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BIOLOGICAL PRODUCTIVITY OF OLIGOTROPHIC AND
EUTROPHIC PEATLANDS IN SOUTHERN TAIGA IN WESTERN SIBERIA

Golovatskaya E.A.
Institute of monitoring of climatic and ecologicistems SB RAS, Tomsk
golovatskaya@imces.ru

The results of long-term (1999-2006) investigatiohslynamics of vegetation storages, phytomass throdead
matter, and net primary productivity (NPP) at oliggphic and eutrophic peatlands in southern taigaWestern Siberia
(Tomsk region) are presented. The storages of pigge at different ecosystems of oligotrophic bogehamilar values.
Storages of phytomass at eutrophic peatland arém2g higher in comparison to oligotrophic bog. Ttpealitative
composition of phytomass depends on vegetatiorhefstudied ecosystems, nutrient availability andirbthermal
conditions.
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INTRODUCTION

Peatland ecosystems play an important role in thgpbere. Peatlands occupy only about 3-5% of the
terrestrial surface, but the global peat resoussesestimated at 120 - 455 PgC [Gorham, 1991; Voskjpe
1994]. Vomperskii et al. (1999) estimated the tat&a of peaty soils of Russia to be 369 millior(dtaout 22%
of the country area). Peatlands (peaty soils wat payer more than 30 cm) occupies 139 millionReatlands
of Russia contain 100.9 billion tons of carbon. Ab&2.6 billion tons of carbon stored in shallovatyesoils.
According to other sources carbon deposits in prdfl of Russia varies from 116.5-118.9 billion tons
[Birukova, Orlov, 1996; Efremov et al., 1994] to=2RgC [Botch et al., 1995]. The area of peatland&/estern
Siberia is about 42% of the area of Russian peddlaReatlands of West Siberia contain 42.3 biltams of
carbon and 36% of the Russia peat stock [Efremaal.ef1994]. Carbon content in Western Siberialpads
varies from 55 Pg [Efremov, Efremova, 2007] to #[Bheng et al., 2004]. Although the size of theboa
reservoir is considerable, the role of peatlandhénglobal carbon budget is not investigated daepugh.The
biological productivity is the ability of living ganisms to create, preserve and transform orgaaitemValue
of productivity depends on species composition dosgstem, climatic and hydrothermal conditions.eSgr
forest-grass, grass-mossy and mossy associatiensoaned depending on dynamics of the water regime.
Biological productivity can be characterized by wfity of biomass at a certain place in a certairetor amount
of plants growth (net primary production - NPP) {&nov, Valutskii, 1977]. The total biomass con#li& next
parts: photosynthetic phytomass (green part of emdéve leafs of shrubs, green herbs); nonphotbsyic
phytomass (nonchlorophyllic alive stems and tifigrzones of herbs, stem of shrubs, and alive migéants);
dead plant material (remains of mosses, herbsshns). Until the recent times there were onlgwa §tudies
of biological productivity of native peatland ecesyms. NPP of peatland ecosystems is sensitiveotio b
hydrology and temperature [Billings et al., 1982mKVerma, 1992; Moore, Knowles, 1989; Moore e2802;
Silvola et al., 1996] and, therefore to climate ndies. While NPP is difficult to measure, there segeral
examples of direct measurements of net ecosystehraage (NEE: CQuptake minus respiration), though only
for part of the year [Carroll, Crill, 1997; Klinget al., 1994; Neumann et al., 1994; Szumigals&yl&y, 1997].

The aim of this study was to estimate biologicaldorctivity for oligotrophic and eutrophic peatlarids
the southern.

STUDY AREA

The region chosen for study of biological produtfivis located between the Iksa and Bakchar rivers
(56°58'N 8236°E) at the Bakcharskoe bog (area 1406)kifhe studied area (see Fig.1) includes the fatigw
ecosystems: pine— shrub—sphagnum (PSS) communiggmigar community with stunted (low) pine trees
(LPSS), and sedge—sphagnum fen (SSF). Typical plathimoss species of these communities are list€dhle
1. A detailed description of the vegetation at tedied plant communities is presented in [Goldeata,
Porokhina, 2005]. The observation points are cheraed by different water table levels and diffare
hydrological regimes. The observation points acated 7 km away from the nearest small settlenasmt,200
km away from the nearest town and have not beejecield to any anthropogenic impact in the past. Jdw
deposit is 1-3 m thick and 3-5 ka old [The Greaygan Bog..., 2002].



The biological productivity at eutrophic fen (EF§d&mara” was studied too. The peatland has squére 40
ha and located at low left terrace of Bakchar rifable 1). Latin names of the vascular plantsgiven on
[Cherepanov, 1995], mosses on [Ignatov, Afonin®2].9Maximum depth of peat is 4 m.

Western Siberia
- ?

Fig.1. The study area. 1 — Observation points, 2 —
settlements, 3 — Great Vasyugan Mires, 4 — peatland
A — oligotrophic observation sites. B — eutrophic
observation sites.

Puc.l. O06macte wucciemoBanmd. 1 — TOYKH
HaOMI0ICHU#, 2 — HAaceleHHbIe MYHKThI, 3 — Bboubinoe
Bacroranckoe 06omnoto, 4 — Oomota. A — IYHKTHI

HaOroeHNit Ha onuroTpodHOM O0N0TE, B — MyHKTHI
HaOMI0ZIeHUit Ha 3BTpoHOM OoJtoTe.

Table 1.Vegetation covers at studied peatlands. Numbebsaickets are projective cover area in %.
Tadmmuua 1. XapakTepucTuka pacTUTEILHOTO OKPOBA UCCIIEAYEMBIX OOJIOTHBIX 9KOCHUCTEM (B CKOOKaxX

MPOCKTUBHOE TIOKpPhITHE, %0).
Trees Shrubs |

PSS - Pine-Shrub-Sphagnum community.
Peat deposit depth 100 cm, (WTL (cm) mean: -23, max2, min: -71)
Pinus silvestris L. Ledum palustreL. Carex globularis L.
Pinus sibirica Du Tour | Chamaedaphne calyculata (Mpench | Eriophorum vaginatum L|
Betula pubescens Ecrh| Vaccinium vitis-idaea L. Rubus chamaemorusL.
Vaccinium oxycoccos L.

Herbs | Mosses

Sphagnum angustifolium (Russ.)C.Jens.

(90 %) (80%) (15%) (96%)
LPSS — Low Pine-Shrub-Sphagnum community.
Peat deposit depth 300 cm, (WTL (cm) mean: -10, max8, min: -31)

Pinus silvestris

Ledum palustre L.

Eriophorum vaginatum L|

Sphagnum fuscum (Schimp. )Klinggr.

f. Litwinowii Chamaedaphne calyculata L. Rubus chamaemorus L. | Sph. angustifolium(Russ.)C.Jens.
Andromeda polifolia L. Drosera rotundifolia L. Sph. magellanicum Brid.
Vaccinium uliginosum L.

(30%) (65%) (5%) (95%)

SSF — Sedge-Sphagnum fen.

Peat deposit depth 250 cm, (WTL (cm) mean: -5, max:6, min: -16)

Chamaedaphne calyculata L.
Andromeda polifolia L.
Vaccinium oxycoccus L.

(20%)

Eriophorum vaginatum L|
Carex rostrataStokes.
Carex limosa L.
Scheuchzeria palustris L|
(50%)

Sphagnum fuscum (Schimp. )Klinggr.
Sph. angustifolium(Russ.)C.Jens.
Sph. magellanicum Brid.

(100%)

EF — eutrophic fen Samara

Peat deposit depth 400

cm, (WTL (cm) mean: -5, max:10, min:

-10)

Pinus silvestris L.,
Betula pubescens Ecrh
Salix cinerea L.,

S. rosmarinifolia L.,

S. pentandra L.

(15%)

Betula nana L.
Oxicoccus palustris L.

(60%)

Carex limosa L.,
C. diandra Schrank,
Comarum palustre L.

40%)

Tomenthypnum nitens (Hedw.) Loesk
Aulacomnium palustre (Hedw.)
Schwaegr.

Helodium blandowii (Web et
Mohr)Warnst.

Drepanocladus aduncus
(Hedw.)Warnst.

Brachythecium mildeanum (Schimp.)
Schimp.

Sphagnum warnstorfii Russ.,

Brium pseudotriquetrum (Hedw.)
Schwaegr.

(40%)




METHODS

The above-ground biomass was measured by clippfs & quadrates (three to five per site). Clipped
plants were grouped according to their speciesdanded into living and dead biomaskhe total dead biomass
consists of litter and dead parts of mosses. Lienass consists of annual, and perennial photostinth
biomass (shrub leaves, green parts of herbs andesips@nd nonphotosynthetic biomass (steam shadis, of
herbs and shrubs). Below the surface (below mgssubams) some amount of green parts of mossesseXiée
consider these partgelongingto living biomass Depending on the ecosystem the “green moss |layerés
from 2-3 cm at LPSS to 5-7 cm at PSS and up tar1&tcSSF. A layer with 20-cm thickness, locatedbde¢he
green mosses, was considered to be related to phradf mosses. This layer was used for below gtoun
phytomass estimation. It is composed of dead, leatkly decomposed moss stems, leaves, dead oobe of
vascular plants.

The below-ground biomass was determined by thevatican of 10 x 10 cm pits at each quadrate. Live
plant roots were separated from dead mosses iwhgiound samples. Samples were oven-dried €&l the
constant weight. Seasonal dynamics growth was lestadl by weighing the green parts of plants andses of
the current year. The amount of total biomass veasrthined at the period of maximum vegetation dgyaknt
(in the end of July — the beginning of August).t&it above and below-ground biomass was deternéaet
month from May till October at each mire site.

Above-ground production (ANP) of herbs was takee@sal to maximal storage of green phytomass. The
production of deciduous shrubs was calculated ssna of the seasonal maximum of green leaves andgyou
shoots of the current year, production of evergisdenbs - sum of the maximal phytomass of the atiskoots
and their leaves. We estimate the production ohgpam mosses as a difference between seasonal nmaxim
and minimum of green phytomass. ANP was calculate@ sum of production of herbs, shrubs and mosses.
Below-ground production (BNP) was calculated adffergénce between seasonal maximum and minimum of
live roots of shrubs and herbs. The net primarydpction (NPP) was calculated as a sum of valueseabo
ground and below-ground production [Titlyanova, 898

Meteorological observations of air temperature, limidity, precipitation, water table level, peat
moisture were conducted too.

RESULTS AND DISCUSSION

Phytomass (above and below ground living plant bioass)
Amount of phytomass is one of the principal chamastic of the biological productivity. The maximum
of phytomass storages was observed at the eutrpphitand. Oligotrophic peatlantave maximal phytomass
at PSS, and minimal at SSF.

PSS LPSS SSF EF
1000 : : :

Biomass, g/m2

=500

1 R iiiivB iini i

OLeaf of shiub OHertbs M®Roots BStemof shiub B Green part of moss

Fig. 2. Structure of aboveground and belowground live pimgss abligotrophic and eutrophic peatlands.
Puc.2. CrpykTypa Hag3eMHON ¥ OA3EMHOM KMBOM (PUTOMACCHI OJUIOTPOMHBIX U IBTPOMHBIX OOJIOTHBIX IKOCHCTEM.

Total phytomass is controlled by the vegetatioretyphe average storages of phytomass have similar
values in different ecosystems. However the strectf phytomass is differ significantly. Part ofrbg in
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vegetation of tall and low ryam is negligibly smadut at SSF and EF the contribution of herbs mual8 and
35% accordingly. Shrubs are almost absent at $8€sulting in low values of leaf and stem of slwghorages
(Fig. 2).

Vegetation cover of EF consists of high amountlotibs Betula nang Roots of herbs and shrubs have
the maximal contribution (55-69%) to the total ghpass storages at all peatlands. Green parts dfem¢som
12 % on EF to 40% on SSF), and aboveground parshrobs (from 23 to 28%, excluding SSF) gives high
contribution to phytomass.

Photosynthetic active phytomass storages depenbeostructure of vegetation, but all ecosystemshav
common regularities. Green parts of mosses (55886) have the maximum contribution. Part of shrudides
rather high (24% - 31%).

It should be noted thataximum input to the total storages of the bionsssl studied peatlands have the
dead biomass. It has more than 62% from the tabatdss at EF, and about 75% at LPSS (Fig.3). The paat
of dead biomass is presented by dead parts of moBsad biomass was accounted in upper 20 cm of pea
deposit. The amount of moss remains depends aatetingty of upper layers of peat deposit, So ministalages
were observes in SSF, where mosses have the |@isgdure. Dead mosses amounts at PSS and LPSSFand
has comparable values.

Dead parts of mosses characterize storages ofaghé bdiomass which was accumulated during many
years. The following estimations of dead biomass giwen only for litter and dead parts of herbs,olwh
characterize annual vegetation dying-off. The amaiifitter and dead herbs at PPS and LPSS ardigaly
equal. LPSS and PSS are characterized by the peesémwell developed shrub layer, which is the n&ipplier
of the dead biomass. Shrubs are absent at SSRhangtojective cover of sedges is about 50%, iegithe
strong income of litter and dead herbs.

100%
80%
70%
60%
50%
40%
3982 3807
30% lez 3785
20%
10%
0%
PSS LPSS SSF EF
mDeadbiomass ONonphotosyntetic phytomass 0OPhotosynthetic phytomass

Fig.3. Total biomass structure in different ecosystensripers are given in gfn
Puc.3. Ctpykrypa 3amacoB o0uieii Onomacchl (pUTOMAcChl B MOPTMACCHI) B Pa3sHBIX OOJIOTHBIX KOCHCTEMaX (LU(pHI B
cronGukax - r/m).

Estimation of the biomass reserves describes thie bagularities of the distribution of biomassrates
on different ecosystems depending on the compasitivegetation.

Obtained data are corresponds to the data for WeSiberian peatlands received by other author.
According to studies of [Valutskii, Chramov, 19%8]d [P'yavchenko, 1967] reserves of phytomass ayigan
bog varies from 1900 to 17100 ¢/aepending on the bog type. Efremova T.T. et dfefiiova, Efremov, 1994]
estimates the total storages of vegetation in ufaye@r of oligotrophic bogs in West Siberia from0R3o 3100
g/nf depending on the micro relief form.

Dynamics of phytomass and dead biomass changes

The average dynamics of growth increment is expobds/ unimodal curve with maximum in July or
August. The EF has maximal growth values, and S&8F Iminimal ones. The phytomass growth at PSS and
SSF has the maximum in August. The maximal growthPsS and EF was observed in July. The reduction o
the growth occurs in September. This reduction istntlearly defined at eutrophic peatland. The d&dt
vegetation is presented by deciduous shrubs atd.her

The growth of phytomass includes growth of herbsulss and mosses (Fig.4). The part of herbs in the
total phytomass growth is about 1 % at PSS and LBB& 13 % at SSF. The part of shrubs is rathdr aigl



reaches 57 and 60 % at PSS and EF. Contributioheo$hrubs growth to the total growth at SSF is tesan
10%. Mosses have the high part in phytomass grdimthanges from 30% at EF to 77 % at SSF.
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Fig.4. Dynamics of phytomass growth.
Puc.4. Jlunamuka 3amacoB OMOMAacCHI.

The dynamics of litter and dead parts of herbypgcal for the peatland ecosystems. Maximal valfes
litter storages were observed in spring and autsummer months are characterized by low valuesttef |
storages. The spring maximum of litter amount exiiste to presence of remains of plans falling utiteaction
of snow, wind and low temperatures in winter initidd to plants died in autumn, but does not decosed
during winter. Low values of litter storages arpital for SSF, due to absence of shrubs which caectsthe
main part of litter. Dead biomass at SSF is mdiotyned by dead herbs.

The analysis of data has shown that amount of kttel dead herbs is not always depends on the amoun
of the growth. But litter and dead herbs has tlseadt relations. According to results of the catieh analysis
the strong relationship between amount of litted @lead herbs was revealed for all studied ecosgstem
Correlation coefficients vary from 0.38 for LPSSQ®0 for EF. The strong negative correlation existween
growth of phytomass and litter at EF. It can bela&xed by the composition and phenological featufethe
vegetation.

We have found significant negative correlation lesw phytomass growth and amount of dead herbs.
Dynamics of dead herbs and phytomass are existstiphase during vegetation period, so minimum arhofi
dead herbs observed at maximal growth of phytonizissct dependences between amounts of litter aodtr
of phytomass were discovered only for EF.

The dynamics of phytomass growth changes deperutirthe weather conditions in different years. For
example, after rapid begin of growing season in M&igts some reduction of the growing rates of tsl@aused
by overweening, heavy rains, or droughts. We perfoorrelation analysis to reveal meteorologicabpaaters
(such as hydrothermal coefficient (HTC), air tengbere, precipitation and water table level (WTIgfjuencing
the dynamics of plants growth.

Table 2.Correlation coefficients between meteorologicahpzeters and growth phytomass.

Tadmmna 2. KoadduiueHTs KOppensiuyu MexX Ty METEOPOJIOTHISCKIMHE ITapaMeTpaMy M TMHAMHUKOW 3aracoB
(hHuTOMAaCCHI.

Precipitation Air temperature Water table level

PSS
Herbs ] ) -0.69
LPSS
Herbs 045

SSF
Herbs

EF
Herbs 0.51 0.75

EF
Shrubs 0.47 - -0.70

‘-’ — nonsignificant correlation at level p=0.05

0.59

The results of analysis have shown that the tatalal growth in oligotrophic bogs does not depend o
weather conditions (Table 2). Analysis for eachetagion fraction have shown that growth of herb&RES
depends on precipitation (correlation coefficienOr45) and HTC (r=0.53). The growth of herbs aff 88pends
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on the air temperature (r=0.59). The growth of beahd shrubs at EF correlated with precipitatien0(61 and
0.47 accordingly), and, herbs growth depends oteaiperature (r= 0.75).

Results of correlation analysis has shown the negatfluence of WTL on growth of shrubs at EF (¢ =
0.70) and growth of herbs at PSS (r=-0.69).

Net primary production
The net primary production (NPP) is the accumutatié carbon in the form of vegetation matter. The
results of the study have shown that, despite eérgfal differences in composition of the vegetatithe
average values are similar at oligotrophic bogsP K? PSS, LPSS and SSF are equal to 558, 587g/67Jper
year. NPP at EF is 1.4 times higher in comparisanligotrophic bogs (Fig.5).

PSS LPSS SSF EF
400
2% 13%
2% o
- o 17% 16% 8%
18% %
=
%’ 23% 31% 30% 17%
a 0
o
=
57% 51% 47%
-200 52%
-400
B Roots BOMoss OShrubs OHerbs

Fig.5. Net primary production at the studied ecosystems.
Puc.5.Yucras nepBrUYIHaA MPOAYKIUA UCCIICAYEMbIX OO0JIOTHBIX DKOCHUCTEM.

The main contribution to production at studied oligphic ecosystems gives roots of herbs and shrubs
(47-57%) andSphagnunmmosses (23-37%). Parts of shrubs at PSS and L&&Sst 18 and 17% accordingly.
The contribution of grassy vegetation is more sigant at SSF (16%) but part of shrubs is about 7%.

The qualitative composition of NPP at EF is différsm composition at oligotrophic bog. The main
contributions to production give roots of shrubsl &aerbs (52%), but part of mosses is equal to 11t $tould
be noted, that moss cover at EF is spottiness magsaum grows only at hummocks which cover abott 40
the peatland.

The dynamics of productivity is characterized bgustion of production at all peatlands to 2002 and
maximal NPP in 2003, with the exception of EF, veheraximum of production was observed in 2005-2006

(Fig. 6).
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Fig.6. Dynamics of net primary production on researcldogsystems.
Puc.6. lunamMnka 4uCTON NEPBUYHON NPOAYKIMH B UCCIIEyEMbIX OOJIOTHBIX 9KOCHCTEMAX.




The correlation analysis has shown that the hyerathl coefficient (HTC) have the most strong
influence on production of LPSS (r= -0.84) and R®S -0.53). NPP of PSS and SSF depend on the air
temperature during the vegetation period. Predipitahas influence on productivity at LPSS. Studyiof
correlation between NPP and WTL has shown that \Mifluences on productivity of LPSS (Table 3).

Table 3.Correlation coefficients between meteorologicabpzeters and NPP at different peatland ecosystems.
Ta6mua 3. KoshduiimeHTsl KOPPEIAIUN MKy METeoposiorndeckumu rnapamerpamu 1 NPP0OoIoTHBIX

OKOCHCTEM.
PSS LPSS SSF EF
Air temperature 0.64 - 0.69 -
Precipitation -0.59 -0.88 - -0.61
HTC -0.53 -0.84 - -0.44
WTL - -0.74 - -

‘-’ — nonsignificant correlation at level p=0.05

The detailed analysis of production of herbs, messel shrubs has shown that WTL affect at prodactio
of individual fractions. Positive dependencies hmw WTL and production of mosses (r= 0.62) and thena
correlation with herbs production (-0.70) were iaded for PSS. Relationship between WTL and produaaotif
mosses has negative character for LPSS. WTL infle®on production of mosses and shrubs at SSFEFFor
relation between WTL and production of herbs wamted.

CONCLUSIONS

The main findings of this study can be stated Hsvis:

1. The storages of phytomass at different ecosystdroligotrophic bog have similar values. Storages
phytomass at eutrophic peatland are 2 times highecomparison to oligotrophic bog. The qualitative
composition of phytomass depends on vegetatioheo$tudied ecosystems.

2. The dynamics of phytomass growth depends ongitatton, air temperature, and water table level.

3. Net primary production at different oligotrophéxosystems has close values. NPP at eutrophic
peatland is 1.7 times higher in comparison to otmmhic bog. The major part of production is praddby
mosses and plant roots.

4. Dynamics of net primary production is defined kyeather condition (air temperature and
precipitation).
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BUOJIOT'MYECKAS MPOAYKTUBHOCTH OJIMTOTPO®HBIX U SBTPO®HBIX FOJIOT
IOKHOM TAVII'M BATTIAJTHOM CUBUPU

T'onosauxas E A.

Ipusoosimest  dannvie muozonemuux (1999-2006 22.) usmepenuti 3anacog 6GUOMACCHI, OUHAMUKU NPUPOCIA
Gumomaccol u mopmmaccwl, uyucmoti nepeuunoi npooykyuu (NPP) 6oromuvix 6uozeoyenoszos onuzompogmnozo u
26MPOPHO20 MUNA, PACHONIONCEHHbIX HA MEPPUMOPULL TOHCHO-Maedxcholl nodzonbl 3anadnot Cubupu (Tomckas obnacm).
Buviasneno, umo 3zanacvt gumomaccer u NPP ssmpognozo 6oroma noumu 6 06a paza eviue nNO CPAGHEHUIO C
0nU2OMpOHbIM. JJUHAMUKA 3ANACO8 PUMOMACCHl U MOPMMACCHL ONPeOensiemcsi 6U00BbIM COCMABOM PACHUMENbHOZ0
HOKPOBA, MPODHOCMbIO MECMOOOUMAHUSL U 2UOPOMEPMUYECKUMU YCTIOGUIMIU.
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