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Time-series analysis of zooplankton
diversity in upper reaches of the Ob River

Olga Burmistrova Institute for Water and Environmental Problems, Siberian
Branch of the Russian Academy of Sciences, 1
Molodezhnaya St., Barnaul, 656038, Russia

Long-term data sets on various ecosystem parameters serve as the basis for environmental
monitoring. Time series analysis is used to identify the structure of dynamic series and their
prediction. The demographic characteristics of zooplankton are well suited to analyze
seasonal and interannual changes in ecosystems. Since the dynamics of species richness and
river flow are often interdependent, we studied zooplankton biodiversity in the upper reaches
of the Ob River in relation to the phases of the water regime. A six-year sampling of
zooplankton was performed from surface water from the Ob River at two stations near the city
of Barnaul. In total, 203 species and forms of zooplankton were detected. In all phases of the
water cycle, Rotifera dominated in species number. To analyze the species diversity of
zooplankton, we used 20 indices, of which 10 were not random on both coasts and could be
used in monitoring. The species diversity of zooplankton in a sample, according to Margalef
and Menhinick indices, was the highest during the recession of the second flood wave. The
generalized measures of diversity (Williams polydominance and Shannon indices, and Fischer
alpha) showed their maximum during the recession of the second wave of high water and in
the summer low water period. Statistically significant declines in trends of some species
diversity are evidence of small changes in the structure of the zooplankton. Time series
analysis in the assessment of community biodiversity helps to select indices suitable for
predicting ecosystem state, as well as to identify related changes in the community.
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Introduction

In ecology, assessment and conservation of biodiversity are among the central problems. Species
diversity is often used as a synonym for the number of species. In fact, it encompasses several
components. Biodiversity can be described in terms of composition and structure of the biota,
differences in functional characteristics of species, or their interaction (Hooper et al. 2005). The
number of species and the indices of species richness can represent the composition of the biota,
whereas its structure could be expressed by indices of heterogeneity (dominance or evenness).
Both components can be considered through generalized measures of diversity. Long-term datasets
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on various ecosystem parameters (including biodiversity) serve as the basis for environmental
monitoring. These parameters help to understand the drivers of biodiversity changes, as well as to
assess the impact of rare events and the interaction between short-term and long-term trends
(Haase et al. 2018).

Long-term studies allow us to distinguish changes that can be attributed to external factors (e.g.,
anthropogenic activities) from underlying natural changes (Magurran et al. 2010; Mirtl et al. 2018).
Long-term studies often account for only the number of species and their abundance (Wang et al.
2016; Dexter et al. 2020). However, it is hard to stick to the same sampling method for decades,
and diversity indices turn out to be more informative than just the number of species (Magurran et
al. 2010). Time series analysis is performed to identify the structure of long-term datasets and to
implement their prediction because long-term investigations (several tens and hundreds of years)
with spatial coverage are currently limited (Berline et al. 2012; Mackas et al. 2012; Koslow and
Couture 2013; Ouba et al. 2016).

The drivers affecting ecological processes in rivers vary in different climatic and biogeographical
regions. Of course, a taxonomic description of natural communities is not sufficient to reveal their
response to stress (Baird et al. 2011). Along with species number, other indicators should be
employed (e.g. indices of species diversity). This work aims to study the seasonal and interannual
dynamics of the diversity of zooplankton species in order to develop recommendations on applying
indices for monitoring the state monitoring.

Materials and methods
Study site

The Ob River is formed at the confluence of the Biya and Katun (which basins are located in the
Altai Mountains) and flows into Ob Bay of the Kara Sea. The total length of the river is 3,618 km.
The river regime is characterized by low and prolonged spring-summer floods, increased summer-
autumn runoff, and decreased low water. In the low-water summer-autumn period, flow velocity in
the study site is 0.7-1.0 m/s; in high water it reaches 1.5-2.1 m/s. The discharge of the Ob River
near Barnaul (Russia) varies from 230-350 at 4,000-6,000 m3/s. According to chemical composition,
river water refers to bicarbonate class of the calcium group (Kotovshchikov and Dolmatova 2018).

Since species richness dynamics and river flow are often interdependent, zooplankton biodiversity
was studied in terms of water regime phases (see the characteristics of phases in Table 1).

Hydrological seasons 2013 2014 2015 2016 2017 2018
Average water discharge m3/s (per year; April- [2005;2760 |1594;2129 |1516;2044 |1684;2285 [1535;2064 [1582;2166
November)
Onset of ice drift, date 12.4 2.4 17.4 6.4 12.4 15.4
Winter low water period (days; L; |I 100; 1;0.2, (122; 137; 116; 129; 134; -5;0.2,
T(), T(r)) 0.2 23;0.1, 0.1 |16;0.2, 0.2 |17;0.2, 0.2 |32;0.2, 0.3 (0.2
Transition period (days; L; T(1), T(r)) [II 23; 13; 18; 19; 15; 7; 182;0.4,
193;0.4, 169;0.5, 144;0.4, 146;0.3, 204;0.3, 0.2
0.7 0.8 0.6 0.5 0.8
Spring- 1st flood Rise III-A 19; 8; 354;5.1, |17; 26; 9; 500;5.6, |16;
summer wave (days; 471;8.7, 4.6 560;8.6, 398;6.7, 5.2 441;1.8,
seasonal L; TQ), 8.0 8.5 6.4 1.4
flood T(r))
Second Reces- sion |I1I-B 21; 47; 17; 27; 17; 40;
flood wave 411;11.0, ]239;10.0, [500;15.0, [366;9.9, 501;9.7, 436;6.9,
(days; L; 11.1 9.9 15.3 9.9 9.8 6.9
TM, T() [ Rise IV-A 38;474; |11;542; |15;496; |24;522; |13;491; |25;512;
14.1,14.6 (12.3,13.0 (13.4,13.8 |14.0,15.2 |13.6, 13.7 [15.9,16.4
Reces- IV-B 16; 466; 33; 526; 17; 458; 22; 491; 21; 445; 15; 470;

2/13



Acta Biologica Sibirica
Vol 8 (2022): Acta Biologica Sibirica, 887-901
Articles

sion I 17.4,17.4 (18.8,19.9 (18.3,18.5 |19.8,20.2 |15.1,5.7 19.1, 20.0
Duration, days 94 99 66 99 60 96
Floodplain inundation, days (III+IV) [0+10 0+25 19+3 0+23 11+6 0+16
Summer- Summer low water Vv 57; 330; 57; 234; 80; 202; 62; 257; 84; 232; 60; 222;
autumn low{ period (days; L T(1), 19.3,19.4 (19.7,19.6 |(20.1,20.1 |18.8,18.8 |21.5,21.6 [19.5,19.5
water T(r))
period Autumn low water | VI-A 41; 173; 58;124; |42;129; [42;94; 55; 140; 51; 85;
period (days; L; T(1), 10.1, 10.0 (9.8,9.7 7.0, 7.0 12.7,12.6 |10.2,10.1 |12.7,13.0
T(r))
Late autumn low water | VI-B 50; 111; 16; 103; 22; 87; 28; 103; 22;72; 17; 42;
period (days; L; T(l), 3.2,4.0 0.9,1.0 2.0, 1.8 2.2,25 2.2,2.5 2.2,25
T(r))
Duration, days 148 131 144 132 161 128

Table 1. Hydrological characteristics of the Ob River (Barnaul) for different years of investigation. Note: L - is the
average level relative to the zero gauge, cm (the floodplain flood begins at 520 cm water level); T - is the chronological

average water temperature, °C, (1) on the left bank, (r) at the right bank.

In the winter low-water period (I, November-March), the level, discharge, and temperature of water
are low. At the end of March, even before the onset of ice drift, the restructuring of zooplankton
community begins (transition level II, March-April). With an increase in water discharge and level,
the water temperature does not exceed 1 °C. In the first wave of high water (III, April-May), when
snow melt begins in the plain, the discharge of water increases sharply. Both air temperature and
water temperature in the river rise. During the second wave of high water (IV, May-July), when
snow and glaciers melt in the mountains, maximum discharge and runoff usually occur. The water
temperature during the second flood wave is much higher (15.1-20.2 °C) than at the rise of the
wave (12.3-15.9 °C). Low water in summer-autumn (V, June-September) is the most favorable for
the development of zooplankton (water temperature reaches 18.8-21.6 °C). In autumn (VI-A,
September-October), water level falls, causing a sharp drop in water temperature (to 7.0-13.0 °C).
The late autumn low-water period (VI-B, October- November) is characterized by low water
discharge, low water level, and even greater temperature drop (0.9-4.0 °C).

Field sampling

Zooplankton samplings were carried out in the period of 2013-2018 from the surface water layer of
the Ob River near Barnaul (53°19'20" N, 83°48'15" E) at two stations located 234 km away from the
Biya and Katun confluence. When sampling, we measured water temperature and transparency. In
addition, water samples were taken for hydrochemical analysis (total hardness, permanganate
oxidizability, oxygen consumption BODS5, total mineralization, mass concentrations of phosphates,
nitrates, ammonium, sulfates, chlorides, bicarbonates, calcium, magnesium, sodium, and
potassium).

The collected zooplankton was filtrated through 100 L of water using an Apstein net (with a mesh
size of 62%x62 pm). Overall, we analyzed 283 zooplankton samples. The least number of samples
were taken in winter (6) and in the transition period (12). In spring-summer flood, 108 samples
were collected (50 in the first wave, 58 - in the second), while during the summer-autumn low-
water season - 157 (i.e. in summer, autumn and late autumn- 95, 44, and 18, respectively). The
taxonomic composition of three groups of zooplankton was analyzed with MBS-10 (Cladocera and
Copepoda) and a Nikon Eclipse 80i microscope (Rotifera).

Data analysis

We employed six indicators (the average number of species in samples during a certain phase of
the water regime (Si) and the average number of main groups of zooplankton (Srot, Scl, Scop), the
Menhinick (DMn), and Margalef (Dmg) indices as characteristics of the richness of the zooplankton
species. The dominance level in the community was measured through the use of four indices, i. e.
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the Berger-Parker (Dbp), McIntoch (Dmi) and Simpson ones calculated from number of individuals
(Ds(n)) and biomass (Ds(b)). The community uniformity was studied using five equalization
indications, i.e., the McIntoch (Emi), Simpson (Es(n), Es(b)) and Pielou (Ep(n), Ep(b)) indices. Based
on the generalized measures of species diversity, we quantified five indicators, i.e. the Williams
polydominance index (SA(n), SA(b)), the Shannon diversity index (H(n), H(b)) and Fisher's alpha (a).

To identify temporal patterns of changes in zooplankton biodiversity, time series was made using
PAST 4.0 and Statgraphics Plus 5.0. The missing data were eliminated by applying the arithmetic
mean of all values in a certain phase for other years. To test the white noise hypothesis or random
distribution of data (i.e. the data series do not contain any regular components), we implemented
randomization tests. To identify stable long-term changes in biodiversity, a nonparametric Mann-
Kendall trend test was made for the selected trend-cyclic component of dynamic series. For the
construction of the averaged seasonal cycles, an additive method for calculating the seasonal
components was applied. Due to the limited datasets, we did not perform the cyclic component
analysis. Spearman rank correlation coefficients were used in analyzing the relationship between
zooplankton species diversity and environmental factors.

Result

During the study period, a total of 203 species and forms of zooplankton were detected (177 on the
left bank and 192 - on the right bank). The largest number of zooplankton species and forms falls
on the left coast during the summer low water period (Fig. 1A) and on the right one, during
recession of the second wave in spring- summer flood (Fig. 1B). In all phases of the water cycle,
Rotifera dominated in species number, the proportion of Cladocera increased during recession of
the second flood wave (IV-B) and in the summer low-water season (V). The juvenile stages of
Copepoda development prevailed, whereas the adult species were rare. Differences in the species
composition of zooplankton (Fig. 1C) were not observed on both coasts. Among the 20 calculated
indicators of zooplankton biodiversity in the Ob River, 10 demonstrated a non-random distribution
within both banks of the river. Therefore, they can be used to assess dynamics, forecasting, and
monitor.

Seasonal dynamics of biodiversity indices

Five indicators of species richness suggest a nonrandom distribution of data, i.e. the number of
species in a sample, the number of Rotifera and Cladocera species, the Menhinick and Margalef
indices. During low water (I), the transition period (II), and the first wave of high water (III),
species richness of zooplankton is low (Fig. 2A). With rise of the second flood wave (IV-A), this
indicator increases, reaching its maximum during recession (IV-B) followed by its decline (VI). On
the right bank, with its well-developed floodplain, seasonal indices of zooplankton species are
higher during the entire period, which is favorable for its development (water temperature above
10 °C). During the low-water period of autumn (VI-A), species richness of zooplankton remains high
on the right bank, but significantly drops near the left bank. Simpson and Pielou indices of
evenness (in number of individuals) are maximal during the transition period (II) (Fig. 2B) when the
number of winter zooplankton falls, and the summer species are not abundant yet. As a result, the
equalization of the community is reduced. It becomes the least during the recession of the second
flood wave (IV-B), which indicates extreme habitat conditions for zooplankton during this period.
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Figure 1. The number of species and forms of zooplankton in the Ob River (A, B); quantitative assessment of the species
composition of zooplankton based on resampling (C) recorded in the period 2013-2018. I - winter low-water period; II -
transition period; III-A - rise of the first flood wave; III-B - decrease of the first flood wave; IV-A - rise of the second flood
wave; IV-B - recession of the second flood wave; V - summer low water period; VI - autumn low water period; VI - late
autumn low water period.

According to the generalized measures of diversity, the datasets for three indicators are not
random: the Williams polydominance and Shannon indices (in number of individuals) and the alpha
Fisher diversity measure. The Shannon (Fig. 2C) and Williams polydominance indices show similar
seasonal dynamics. During the winter low-water period (I), these values are high for the left coast
and low for the right coast. In the transition period (II) and the first flood wave (III), the diversity is
low; its increase is observed during the second wave (IV). The highest indices are marked in the
low-water summer period (V). In the low-water season (VI), a tendency towards a decrease in index
values is observed. However, on the right bank they remain quite high, unlike the left bank showing
a drastic drop. From the Fischer alpha indicators (Fig. 2D) it follows that both river banks are
distinguished by the richest diversity of zooplankton during the recession of the second flood wave
(IV-B). Similar dynamics in species richness is evidence of stronger influence of species number,
rather than abundance.

There is a significant similarity in the seasonal cycle of species richness indices and general
measures of diversity with changes in water temperature during the open water period (Fig. 2E). In
seasonal dynamics, the water temperature on both coasts is almost identical. Its minimum was
recorded in the winter low water period, with a further gradual increase to maximum in summer
followed by a sharp drop. According to hydrochemical analysis, nitrates demonstrate the best
correlation of the seasonal cycle with water temperature and indices of zooplankton species
diversity, but in reverse order: maximum values in winter, gradual fall (up to minimum) until
summer, and finally sharp rise.
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Interannual dynamics of biodiversity indices

Comparison of actual and forecasted (from the average seasonal cycle) data enables us to reveal
the features of a particular year. In the high water year of 2013, during the recession of the
richness second flood wave, the indices of the zooplankton species (Fig. 3A) and the Fisher alpha
were lower than usual. As a result, maximum species richness was marked in the low-water
summer period. The highest level of equalization of the community was not only in the transition
period, but also in the fall (Fig. 3B).

In 2014, the first flood wave was rather weak. Naturally, a higher level of the community was
observed (Table 1). In 2014 and 2018, the species richness was higher during the second flood
wave than in the seasonal rise (Fig. 3A). In 2014, this effect was caused by an extremely high and
prolonged flood. In 2018, with a high water level during the rise of the second flood wave, the
water temperature increased (compared to other years), providing favorable conditions for the
development of a large number of species of zooplankton. In 2015 and 2017, the shift of the
maximum in the Williams polydominance and Shannon indices from the recession summer low
water to the period of the second seasonal flood wave was recorded on the right bank (Fig. 3C). It
was associated with spring-summer seasonal flood peculiarities of spring and summer. Floodplain
inundation occurred during the first flood wave (Table 1) and provided good conditions for the
development of zooplankton. This was especially evident in 2015, when the water temperature
during the recession of the first wave in the high-water period was higher (approximately 15 °C)
than usual (approximately 10 °C). In 2017, seasonal indices of zooplankton richness were maximal
in summer due to early, not prolonged, and lowest runoff from spring-summer floods.

A feature of 2016 was a shift in the peak of species richness near the right riverbank in the autumn
low-water season (Fig. 3A). The Shannon index (Fig. 3C) that time apparently increased because of
optimal for zooplankton development until the end of September (17.4 °C).
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Figure 2. Schematic averaged seasonal cycle of zooplankton biodiversity indices of the Ob River (Barnaul) for 2013-2018. A
- the average number of species in a sample; B - Simpson evenness; C - the Williams polydominance index; D - the Fischer
alpha; E - the water temperature. I - winter low-water period; II - transition period; III-A - rise of the first flood wave; III-B -
decrease of the first flood wave; IV-A - rise of the second flood wave; IV-B - recession of the second flood wave; V - summer
low water period; VI - autumn low water period; VI - late autumn low water period.

Relationship with environmental factors

Almost all indicators (except the Williams polydominance index) correlate well with changes in
water temperature (Table 2). The temperature of the growing water has a beneficial effect on the
richness and diversity of the zooplankton. The structure equalization weakens with an increase in
temperature, which indicates the presence of dominant species in the community. Changes in
sulfate concentrations are most prominent on the left bank, whereas nitrates and chlorides are
most prominent on the right bank. During the study period, no excess MPC was observed in
hydrochemical parameters.
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Figure 3. Dynamics of biodiversity indices accounting for a seasonal component: A, Margalef index; B - the Simpson
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low water period; VI - autumn low water period; VI - late autumn low water period.

T Tr PO M Sul Nit Chl Ca Mg Na+K
Si 0.88 0.83 | 0.36 0.62 | -0.60 -0.52 -0.90 -0.83 -0.52 -0.52 -0.69 -0.69
-0.67 -0.33 -0.67 -0.95 -0.74 -0.21 -0.40 -0.17
SRot 0.83 0.86 ] 0.19 0.60 | -0.45 -0.38 -0.83 -0.69 -0.55 -0.38 -0.52 -0.62
-0.71 -0.26 -0.62 -0.98 -0.76 -0.14 -0.36 -0.05
SClI 0.76 0.76 | 0.69 0.60 | -0.86 -0.26 -0.79 -0.95 -0.81 -0.26 -0.50 -0.55
-0.60 -0.48 -0.71 -0.83 -0.76 -0.36 -0.55 -0.31
DMg 0.900.83|0.12 0.62 | -0.40 -0.57 -0.95 -0.71 -0.62 -0.57 -0.74 -0.74
-0.67 -0.33 -0.67 -0.95 -0.74 -0.21 -0.40 -0.14
DMn -0.81 -0.26 0.24 0.38 1 0.52 0.62 | 0.64 0.71 | 0.60 0.90 | 0.62 0.83 | 0.52 0.50 | 0.57 0.67 | 0.76 0.36
-0.95 -0.43
ES(N) -0.81 0.00 0.12 0.2110.74 0.57 1 0.83 0.60 [ 0.50 0.79 | 0.40 0.71 | 0.74 0.45 | 0.74 0.55 | 0.88 0.36
-0.86 -0.36
EP(N) -0.74 -0.19 0.190.12]0.74 0.52 1 0.76 0.79 | 0.52 0.64 | 0.38 0.50 [ 0.74 0.52 [ 0.69 0.48 | 0.93 0.48
-0.74 -0.17
o 0.900.83]0.12 0.62 | -0.40 -0.57 -0.95 -0.71 -0.62 -0.57 -0.74 -0.74
-0.67 -0.33 -0.67 -0.95 -0.74 -0.21 -0.40 -0.17
SA(N) 0.60 0.40 | 0.100.79 | -0.55 -0.05 -0.74 -0.60 -0.60 -0.05 -0.33 -0.24
-0.98 0.26 -0.14 -0.71 -0.64 0.43 0.12 0.48
H(N) 0.810.76 ({ 0.450.76 | -0.71 -0.17 -0.79 -0.83 -0.67 -0.17 -0.40 -0.50
-0.83 -0.21 -0.36 -0.95 -0.74 0.00 -0.33 0.05

Table 2. Correlation coefficients of zooplankton biodiversity indices with abiotic parameters of the upper reaches of the Ob
River (Barnaul) in 2013-2018. Note: The upper row is corresponds to 1 station and the lower row - to r station; the
correlation coefficients significant at p<0.05 are highlighted in bold; (1) on the left bank, (r) at the right bank; T -
temperature; Tr - transparency; PO - permanganate oxidizability; M - total mineralization; Sul - sulfates; Nit - nitrates; Chl
- chlorides; Ca - calcium; Mg - magnesium; Na+K - sodium and potassium; Si - number of zooplankton species in a sample;
SRot - number of Rotatoria species in a sample; SCI - number of Cladocera species in a sample; DMg - Menhinick index;
DMn - Margalef index; ES(N) - Simpson evenness; EP(N) - Pielou index; « - Fischer alpha; SA(N) - Williams polydominance
index; H(N) - Shannon index.

Discussion

Similar to large rivers, the diversity of zooplankton in the Ob riverbed is influenced by the upper
reaches of the river, lake and watercourses of floodplain, which contribute greatly to its species
enrichment (Opperman et al. 2010; Potemkina et al. 2013, Gorski et al. 2013). Floodplain
inundation in spring and summer with a thin water layer results in rapid warming, high
development of phytoplankton, and, as a consequence, zooplankton (Grosholz and Gallo 2006). The
highest abundance and species diversity of zooplankton often occur during the flood phase (Lansac-
Toha et al. 2009; Furst et al. 2014; Matsumura-Tundisi et al. 2015; Larsen et al. 2019), and that is
also true for zooplankton in the upper reaches of the Ob River. Here, the maximum species richness
was observed during the recession of the second flood wave. For the right bank with the developed
floodplain, the seasonal indices were much higher.

The duration and intensity greatly affect the diversity of zooplankton (Thomaz et al. 2007;
Napiorkowski et al. 2019; Moacyr et al. 2019). In 2014, extremely high and prolonged Ob flooding
caused a very rapid and extensive zooplankton flush and, correspondingly, high species richness
and general measures of diversity along with low community equalization. The number of days and
the time (in the first or second flood waves) of floodplain floodplain inundation also affect the
diversity of zooplankton.

Temperature often serves as a driver of changes in the zooplankton community (Havens et al. 2015;
Carter et al. 2017; Hu et al. 2019). An increase in water temperature increases the diversity of
zooplankton (Deksne and Skute 2011; Wang et al. 2016; Gophen 2020). In addition to a response to
seasonal changes, zooplankton populations are also sensitive to interannual temperature
fluctuations (Dexter et al. 2020). Temperature had the greatest impact on the temporal patterns of
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distribution of zooplankton biodiversity in the upper reaches of the Ob River.

In long-term studies, targeted changes over time are among the main issues (Zingone et al. 2019).
The Mann-Kendall trend test for some indicators of zooplankton biodiversity in the upper reaches of
the Ob River shows statistically significant decreasing trends. For such cases, we performed an
additional analysis and excluded data on the 2013 high-water year. The existence of the targeted
long-term changes in population structure was supported by additional analysis and the Mann-
Kendall trend test application. According to the Menhinick (Z13-18=5.65; Z14- 18=3.93) and
Margalef (Z13-18=4.04; Z14-18=2.39) indices, a steady loss of biodiversity and decreased nitrates
(Z13-18=2.95; Z14-18=3.87) were observed near the left bank. On the right bank, the Margalef
indices (Z13-18=2.77; Z14-18=2.79) and the Fischer Alpha (Z13-18=3.18; Z14-18=2.77)
demonstrated a downward trend. There are small changes in the structure of the zooplankton,
probably due to the displacement of the main water flow closer to the left bank.

The higher the diversity, the more stable the response of ecosystems to environmental fluctuations
is. Studies of diversity-stability relationships have a long tradition in ecology (Hooper et al. 2005),
since in the event of loss of species diversity, ecosystems weaken and can no longer provide people
with services of proper quality (Krzon et al. 2017). For better tracking and understanding of the
impacts of climate change and anthropogenic activities on aquatic ecosystems, more attention
should be paid to long-term research (Lan et al. 2021). Further monitoring of the upper reaches of
the Ob River will provide data for a thorough study of interannual changes in zooplankton
composition and structure of moderate rivers and exploration of environmental trends over time.

Conclusion

Various parameters and indices are available for assessing water ecosystem diversity. However, we
cannot use a unified indicator for all reservoirs and waterways in different biogeographical zones.
Time series analysis can be a universal approach that helps to select indices that are appropriate
for predicting any ecosystem state. We selected 10 indicators of species diversity could be included
in the program of environmental monitoring of the upper reaches of the Ob River. Since the main
drivers of seasonal changes in zooplankton diversity are water temperatures, sampling is required
throughout the year. Time series analysis determined the usage of minimum indices and reduced
the sampling-related efforts and costs. Our analysis testified that small rearrangements in the
zooplankton structure probably occurred due to the displacement of the main water flow closer to
the left bank of the Ob River.

Acknowledgments

The study was carried out as part of State Assignment of the Institute for Water and Environmental
Problems, Siberian Branch of the Russian Academy of Sciences (No. 121031200178-8) and
supported by RFBR grant (No. 20-05-00528). The author has declared that there are no competing
interests. The author thanks A.V. Kotovshchikov for his assistance in field work, L.A. Dolmatova for
providing hydrochemical data used in correlation analysis, and L.V. Yanygina for her valuable
comments in writing this article.

References

Baird DJ, Baker CJ, Brua RB, Hajibabaei M, McNicol K, Pascoe T], de Zwart D (2011) Toward a
knowledge infrastructure for traits-based ecological risk assessment. Integrated environmental
assessment and management 7(2): 209-215. https://doi.org/10.1002/ieam.129

Berline L, Siokou-Frangou I, Marasovic¢ I, Vidjak O, Puelles ML, Mazzocchi MG, Assimakopoulou G,
Zervoudaki S, Fonda-Umani S, Conversi A, Garcia-Comas C, Ibanez F, Gasparini S, Stemmann L,

10/13



% Acta Biologica Sibirica
J Vol 8 (2022): Acta Biologica Sibirica, 887-901
Articles

Gorsky G (2012) Intercomparison of six Mediterranean zooplankton time series. Progress in
Oceanography 97: 76-91. https://doi.org/10.1016/j.pocean.2011.11.011

Carter JL, Schindler DE, Francis TB (2017) Effects of climate change on zooplankton community
interactions in an Alaskan lake. Climat Change Responses 4: 3.
https://doi.org/10.1186/s40665-017-0031-x

Deksne R, Skute A (2011) The influence of ecohydrological factors on the cenosis of the Daugava
River zooplankton. Acta Zoologica Lituanica 21: 133-144.
https://doi.org/10.2478/v10043-011-0013-3

Dexter E, Bollens SM, Rollwagen-Bollens G (2020) Native and invasive zooplankton show differing
responses to decadal-scale increases in maximum temperatures in a large temperate river.
Limnology and Oceanography Letters 5 (6): 403-409. https://doi.org/10.1002/1012.10162

Furst D, Aldridge KT, Shiel R], Ganf GG, Mills S, Brookes J (2014) Floodplain connectivity facilitates
significant export of zooplankton to the main River Murray channel during a flood event. Inland
Waters 4 (4): 413-424. https://doi.org/10.5268/IW-4.4.696

Gophen M (2020) The Impact of Climate Change on Zooplankton Biodiversity Index (ZBDI) in Lake
Kinneret. Israel Open Journal of Ecology 10 (12): 822-828.
https://doi.org/10.4236/0je.2020.1012050

Gorski K, Collier KJ, Duggan IC, Taylor CM, Hamilton DP (2013) Connectivity and complexity of
floodplain habitats govern zooplankton dynamics in a large temperate river system. Freshwater
Biology 58 (7): 1458-1470. https://doi.org/10.1111/FWB.12144

Grosholz E, Gallo E (2006) The influence of flood cycle and fish predation on invertebrate
production on a restored California floodplain. Hydrobiologia 568: 91-109.
https://doi.org/10.1007/s10750-006-0029-z

Haase P, Tonkin ]JD, Stoll S, Burkhard B, Frenzel M, Geijzendorffer IR, Hauser C, Klotz S, Kihn |,
McDowell WH, Mirtl M, Miller F, Musche M, Penner J, Zacharias S, Schmeller DS (2018) The next
generation of site-based long-term ecological monitoring: Linking essential biodiversity variables
and ecosystem integrity. The Science of the total environment 613-614: 1376-1384.
https://doi.org/10.1016/j.scitotenv.2017.08.111

Havens KE, Motta Pinto-Coelho R, Beklioglu M, Christoffersen KS, Jeppesen E, Lauridsen T,
Mazumder A, Méthot G, Pinel Alloul B, Tavsanoglu UN, Erdogan S, Vijverberg J (2015)
Temperature effects on body size of freshwater crustacean zooplankton from Greenland to the
tropics. Hydrobiologia 743: 27-35. https://doi.org/10.1007/s10750-014-2000-8

Hooper DU, Chapin FS III, Ewel J], Hector A, Inchausti P, Lavorel S, Lawton JH, Lodge DM, Loreau
M, Naeem S, Schmid B, Setala H, Symstad AJ, Vandermeer J, Wardle DA (2005) Effects of
Biodiversity on ecosystem functioning: A consensus of current knowledge. Ecological Monographs
75: 3-35. https://doi.org/10.1890/04-0922

Hu B, Hu X, Nie X, Zhang X, Wu N, Hong Y, Qin HM (2019) Seasonal and internnual community
structure characteristics of zooplankton driven by water environment factors in a sublake of Lake
Poyang, China. Peer] 7: €7590. https://doi.org/10.7717/peerj.7590

Koslow JA, Couture J (2013) Ocean science: Follow the fish. Nature 502 (7470): 163-164.
https://doi.org/10.1038/502163a

Kotovshchikov AV, Dolmatova LA (2018) Dynamics of Chlorophyll a Content in the Ob River and its

11/13



% Acta Biologica Sibirica
J Vol 8 (2022): Acta Biologica Sibirica, 887-901
Articles

Relationship with Abiotic Factors. Inland Water Biology 11 (1): 21-28.
https://doi.org/10.1134/S1995082918010078

Krzton W, Pudas K, Pociecha A, Strzesak M, Kosiba J, Walusiak E, Szarek-Gwiazda E, Wilk-Wozniak
E (2017) Microcystins affect zooplankton biodiversity in oxbow lakes. Environmental toxicology and
chemistry 36 (1): 165-174. https://doi.org/10.1002/etc.3519

Lan B, He L, Huang Y, Guo X, Xu W, Zhu C (2021) Tempo-spatial variations of zooplankton
communities in relation to environmental factors and the ecological implications: A case study in
the hinterland of the Three Gorges Reservoir area, China. PLoS ONE 16(8): e0256313.
https://doi.org/10.1371/journal.pone.0256313

Lansac-Toha FA, Bonecker CC, Velho LF, Simées NR, Dias JD, Alves GM, Takahashi EM (2009)
Biodiversity of zooplankton communities in the Upper Parand River floodplain: interannual
variation from long-term studies. Brazilian journal of biology 69 (2): 539- 549.
https://doi.org/10.1590/s1519-69842009000300009

Larsen S, Karaus U, Claret C, Sporka F, Hamerlik L, Tockner K (2019) Flooding and hydrologic
connectivity modulate community assembly in a dynamic river-floodplain ecosystem. PloS ONE
14(4): e0213227. https://doi.org/10.1371/journal.pone.0213227

Mackas DL Pepin P, Verheye HM (2012) Interannual variability of marine zooplankton and their
environments: Within- and between-region comparisons. Progress in Oceanography 97-100: 1-14.
https://doi.org/10.1016/j.pocean.2011.11.002

Magurran AE, Baillie SR, Buckland ST, Dick J, Elston DA, Scott EM, Smith RI, Somerfield PJ, Watt
AD (2010) Long-term datasets in biodiversity research and monitoring: assessing change in
ecological communities through time. Trends in ecology and evolution 25(10): 574-582.
https://doi.org/10.1016/j.tree.2010.06.016

Matsumura-Tundisi T, Tundisi JG, Souza-Soares F, Tundisi JE (2015) Zooplankton community
structure of the lower Xingu River (PA) related to the hydrological cycle. Brazilian journal of
biology 75 (3): 47-54. https://doi.org/10.1590/1519-6984.03814BM

Mirtl M, Borer ET, Djukic I, Forsius M, Haubold H, Hugo W, Jourdan J, Lindenmayer D, McDowell
WH, Muraoka H, Orenstein DE, Pauw JC, Peterseil J, Shibata H, Wohner C, YuX, Haase P (2018)
Genesis, goals and achievements of Long-Term Ecological Research at the global scale: A critical
review of ILTER and future directions. Science of the total environment 626: 1439-1462.
https://doi.org/10.1016/j.scitotenv.2017.12.001

Napiorkowski P, Bakowska M, Mrozinska N, Szymanska M, Kolarova N, Obolewski K (2019) The
Effect of Hydrological Connectivity on the Zooplankton Structure in Floodplain Lakes of a
Regulated Large River (the Lower Vistula, Poland). Water 11 (9): 1924.
https://doi.org/10.3390/w11091924

Opperman J, Luster RA, McKenney B, Roberts M, Meadows AW (2010) Ecologically Functional
Floodplains: Connectivity, Flow Regime, and Scale. Journal of the American Water Resources
Association 46: 211-226. https://doi.org/10.1111/j.1752-1688.2010.00426.x

Ouba A, Abboud-Abi Saab M, Stemmann L (2016) Temporal Variability of Zooplankton (2000-2013)
in the Levantine Sea: Significant Changes Associated to the 2005- 2010 EMT-like Event? PLoS ONE
11 (7): e0158484. https://doi.org/10.1371/journal.pone.0158484

Potemkina TV, Sheveleva NG, Shaburova NI, Misharina EA, Knizhin IB (2013) Structure and
Quantitative Characteristics of Zooplankton and Zoobenthos in the Upper Lena River Basin. Journal

12/13



% Acta Biologica Sibirica
J Vol 8 (2022): Acta Biologica Sibirica, 887-901
Articles

of Siberian Federal University Biology 6(3): 313-329. https://doi.org/10.17516/1997-1389-0110 [In
Russian]

Serafim-Junior M, Perbiche-Neves G, Lansac-Toha FA (2019) An Assessment of the Factors
Determining Rotifer Assemblage in River-Lake Systems: the Effects of Seasonality and Habitat.
Zoologia 36: 1-8. https://doi.org/10.3897/zoologia.36.e24191

Thomaz SM, Bini LM, Bozelli RL (2007) Floods increase similarity among aquatic habitats in river-
floodplain systems. Hydrobiologia 579: 1-13. https://doi.org/10.1007/s10750-006-0285-y

Wang L, Chen Q, Han R, Wang B, Tang X (2016) Zooplankton community in Yangtze River Estuary
and adjacent sea areas after the impoundment of the Three Gorges Reservoir. Annales de
Limnologie - International Journal of Limnology 52: 273-284. https://doi.org/10.1051/1imn/2016015

Zingone A, D’Alelio D, Mazzocchi MG, Montresor M, Sarno D (2019) Time series and beyond:
multifaceted plankton research at a marine Mediterranean LTER site. Nature Conservation (34):
273-310. https://doi.org/10.3897/natureconservation.34.30789

13/13


http://www.tcpdf.org

