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Abstract

The paper presents a comparative analysis of changes in species, ecological and biological composi-
tion, dominant species composition, and net primary productivity (NPP) of floodplain meadows in
low (2023) and high (2024) flooding years. Meadows in the study area exhibited higher productivity
in 2024 compared to 2023. In 2024, NPP increased by 45.6% in the forb-grass meadow, by 37.8% in
the sedge-reedgrass meadow, and by 34.5% in the elecampane meadow. Changes were observed in
species richness, the proportions of ecological groups, and dominant species composition. The most
significant changes were recorded in upland meadows that are not regularly flooded. The productivity
of the forb-tussock sedge meadow remained virtually unchanged (an increase of only 1.4%), indicat-
ing stability and potentially maximum productivity under these conditions. An increase in NPP was
attributed to the increase in both above-ground and below-ground phytomass and correlated with
structural shifts in the grass stand toward a higher proportion of moisture-demanding species.
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Introduction

The structure and functioning of the Ob floodplain meadow communities have
been addressed in numerous studies. The properties of the vegetation cover were
studied in the Altai Territory (Penkovskaya 1963, 1972; Logutenko 1963; Aleksan-
drova et al. 1985; Shibanova 2010; Shibanova and Terekhova 2012), and in the No-
vosibirsk (Penkovskaya 1963, 1972; Logutenko 1963), Tomsk (Elizarieva 1951; Lvov
1963; Vytslan 1968; Lvov et al. 1987; Shepeleva 1986, 1987, 1998, 2019; Dymina et
al. 1989; Taran and Dymina 1990; Taran 1995; Igosheva 2001; Kosykh et al. 2023),
and Tyumen (Baryshnikov 1933) regions, as well as in Khanty-Mansi Autonomous
(Dydina 1961, 1968; Tyurin 2004; Samoylenko et al. 2009; Kushanova and Korkin
2015) and Yamalo-Nenets Autonomous (Rozhdestvensky 1992; Morozova and
Golovatin 2023) Okrugs. The results of a long-term study (from 1978 to 1994) of
meadow communities in the Middle Ob floodplain were reported by L.E Shepeleva
(2019). The study was conducted at the key sampling sites located along a floodplain
segment approximately 300 km in length.

Despite being well studied, these ecosystems continue to attract research inter-
est due to their exceptional capacity for carbon sequestration and accumulation
(Bardgett et al. 2021; Sommer et al. 2023). Current climatic and anthropogenic
changes are causing a significant restructuring of the composition and functioning
of one of the most productive ecosystems in Western Siberia (Shepeleva 2019; Ko-
sykh et al. 2023), which could substantially impact the carbon balance (Vicente-Ser-
rano et al. 2013; Hossain et al. 2021). Therefore, in recent years, we have conducted
biodiversity monitoring and assessed above-ground and below-ground phytomass
at the Kaibasovo site of the Tomsk carbon polygon (Shepeleva et al. 2022, 2023,
2024; Pudova and Shepeleva 2022).

Floodplain meadows feature high interannual variability, with both the com-
position of above-ground phytomass and the dominance of species responding to
environmental changes (Rabotnov 1984; Shepeleva 1998). The most significant fac-
tor influencing these changes is the hydrological regime, which determines the scale
and duration of flood events (Shepeleva 1998, Silvertown et al. 1999; Mathar et al.
2015; Shi et al. 2017). The role of flooding in altering the vegetation structure is
somewhat ambiguous. On one hand, plants immersed in flood waters are exposed
to specific conditions of illumination and gas exchange, and a constant shift from
terrestrial to aquatic environments can be highly stressful (Junk 1989; Prokopyev
2012). During prolonged flood events, soil oxygen is depleted under anaerobic
conditions and toxic compound are formed (Rabotnov 1985). On the other hand,
changes in soil moisture regimes and the influx of organic matter via floodwaters
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can positively affect the development of floodplain plants adapted to regular distur-
bance from flooding. Changes in moisture conditions affect plants via altering their
nutritional and thermal regimes (Rabotnov 1984).

The aim of this study was to assess the impact of flooding on the proportions of
plant species, ecological groups, and total NPP in the Middle Ob floodplain mead-
ows. Investigating these relationships is critical for improving floodplain meadow
management and maintaining ecosystem stability.

Materials and methods

Study area

The study was conducted at the Kaibasovo site of the Tomsk carbon polygon
(57°14'44"N, 84°11'00"E). The structure, dynamics and stock of phytomass in the
Middle Ob floodplain meadows with different moisture patterns were assessed at
permanent sampling sites (Fig. 1), specifically:

T1 - a non-flooded forb-grass meadow located on a high ridge,

T2 - a regularly flooded sedge-reedgrass meadow located in the lower part of a
gentle slope,

T3 - a rarely flooded elecampane meadow located on a high ridge,

T4 - a regularly flooded forb-tussock sedge meadow located on a ridge slope.

Kaibasovo®

#Kaibasovo

Figure 1. Location of the key sampling sites.
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We presented detailed characteristics of the key sampling sites earlier in (Shepel-
eva et al. 2022, Shepeleva et al. 2023, 2024).

To study meadow communities, above-ground phytomass and soil monoliths
were sampled to incorporate the mass and structure of below-ground phytomass
into the calculations. Above-ground phytomass was collected by mowing. A geo-
botanical description was made and the total projective cover of the grass stand
was determined on a 100 m” sampling area. Plants were cut to ground level from
four 0.25 m” sites in three replicates. The harvested material was separated by spe-
cies, air-dried, and then weighed. The masses of individual species were summed to
determine the total mass of the grass stand. The dominant species composition, the
species richness, and the contribution of various biological and ecological groups of
species were identified. Subsequently, the average indicators of phytocoenosis were
determined per 1 m* productivity (g/m?), biodiversity for the sampling site (spe-
cies composition, dominant species composition, species richness, composition and
proportion of various fractions in the phytomass) for biological (grasses, sedges,
forbs, legumes) and ecological groups. Plant species were assigned to ecological
groups using the bioindication ecological scales developed by L.G. Ramensky (Ra-
mensky et al. 1956; Shepeleva 2019). Moisture groups were identified and named in
accordance with the classification by Yu. A. Lvov et al. (1987). The Latin nomencla-
ture of plant species were adopted in compliance with the WFO Plant List (https://
wfoplantlist.org/plant-list).

Soil monoliths were extracted from depths of 0-10 cm and 10-20 cm, where
most plant roots are concentrated (Titlyanova and Shibareva 2020). The below-
ground phytomass was washed using 0.25 mm mesh sieves, dried, and then weighed.
The fractions of live (B) and dead (V) roots were identified based on visual char-
acteristics using the method described in (Bazilevich et al. 1978). Key criteria for
identification included the root tensile strength and stress, the integrity or loss of
internal structure, changes in natural color, etc.

NPP dynamics can be analyzed using various methods, ranging from satellite
imagery to modeling. However, direct harvest (mowing) methods, although labor-
intensive, provide greater accuracy and detail when studying floodplain meadow
communities. This is attributed to the floodplain heterogeneity, varying moisture
levels, and soil diversity, which forms a mosaic landscape that poses challenges for
indirect methods (Shepeleva 2019). One of the earliest methods for studying NPP is
G, - an estimate based on the phytomass stock at peak vegetation, specifically at the
time of maximum growth rate. However, this estimate tends to underestimate true
productivity (Titlyanova et al. 1996; Titlyanova and Shibareva 2020). In this study,
we used the balance method used by numerous researchers (Bazilevich et al. 1978;
Titlyanova et al. 1996; Titlyanova and Shibareva 2020). The following designations
were used: phytomass (G); maximum stock (G - G__ ); dead plant material (D); lit-
ter (L); live below-ground plant organs (B); dead below-ground plant organs (V).
The calculation was performed using the balance equations (Bazilevich et al. 1978;
Titlyanova et al. 1996).
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Since the mineralization rates for litter and dead below-ground organs were not
determined, the minimum estimate method was employed (Titlyanova and Shiba-
reva 2020).

The analyzed processes included: growth, measured as NPP, which represents
the amount of biomass produced per unit area per unit time; AP, above-ground
production; BP, below-ground production; NPP = AP + BP.

Weather conditions and flood duration were assessed using data from the Mol-
chanovo weather station (https://meteoinfo.ru) and the Nikolskoye hydrological
station (https://allrivers.info/gauge/ob-nikolskoe). Soil temperature was assessed
using data from the Kaibasovo meteorological station.

Results

Weather conditions have a significant impact on floodplain meadows (Rabotnov
1984; Shepeleva 2019; Shepeleva et al. 2022; 2024). Therefore, we analyzed precipi-
tation and temperature for 2023 and 2024 in comparison to the long-term aver-
age (Table 1). April and May 2023 were relatively dry and cold compared to the
long-term average. Warm and humid conditions prevailed from June to September,
unlike the previous autumn. In 2024, spring months were warmer than the long-
term average but experienced significant precipitation. This trend reversed during
the hotter summer months, with precipitation remaining below normal levels until
September.

Table 1. Average monthly air temperatures and total precipitation in April-September
2023-2024, data from the Molchanovo weather station

Years April May June July August  September
Temperature, oC

Average for 10 years 4.3 9.3 17.5 18.8 16.1 9.2

2023 -0.8 10.8 17.2 20.3 16.2 11.2

2024 52 12.3 21.7 22.8 17.8 10.9
Precipitation, mm

Average for 10 years 35 53 49 70 69.9 47

2023 28.1 10.9 77.1 108 133.7 75.4

2024 58.2 61.5 45.5 52.7 72 48.7

Regarding the flood events, the 2023 flood was not high and did not result in
flooding of the meadows (Fig. 2). However, water reached to the floodplain via in-
tra-floodplain streams and channels, leading to a sharp increase in groundwater
levels and wetting of lowland meadows (T2 and T4). In contrast, the 2024 flood was
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more intense; water levels rose significantly higher, exceeding the four-year average,
which resulted in flooding of the meadows and increased soil moisture. In 2024, the
elecampane meadow (T3) was also flooded.

16000 -
14000 —2023
12000 - —2024
10000 2022-2025

8000
6000
4000

2000 = ,L-+

11 2.1 3.1 4.1 5.1 6.1 7.1 8.1 9.1 10.1 111 121

Figure 2. Water discharge [m® per second] in the Nikolskoe hydrological station. The dis-
charge is indicated in red line for 2024 and in blue for 2023. The average water discharge
over 4 years is shown in green.

Table 2 summarizes the geobotanical characteristics of the sampling sites ob-
tained based on the analysis of the grass stand. Table 3 presents the species composi-
tion of the meadow grass stand.

In July 2023, the forb-grass meadow (T1) was characterized by sparse, low-
growing grass stand dominated by Poa angustifolia and Bromus inermis, accounting
for approximately 70% of the total projective cover. Dactylis glomerata and Alope-
curus pratensis, as well as Phlomoides tuberosa and Tanacetum vulgare, nested in
clusters (5-7%). Equisetum arvense, Vicia megalotropis, and Cirsium arvense were
moderately abundant (3-5%). Elymus repens, Geranium pratense, Achillea millefo-
lium and Potentilla anserina showed low abundance (approximately 1%). A total
of 34 species were recorded. In July 2024, quantitative changes were recorded in
the grass stand composition of the forb-grass meadow (T1). Productivity increased
sharply (by 2.3 fold), along with an increase in the projective cover and height of
the grass stand. The dominant species composition changed insignificantly, with
an increase in abundance of Poa angustifolia (up to 36.5%) and Equisetum arvense
(up to 16.8%), and Dactylis glomerata (over 10%). Among the biological groups,
the proportion of forbs and legumes, particularly Lathyrus pratensis, increased. The
species richness of the grass stand remained unchanged.

In 2023, the sedge-reedgrass meadow (T2) was dominated by Calamagrostis
purpurea and Phalaroides arundinacea. Cirsium arvense and Elymus repens, indica-
tors of community disturbance, were also abundant. Among forbs, Veronica longifo-
lia and Calystegia sepium were comparatively abundant (1-3%), while legumes were



Meadow communities of the Middle Ob floodplain over two years under different flooding conditions 43

represented by Vicia cracca and sedges were represented by Carex atherodes. Most
of the 24 species (Lysimachia vulgaris, Carex vesicaria, Ranunculus polyanthemos,
Filipendula ulmaria, Galium boreale, Geranium pratense) occurred sporadically. In
2024, an increase was observed in the projective cover, height and mass (approxi-
mately twofold) of the grass stand. The main dominant species remained, but they
also included Veronica longifolia, a more moisture-tolerant species, likely respond-
ing to increased habitat moisture. The species richness was observed to decrease. In
2023, the grass stand of the elecampane meadow (T3) was significantly dominated
by forbs. Pentanema salicinum accounted for approximately 40% of the phytomass.
Thalictrum simplex and Tanacetum vulgare each made up 10-15%. Grasses Elymus
repens and Phleum pretense, as well as legumes Lupinaster pentaphyllus, were also
abundant (5-7%). Less abundant (1-3%) were Poa angustifolia, Hieracium umbel-
latum, and Linaria vulgaris. A total of 35 species were recorded. In 2024, Bromus in-
ermis and Elymus repens, species that can withstand prolonged flood events (Rabot-
nov 1984), became dominant, although Thalictrum simplex retained its dominant
position. Drought resistant Pentanema salicinum and Tanacetum vulgare that domi-
nated in 2023 became less abundant. The species richness increased due to the pres-
ence of mesophilic forbs.

Table 2. Geobotanical characteristics of the meadow grass stand at the Kaibasovo site of the
Tomsk carbon polygon in July 2023-2024

Sampling sites T1 T2 T3 T4

2023 2024 2023 2024 2023 2024 2023 2024
Total projective cover 70-80 80 80-90 100 80 100 90 100
of grass stand, %
Height, cm 35-40  50-60  80-90 120 35 100 60 110
Number of species 34 34 28 20 35 41 32 36
Grass stand mass (G 33093 456.27  409.17 709.67  367.43  604.92 489.6 776.83
max), g/m’
2023. Dominant Poa angustifolia,  Elymus repens, Pentanema Cirsium arvense,
species (>10% of mass  Bromus inermis  Calamagrostis salicinum, Phalaroides

or projective cover)

2024. Dominant
species (>10% of mass
or projective cover)

Poa angustifolia,
Equisetum
arvense, Dactylis
glomerata

purpurea, Cirsium
arvense

Elymus repens,
Calamagrostis
purpurea, Cirsium
arvense, Veronica
longifolia

Tanacetum vulgare

Bromus inermis,
Elymus repens,
Thalictrum simplex

arundinacea,
Calamagrostis
purpurea

Cirsium arvense,
Carex cespitosa

Note: SS — sampling site; TPP — total projective cover of grass stand; T1 — forb-grass meadow; T2 — sedge-

reedgrass meadow meadow; T3 — elecampane meadow; T4 — forb-tussock sedge meadow.
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Table 3. Species composition of the meadow grass stand at the Kaibasovo site of the Tomsk
carbon polygon in 2023-2024

No Species composition of grass stand, T1 T2 T3 T4

% of mass 2023 2024 2023 2024 2023 2024 2023 2024
1 Achillea millefolium L. 044 421 - - 149 088 - -
2 Achillea salicifolia Besser ex DC. - - + - - + - -
3 Agrostis gigantea Roth 0.14 001 - - - - - -
4 Alopecurus pratensis L. 6.05 444 - - - - 502 641
5 Anemonidium dichotomum (L.) Holub - - - - - - 0.38  0.06
6  Archangelica decurrens Ledeb. + 012 - - - + - -
7 Arctium tomentosum Mill. + + - - - - - -
8  Artemisia vulgaris L. + + - - 0.14 382 - -
9 Bromus inermis Leyss. 2832 629 053 - - 40.06 1.69 1.34
10 Calamagrostis purpurea Trin. - - 21.18 21.08 - - 11.54 7.82
11 Calystegia sepium (L.) R. Br. - - 149 + 026 219 399 724
12 Carex atherodes Spreng. - - 1.18 - - - - -
13 Carex cespitosa L. - - - - - - 8.14 1732
14  Carex disticha Huds. - - - - - - 1.68 +
15 Carex praecox Schreb. + + - - 0.19 100 014 124
16  Carex vesicaria L. - - + + - - - -
17 Cirsium arvense (L.) Scop. 0.45 1.80 33.83 25.08 2.31 1.11 20.88 16.76
18  Conium maculatum L. 224+ - - - - - -
19 Dactylis glomerata L. 728 1216 - - - - - -
20  Elymus repens (L.) Could 0.53 7.08 19.2 25.57 7.13 14.96 222 877
21 Equisetum arvense L. 2.88 16.80 - 0.63  0.62 126 - 0.1
22 Equisetum pratense Ehrh. 146  + - - 051 031 - -
23 Festuca pratensis Huds. 0.3 + - - 007 + - -
24  Filipendula ulmaria (L.) Maxim. - - + - - + 292 1.87
25 Galium boreale L. - - + 1.03 034 1.0 466 1.44
26  Geranium pratense L. 1 001 + + 046 031 046 3.19
27 Glechoma hederacea L. - - - + 0.11  0.03 - 0.38
28  Hieracium umbellatum L. - - - - .31 + - -
29  Hylotelephium telephium (L.) HOhba - - - - 0.05 + + +
30  Kadenia dubia (Schkuhr) Lavrova & - - - - + 022 015 1.03

V.N. Tikhom.
31  Lathyrus pratensis L. + 6.41 0.05 057 0.66 002 167 0.08
32 Leucanthemum vulgare Lam. - - - - + + - -
33 Linaria vulgaris Mill. - - - - 217 061 - -
34  Lysimachia vulgaris L. - - + + - 1.47 056 0.53
35  Melandrium album Garcke + + - - - - - -
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No Species composition of grass stand, T1 T2 T3 T4
% of mass 2023 2024 2023 2024 2023 2024 2023 2024
36  Moehringia lateriflora Fenzl - - - - 0.01 + - -
37  Pentanema salicinum (L) D. Cut. Larr. - - - - 4091 837 193 025
Santos-Vicente
38  Phalaroides arundinacea (L.) Rauschert - - 586 6.44 - - 20.65 9.19
39  Phleum pratense L. + + - - 4.1 0.18 - 0.37
40  Phlomoides tuberosa (L.) Moench 19.12 011 - - - - - -
41 Poa angustifolia L. 28.49 3643 - - 2.28 8.64 0.2 0.60
42 Poa palustris L. - - 0.63 261 053 - 0.12  0.69
43 Poa pratensis L. - - + - - + + +
44 Polygonum aviculare L. + + - - - - - -
45  Potentilla anserina L. 0.01 1.88 - - - - - -
46  Ranunculus acris L. - 0.02 - - - - - -
47 Ranunculus polyanthemos L. + + 0.75 + 0.02  + - -
48  Rhinanthus major Fr. + + - - - - - -
49  Rumex aquaticus L. - - - - - - + +
50  Rumex confertus Willd. + + + + - - + +
51  Sanguisorba officinalis L. 0.05 0.03 + + 1.62 226 0.18 273
52 Serratula coronata DC. + + - - 0.18 + 1.76  +
53  Stachys palustris L. - - - - 0.08 + 0.03 +
54  Stellaria graminea L. + + - - + + - -
55  Tanacetum vulgare L. + + - - 1479 0.14 - -
56  Taraxacum officinale EH. Wigg. - - - - 0.02 + - -
57  Thalictrum flavum L. - - 038 045 - - - 5.71
58  Thalictrum simplex L. - - - - 9.52 1042 025 +
59  Trifolium lupinaster L. - - - - 493  + - -
60  Urtica dioica L. + + 323 002 - - - -
61  Veronica longifolia L. - - 286 165 121 064 679 443
62 Vicia cracca L. 0.07 0.08 883 0.04 - 0.07 + 0.44
63 Vicia megalotropis Ledeb. .17 213 - - 059  + 1.8 +
64  Vicia sepium L. + - - - - - 019 +
65  Viola canina L. - - - - - + - -
66  Viola elatior Fr. - - - - 139  0.04 - -
Total number of species 34 34 24 20 35 42 31 36

Note: + less than 0.01%; T1 — forb-grass meadow; T2 — sedge-reedgrass meadow; T3 — elecampane
meadow; T4 — forb-tussock sedge meadow.
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The forb-tussock sedge meadow (T4) is primarily formed by Carex cespitosa L.
growing in hummocks and occupying 20-25% of the area, with height and diam-
eter ranging from 5 to 10 cm. In 2023, the leaf surface of Carex cespitosa was poorly
developed, constituting only 8% of the total mass of the grass stand. Calamagrostis
purpurea, Phalaroides arundinacea and Cirsium arvense were common in the inter-
hummock areas (10-20%). Alopecurus pratensis, Veronica longifolia, and Galium
boreale were abundant (5-7%). Filipendula ulmaria, Calystegia sepium, Elymus re-
pens, Carex disticha and Serratula coronata were less abundant (1-3%). Legumes
were represented by Vicia cracca, Lathyrus pratensis and Vicia megalotropis (1-3%).
A total of 32 species were recorded. In 2024, unlike the previous year, Carex cespi-
tosa began to dominate the grass stand (17.3%), while Calamagrostis purpurea and
Phalaroides arundinacea were abundant (7-9%) but did not dominate. A high prev-
alence of the weed Cirsium arvense remained stable.

The phytomass stock accumulated over the two years varied significantly ac-
cording to the water regime phases. The above-ground phytomass at vegetation
peak in July varied from 238.1 to 351.0 g/m* in 2023 and from 388.4 to 767.5 g/m”
in 2024. This clearly illustrates seasonal variations between dry and wet periods. In
2023, the lowest phytomass was recorded in the regularly flooded meadows (T2 and
T4). In contrast, the upland meadows exhibited the greatest interannual variation,
with nearly a twofold increase in phytomass (Table 2).

Assessing productivity based on peak values may provide an incomplete pic-
ture. Therefore, seasonal variations were analyzed throughout the growing seasons
(Figs 3-5). A similar pattern of growth and development of the above-ground phy-
tomass was observed in both seasons. Fig. 3 illustrates the development peaks in
July-August and declines to near-zero values in October in the flooded and non-
flooded meadows, which is consistent with data reported in other studies (Produc-
tivity...1978; Shepeleva et al. 2024). However, the phytomass stock in 2024 signifi-
cantly exceeded that in 2023.

The mortmass showed distinct differences between the two years. In the drier
year of 2023, the mortmass displayed a gradual transition of dead plant material
into litter during mid-season, mirroring the phytomass dynamics, which was not
observed in the wet year of 2024.

A gradual accumulation of dead plant material was observed in 2024, peaking
in October. The maximum amount of litter was associated with two distinct periods
of the growing season: May (mortmass accumulated over previous seasons) and
August-September (dead plant material and litter accumulated after the vegetative
period).

In 2023, live root mass in the upland meadows was predominant and remained
at a relatively stable level from July to October (Fig. 5). In contrast, the lowland
meadows exhibited a consistent increase in live root mass until October.

The dynamic pattern for below-ground mortmass (Fig. 6) was similar across
three meadows: forb-grass meadow (T1), sedge-reedgrass meadow (T2), and forb-
tussock sedge meadow (T4). This pattern was characterized by peak accumulation
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of mortmass in September, followed by decreased accumulation in October. In con-
trast, the elecampane meadow (T3) exhibited a consistent accumulation of dead
root mass towards October, whereas the forb-tussock sedge meadow (T4) showed
its maximum accumulation in September, followed by a decrease in the subsequent
month.
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Figure 3. Phytomass dynamics (G) over two growing seasons (g/m?). a) T1, forb-grass
meadow; b) T2, sedge-reedgrass meadow; ¢) T3, elecampane meadow; d) T4, forb-tussock
sedge meadow.

In 2024, changes in plant root mass differed from those in the previous year. On
the ridges, an increase in live root mass was observed until September, followed by a
sharp decline after the growing season in October. In contrast, the flooded meadows
exhibited a consistent decrease in live root mass from May to October. The dynamic
pattern for mortmass was similar in the upland and lowland meadows: accumulated
dead roots decomposed gradually until September, followed by a sharp increase in
mass in October due to the contribution of freshly dead root mass.
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Figure 4. Mortmass dynamics (D+L) over two growing seasons (g/m?). a) T1, forb-grass
meadow; b) T2, sedge-reedgrass meadow; ¢) T3, elecampane meadow; d) T4, forb-tussock
sedge meadow.

Discussion

In July 2023, grasses accounted for approximately 70% of the total phytomass in
the forb-grass meadow (T1), while forbs constituted about 30%. Other biological
groups occurred sporadically. In terms of ecological composition, mesophytes, xe-
romesophytes, and subxerophytes were predominant. In July 2024, the ecological
composition of the grass stand remained unchanged, with xeromesophytes and
mesophytes being dominant. However, changes were observed in the secondary
groups: the proportion of drought-tolerant subxerophytes decreased, while that of
moisture-demanding eumesophytes increased (Table 4).

Agrostis gigantea, a species previously recorded by E.P. Prokopyev (2012) on
ridges of the Irtysh floodplain, was recorded only in this non-flooded meadow. Sev-
eral other species, including Archangelica decurrens, Arctium tomentosum, Conium
maculatum, Dactylis glomerata, Melandrium album, Phlomoides tuberosa, Polygo-
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num aviculare, Potentilla anserina, Ranunculus acris, and Rhinanthus major, were
also encountered. Dactylis glomerata, a species that prefers moderately moist soils
but has low flood tolerance and poor resistance to water stress (Rabotnov 1984;
Kiisters et al. 2021), became dominant in the forb-grass meadow (T1) in 2024. Fur-
thermore, the proportion of Achillea millefolium L. increased in 2024. This species
was also reported to thrive in the Irtysh floodplain during wet years (Prokopyev
2012).

Another species dominant in 2024 was Equisetum arvense, a vegetatively mobile
perennial growing in areas with moderate to high moisture levels. It is known to
be sensitive to soil moisture and competition from other species (Andersson and
Lundegardh 1999; Cloutier and Watson 1985; James and Rahman, 2010; Prokopyev
2012; Filipov and Robu 2013). The plant spores are known to germinate most effec-
tively under high moisture conditions (Hoekstra 2002). The proportion of Elymus
repens increased under high moisture conditions in this and other meadows. This
species is adapted to flood events and increased soil alluviation (Prokopyev 2012),
requires substantial soil moisture, and often dominates the grass stand of floodplain
meadows (Gubanov et al. 1976).
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Figure 5. Live root mass dynamics (D+L) over two growing seasons (g/m?): a) T1, forb-
grass meadow; b) T2, sedge-reedgrass meadow; c) T3, elecampane meadow; d) T4, forb-
tussock sedge meadow.
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Figure 6. Dead root mass dynamics (D+L) over two growing seasons (g/m?*): a) T1, forb-
grass meadow; b) T2, sedge-reedgrass meadow; c) T3, elecampane meadow; d) T4, forb-
tussock sedge meadow.

Table 4. Biological and ecological composition of the grass stand in meadow communities
(proportion of biological and ecological groups in phytomass), 2023-2024

Biological groups, %

Year/SS Grasses Forbs Legumes Sedges
2023 2024 2023 2024 2023 2024 2023 2024

T1 71.1 60.1 27.7 31.2 1.2 8.6 + +

T2 47.4 55.7 42.5 43.7 8.9 0.6 1.2 +

T3 14.1 63.8 79.5 35.1 6.2 0.1 0.2 1.0

T4 41.4 35.2 44.9 45.7 3.7 0.5 10 18.6
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Ecological groups,%

Year/ SX XM M EM HM SH AH
$$ ) < ) < e < ) < ) < 0 < o <
IS I I N I I I I IS I I I I N
= = =) = <) = = =) = <) = = = =
Q Q Q Q Q Q Q Q Q Q Q Q Q Q
T1 19.1 0.1 289 428 449 419 7.1 152 - - - -
T2 - - 08 - 109 23 53.0 506 254 242 87 229 12 -
T3 - - 646 229 225 265 11.1 183 95 02 13 21 - -
T4 - - 21 2 16.6 14.6 283 347 168 172 362 315 - -

Note: SS — sampling site; SX — subxerophytes, XM — xeromesophytes, M — mesophytes, EM — eumeso-
phytes, HM — hydromesophytes, SH — subhydrophytes, AH — aerohydrophytes.

In 2023, forbs were the dominant biological group in the elecampane meadow
(T3). In terms of moisture, xeromesophytes and mesophytes were the dominant
ecological groups, followed by eumesophytes. The contribution of other ecological
groups (total of five) was insignificant. The abundance of large-sized species in the
grass stand resulted in high above-ground phytomass, with Pentanema salicinum
being dominant (41%). In 2024, the projective cover, height, and productivity of the
grass stand were observed to increase. Dominance shifted to mesophytic grasses
(Bromus inermis at 40%) and eumesophytic grasses (Elymus repens at 15%), which
are tolerant to increased soil alluviation (Prokopyev 2012). The developed root sys-
tem of Bromus inermis, with its numerous lateral branches, facilitates adaptation to
excess moisture, waterlogging, and other adverse environmental factors (Pang et al.
2022; Mackiewicz-Walec et al. 2024). This species can withstand short-term spring
flooding for up to 45-50 days (Ulrich and Perkins 2014). Mesophytic forbs retained
a significant presence, for instance, Thalictrum simplex maintained its dominant
status. In contrast, Pentanema salicinum and Tanacetum vulgare, drought-tolerant
species that were dominant in 2023, were less abundant. The proportion of species
adapted to flooding increased. These included Artemisia vulgaris, Calystegia sepium,
Carex praecox, Cirsium arvense, Equisetum arvense, Poa angustifolia, as well as Ely-
mus repens and Galium boreale.

In 2023, the biological groups of grasses and forbs in the sedge-reedgrass mead-
ow (T2) were represented in equal proportions, with legumes accounting for a sig-
nificant portion. It is known that legumes thrive in the meadows of the Middle Ob
region in years when edificators are not dominant (Shepeleva 1998). Among the
ecological groups, eumesophytes were dominant in terms of moisture. However,
the ecological composition of the sedge-reedgrass meadow was heterogeneous,
likely due to weather conditions and mowing activities in the area adjacent to the
sedge-reedgrass meadow (T2), which facilitated the invasion of Elymus repens. In
2024, the composition and proportions of biological groups remained unchanged,
whereas the proportion of mesophytes decreased and the proportion of moisture-
demanding subhydrophytes increased among the ecological groups. An increase
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was observed in the proportion of hydromesophytes Poa palustris and Veronica
longifolia, whereas the abundance of Vicia cracca, a species with poor flood toler-
ance (Prokopyev 2012), decreased. Overall, the observed changes were quantita-
tive, with the grass stand retaining the structural composition observed in previous
years.

The dry spring of 2023 contributed to low phytomass in the forb-tussock sedge
meadow (T4). The proportion of grasses and forbs was equal, with sedges account-
ing for approximately 10%. The ecological composition of the grass stand was heter-
ogeneous, comprising five moisture groups, four of which reached dominant abun-
dance levels. In 2024, the forb-tussock sedge meadow (T4) exhibited an increase in
the projective cover, height, and mass (by 1.6 fold) of the grass stand. The biological
groups exhibited a decreased proportion of grasses and an increased proportion
of sedges. An increase was observed in the proportion of Alopecurus pratensis and
Elymus repens, grasses with high flood tolerance (Rabotnov 1984), and Carex cespi-
tosa, a species tolerant to lowland waterlogging (Prokopyev 2012). The proportion
of Calystegia sepium, Sanguisorba officinalis, and Thalictrum flavum also increased.
The ecological composition changed insignificantly, indicating sufficient habitat
moisture and community stability.

After the short-term flood event in 2024, which occurred after a series of dry
years (Shepeleva et al. 2023), the composition of the grass stand in the meadow
communities exhibited increased phytomass and greater contribution of relatively
more moisture-demanding species, primarily grasses and sedges, and sometimes
forbs. Correspondingly, a shift in dominant species was observed across all the sam-
pling sites, which is consistent with previous studies conducted in the Ob River
floodplain (Shepeleva 2019).

The data on monthly dynamics were employed to calculate the quantitative in-
dicator, NPP, using the balance equation method (Titlyanova et al. 2020). This al-
lows for a quantitative assessment of functioning of the meadow ecosystems and
enables a direct comparison of their productivity across years characterized by dif-
ferent hydrological regimes (Table 5).

Table 5. Above-ground production (AP), below-ground production (BP), and net primary
productivity (NPP), g/m?

SS 2023 2024 Difference, %
AP BP NPP

T1 746.30 971.67 1717.97 943.81 1557.00 2500.81  +45.57%

T2 529.81 1891.33 2421.15 1186.77 2070.33 3257.11  +37.78%

T3 609.28 2078.33 2687.61 934.85 2768.00 3702.85  +34.52%

T4 1149.47 3615.33 4764.80 1067.91 3767.00 483491 +1.4%
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In 2023 and 2024, NPP of the sampling sites ranged from 1717.97 to 4834.91
g/m? (17.2 to 48.4 t/ha), which is considered high for grassland ecosystems (Ti-
tlyanova 1988; Titlyanova and Shibareva 2020; Kosykh et al. 2023). By averaging
data from the grassland ecosystems across Western Siberia, A.A. Titlyanova and
E.K. Vishnyakova (2022) determined an average NPP of 24 t/ha per year, with the
highest phytomass stock being characteristic of floodplain meadows. Our data on
AP, ranging from 934.85 to 1186.77 g/m?, are consistent with findings by N.I. Igo-
sheva (2001), V.N. Tyurin (2017), and N.P. Kosykh et al. (2023). A comparison of
our data on G__with data from other studies indicates substantial interannual and
intralandscape variability.

In both years, below-ground production constituted the dominant part of NPP,
which is characteristic of the floodplain meadows (Titlyanova 1988; Titlyanova &
Shibareva 2020; Kosykh et al. 2023) and grassland ecosystems (Titlyanova & Vishn-
yakova 2022), accounting for 56.6% to 78.1% of NPP.

Compared to 2023, a significant increase in NPP was recorded in 2024 at three
out of four sampling sites, reaching a maximum of 45.57%. It should be noted that
studies on further north floodplain meadows reported an inverse correlation be-
tween the productivity and the level and duration of flooding (Dyidina 1961; Tyurin
2017; Shepeleva et al. 2021).

The analysis revealed that the upland meadows exhibited a more pronounced
difference, as waterlogging and a rise in the groundwater level were stimulating fac-
tors for the predominantly non-flooded ecosystems. Specifically, NPP increased by
45.6% in the forb-grass meadow (T1) and by 37.8% in the elecampane meadow
(T3). The change in NPP was less marked in the regularly flooded meadows, that is,
NPP increased by 34.5% in the sedge-reedgrass meadow (T2), which was primarily
driven by AP. Insignificant changes were recorded in the forb-tussock sedge mead-
ow (T4), with a minimal year-on-year increase of 1.4%. This indicates community
stability and potentially maximum productivity under these specific conditions.

Conclusion

In conclusion, water regime phases exerts a significant effect on the productivity
and composition of floodplain meadows. A comparative analysis of two years char-
acterized by different moisture conditions: the drier year of 2023 and wetter 2024
(characterized by intensive flooding) — revealed a clear trend towards increasing
NPP depending on the flood events.

The most significant increase in NPP was observed in the non-flooded or rarely
flooded meadows. The most significant growth was recorded in the meadows locat-
ed on ridges, which experienced partial flooding or elevated soil moisture in 2024.
In contrast, the regularly flooded meadows exhibited less pronounced dynamics.
The lowland meadows adapted to consistent waterlogging demonstrated insignifi-
cant response to changes in the flood regime.
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An increase in productivity was driven by both AP and BP components. In all
cases, increased NPP resulted from increased AP and BP, although their contribu-
tion to the total NPP varied across the sampling sites.

The observed changes in NPP correlate with shifts in the grass stand composi-
tion. It was wetter period in the year 2024, the sampling sites exhibited changes
in dominant species composition and in biological and ecological composition,
showing a trend towards a greater proportion of more moisture-demanding species
(mesophytes and eumesophytes). This confirms a direct correlation between the
water regime phases, flooding duration and ecosystem functioning.
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