensenii (2,2), S. angustifolium (2,2), S. balticum (2,3), S. capillifolium (2,5), S.
majus (3,7 2/om® 6 200). Dkcnepumenm ¢ nosviuienuem memnepamypvl na 1,5 epadyca He NOKA3GN 3HAUUMBIX
usmenenuil 6 aunelnom npupocme S. balticum. Jannvie usmepenuil npupocma u nepeuyuHoti NPoOyKyuu nPedCcmasieHvl
6 guode 0bwedocmyntozo Habopa danuvix ¢ oenosumapuu GBIF.

Knrouesvte cnosa: NmpoayKTUBHOCTH, MEPBUYHAS MPOAYKIHUsA, TopdsiHOoe 0o0s0TO, TOp(d, IMKI yrieponaa, 3amaiHas
Cubups

The linear growth and primary production of Sphagnum is an important parameter for estimation of carbon
balance of peatland ecosystems, given large areas these landscapes cover in the Western Siberia. Sphagnum represents
the largest pull of biomass in raised bogs, which in anoxic conditions becomes peat, storing the preserved sources of
carbon. Primary production estimates of different Sphagnum species are well studied globally, different authors studied
many parameters of growth and production in natural and experimental conditions. The main parameters defining the
growth and primary production are: the species biology, humidity, nutrient balance and photosynthetic radiation.
Regional monitoring of carbon balance requires local estimates of Sphagnum linear growth and production, registered
for specific regional species for a number of years, covering temporal and spatial dynamics. This was the scope of the
monitoring program, initiated in Mukhrino field station of Yugra State University in middle taiga zone of Western
Siberia 4 years ago.

To cover biological, spatial and temporal variability of Sphagnum linear growth and productivity, a series of
permanent plots was established in Mukhrino field station in October 2018. The plots were located along the
boardwalks of the station to protect the surface of peatland during permanent monitoring. Eight species of Sphaghum
were chosen, each species was measured in 2-3 plots to cover spatial variation, totaling in 27 plots. Each plot contains
about 20 markers established to measure growth of a particular species in an exact location. Two types of markers
were used for upright-growing (“wire brush”) and side-growing (“individual ring”’) species of Sphagnum. The markers
were attached at the end of vegetation season (October) and were measured a year after (the exact dates of
measurements were 09.10.2019, 17.10.2020, 09.10.2021 u 13.09.2022). Additionally, a sample of Sphagnum carpet 1
dm® was extracted from each plot on the date of measurements for estimation of Sphagnum productivity (to calculate
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the dry weight of 1-cm shoots per 1 dm?, which is then multiplied by a mean annual increment on this plot). To estimate
the parameters of linear growth and production, we measured the water level below the surface and described
vegetation composition on each plot. Part of plots were established under experimental warming conditions using Open
Top Chambers which raised temperature on 1.5°C on average. Climatic parameters were measured using an automatic
weather station in the near proximity to the plots.

Totally 1574 measurements of Sphagnum linear growth increment and 200 estimates of Sphagnum primary
production were made during the four-years period. The collected data were organized in a dataset using Darwin Core
standard and published through Global Biodiversity Information Facility to be Findable, Accessible, Interoperable and
Reusable by any researcher or project in this discipline. The analytical tools (R scripts) which were applied for the
analyses of these data were published in GitHub and could be accessed and reproduced. Additionally, we made a
literature database to integrate data of Sphagnum linear growth from published sources and compare our data with the
previous results.

The following results were estimated during the study. The linear growth increment of eight species of
Sphagnum varied from 1.6 to 3 (mean between species 2.1) cm per year. The species in ascending order of annual
growth: S. divum (1.6 cm per year), S. fuscum (1.7), S. capillifolium (1.7), S. papillosum (1.9), S. jensenii (2.7), S.
angustifolium (3), S. majus (4.5 cm per year). The annual primary production varied from 1.2 to 3.7 (mean between
species 2.3) g/dm?. The species in ascending order of annual primary production: S. divum (1.2 g/dm? per year), S.
papillosum (2.1), S. fuscum (2.1), S. jensenii (2.2), S. angustifolium (2.2), S. balticum (2.3), S. capillifolium (2.5), S.
majus (3.7). There are statistically significant differences in annual growth increments and primary production between
some species, while others are the same. The specific year has significant influence on growth increment and primary
production on average for Sphagnum species, but different species have positive or negative impact. There is
statistically significant correlation between bog water level and growth increment for four species: two species with
positive impact and two species with negative impact. When averaged for two habitats (treed bogs and Sphagnum
lawns), the annual growth increments statistically differ, while the primary production is the same. There wasn’t
statistical effect of raised temperature (Open Top Chambers) on Sphagnum linear growth.

We used literature data to compare our estimates of linear growth increment and primary production with other
studies. The statistical analysis proved some difference for three species, but in general our data confirm the global
trends.

The following conclusions could be used in modelling of carbon stock in regional models of raised bog
ecosystems: 1) there is statistical difference between mean growth increment and primary production of different
species of Sphagnum; 2) the specific year weather parameters influence growth and production, based on interannual
variation; 3) the averaged linear growth estimates of two habitats (treed bogs and Sphagnum lawns) differ
significantly, but there wasn’t statistical difference for primary production between habitats; 4) the linear growth of
some species could be influenced by water level, negatively or positively for different species; 5) the mean estimates of
species-specific linear growth increment and primary production coincide with literature-based information and could
be used in modelling of regional scenarios of carbon cycle.

Key words: productivity, net primary production, peatland, peat, carbon cycle, West Siberia

BBEJIEHUE

OueHka JTMHEHHOTO MPUPOCTA U NEPBHYHOM MPOIYKIUH c(harHyMa aKTyalbHa B CBS3U C HHTEPECOM K
ponu charHoBeIX 0ONOT B TI00AJbHOM IOTOKE YIJIEpOJa, a TakkKe MOTPEOHOCThIO MPOU3BOJICTB,
3aHMMAIOIIMXCS KYJIbTHBUPOBaHUEM c(arHyma. AKTUBHOE pa3BUTHE HAIpaBJICHHUE MOJIYyYMso B KoHIE 20
Beka ¢ kimaccndyeckux pabot R.S. Clymo [Clymo, 1970; Clymo, 1973; Clymo et al., 1982 u ap.].

CyIiecTByeT HECKOJIBKO JECSITKOB METOJIOB, UCTIONB3YIOMUXCS ISl U3MEPEHUS JIMHEHHOTO PUPOCTa
Y TIEPBUYHOM Mpoaykiuu (cM. Hampumep 0630p metonos B [Clymo, 1970; Vitt et al., 2007]). ITepBas rpynmna
METOJIOB OCHOBAaHA Ha €CTECTBEHHBIX MapKepax — NPUCYIIHX charHyMy rOJMYHBIX OTPE3Kax, OrPAaHUYECHHBIX
3UMHUM HM30THYThIM KojieHoM ctebist [Whinam and Buxton, 1997; Vitt et al., 2007; Mironov et al., 2016;
Mironov et al., 2020], u3sMeHeHHIO YPOBHS MUTMEHTAIIMH, WK JPYrUX HU3MEHEHHAX CTPYKTYphbI mobera
carayma [Clymo, 1970; Jlammmua u Mynsausipo, 1971]. Ko BTopoit rpyrimne MOKHO OTHECTH Py4HbBIC
METOJIbl U3MEPEHUS C TIOMOILBIO METOK, OT KOTOPBIX OTCYHTBHIBAIOT Ha4aIo MpHpocTa. McXoaHbIM MeTO10M
obu1 mpemioxennslii R.S. Clymo meron «xonenwartsix mpoosodek» («cranked wirey») [Clymo, 1970;
Clymo, 1973], ucnionb3yromuics Ui MPSIMOCTOSYUX BHUIOB charHyma ¢ IJIOTHOW JepHUHOW. M30orHyTas
MHEpTHAs TPOBOJIOKA 3aKPEIUIIETCS B JCPHUHY M M3MeEpsieTcs pocT charHyma OTHOCHTEIBHO HAYallbHOM
METKHA Ha MPOBOJIOKE. MoauduKamus 3TOro MeToja NPEACTaBICHa B BUJAE «IIPOBOJIOYHBIX EPIINKOBY
(«brush wire»), riae U30rHyTOE KOJICHO 3aMEHSIETCS €PUIMKOM M3 JICCKH, TAKMM 00pa3oM, SKOPb OTy4aeTcst
oonee HagexubiM [Gunnarsson and Rydin, 2000]. B momosHeHHe K MPOCTOMY HM3MEPEHHIO JIMHEHKOM,
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MPUIYMAITH UCIIONB30BATh CTEKIISTHHYIO Pa3MEUCHHYIO TPYOOUKY C BOPOTHHYKOM JIJIsl TIOBBIIIICHUS] TOYHOCTH
m3mepennit 1o 0.2 cm [Clymo, 1970; Sonesson, 1980; Sonesson and Johansson, 1974]. s yckopeHHOTO
HU3MEpPEHHsI MPUPOCTa «ONTOM» Ha IJIOMIAZKE UCCIEIOBATENN MONb3YIOTCS HEMIOHOBBIMU CETKaMH (sueiika
1-1,5 cm), 3aKpeluieHHBIMH Ha TIOBEPXHOCTH TOJIOBOK c(arHyma, TJe HU3MEpeHHs MPOBOIATCS Cpazy BO
MHOTHMX TOYKaX, TJIe moberu conpukacarorcs ¢ mursamu cetku [Lindholm, 1990; Laine et al., 2011; Vitt et al.,
2007]. B akcriepiMeHTAIbHBIX YCIOBHUSIX, KOTa H3MEPEHHS BEIYTCSI B KAMEPax WIIH B JIOTKAX, METKH MOYHO
3aKpenuTh Ha JAHO WM Ha Kpas MOCYAbl, 00eCHeYuB CTaOMIBHBI POCT OTHOCHUTENFHO HUX C(arHOBBIX
noberos [Limpens and Berendse, 2003]. Kpome Toro, B 3KCIEPUMEHTAIBHBIX YCIOBHSIX IOJB3yIOTCS
oOpe3aHueM MOOETOB J0 ONPENCICHHON JUTHHBI Ha HAYAIBHOM dTare SKCIEPUMEHTa M COOTBETCTBYIOIIUIMA
y4eT MPHUpPOCTa OTHOCUTEIBHO 3TOW JUIMHBI B KOHIE IKCIIEpHMEHTa. Bce BbllIenepeyucIeHHbIE METObI
IUIOXO TOZASTCSA IsI MOY&KWMHHBIX, pacTyllMX B OOK WM IUIABAOIIUX BHUIOB carHyma, Ui KOTOPBIX
WCTIONB3YIOT WHIUBUIyaJbHbIC METKH (IPUBSI3aHHBIC MMOJ TOJOBKHM c(arHymMa BEpEeBOYKH WM METIH W3
MPOBOJIOKH, KOTOpBIE KpemsTcs K ¢uaxkkam wiu koibimkam) [Vitt et al., 2007]. CoBpeMeHHbIE aBTOpBI B
KayecTBE TaKMX METOK HCIOJB3YIOT JIETKO AOCTYIHBIE B Mara3uHax HEHJIOHOBBIE CTSXKKM Uil KaOemnei
[Gaudig et al., 2020]. Hakower, k TpeTheMy KJIaCcCy METOJOB H3MEPEHHs JTHHEHHOTO MPHPOCTa Charnyma
MBI OTHECJIH 00Jiee TOUYHBINA METOJ PaIHOaKTHBHBIX MeTOK (Cj4), KOTOPBIN MPU HATHYMH COOTBETCTBYIOIIECTO
000pyAOBaHHSA TO3BOJISICT HanOosIee TOYHO OLEHUTH MPUPOCT U cOOPaTh AJOCTATOYHO OOJBIIOE KOJIHMYECTBO
u3mepenmii [Aerts et al., 1992].

Jlns mepecdeta JIMHEHHOro mpHpocTa charHyma B MAacCy MEpPBUYHON MPOAYKIIMM HA IUIOIMIAIb,
HEOO0XOIMMO JIOTIOJIHUTENBHO MPOBECTH U3MEPEHHS CYXOH Macchl carHyma, COOTBETCTBYIOIIEH yAeTbHOM
BBICOTE. JIJIst 3TOrO HCIIOIB3YIOT OTOOP AEPHHH carHyMa ¢ exuHUIB! wiomanu (5 M wmm 10 cM?), nenarot
MOJICYET YKCcIlia TOOETOB, BHICYITUBAIOT M B3BEIIMBAIOT OompeeneHHsie (1 uim 2 cM) oTpe3ku moOeros moj
rosopkamu [Clymo, 1970].

PesynbraTel M3ydeHUs] XapakTEPUCTHK JIMHEWMHOIO IPUPOCTAa U YACIBHOW IEPBUYHON ITPOLYKLUU
c(haraHyMoB MPEICTABICHO B COTHSIX MyOJUKAIMIA ¢ MIMPOKUM reorpaduieckuM oxBaToM. OIEHUBAIKCH KaK
MPUPOJHBIC TapaMeTphl (pa3Hble BUABI carHyMoOB, BIUSHHE TOTOJHBIX YCIOBUH, MHUKpopenbeda U T.1I.),
TaK U UCKYCCTBEHHbIC (BIHMSHHE YHAOOpPEHHH, HCKYCCTBEHHOE IOBBIIICHUE TEMIIEPATyphl, pEryJupOBaHUE
YPOBHsI OOJIOTHBIX BOJ), B 3aBHCUMOCTH OT 3a]a4, IIOCTAaBJICHHBIX HCCIIeA0BAaTEsIMU. B ToM vmcie, onucaHbl
OCHOBHBIC 3aKOHOMEPHOCTH pPOCTa M TEPBUYHOW MPOAYKIMH c(harHoBbIX MXOB (cM. Tarke Gunnarson,
2005):

1. N30bITOYHOE yBIaXHEHHWE M BBICOKMH CTAOWMJIBHBIM YpOBEHb OOJIOTHBIX BOJ HMEIOT
MOJIOKHUTENBHOE BIUSHUE HA JTHHEHHBIN MPUPOCT U MEPBHYHYIO MPOIYKIIMIO JJIs BceX BUIOB cdarHyma (u
HA00OPOT, MEPUOJUUECKAs 3acyXa M IMOHMKCHHE YPOBHS OOJOTHBIX BOJ[ BEIYT K 3aMEJICHHIO POCTA)
[Clymo, 1973; Hayward and Clymo, 1983; Loisel, 2012; Gaudig et al., 2017; McNeil and Waddington,
2003; Bengtsson et al., 2020; Gaudig et al., 2020].

2. Cpeny  9KOJIOTHYECKUX TPYNH BHIOB charHymMa MO OTHONMICHHIO K (akTtopam
YBJI&YKHEHHOCTH MECTOOOUTaHU, 00Jiee aKTUBHBIN POCT UMEIOT THAPO(UIbHBIE BUBI TOTIEH (Hampumep, S.
majus, S. riparium, S. cuspidatum); Buabl, pacTyl[ie Ha MOBBINICHHSIX M WUMEIOIIUE IUIOTHYIO JICPHHUHY,
MUMeEIOT 3aMe uteHHsIi poct (S. fuscum, S. divum).

3. [NoBbIeHHE TEeMIIEpaTyphl B psifie SKCIEPUMEHTOB OKa3bIBaJIO MOJIOKUTEIBHOE BIUSHUE HA
npupoct [Moore, 1989; Sonesson et al., 2002; Gunnarsson, 2005; Breeuwer et al., 2008].

4. 3areHeHne U yMeHbIeHHe YpoBHSI D AP UMEIOT OTpHIIATENBHYIO KOPPEISIHMIO C IMHSHHBIM
npupoctom [Clymo, 1973; Hayward and Clymo, 1983; Loisel, 2012; Bengtsson et al., 2020].

5. Y no6penus azotoM, GochopoM, KajlueM U KaJIbIUEM MOTYT OKa3bIBaTh PA3IMYHOE BIUSHUE
B 3aBUCHMOCTH OT YPOBHSI HACBHIIIEHHOCTH TMOYBBI 3TUMH DJIEMEHTAMH, B Clydae HEIOCTaTKa JJIEMEHTOB
OKa3bIBasi TOJIOKHUTEIIbHOE BiMsHKUE Ha pocT charayma [Aerts, 1992; Gunnarsson and Rydin, 2000; Aerts,
2001; Limpens and Berendse, 2003; Gaudig et al., 2017; Bengtsson et al., 2020; Gaudig et al., 2020].

6. N3yueHo BiMsHHME CE30HA rojla, B TOM YHUCIE IIOKA3aH AKTUBHBIA POCT paHHEW BECHOU U
BO3MO’KHOCTB 3UMHETO POCTa B psijie KIIMMaTHYecKuX npoBuHIMiA [Kiittim et al., 2020].
7. CyIecTByIOT MCCIIEIOBAHHUS, CBS3BIBAIONINE BIMSHUE JYHHBIX IHAKIOB HA MEPHOAMYHOCTD

npupocta [Mironov et al., 2018]; a Takke WUHrHOMpPOBaHHWE POCTA MPOHHUKAIOIIUM YIbTPAhHOICTOBBIM
n3iyyenuem [Mironov et al., 2020].

Takum oOpa3om, B r1100aJIbHOM MaclITade HAKOIUICHBI OOIIMPHBIC TAHHBIC M0 M3YYCHUIO JTMHEHHOTO
NPUPOCTa U MEPBHUYHOM MPOYKIMU Pa3HbIX BUAOB C(HArHOBHIX MXOB M BIUSHHIO HA HUX aOMOTHYSCKUX
(akTopoB cpenbl. OnHAKO, 0 CHX MOP OCTaeTCs HENOCTATOK B JAHHBIX Ha TeppuTopuu 3amanHoir Cubupm.
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Oco0eHHO TICHHOCTh MPEJCTABISIFOT JIaHHBIE MHOTOJETHET0O MOHHUTOPHHTA, Ha OCHOBE KOTOPBIX MOXHO
TOBOPUTH 00 00IUX TpeHaax. HelmocTaTOYHbI T OTCYTCTBYIOT JIaHHBIE TIO OT/EIBHBIM BHJAM CarHOBBIX
MXOB.

Lenbo mpoekTa, JCKAIIETO B OCHOBE IyOJMMKAI[UM, SBISCTCS OpPTaHHM3alMs IOCTOSHHOTO
MOHHTOPHHTA 32 IPUPOCTOM H MEPBUYHON Npoaykiuel charnyma Ha cranuonape «Myxpuro» KOropckoro
TOCYJJApPCTBEHHOTO YHHBEPCUTETA, I/Ie BEAYTCS KOMIUICKCHBIE M3MEPCHHUS MapaMeTpoB IHKIA YTIepoJa.
OCHOBHOW UEJBbI0 NMyOJIUKANMHU SBISCTCS OIMKMCAHUE METOJUKH TOJNYYCHUS] U CTPYKTYPBI OTKPBITHIX
JAHHBIX O JIMHEWHOM TPUPOCTE M MEPBUYHOW TPOIYKIMH, OMyOIMKOBAHHBIX B BHJE HA0Opa JaHHBIX Ha
noprase ['mobanbHON MHPOPMAIMOHHOM cHcTeMbl 0 Ouopasnoodpasuu (GBIF). B myOmukanuu BrepBbie
0000MIar0TCS pe3yJIbTaThl YETHIPEX JIET HAOJNIOJICHUI Ha IJIOMIaKaX, 3aJ0KCHHBIX Ha craiuoHape B 2018
roxy. [lpuBomaTcs BENWYMHBI 3HAYEHUH MPUPOCTA W TICPBUYHOW NPOAYKIIMH, a TaKKE PE3YJIbTaThl
CTaTUCTUIECKUX aHATU30B, TECTUPYIONIMX BIUSHUE HA 3TH 3HAUCHUS PA3TUYHBIX a0MOTHYECKHUX (aKTOpOB.

METOJIUKA

Jn3aiiH m0J1eBOro IKCepuMeHTa

JU1d M3MepeHuss CKOpOCTH JIMHEWHOTO TNPHPOCTA HCIONB30BaIM KIACCHYECKHH METOI METOK: IS
npsMocTosturx  BUIOB cdarnyma (Sphagnum fuscum, S. divum, S. papillosum, S. capillifolium)
MCIIONB30BANIN EPIIMKH, /IS HAKJIOHHO PAaCTYIIMX M IUIaBaromux BUIOB (S. majus, S. jensenii, S. balticum, S.
angustifolium) npoBonounsie konbua (puc. 1). Epiivky HM3roTaBIMBaluCh BPYYHYHO M3 HHEPTHOM
MIPOBOJIOKH (CagoBasi MPOBOJIOKA B IUIACTUKOBOW OIJIETKE), KOTOPasi CKPYUHBAJIach C JIECKOM IS MOIYIECHUS
«epIIMKa» W B BEpXHEH yacTW momedanach (iakkoM. B HWKHEH TpeTH eplIrKa 3aKperuniiach MeETKa,
OTHOCUTENILHO KOTOPOW HM3Mepsuicsi pocT cdarHyma BBepX. Eprivku ycraHaBiuBaiuch B cpeaneM 1o 10
WITyK Ha MUlomanke B paamyce 50 cM, Tak 4TOOBl OXBaTUTh BapualMIi0 B MHKpopenbede IUIOLaIKu.
[IpoBosOYHBIE METIN CKPYyYHBAId M3 TOH K€ IPOBOJIOKH, 3aT€M OOBEIMHSIM MO 5 INTYK Ha KOJIBILICK,
KOTOPBI Takxke momeuanca ¢(rakkoMm. [IBa Komplmka (KaKABI MO 5 TeTenb) yCTaHaBIMBAJIWCh Ha
IIOHIaIKy Ha paccTosiHuM 50 ¢M ApYT OT Apyra.

[

Pucynok 1. CxemarnuHoe u300paKeHHE METONUKH U3MEPEHHI ¢ MOMOIIBIO MPOBOJIOYHBIX METENb (ClieBa) U
€pIINKOB (CTpaBa).

s u3MepeHust MPUPOCTa Pa3HBIX BUIOB carHyma 3ajioxeHo 27 MIOMIaJ0K TaK, YTO KaXIbli BUJI
carayma m3Mepsuics Ha 2-3 TUIOMIAZKax, YTOOBI OXBAaTUTh MPOCTPAHCTBEHHYIO Bapuanumio (puc. 2). Bcee
TUTOINAAKK 3a0KeHbl B paamyce 500 M BIOTB MOCTKOB cTanuoHapa MyxXpuHO (KOOpauHaTa IeHTpa
pacmonoxenus twiomanok 60.89190N, 68.68222E) [Dyukarev et al., 2021]. Ha xaxmoi miomaake Obuia
cHsTa KoopAauHaTa ¢ momoibio GPS n ogun pas (ocenpto 2019 roma) u3mepeH ypoBeHb OOJOTHBIX BOJ
(M3MepeHust IpOBOAMIM B 3X TOYKaX Ha IUIOLIAJKE, M 3alMCBHIBAIOCH CpellHee 3HavYeHue, obuiee 1 BCel
TIJTOTIAITKH ).

24



Pucynok 2. Kapra pacnonokeHust IIOMAIO0K IS M3MEPEHHs MPUPOCTA PA3HBIX BUIOB CPArHOBLIX MXOB Ha
nojurone « MyxXpuHO» BIOJIb MOCTKOB Ha BEpXOBOM Oosiote. Homepa miomagok u COOTBETCTBYIOIIUE BUIBI charHyma
npuBenensl B [Ipunoxxennu 1. KpacHeiMu nudpamu 0003Ha4eHbl TUIBI MECTOOOMTaHMH: 1 — cMeIIaHHBIH XBOHHBIN
Jiec, 2 — pocIblil psaM, 3 — psiM, 4 — TPsIIOBO-MOYaXKMHHBINA KOMIUICKC, 5 — c(harHOBBIC TOIIH.

MeTkn 111 U3MEpPEHHUs] CKOPOCTH JMHEWHOTO NMPUPOCTA YCTAHABIMBAIH MO3JHEH OCEHBIO C TEM,
4TOOBI IPOCIICANTD MPUPOCT CICAYIOIIETO Irojia ¢ paHHeH BecHbI. M3MepeHus nmpupocTa MpOBOMIMA B KOHIIE
ceHTs0ps — Havane okTsA0ps (09.10.2019, 17.10.2020, 09.10.2021 u 13.09.2022), COOTBETCTBEHHO B 3THU K&
JaThl MOCJIE U3MEPEHHH yCTaHABIMBAIMCH METKH Ha ciepyronmid rox. Cremyromeld HeJeau MPOBOAWIN
JIOTIOJTHUTENBHBII OCMOTP METOK, YTOOBI YZIOCTOBEPUTHCS B UX COXPAHHOCTH MEPEl HAYaJIoM Ce30Ha POCTa.

Jns u3ydeHus BOMSHUS HAa CKOPOCTh MPUPOCTA MOTEIUICHHS KMMarta, ObUTH 3aJ0)KEHBI IUIONIAIKU
Ha JKCIIEPUMEHTAIbHOM MOJIMIOHE ¢ KaMepamu ¢ oTKpbIThiM BepxoM (Open Top Chambers, OTC). Bayrpu
IUTOIIA/IKK B Pe3ysbTare TeIUMYHOro 3ddekra co3aaercs nossiieHne temnepatypsl Ha 1,5°C [Buttler et al.,
2015]. Bceero 0bw10 3anoxeHo 15 miommanok Baytpu OTC, u 15 muronajok B KOHTPOJIE, TIe U3MEPSUICS OTUH
BuJ charayma — S. balticum metonom mpoBosIoUHbIX Kouien. Ha kax/0#i riommaike 3a105KeHo0 B CPEHEM IO
5 (B oTnenbHbIE TOBI IO 10) METOK.

Jns mepecyeTa JMHEHHOTO MPHPOCTa Ha YACIbHYIO (DUTOMACCy, BO BpeMsl OCEHHHUX H3MEpPEHHU
MPUPOCTa OTOUPAIUCH TPOOBI AJIsi ydeTa INIOTHOCTH carHoBoro koBpa. Ha kakmoll miomiaake pamkoi 5
cM? OTOHpAITHCH ePHUHEI CarHyMa, B KOTOPHIX 3aTeM I0JCUMTHIBAIH YHCIIO TIOOETOB, a BEPXHHUE YUaCTKH
cTelueid TMHOM 3 CM BBICYIIMBAINCH ISl OTIPECIICHUSI CPe/IHEH MacChl modera Ha eIMHHMILY JUTHHBI.

XpaHeHHe U MpeIcTaBIeHne TaHHBIX
Jns XpaHeHHs TOJYYEHHBIX JaHHBIX B CTaHZapTHOM (opmare U oOecnedeHus CBOOOIHOTO
OTKPBITOTO JOCTYIIa K HUM, ObLTa co3/ana tabuna B popmare DarwinCore, kotopast 3arpyskeHa, peryispHo
OOHOBIIsIETCSl, W JOCTynmHAa Juisi ckauuBanus Ha tuatrgopme GBIF [Filippova and Kosykh, 2022;
OnextponHoe npunoxenue 1] (tadmn. 1). [lpenmyniecTBo OTKPBITOr0 XpaHEHH s CTAHAAPTH30BaHHBIX JIAHHBIX
— 3TO BO3MOXKHOCTh UX MCIOJIb30BAHUS APYTUMH UCCIICAOBATEIISIMH.
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Tadauma 1. Crpykrypa mojeii Habopa maHHBIX, TpeacTaBieHHoro B ¢opmare DarwinCore u
JOCTYITHOTO JUISl CKAYMBaHHSI.

ITosie TAOTHIBI

Tun paHHBIX

occurrencelD WnnuBuayansHelit HOMEp H3MEpEeHus, Hampumep
MuSGrowth_0001

eventlD WunuBunyanbHbIid HOMEpP IJIOINAIKH, HalpUMeDp
MuSGrowth 01

samplingProtocol Meton wm3mepenust (“crancked wire”, “individual wire
ringlet”)

habitat Tun  mecrooburanuss  (“Oligotrophic  Pine-dwarfshrubs-
Sphaghum bog”, “Oligotrophic graminoid-Sphagnum bog™)

fieldNotes YpoBeHb OOJIOTHBIX BOJI, CM HUXKE YPOBHS KOBpa, CpEIHEE U3

TpEX H3MepeHHI7[, CACJIaHHBIX CAWHOXK/bI Ha IIJIOIAAKE

decimalLatitude

KOOpZ[I/IHaTa TJIOIIAJIKH, IINPOTAa

decimalLongitude

KOOpZ[I/IHaTa IIomagKu, 10Jrora

Datum

ﬂaTyM, B KOTOpPOM TMpEACTaBJICHAa KOOpAWHATa IUIOMIaJAKH
(WGS84)

coordinateUncertaintylInMeters

HetouHoCTh M3MepeHuii KOOPIUHATHI IDIOMAIKH, B MeTpax (3
M)

scientificName

Bun charayma

organismQuantity

PesynpraT n3mMepeHuit npupocra

organismQuantity Type

Bua u3mepenuii (puUpoCT, BEC T'OJMOBOK, BEC MOOETOB HITH
YHUCJIO TOJIOBOK)

eventDate Jlata Havaya/OKOHYaHUS H3MEPCHHUS
Year I'on, Koraa mpoucxo M IPUPOCT
kingdom IlapctBo (Plantae)

eventRemarks [Ipumeyanus K Ka4eCTBY U3MEPEHUIT

CmamucmuuecKkuii ananus

AHanM3 CTPYKTYpHI MOJYYCHHBIX TAHHBIX U CTATUCTUYECKUE PACCUCTHI BBIMOJIHEHBI B MPOrPAMMHOM
obecmeyennn R Studio 2022.02.0 [R Core Team, 2022] ¢ ucmois3oBanneM makeros corrplot [Wei, Simko,
2021], ggplot2 [Wickham, 2016], ggpubr [Kassambara, 2020], magrittr [Bache and Wickham, 2022], purr
[Henry and Wickham, 2022], reshape [Wickham, 2007], rstatix [Kassambara, 2021], stats [R Core Team,
2022], tidyverse [Wickham et al., 2019]. [lns omnpeaeneHuss HOPMAILHOCTH pacpeieiCHHsT UCIIOIb30BaIIH
tect Illammpo-Buikokcona, a Takke IOCTPOEGHHE IUIOTHOCTH BEPOSTHOCTH C TOMOIIBIO (YHKIHU
geom_density makera ggplot2. Jlist cpaBHEHHS HECKONBKHMX TPYII HWCIOIB30BAIM MHOKECTBEHHBIN
JMCIIEPCHOHHBIN aHamu3 ((QyHKIus a0V makera stats), a taxke meron Kpackema — Yommwca ((GyHKInsS
kruskal.test makera stats). ITapubie pazauuus onpezensiiu T-kpurepuem Buiikokcona (pairwise.wilcox.test
makeTa StatS) ¢ MmOCHEAyIOMMM TIOCTPOEHHEM MATPHIBI Pa3auuuii mpu momomm ¢Gyakouu  corrplot
OJTHOMMEHHOTO TiakeTa. [IpoBepKy 3aBHCUMOCTH MPUPOCTa OT YPOBHS OOJIOTHBIX BOJ JETAlU MPH HOMOIIH
koad¢urmenta koppemsiiua [lupcona (pynkums cor.test makera statS), Bu3yanmzanuio KOppemsIHH
MPOBOJIMITM TIPU TIOMOIIM Tapamerpa geom_smooth (method = "Im") ¢yukumu ggplot. Bee ckpuntsl st
MOJTOTOBKM M aHaJIM3a JAHHBIX, MOATOTOBKU TaONMI] U rpaduKoB ObUTH OMyOJIMKOBAaHBI B PEMO3UTOPUH
(mpoekt R) Ha GitHub (https://github.com/ninacourlee/MusSGrowth-analysis.git).

PE3VJIbTATBI U JUCKYCCHUN

CTpyKTypa noJIy4eHHbIX JaHHBIX

Bcero B Tedenmm ueTsipex JieT mpoBeneHo 1574 w3mepeHus nmHEHHOro mpupocra. M3 Hux 539
W3MEpPEHUH BBINIOJHEHO MeETOoAOM epmukoB M 1035 — MeromoMm HMHAMBUAYaIbHBIX Koyell. [lo romam
KOJMYECTBO M3MEPEHUH pACIpenesyioch pPaBHOMEPHO M BapbHUpPOBAIO B 3aBUCHUMOCTH OT YHCIA
COXpaHUBIITUXCS METOK, Bcero B 2019 roxy mporeneno 365 m3mepenwii, B 2020 — 467, B 2021 — 402, B 2022
— 340 m3mepenunit. [lo Tunmam mMecrooOWuTaHMi, Bcero B TOmsx crenaHo 461 mamepenue, B psimax — 357
U3MepeHuil. BBINOMHEHBl WM3MEpeHus BOCBMH BHJOB, B TOM umcie: Sphagnum angustifolium — 89
usmepenuii, S. balticum — 796, S. capillifoium — 83, S. fuscum — 125, S. jensenii — 175, S. divum — 95, S.
majus — 68, S. papillosum — 143 u3mepenns. B pamMkax dKCIEpHMEHTa 10 MCKYCCTBEHHOMY HM3MEHEHHIO
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TeMIEepaTypsl ¢ HOMOLIbI0 Kamep ¢ oTKpbIThIM BepxoM (OTC), Bcero Obu10 BBINONHEHO 378 M3MepeHuit, u3
Hux 183 B koHTpOse u 195 BHYyTpH Kamep (Bce M3MEpEHHs MTPOBOJUINCH HA OJHOM BHJE carHyma — S.
balticum). M3mepenre nepBuuHO# mpoayKiuu BbimoiaHeHo Ha 200 00pasiax, u3 KOTOPHIX OKOJIO MOJOBUHBI
BBHITIOJIHEHA B paMKax dKCIIEPUMEHTa [0 U3MEHEHHIO TeMIepaTypsl. Busyanuszanuusi CTpyKTyphI MOTYYEHHBIX
JIAHHBIX MPEJICTABIICHA B BU/IC CTOJIOMKOBBIX TUarpamm (puc. 3).

B s angustoflalium . Gramonoid-Er-Sphagnum bog

400 5. balticum 300 Graminoid-Sphagnum bog

Treed b0g  s——
300
200

S divum
100

2019 2020 2021 2022 2019 2020 2021 2022

%]
E . Control plots . Crancked wire
e 100 p Chambers plots 300 Individual ringlet
g 75
ﬁ 200

50
: o [
= 25 100
.
E 0 0
2 2019 2020 2021 2022 2019 2020 2021 2022
- . S. angustoflolium
S

. Control plots

50 3. balticum 15
40
20 5

S majus

e e S
0

2019 2020 2021 2022 2019 2020 2021 2022

Years

Pucynok 3. OnucaTenbHble CTATUCTHKY, IPEACTABIAIONINE O0IIEE YKCIIO MONYUYSHHBIX M3MEPEHHN JIMHEWHOTO
npupocta carHymMa M TNEpBUYHON MNPOAYKIUHM IO TOAaM, BHIAaM, THIIAM MECTOOOHMTaHMH, SKCHEPHUMEHTATbHBIM
YCIOBUSIM M METOJIaM M3MEPEHMH Ha IJIoL[aJKaxX cTauroHapa MyXpHHO 3a 4ETBIPEXJIETHUM NepHo] MOHUTOPHUHTa. A-
D: nunettnsit mpupoct carayma, E-F: mepsuunas mpomgykius.

Bb10op aHAIMTHYECKHX METO/10B

Tect Illamupo — BuikokcoHa MoOKazana, YTO pACHpelEleHHE AAHHBIX IPUPOCTa HE HOPMAJIBHO
(;morapudmMupoBaHie HE MO3BOJISIET NMPUBECTH €r0 K HOPMAJIBHOMY), IO3TOMY BCE HOCJIEAYIOIINE METOBI
aHaJM3a JIOJDKHBI OBITh HemapameTpudeckumu. Jluarpammel paccesHust (puc. 4) IEeMOHCTPUPYIOT
MPaBOCTOPOHHUI CKOC paclpeie]ICHUs TOJIOBBIX IPUPOCTOB charHyma.

MHOXECTBEHHBIH TUCIIEPCUOHHBIN aHAJIN3 I0Ka3ajl 3HAYMMOE BIUSHHE HECKOJBbKHX (DaKTOPOB Ha
CKOpOCTh MpHpOcTa: (HaKTopa BUAOBOH MPHHAIIEKHOCTH, TOJ1a, MECTOOOUTAHUS, YPOBHsI OOJOTHBIX BOJ, U
B3aMMo/ieiicTBUS 3TX (hakTopoB (Tab:. 2). lanee nmoapoOHee aHANU3UPYETCS CTENIEHb BIUSHUS KOKIOTO U3
3HAYMMBIX N1APAMETPOB.
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Pucynox 4. Jluarpammnr paccesuus (geom_density, ggplot) mo romam (BBepxy) M mo Buaam (BHH3Y) Ha

IionjaaKax cranuoHapa MyXpuHoO 3a 4eThIPEXJIETHUI IIEpUOJ MOHUTOPHHTA.

Taoauua 2. Pe3yapTaThl MHOKECTBEHHOTO TUCIIEPCHOHHOTO aHau3a (aov, stats), mokassiBaromme
3HAYMMOE BIIMSAHUE HECKOJBKUX MNapaMETPOB U UX B3aUMOJICHCTBUS HA JIMHEHMHBIN rOA0BOM IPUPOCT
carayma.

Degrees of | Degrees of Genlezg[lzed
Ne Effect Freedom | freedomin - p-value | p<.05| Squared
in the th_e value measure of
numerator | denominator .
effect size
1 | Bug carayma 7 1485 67.17 | 2.59e-84 | *** 0.24
2 | Ton 3 1485 53.573 | 7.06e-33 | *** 0.098
3 | Mecrooburanue (TOmb, psiM) 5 1485 6.017 | 1.61e-05 | *** 0.02
4 | VBB 1 1485 5.227 0.022 * 0.004
5 | Bung charayma:T'og 21 1485 5.453 | 3.1e-14 falelel 0.072
6 | Bun 1 1485 2.095 0.148 0.001
ctharayma:MecToobutanue
7 | T'og:Mectoobutanue 13 1485 2.28 0.006 *x 0.02
8 | Bun charnyma:YBB 7 1485 16.896 | 1.37e-21 | *** 0.074
9 | ToxYBB 3 1485 1.3 0.273 0.003
10 | Mecrooburanue:YbB 3 1485 6.131 | 0.000384 | *** 0.012
11 | Bug:T'ox:YBB 18 1485 4398 | 2.31e-09 | *** 0.051
12 | T'og:Mecrooouranue:YbB 6 1485 1.112 0.353 0.004

IIpupocTt pasHbIX BUAOB charHyma

Paznuuust TMHEHHOTO MPUPOCTa MEXKITy BHJIAMH M OTKIIOHEHHUSI 110 TO/IaM NIOKa3aHbl Ha Tpaduke (puc.
5) u B Tabmune (tabn. 3). AHanM3 pasMuMil MPUPOCTAa B 3aBHCHMMOCTH OT BHJIOBOH NPHHA/UICKHOCTH
BBISIBWJI Tapbl BUJIOB, MEXJY KOTOPBIMH €CTh JOCTOBEPHBIC pa3iM4yus B MPUPOCTE, U Mapbl BUIOB, TIE
pa3nuuns OTCYTCTBYIOT. Beero u3 28 BO3MOXHBIX MMap, OTINYMS B MMPUPOCTE OTCYTCTBYIOT WM HU3KH y 11
(40%) (puc. 6). Hambonpmme pasznuums HaOmonaroTces y ruapodwisHbIX S. majus m S. jensenii mo
CPaBHEHMIO CO BCEMH APYIMMHU BUAaMH. bonee akTUBHBIN poCT rHAPOQMIBHBIX BUIOB carHyma Takxke
[IOBCEMECTHO MOATBEPKAAETCS B IUTEPATYpE.
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Ta6auna 3. CpeHue 3HAYEHUS IPUPOCTA CO CTAHAAPTHRIMU OTKJIOHeHMsIMHE (Sd) Ha TuTomankax
crannoHapa MyXprHO 3a 4eTHIPEXJICTHHUI MTEPHOJ] MOHUTOPHHTA, CM/TOJI.

Bux Cpennce 2019 2020 2021 2022
o BUj1aM
S. divum 1,6(1,3) 1,5(1,3) 2,0(1,5) 1,3(1,0) 1,8(1,1)
S. fuscum 1,7(1,0) 1,8(1,3) 2,0(0,9) 1,4(0,8) 1,7(0,7)
S. capillifolium 1,7(1,9) 1,5(1,3) 2,2(1,0) 1,3(0,7) 1,7(0,8)
S. balticum 1,9(1,1) 1,7(1,1) 2,5(1,2) 1,7(1,0) 1,6(0,9)
S. papillosum 1,9(1,2) 1,7(1,0) 1,8(1,0) 1,7(1,2) 2,4(1,3)
S. jensenii 2,7(1,5) 2,7(1,2) 3,3(1,8) 2,4(1,4) 1,8(1,0)
S. angustifolium 3(2) 3,7(1,9) 3,9(2,1) 1,9(1,5) 2,2(1,5)
S. majus 4,5(2,3) 5,3(2,4) 5,7(2,5) 3,4(1,2) 3,4(1,5)
Cpennee 1o rogam 2,1(1.5) 2,2(1,6) 2,7(1,6) 18(1.2) 18(1.1)
) [ [ J I} 2010
Sphagnum papillosum Eﬁ . {I} 2020
o {I} 2021
e 1 2022
Sphagnum majus :i__:III—_'j
Sphagnum jensenii —WEI_:' o o o
I
_,—.—
. Sphagnum fuscum — E— .
-g I
1]
& P N i —
Sphagnum divum EEE_
—r
—
Sphagnum capillifolium %
Sphagnum balticum %E . .
Sphagnum angustifolium — I T
— 1T
0 5 10
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Pucynok 5. Jluarpammel pasmaxa (geom_boxplot, ggplot), nemoHcTpupyOlHe pasiuuus MPUPOCTa MEKILY
BUJaMHK carHyma M 0 rojiaM, Ha IUIOIIAAKax CTalioHapa MyXpHHO 3a YETHIPEXJIETHUN NEPHO/] MOHUTOPUHIA.
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Pucynok 6. Marpuna pasnuuuii B JTHHEHHOM mpHpocTe (ClIEBa) M MEPBHYHON MPOLYKIHHU (CIpaBa) MEXIy
BUJIAMH, TIOCTPOCHHAs C HCIOJB30BAaHUEM KpHTepHs BuikokcoHa, p-3HaueHHs ObuTH npeobpasoBansl (-10g10), 4ToOb!
BU3yaIM3UPOBAThH PA3HHUILY: YeM OOJIbIIe 3HAUCHUE, TeM OOJIbIIEe Pa3IHdKe (HOIb — Pa3INuusl HEJOCTOBEPHBI).

MeskroaoBasi TMHAMHMKA MPUPOCTA

OO6muit cpepanit (Bce BUABI charHyMa) MIPUPOCT IO TOAAM pa3IndaeTcs, OJHAKO He IS BCEX Mmap JeT
(tabu. 4) pasnuuns 10cTOBepHBI. Takke, HET 00IIEro maTTepHa akTHBHOTO POCTA B OIPE/ICIICHHBIE TOIBI IS
BCEX BHJIOB, OH Pa3JIM4acTcs B 3aBUCUMOCTH OT Buja (puc. 7).

B HacTosmee BpeMst MBI IMEEM TOJIBKO YETHIpE ro/1a HAOIIOACHHUI, 9TO HEAOCTATOYHO JUIS aHAIIN3a
BIIMSHHS KIIMMAaTHYECKUX TTAPaMETPOB Ha CKOPOCTH JIMHEWHOTO MPUPOCTa/TIEPBUYHOM MpoxyKiun. OneHka
3HAYMMOCTH TEMIIEPaTyphl, BIAKHOCTH BO3yXa U IPYTrUX apamMeTpoB MOTOIHBIX YCIOBUI OYJET clenaHa B
OyIyIieM 1ocie HaKOIJIEHHs MHOTOJIETHETO psiia HaOMIoJeHui.

Tadauma 4. 3HaueHWe YypOBHA 3HAYMMOCTH CPEOHETO MpHpOCTa cdarHyma MEXAy ToAaMu,
MoJTy4YeHHbIE B pe3ysbTaTe TecTa BuikokcoHa.

p-value 2019 2020 2021
2020 0,14 - -
2021 0,00 4e-08 -
2022 0,14 0,00 0,14
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Pucynox 7. Marpuusl pasiuuuil JMHEHHOTO IPUPOCTA pPA3HBIX BHUIOB C(arHyma, IOCTPOCHHBIE C
UCIOJIb30BAHNEM KpUTEpHs BUIIKOKCOHA, P-3HaueHUs ObuIH mpeobpaszosansbl (-l0g10), uToObI mokas3ath pasHuiry, 0 —
HEe3HAuUTeNbHas pa3HHUIA.

Biusinue ypoBHsi 00JI0THBIX BOJ

VpoBeHb GOJOTHBIX BOJ OTPHIATEIBHO KOPPEIHPYET CO CKOPOCTHhIo mpupocta (p-value = 3,642¢%),
eciau 00bEAMHHUTL BCE M3MEPEHHs Pa3HbIX BUJIOB charHyma M B3sTh 3Ha4deHuss YBB, u3MepeHHble Ha Bcex
mwiomankax (puc. 8). To ectb, B meiaoM s pa3HBIX BHIOB charHyma ¢ moBbllieHHeM YbBB Ommke k
MOBEPXHOCTH, CKOPOCTh IPUPOCTA YBEINYNBACTCSL.

OnHako, 3Ta MHTErpalibHasl XapaKTePUCTHKA MOYKET MEHSTHCS, €CIM pacCMaTpUBaTh OT/ACIbHBIN BUIT
noj BiustHUEM n3MeHeHHH YBB. KOCBEeHHO MBI M3y4miiM 3TOT acleKT C IOMOIIBIO CPaBHEHHS Pa3HBIX
oA oK (¢ pa3HeIM ypoBHeM YBB) s kxaxkmoro ornensHOro Buja. Jlis 4eTblpex BHIOB IOKa3aHa
CTaTHCTHYECKH 3HAYMMAst KOPPEJISAIS MEXKIY YPOBHEM OOJOTHBIX BOJI M CKOPOCTBIO TIPUPOCTA, TIPHUYEM IS
OJIHUX — TOJIOKUTENbHAS, TO €CTh ¢ NmoHmkeHueM YBB poct yBennuuBaercs (S. angustifolium, S. divum),
IJIsL IPYTUX — OTpHULATeNbHas, ¢ MoHmwkeHneM YBB poct ymensmaercs (S. balticum, S. papillosum). s
gyetbipex BumoB (S. capillifolium, S. jensenii, S. fuscum, S. majus) koppemsiiusi He ObLIa CTATUCTUYECKH
3HAYUMOM.

B namewm ciydae He ObUIO NPSIMOTO SKCIIEPUMEHTA: MBI HE M3MepsiiM n3MeHeHne YBB u Bcnen 3a
3TUM PEryJSIpHO MpUpOCT. BMecTo 3TOro, JaHHbIe O pa3HbIX ypoBHsAX OonotHbIX Boja (YBB) mis ogHoro
Buja charaHyma ObUTH B3AThl W3 pasHbIX IJIOMIAMOK (MIpUYEM, OJHOKpATHbIC M3MEPEHHUS 3a Bce rojipl). B
TaKOM Clly4ae, BIMSHUE Ha H3MEHEHUsI IPUPOCTa MOTYT OKa3bIBaTh Jpyrue (He y4TeHHbIC) apaMeTphl 3TOM
iontaaku. [IpescTaBiaeHHbIe pe3ysbTaThl CKOPEE SBISIOTCS MOBOJIOM ISl IPOIOJDKEHHS O0Jiee IeTaIbHOTO
MCCJIeIOBAHMUS ATOTO MapaMeTpa B Oy IyIIuX SKCIepHUMEHTaX.
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Paznuuns npupocTa no MecTo000MTAHUSIM
JucnepCuOHHBIN aHaIu3 M TECT BMIKOKCOHA MOKa3alu, YTO CYLIECTBYIOT JOCTOBEPHBIE pa3Inyus
MEXy CPEeIHUM MPHUPOCTOM CGHArHOBBIX MXOB JIBYX THIIOB MecTooOWTaHWH. Eciu cymMMHpOBAaTh BUIIHI,
oOuTaronMe B psAMax M TOMAX 3a BCE TOJbI HAOJIOJCHMIA, TO CPEIHUN JUHEHHBIH mpupoct (¢ 95%
JIOBEPHUTEILHBIM HHTEPBAJIOM) BHAOB C(harHOBBIX MXOB TomeH coctasiseT 2,5+0,3 cm/rom, psmos — 2,1+0,7
CM/TOf.

o

Annual growth increment, cm
(4]

0 10 20 30 40
Water level, cm below the surface

Pucynoxk 8. I'padux Koppensiu ypoBHs GONOTHBIX BOJ (OCh X) M IPUPOCTA BCEX BUIOB charnyMa (ock ), Ha
ocHoBe Metoza [Tupcona (corr.test) mpu moMoru Bu3yanusauu geom_point u geom_smooth ¢yukuuu ggplot.

Biinsinne 3KCNepUMEHTAIBLHOT0 MAHUIYIMPOBAHHUS TEMIIEPATYPOH HA MPHUPOCT charnyma

[IpoBepka AOCTOBEPHOCTH pa3Iu4uii Mexay mnpupoctoM BHyTpu muiomaaok OTC (to ects, npu
MIOBBIIICHHOM TeMIlepaType) ¥ B KOHTPOJIE ¢ TOMOIIIBIO TecTa BHIIKOKCOHA, 1MoKa3ana OTCYTCTBHE 3HAUMMBIX
pazmuumid. Takke, pe3ynbTaTbl JUCIEPCHOHHOTO aHATW3a MOJATBEPAWIM OTCYTCTBUE  BIIHMSHHUS
SKCIEPUMEHTATFHOTO MTOBBIIICHUS TEMIIEPAaTyphl Ha JOCTOBEPHBIC pa3INyMsl B BBIOOPKeE.

IMTockosbky panee B mureparype [Moore, 1989; Sonesson et al., 2002; Gunnarsson, 2005; Breeuwer et
al., 2008] moka3aHO TMOJOKHUTEIBHOE BIMSHHUE MOBBILICHUS TEMIIEPaTypbl Ha HPHPOCT, TO BEPOSTHO
HPE/INOIOKUTD CTadblii OTKIMK Ha MOBBIIICHUE TEMIIEpaTyphl B MPUPOCTe KOHKpeTHOro Bua (S. balticum).
TouHBIi OTBET MOXKET OBITH MOIYYESH TOJIBKO B CIy4ae JOMOIHUTEIBHBIX SKCIIEPHMEHTOB.
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oTC
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Pucynok 9. [lnarpammer pasmaxa (geom_boxplot, ggplot), nemoncTpupyromme pasmnauns npupocta carayma
(S. balticum) B 3kcepuMEHTaNIBHBIX YCIOBHUSIX (MOBBILICHHE TeMIiepaTypsl ¢ nomouipio OTC) U B KOHTpoJIE.
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MTOKPBITHS PAa3HBIX BUIOB CharHyma.

IepBUYHAS POAYKIMS

CpenHue OIEHKH TIEPBUYHOM MPOMYKIMK Pa3HbIX BUIOB CharHyma Mo ToJaM H OOLIHe [0 ToJaM H
BUJAM TOKa3aHel B Tabmuie 5. JIMCIEPCHOHHBIM aHaAM3 IOKa3ajl 3HAYUMOCTb BJIMSHHS BHIOBOM
NPUHAJISKHOCTH M TOJIa HA BEJIMYMHY MEPBUYHOM TPOAYKIMHU (Tadi. 6). CpemaHss mepBUYHAs MPOILYKIIUS
carnoBbIX BUIOB yBemuuuBaetcs B psay: S. divum — S. capillifolium — S. jensenii — S. papillosum — S.
balticum — S. fuscum — S. angustofolium — S. majus (puc. 10). locToBepHbIE pa3iuyuusi MEKIY MapaMy BHIOB
MOKa3aHbl B MaTpHile pasnuuuii (puc. 6), HaubobIme pasnuuus HabmogaoTes Mexay S. divum u Bcemu
OCTAIILHBIMH BHIaMH. ECIIM HWTHOPHpOBATH BHIOBYIO IPHHAICKHOCTh M MPOAHAIN3MPOBATH Pa3JIAYHSI
MEXy MECTOOOUTaHHAMH (TOISAMH W PsIMaMH), B KaKIOM M3 KOTOPBIX MPUCYTCTBYIOT pasHbIE BHUIBI, TO
JOCTOBEPHBIX pA3IMYUil B TMEPBUYHON MPOAYKIMH HE BbIABIsAeTCA. OIHAKO, CYKIAEHHE O MEPBHYHOM
NPOIYKIMK Ha YpOBHE co00miecTBa (OOJOTHOTO ydyacTKa) JOJDKHO CTPOHUTHCS Ha OIIEHKE MPOSKTHBHOIO

Tadmuua 5. CpeHue 3HaUYCHHS IEPBUYHON MPOAYKIIMHU CO CTaHIAPTHBIMU OTKIOHEeHUsIMU (Sd) Ha
TIOMAKAX CTAIHOHApa MYXPHHO 3a YeTHIPEX/ICTHUI MEPHO, I/AM’ B TOJ.

Buxa Cpenee no 2019 2020 2021 2022
BHUIaM
S. divum 1,2(0,2) 1,000,5) | 1,5(0,4) | 1,2(0,8) | 1,1(0,0)
S. papillosum 2,1(0,4) 1,7(0,7) | 2,1(0,5) | 2,4(1,4) | 2,5(1,0)
S. fuscum 2,1(0,7) 1,8(0,7) | 3,1(6,1) | 2,1(0,7) | 1,4(0,4)
S. jensenii 2.2(0,3) 2,002 | 27(0,9) | 21(16) | 21(0,4)
S. angustifolium 2,2(0,4) 25(0,4) | 2,4(0,9) | 1,8(1,3) | 1,9(0,9)
S. balticum 2.3(0,5) 2,0008) | 30(12) | 24(11) | 1,8(0,7)
S. capillifolium 2,5(0,9) 1,8(0,7) | 3,9(0,4) | 2,0(0,0) | 25(1,0)
S. majus 3,7(1,7) 3,00,8) | 52(21) | 5000,3) | 1,5(0,9)
Cpeanee o rogam 2,3(0,7) 2,000,6) | 3,0(1,1) | 2,4(1,1) | 1,8(0,5)

Tabéauua 6. Pe3ynpTaTel MHOXKECTBEHHOTO JUCTIEPCHOHHOTO aHaM3a (aoV, stats), mokassiBatomue
3HAYMMOC BJIMAHNEC HCCKOJIBKHX IMApaMCTPOB U UX BSaHMOIleP'ICTBHﬂ Ha OPpOAYKIUIO C(baFHYMa.

Degrees of Freedom | Degrees of Freedom in F- Generalized Eta-Squared
Effect . . p-value | p<.05 .
in the numerator the denominator value measure of effect size

Bun carayma 7 161 4.844 | 5.61e-05| * 0.174

Ton 3 161 13.929| 4.05e-08| * 0.206
OKCHepruMeHT 2 161 0.247 | 0.781 0.003

oTC

Bun:T'ox 21 161 1.179 | 0.276 0.133

Tox: 5 161 1.099 | 0.363 0.033
OKCIIepUMEHT

33




Sphagnum capillifolium —Eﬂ—
2022
Sphagnum fuscum ° | .

Sphagnum balticum =

o 2021
2 Sphagnum papillesum 4[[’7 %
[}
& Sphagnum angustifolium 4[[’* > 2020 .
Sphagnum jensenii m
Sphagnum divum m 2019
Sphagnum majus ﬂ:’i
2 4 6 8 2 4 6

Annual Net Primary Production, g/dm*2

Pucynox 10. Jluarpammer pazmaxa (geom_boxplot, ggplot), nemonctpupyronume pasnndust epBUYHOMN
MPOAYKIKH 1O BUIaM c(harHyma H o rojiaMm.

CpaBHeHHe pe3yJIbTATOB € JIUTEPATYPHbIMHU JaHHBIMHU

Jnst cpaBHEHHS TOJNyYCHHBIX HaM{ 3HA4YeHUH JIMHEWHOro MpHpocTa cdarHyma C JIMTepaTypHBIMU
JAaHHBIMH, OblIIa COCTaBlieHa 0a3a JaHHBIX TPUPOCTOB Pa3HBIX BHIOB CPArHOBBIX MXOB, OIYOJMKOBaHHBIX B
paboTax pa3HBIX aBTOPOB (DIeKTpoHHOE MpuioxeHue 1). B HacTosmee Bpems B 6a3y JaHHBIX BKIFOYEHO 33
MyOJIMKAMKA ¥ OJTHO 3JICKTPOHHOE MPHIIOKEHUE C UCXOAHBIMU JIAHHBIMH, YTO COCTaBIISIET OKOJO 1,5 ThICSY
3amuceil. B 0a3e mpencTaBiIeHbl CBEJCHUS O JTMHEHHOM MPUPOCTE W MEPBUYHON MPOAYKIMH HIECTHAIIATH
BHUJOB C(arHOBBIX MXOB II0 BceMy MHpY. |'eorpaduueckuii oxBaT BKItO4YaeT 18 cTpaH M TpU KOHTHHEHTa
(EBpoma, Asus, CeBepras Amepuka). K coxaneHuro, O0IBIIUHCTBO cTaTell HE UMEIOT UCXOAHBIX JaHHBIX O
npupocTe charHyma B BUJE DIICKTPOHHBIX TPUIOKEHUN U TaOJUII, YaCTO JaHHbIC TPUXOAUTCS U3BIEKATH U3
CTOJIOUATHIX JUarpaMM, 4TO HE MOXKET HE CKa3aThCs Ha MX KadecTBe. TOJNBKO OAHA M3 M3YYEHHBIX padoT
colepkaia JNEKTPOHHOE MPUIOKEHHE B BHIAC TaOmuipl, 3arpyxeHHoid Ha Dryad — myummii mpumep
Mpe/ICTaBICHHS UCXOIHBIX JaHHBIX TAKOr'O TUIIAa, KOTOPOMY HYKHO cienoBath [Bengtsson et al., 2020].

MbI cpaBHHMBAJIM JIMTEPATypHBbIC JaHHBIC C HAIIMMHU JaHHBIMH O JHHEHHOM mpupocte (puc. 11). C
nomomislo T-kpuTepusi BUIKOKCOHAa MOKa3aHO, YTO y TPEX BUAOB HAOJIIOJAIOTCS TOCTOBEPHBIE Pa3IHUUs
(mpu 5% ypoBHE 3HAUYUMOCTH) MEKAY HU3MEPEHHBIM HAMH NPUPOCTOM, U JIMTEPATypHBIMH JAaHHBIMH: S.
balticum u S. divum B HarreM HCCIIeIOBAHUH UMEIOT MEHBIIHH MPUPOCT, S. fUSCUM HeCcKOIBKO OOBINHIA.
OnHako, cpaBHEHHE C IJIOOAJbHBIMH TPEHIAMHM HE BXOAWIO B 33Jaddl HACTOSILETO HCCIIEeIOBAaHUS,
MOCKOJIbKY TpeOyeT Oonblield pabOThl € KAaueCTBOM HMCXOOHBIX HAHHBIX M HCIOJIB30BAHHE CIOXKHBIX
CTaTHCTHYECKUX Mojeneil (Hampumep, B padore Bengtsson et al., 2021]. B nenom mokasaHo, 4To JaHHBIE,
MoJly4eHHble Ha MyXpHHO, He BEIOMBAIOTCS U3 TII00aTBHBIX H3MEPEHHUH.
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Pucynox 11. Jmnarpammer pasmaxa (geom_boxplot, ggplot), memoHCTpupyrONIHE pa3iH4ds JIHHEHHOTO
npupocta 15 BumoB charHyma 1o JUTEpaTypHBIM JaHHBIM (OpAH)XKEBBI) M HAIIMM H3MepeHUsM (kentblid). Cepble

TOYKH — UCXOAHBIC JAHHBIC; TUarpaMMa padMaxa BKIHOYACT CPCAHCE, Me)KKBapTHJ'ILHBIﬁ pa3Max, MUH U MaKkC 3HAYCHUA;
YCPHBIC TOYKH — BbI6pOCI)I JuarpaMMbl pazMaxa.

3AKIIIOYEHUE

1. [Ipoananu3upoBaHbl pe3ynbTaThl 4X-NIETHUX U3MEPEHUM TMHEHHOIO NPUPOCTa U IEPBUYHOM
NpoAyKIMH 8 BUAOB c(harHoBBIX MXOB Ha y4yacTKe BepXoBOro Oosiota «MyxpuHO» B cCpegHell Taiire
ZananHoit Cubupu (2019-2022), Bcero nposeaeHo 1574 u3aMepeHus roANYHOTO JIMHEHHOTO mpupocta u 200
W3MEPEeHUH MepBUYHOM npoxyKuuu. OAHOBPEMEHHO € (OHOBBIMM YYacTKaMH, H3y4ajoCh BIIHMSHUE
IKCTIEPUMEHTAJIBHOTO TMOBBIIICHHS TEMIIEPaTyphl B KaMepax ¢ OTKpbIThIM Bepxom — Open Top Chambers
(OTO).

2. Hcxonnple paHHBIE UW3MEPEHMH JMHEHHOIO NPUPOCTa W MNEPBUYHOW IPOAYKLHMH
MpeJcTaBieHbl B cTaHAapTH30BaHHOM (opmare DWC 1 onyOIIMKOBaHbI B OTKPHITOM JIOCTYTIE Yepe3 MopTall
GBIF.

3. MHOXECTBEHHBIH TUCIIEPCUOHHBIA aHAIN3 TOKa3aj BIIMSHUE HECKOJIbKMX (PakTopoB Ha
3HAYEHUs] TOAMYHOIO IMPHUPOCTA: MMEIOT 3HAYCHHWE BHIOBas NPHHAIJICKHOCTb, T'OA, MECTOOOMTaHHE W
ypoBeHb 0050THBIX BoJl. DkcrepuMeHT ¢ OTC He moka3zan 3HaYMMBIX M3MEHEHUH B mpupocTte. Kaxaplid u3
(haKTOpPOB NPOAHAIM3UPOBAH C TIOMOIIBIO CTATUCTUYECKUX aHAIN30B U BU3yaJIH3aluH B rpad)ukax MOKa3aHbl
o0111e TeHACHIH.

4. ITonmy4eHs! cpeqHue 3HaYEHUS JTMHEMHOIO IPUPOCTA U NIEPBUYHON NMPOAYKIUU IO BUJIAM, 110
rogaM W oOmmas CpeaHssi OICHKAa JJIi OCHOBHBIX MECTOOOMTAaHMUN (psIMBI, TOIKM) BEPXOBOro 00JI0Ta
«MyXpHUHO» 32 U3yYEHHBI TIEPHOA.

S. Co3mana 0a3a JaHHBIX TOJAMYHOTO JIMHEHHOTO TMPHPOCTA W TEPBHYHOH MPOAYKIMH
C(i)aFHOBI)IX MXOB IO JIUTEPATYPHBIM HaHHBIM. CpaBHeHI/Ie IMMOJIYYCHHBIX B HalIEM HUCCICIOBAHUHN JaHHBIX C
JUTEPaTypPHBIMH MOKA3aJI0, YTO MOIYyUYEHHbIE H3MEPEHHSI COTJIACYIOTCS C IaHHBIX U3 IPYTUX PETHOHOB.
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