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This article analyses the distribution patterns of macrozoobenthos in watercourses of the basins of the River
Bajal and River Anyuy (Khabarovsky Krai, Russia) on the territories of the Bajal Sanctuary and Anyuy Na-
tional Park. The distance-based linear models (DistLM) method was used to estimate the proportion of dis-
tribution of macroinvertebrates explained by the factors considered in the study (river basin, current velocity,
substrate, channel width, temperature, pH). All of these factors contributed significantly, together explain-
ing about one-third of the variability of macroinvertebrate distribution. The main explanatory factors were
river basin and substrate (9.3% and 10.5%, respectively), as well as the current velocity (5.7%). Based on
the cluster analysis, eight statistically significant groups of samples on the basis of similarity of taxonomic
composition were identified. A set of indicator taxa was determined for each group and their indicator values
were found. Using the Kruskal-Wallis analysis, the environmental factors significantly differing between the
obtained groups and subgroups were singled out. There are well-defined patterns in the confinement of taxo-
nomic complexes to certain habitats. Local environmental factors are the strong filter influencing the forma-
tion of taxonomic communities. The factor of belonging to the river basin also plays a significant role in the
formation of invertebrate communities, which should be considered in the planning of monitoring studies on
a large spatial scale. However, the distinguished groups and subgroups are characterised by a low level of
internal similarity. Only about a quarter of the total species number belongs to indicator taxa, and samples
do not form discrete clusters with obvious hiatus on the ordination diagram. The longitudinal distribution of
macroinvertebrates for each river can be characterised as a punctuated gradient.
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Introduction

Understanding the patterns of the community
formation and their interaction with the environ-
ment is necessary for successful planning of envi-
ronmental monitoring and conservation activities.
Ecosystems of Protected Areas are not or slightly
disturbed by anthropogenic activity, so they can play
the role of reference sites for assessing the degree of
disturbance during monitoring studies. One of the
key questions of community ecology is whether
communities exist as discrete units or form an entire
continuum. The first scenario assumes that species
groups respond to changes in environmental factors
in a similar way, forming closely related groups. In
the second case, the species response is individual.
A more detailed discussion of the problem is given
by Ipatov & Kirikova (1997). The history of this
concern goes back about a hundred years (Clem-
ents, 1916; Gleason, 1926), but the problem remains
controversial (e.g. Heino et al., 2003; Heino, 2005;
Merovich & Petty, 2010; Tolonen et al., 2016).

The paramount importance of local environ-
mental factors in the formation of freshwater mac-
roinvertebrate communities is often highlighted
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in the literature (Pardo & Armitage, 1997; Beisel
et al., 1998; Doisy & Rabeni, 2001; Johnson et
al., 2004; Costa & Melo, 2008; Korte, 2010; Ku-
bosova et al., 2010; Silva et al., 2014). Environ-
mental factors are a system of filters that allow
only those taxa of the regional fauna that have
suitable biological and morphological features to
colonise a habitat. Factors influencing the com-
munity formation in rivers represent a hierarchical
system, in which macroscale factors affect condi-
tions at lower hierarchical levels. Altogether, four
main levels of the factor scale are distinguished,
namely watershed basin, watercourse, water-
course section, and habitat (Poff, 1997; Dallas,
2007a; Heino et al., 2012; Gronroos et al., 2013).

The effects of environmental factors acting at
various spatial scales, as well as the interactions
between local communities, are the subject of the
metacommunity concept (Leibold et al., 2004). A
metacommunity is defined as a set of local commu-
nities in different areas, united by certain patterns
of distribution of species composition. On a large
spatial scale, differences in the taxonomic composi-
tion of communities can be explained by the limited
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dispersal abilities of organisms. On the contrary, on
a small scale, differences between the fauna of vari-
ous habitats can be smoothed out by the movement
effect of organisms, that is, the fauna from neigh-
bouring habitats can partially mix and merge (the
phenomenon of «mass effect»).

In studies of river ecosystems, an important
spatial unit is the watershed. Within a basin, the in-
fluence of barriers to the dispersal of organisms is
thought to be minimised, since dispersal within one
is more likely than between different basins. Thus,
the structure of communities within a watershed is
mainly determined by abiotic environmental factors,
which increases its predictability (Heino & Mykra,
2008; Heino et al., 2017). The effect of such filters
is the largest at the mesoscale (metres and tens of
metres), where the structure of communities is not
affected by either the «mass effect» smoothing the
differences, or the limited dispersal abilities of spe-
cies (Heino et al., 2017; Chertoprud, 2021). Habi-
tat studies at the mesoscale allow a comprehensive
analysis of the river ecosystem (Brunke et al., 2001).
A clear classification of habitats is important for the
research design, which makes the selection of sam-
pling sites not random (Kubosova et al., 2010).

Four groups of aquatic organisms have been iden-
tified, which differ in the correlation between their
spatial distribution and the heterogeneity of environ-
mental conditions, namely weak passive dispersers
with aquatic adult specimens (Oligochaeta, Hirudin-
ea, Gastropoda, Bivalvia, Aranea, Crustacea), weak
aerial dispersers with flying adults (Ceratopogonidae,
Chironomidae), intermediate aerial dispersers with
flying adults (Ephemeroptera, Plecoptera, Megalop-
tera, Trichoptera, Diptera: Tipuloidea, Tabanidae,
Empididae), and strong aerial dispersers with flying
adults (Odonata, Heteroptera: Corixidae, Coleoptera:
Dytiscidae). Environmental factors to the greatest ex-
tent determine the distribution pattern of strong aerial
dispersers (up to 80% of variations), while disper-
sal barriers explain a small proportion of variability
(5% of variations). For weak passive dispersers with
aquatic adults, only 50% of variation was explained
by environmental factors. Mixed influence of envi-
ronmental factors and dispersal barriers were respon-
sible for 30% and 10%, respectively (Heino, 2013a).
Therefore, actively dispersing organisms that are able
to select the most suitable conditions are usually con-
fined to specific habitats, while passive dispersers
are more likely to demonstrate a random distribution
(Gronroos et al., 2013; Heino, 2013b).

This research presents an original approach
to the analysis of distributional patterns of organ-
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isms based on the example of macrozoobenthos
of two Far Eastern rivers (Khabarovsky Krai,
Russia). The first task was to assess the contri-
bution of environmental factors to the overall
variability in the distribution of organisms. The
second task was to check whether it is possible
to identify statistically significant classes of com-
munities in the absence of an a priori hypothesis
of their existence. Environmental factors deter-
mining the habitat type were the main focus of
the research. Finally, in the case of reliable iden-
tification of community types, the third task was
to identify indicator taxa and typical life forms
for each of them.

Material and Methods

Study Area

The research has been carried out during the
field work in the study area of two rivers located in
the Far East, namely the River Anyuy and the River
Bajal (Fig. 1). The River Anyuy flows through the
territory of the Anyuy National Park (Nanaysky
district of the Khabarovsky Krai). The study area
was located in the taiga zone, on the western slopes
of the Sikhote-Alin mountain range, at an altitude
of 50-250 m a.s.l. The River Bajal flows through
the territory of the Bajal Sanctuary (Solnechny dis-
trict of the Khabarovsky Krai). It is the right tribu-
tary of the River Amgun in its lower reaches. Both
rivers belong to the Amur River Basin.
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Flg 1 Map of the Khabarovsky Kra1 (A) Wlth pos1t10ns
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pling process on intense flow (C). Authors of the photos:
B — I.N. Nikonova, C — E.S. Chertoprud.
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Sampling Methods

Samples were collected in August 2016 (River
Anyuy) and August 2018 (River Bajal) (Fig. 1). Sam-
pling stations covered both the main rivers of the ba-
sins and the mouth zones of some of their tributaries.
At each station, the following factors were considered:
altitude, sediment type, channel width, depth, water
temperature, mineralisation (PPM), acidity (pH), and
current velocity. At each station, environmental vari-
ables such as water temperature (°C), pH, and total
mineralisation (PPM) were measured with a portable
multiparameter water quality device YIERYT 5 in 1
(Ttaly). The current velocity was measured manually
using a floating object with standard mass and measur-
ing the distance travelled by it per unit of time. The
area of a sample was approximately 1500 cm?. At each
sampling station, three samples were collected and
then combined into one complex sample.

While taking quantitative samples, stones of an
average size of 15-20 cm were lifted from the bot-
tom, while a hydrobiological net was placed under
the rock to avoid the loss of organisms. Samples
from pebbles (average size: 3—6 cm) and loose soils
(plant detritus and silty sand) were taken with a hy-
drobiological scraper. All organisms were selected
from the substrate with tweezers and preserved in
90% ethanol. A total of 31 quantitative samples
were taken in the Bajal River basin, and 80 quanti-
tative samples were taken in the Anyuy River basin.

Most organisms have been identified up to the
species level. However, in some cases, larval stages
could only be identified up to the genus or family
level. We used mainly the following taxonomic lit-
erature: Tsalolikhin (1997, 2000, 2001, 2004), Le-
ley (2006), Teslenko & Zhiltsova (2009). Insect life
forms were determined according to Merrit et al.
(2019), molluscs and oligochaetes were character-
ised according to Chertoprud (2021) and our own
expert assessment, amphipod Gammarus koreanus
according to Astakhov & Skriptsova (2020).

Statistical Analysis

To identify the groups of samples based on the
similarity of taxonomic composition, a hierarchi-
cal cluster analysis has been carried out using the
group-average link. The similarity profile analysis
(SIMPROF) procedure was used to assess the sta-
tistical significance of the selected groups. Non-
metric multidimensional scaling (nMDS) was used
to visualise the location of samples based on taxo-
nomic similarity. The table with data on the relative
abundance of taxa in the samples was used for the
analysis. The data were square-root transformed.
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The sample similarity matrix was calculated based
on the Bray-Curtis similarity index. All the meth-
ods described by Clarke et al. (2014).

To identify the environmental factors that con-
tributed most to explain the sample distribution, the
distance-based linear models (DistLM) method was
used, together with the selection of step-wise fac-
tors and the AICc criterion (Anderson et al., 2008).
Additionally, a non-parametric Kruskal-Wallis test
was performed to determine the environmental fac-
tors that differed significantly for the selected groups
of samples (Glantz, 2012). The canonical analysis
of principal co-ordinates (CAP) was used to cross-
validate the groups obtained in the cluster analysis.
In the process of cross-validation, a random sample
was selected and the ability of the model to cor-
rectly classify it according to a priori division into
groups was checked. Thus, the higher percentage of
the correct classification corresponded to the more
reliable identification of groups.

For each group of samples obtained in the course
of the cluster analysis, indicator taxa were identified
by calculating the IndVal index (Legendre & Leg-
endre, 2012). The index combined the assessment
of taxon specificity for the analysed group (the fre-
quency of occurrence of the taxon outside the given
group) and fidelity (the frequency of occurrence of
the taxon in samples within the group). The IndVal
value could range from 1 to 100. The maximum in-
dicator value of a taxon was observed, when it was
found in all samples of the group. All statistical anal-
yses were performed using PRIMER v7 (PRIMER-
e, Quest Research Limited, New Zealand) and PAST
4.06b software (Hammer et al., 2001).

Results

Taxonomical composition of macrozoobenthos

In the Bajal River basin and the Anyuy River
basin, 216 invertebrate taxa were found and identi-
fied to species, groups of species or genus levels.
Oligochaetes (families Tubificidae and Enchytraei-
dae), bivalves (family Euglesidae) and dipterans
(family Psychodidae and, in certain cases, Limoni-
idae) have been identified to the family level, while
black flies (subfamily Simuliinae) to the subfamily
level. Amphibiotic insects were the predominant
group among macroinvertebrates in the surveyed
watercourses of the Khabarovsky Krai. They ac-
counted for more than 90% (201 taxa) of the species
richness among the observed hydrobionts. A total of
89 taxa, including 86 insects, have been found in the
Bajal River basin. The Anyuy River basin can boast
a diversity of 184 taxa including 171 insects.
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Factors regulating the spatial distribution
of organisms

The following factors were considered in the
DistLM analysis: river basin, substrate, tempera-
ture (°C), channel width (m), depth (m) and water
flow velocity (m/s) at the sampling site, pH, miner-
alisation (PPM). The contribution of only six fac-
tors to the variability in macroinvertebrate distribu-
tion was statistically significant (p < 0.001) (Table
1). The total proportion of explained variance was
about 32%, with the following key factors explain-
ing the largest proportion of variability: substrate
(about 10.5%), river basin (about 9%), and water
flow velocity (5.7%). Thus, about one-third of the
variability in the distribution of aquatic organisms
is associated with the environmental factors in-
cluded in the analysis. The remaining unexplained

variability appears to be due both to factors not in-
cluded in the analysis and to stochastic processes
in the aquatic ecosystem.

Classification of community types

The cluster analysis identified five statistically
significant groups of samples (indicated by the black
branches, three of which (Nel, Ne2, and Ne3 in Fig. 2)
were, in turn, divided into two subgroups each. Five
samples with rare variants of the macrozoobenthos
composition, which have not been included in any
of the clusters, were combined into a separate group
No6. Thus, eight statistically significant relatively
independent clusters were identified with an inter-
nal similarity level from 37% (Ne2B) to 4% (Ned)
(Fig. 2). Group Ne6 was not included in the subse-
quent analysis, not being statistically significant.

Table 1. Significant factors (p < 0.001) determined variability in the spatial distribution of macroinvertebrates (results of
Sequential test of DistLM using AICc criterion, selection procedure of predictor variables: step-wise, with comparison to full

model, selection procedure: all specified)

Factor *Prop. **Cumul.
River basin 0.09314 0.09314
Water flow velocity (m/s) 0.05711 0.15026
Substrate 0.10489 0.25515
Channel width (m) 0.02952 0.28466
Temperature (°C) 0.01957 0.30423
pH 0.01532 0.31955
R? for best model (selection procedure: step-wise) 0.31955
AlCc for best model (selection procedure: step-wise) 978.87
R?for full model (selection procedure: all specified) 0.33183
AICc for full model: (selection procedure: all specified) 981.77

Note: *Prop. — contribution to the explained variability; **Cumul. — cumulative explained distribution.
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Fig. 2. Dendrogram for hierarchical clustering (group-average link method, Bray-Curtis similarity index) of macrozoobenthos
taxonomical structure from samples of various water courses of the Bajal River basin and Anyuy River basin. Main sample
groups are marked. Red points — groups with internal similarity level of about 10% and less; blue points — subgroups with
internal similarity level > 11%; red dashed branches — groups with no evidence from SIMPROF for the significant clustering
structure; black branches — statistically significant groups according to SIMPROF.
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A CAP cross-validation procedure has been
performed for each level of clustering. In all se-
lected groups (except group Ne6), 80-100% of
samples were classified correctly (Table 2). For
the first level of clustering, the first squared ca-
nonical correlation is 0.93857, p-value < 0.001.
For the second level of clustering, the first
squared canonical correlation is 0.9335, p-
value < 0.001.

The nMDS plot (Fig. 3) illustrates the in-
terposition of sample groups according to the
results of the second level of clustering. Highly
similar samples are located closer to each other
and form dense point clouds. The identified
community types are relatively clear-cut and
specific in species structure. However, it is no-
ticeable that the groups of samples belonging
to different communities are not discrete. Dif-
ferent point clouds merged smoothly into each
other, and there are no clear gaps (hiatuses) be-
tween them.

The influence of the river basin factor on the
distribution of macrozoobenthos is shown sep-
arately (Fig. 4). Samples from the Bajal River
basin and Anyuy River basin form two almost
non-overlapping groups of points (except one
point from Anyuy River basin), highlighting
the faunal specificity of these two areas. The
absence of a hiatus between the point clouds in-
dicates the gradual nature of the faunal change.

Table 2. Results of CAP cross-validation procedure for sam-
ples classification identified on the basis of hierarchical clus-
tering analysis

First level of clustering
Groups or subgroups N;nnll‘t;;of Correct cross-validation (%)
1 22 90.91
2 43 100.00
3 36 91.67
4 6 80.00
5 9 88.89
6 5 40.00
Second level of clustering

1A 16 93.75
1B 6 100.00
2A 24 100.00
2B 19 100.00
3A 26 88.46
3B 10 100.00
4 6 80.00
5 9 88.89
6 5 40.00
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Fig. 3. nMDS ordination of the samples from water cources
of the Khabarovsky Krai (Russian Far East), based on Bray-
Curtis similarity index and factored with division of the sec-
ond level of cluster analysis.
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Fig. 4. nMDS ordination of the samples located in watercours-
es of Khabarovsky Krai (Russian Far East), based on Bray-
Curtis similarity index and factored with the rivers basin.

Definition of key environmental factors and
indicator taxa for different community types

The Kruskal-Wallis test was performed to as-
sess whether there were significant differences in
environmental factors between the selected groups
of samples corresponding to the community types.
The results of the Kruskal-Wallis test for the second
level of clustering are shown in Table 3, and the se-
lected indicator taxa are presented in Table 4. A total
of 147 reliable indicator taxa with an indicator value
of > 20 (IndVal > 20) were identified for the distin-
guished communities.

It is shown that the distribution of macroin-
vertebrates is not random. Selected samples are di-
vided into groups (communities) based on the spe-
cies (taxonomic) structure. The Kruskal-Wallis test
showed that the abiotic factors are significantly dif-
ferent between the distinguished community types.
For each type, a set of significant indicator taxa was
identified indicating the presence of specific species
complexes associated with specific habitats.
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Table 3. Values of environmental factors that determine differences between samples patterns on the second level of cluster-

ing (Kruskal-Wallis test)

Factor Groups and subgroups

1A 1B 2A 2B 3A 3B 4 5 6

Median 1200 | 11.00 [ 13.00 | 12.00 | 1250 [ 14.00 [ 21.00 | 13.00 16.00
. H 35.43
Temperature (°C) Chi-squared 34.66
p-value <0.001

Median 9.00 | 500 [ 10.00 [ 1000 | 250 [ 50.00 | 20.00 | 7.00 | 10.00
. H 45.65
Channel width (m) Chi-squared 45.02
p-value <0.001

Median 015 | 045 | 055 | 040 [ 030 | 200 [ 1.00 [ 050 | 0.50
H 44.81
Depth (m) Chi-squared 44.06
p-value <0.001

Median 012 | 002 [ 035 | 060 [ 020 | 020 [ 010 [ 010 | 030
. H 59.31
Current velocity (m/s) Chi-squared 5704
p-value <0.001

Median 790 | 790 | 820 [ 800 | 800 [ 795 | 840 | 810 | 830
- H 18.14
P Chi-squared 17.61
p-value ~0.020

Median 20.00 | 20.00 | 19.50 | 16.00 | 16.00 | 19.00 | 26.00 | 18.00 | 21.00
Mineralisation (PPM) ghi-square q 12‘1‘;
p-value ~0.036

River basin Bajal 16 6 3 9 0 0 0 0 1

Anyuy 0 0 21 10 26 10 5 9 4

Stones 14 0 18 16 6 1 1 1 0

Pebbles 2 0 0 0 0 0 0 0 0

Snags 0 0 5 1 8 1 1 1 0

Substrate Detritus 0 1 1 1 9 7 2 1 2

Macrophytes 0 0 0 1 2 1 0 0 1

Sand 0 5 0 0 0 0 0 1 2

Silt 0 0 0 0 1 0 1 5 0

Discussion the basis of dominance structure and a priori lim-

The macroinvertebrate fauna of the freshwa-
ters of the Russian Far East has been relatively
well studied (Haritonov & Malikova, 1998; Ma-
karchenko et al., 2005; Tiunova, 2007, 2009; Ma-
karchenko et al., 2008; Tiunova & Korotenko,
2008; Yavorskaya, 2008; Teslenko, 2009, 2014;
Tiunova & Gorovaya, 2011; Zasypkina, 2011,
2018; Teslenko et al., 2014; Potikha, 2015; Orel,
2016; Potikha & Vshivkova, 2016). A number of
published data are devoted to the functional and
spatial structure of macrozoobenthos communi-
ties, in particular, to the trophic structure (Kocha-
rina & Khamenkova, 2003; Tiunova, 2006; Labay,
2007), their distribution in the watercourse of the
rivers (Potikha, 2011; Labay et al., 2019), includ-
ing confinement to microhabitats (Tiunova, 2008)
and peculiarities of benthos composition in water-
courses of various types and assessment of their
water quality (Yavorskaya, 2015, 2016, 2021).
One of the most recent attempts to classify macro-
zoobenthos communities in the Khabarovsky Krai
is presented in Chertoprud et al. (2020). According
to this classification, communities are identified on

ited to previously distinguished habitats.

For the macrozoobenthos of the studied areas,
the environmental factors considered in the analy-
sis explained about 30% of the variability in distri-
bution. The main regulating factors were river ba-
sin and substrate type (about 10% of the explained
distribution per factor), and flow velocity (about
5.7%). The low proportion of explained variability
of the macroinvertebrate distribution is a typical
phenomenon for river ecosystems, at least within a
single basin (Sandin, 2003; Heino & Mykra, 2008;
Kubosova et al., 2010; Heino et al., 2012, 2014;
Silva et al., 2014). The composition of macroin-
vertebrate species complexes in rivers is hardly
predictable due to frequent flood events leading to
the habitat destruction and, as a consequence, their
secondary colonisation by organisms. Another fac-
tor that determines the low predictability of the
composition of river communities is the high num-
ber of rare species. The higher percentage of rare
species in the river fauna correspond to the lower
percentage of explained variability in the distribu-
tion of organisms (Heino & Mykra, 2008).
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Table 4. Macrozoobenthos indicator taxa of samples patterns on the second level of clustering, identified on the basis of the
IndVal index (values > 20)

(s}lrlgl;zs;: Taxon IndVal | p-value Character of movement Functional feeding group
(Ameletus cedrensis Potikha, 1985 66.12 | <0.0001 [Swimmers; clingers Scrapers; collectors-gatherers (detritus. diatoms)
Suwallia sp. Ricker, 1943 62.15 | <0.0001 [Clingers Predators (engulfers)

Mesocapnia sp. Rauser, 1968 49.02 | <0.0001 |Clingers Shredders-detritivores
Rhitrogena putoranica (Kluge, 1980) 38.86 | <0.0001 |Clingers Scrapers; facultative collectors-gatherers
Brachypsyche sp. Schmid, 1952 37.91 | <0.0001 grlslmbers; sprawlers; cling- Shredders-detritlvores
1A Pictetiella asiatica Zwick & Levanidova, 1971 | 36.54 | <0.0001 |Clingers Predators (engulfers)
Drunella triacantha Tshernova, 1949 34.54 | <0.0001 |Clingers; sprawlers lseccrtili:f;atfﬁzgztlve predators; facultative col-
Ephemerella dentata Bajkova, 1967 30.81 | <0.0001 [Swimmers; clingers at rest |Collectors-gatherers; scrapers
Rhithrogena hirasana Imanishi, 1935 2441 | <0.0001 [Clingers Scrapers; facultative collectors-gatherers
Ephemerella aurivillii Bengtsson, 1908 24.37 0.0004 [Swimmers; clingers at rest |Collectors-gatherers; scrapers
Tipula salisetorum Siebke, 1870 79.84 | <0.0001 [Burrowers in plant detritus |Obligate shredders-detritivores
Micropsectra sp. Kieffer, 1908 68.50 | <0.0001 [Sprawlers Collectors-gatherers
Siphlonurus immanis Kluge, 1985 56.87 | <0.0001 [Swimmers; climbers at rest|Collectors-gatherers
Oreodytes sp. (larvae) Seidlitz, 1887 33.33 0.0031 [Swimmers; climbers at rest|Predators (piercers)
1B Chaetocladius sp. Kieffer, 1911 33.33 | 0.0023 |[Sprawlers Collectors-gatherers
Lumbriculus variegatus (Muller, 1774) 3333 | 0.0025 (Burrowers Collectors-gatherers
[ Arctopelopia griseipennis (Wulp, 1858) 28.47 0.0033  [Sprawlers Predators (engulfers)
Polypedilum gr. nubeculosum 25.06 | 0.0026 (Burrowers Collectors-gatherers. predators (engulfers)
Heterotrissocladius gr. marcidus 20.44 | 0.0114 |[Sprawlers; borrowers Collectors-gatherers scrapers
Epeorus gr. pellucidus 49.72 | <0.0001 |Clingers Scrapers; facultative collectors-gatherers
Glossosoma sp. Curtis, 1834 29.17 | <0.0001 |[Clingers (turtle shell case) |Obligate scrapers
Pagastia orientalis Chernovskij, 1949 26.16 | <0.0001 [Sprawlers Collectors-gatherers; scrapers
Optioservus kubotai Nomura, 1958 2491 0.0002 [Clingers Scrapers (larvae); collectors-gatherers (adults)
2A Drunella lepnavae Tshernova, 1949 23.47 | <0.0001 [Clingers; sprawlers iﬁiﬁ:z;ﬁzgﬁ:ﬂve predators: faculative col
Neophylax ussuriensis Martynov, 1914 23.04 | <0.0001 [Clingers Obligate scrapers
Brachycentrus americanus (Banks, 1899) 21.34 | 0.0003 [Clingers Shredders-herbivores
[ Atherix ibis (Fabricius, 1798) 20.37 | <0.0001 |Sprawlers-burrowers Predators (piercers)
Ephemerella kozhovi Bajkova, 1967 20.06 | 0.0003 [Swimmers; clingers at rest |Collectors-gatherers; scrapers
Simuliinae spp. 73.30 | <0.0001 [Clingers Filter feeders; collectors
2B Epeorus maculatus Tshernova, 1949 56.37 | <0.0001 |Clingers Scrapers
Orthocladius sp. van der Wulp, 1874 25.58 | <0.0001 [Sprawlers; burrowers Collectors-gatherers
3A Gammarus koreanus Fabricius, 1775 52.85 | <0.0001 [Sprawlers Shredders-detritivores, predators
Baetis gr. vernus 78.56 | <0.0001 Sﬁﬁ:ﬁ;:r;’ rcel:tlgers/ Collectors-gatherers; facultative scrapers
3B Baetis fuscatus Linnaeus, 1761 40.44 | <0.0001 fﬁgﬁ;:ft’ rcel:tlgers / Collectors-gatherers; facultative scrapers
Ephemerella zapekinae Bajkova, 1967 39.36 | <0.0001 [Swimmers; clingers at rest |Collectors-gatherers; scrapers
Diura sp. Billberg, 1820 37.62 | <0.0001 |Clingers Predators (engulfers)
Juga nodosa (Westerlund, 1897) 75.42 | <0.0001 [Sparwlers Collectors-gatherers
Ecdyonurus abracadabrus Kluge, 1983 40.00 | 0.0017 |Clingers Scrapers; facultative collectors-gatherers
Labiobaetis atrebatinus (Eaton, 1870) 4000 0.0019 Sﬁvr;?::r:t’ rcel;?gers / Collectors-gatherers; facultative scrapers
4 Drunella cryptomeria (Imanishi, 1937) 3490 | 0.0005 |[Clingers; sprawlers lSe ccrta:)?:_r;;atf}e:zg;:tlve predators; facultative col-
Microtendipes gr. pedellus 3442 | 0.0023 |[Clingers (net spinners) Filter feeders; collectors; gatherers
Baetis ussuricus Kluge, 1983 29.56 | 0.0024 S»yimmers; clingers / Collectors-gatherers; facultative scrapers
climbers at rest
Rheopelopia ornata (Meigen, 1838) 25.38 0.0087 [Sprawlers Predators (engulfers and piercers)
Radix sp. Montfort, 1810 23.72 | 0.0080 |[Sparwlers Collectors-gatherers
Tubificidae spp. 45.52 | <0.0001 |Burrowers Collectors-gatherers
Euglesidae spp. 37.57 | <0.0001 [Burrowers Filter feeders
5 Paratendipes albimanus (Meigen, 1919) 3333 0.0005 [Burrowers (tube builders) |Collectors-gatherers
Chrysops sp. Meigen, 1803 2222 | 0.0056 |[Sprawlers-burrowers Predators (piercers)
Anabolia servata (McLachlan, 1880) 20.70 | 0.0043  |Climbers-sprawlers Shredders-detritivores; facultative: collectors-

gatherers
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The strong majority of hydrobionts encoun-
tered in the research are amphibiotic insects with
a flying imago capable to the active dispersion.
A considerable influence of abiotic environ-
mental factors on spatial distribution is typical
for these organisms. Indeed, groups of samples
corresponding to individual habitat types were
identified (Fig. 3). However, these groups are not
clearly separated from each other, smoothly pass-
ing from one to another, and some even overlap
to a considerable extent. The substrate type was
the main abiotic factor explaining most of the
variability in the distribution of organisms. The
key role of sediment type for macrozoobenthos
has been noted previously (Pardo & Armitage,
1997; Dallas, 2007b; Chertoprud, 2021). The
river flow velocity was the second important abi-
otic factor. It has been shown that the composi-
tion of hydrobionts differs significantly between
habitats with fast and slow flow and habitats with
no flow (Rabeni et al., 2002). Macroinvertebrates
reach the highest species richness in fast flowing
habitats (Rabeni et al., 2002), which is consistent
with the data from the present research. The op-
timal current velocity for benthic fauna is 0.11—
0.50 m/s (Korte, 2010). Under such conditions,
the most diverse species complexes are formed,
with functional feeding groups represented by
scrapers, gatherers, shredders and predators. In
this research, samples from subgroup Ne2 A of the
habitat with a median flow velocity of 0.35 m/s
showed the highest taxonomic richness.

Clustering of the samples revealed five sta-
tistically significant groups differing in composi-
tion and quantitative characteristics of the mac-
rozoobenthos. Three of these groups were not
homogeneous within themselves, and each of
them was therefore divided into two subgroups.
Thus, the eight main blocks of samples obtained
in this way correspond to individual community
types. Brief descriptions of habitats, faunistic
characteristics in the context of the literature data
and the relevance of the identified communities
with the previously proposed classifications are
presented below.

Group Nel is entirely within the Bajal River
basin. These samples are collected from the cold-
est and the shallowest areas with a slow current
velocity on stony and silty substrates. At the sec-
ond clustering level, this group is divided into
subgroup Nel A and subgroup NelB.

Samples from subgroup NelA are collected
in a habitat characterised by a lower median
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depth and higher water flow velocity than in sub-
group NelB. The substrate types are represented
by stones (including small pebbles) and snags.
The described habitat is presented on hard sub-
strates in the shore shallow zone of rivers and
streams from the Bajal River basin. The species
richness subgroup NelA is 61 taxa. According to
its description, subgroup Nel A corresponds to the
habitat «shore areas of accumulated gravel» with
a predominance of Ephemeroptera larvae from
genus Ameletus Eaton, 1865 (Takemon, 1997),
and is also comparable to the habitat «shore area
of stream and drain» (Tiunova, 2008). An impor-
tant role of Ameletus mayflies on shore gravels
has also been reported for rivers on Sakhalin
Island (Labay, 2007). In this community, func-
tional feeding groups are represented by scrap-
ers, collectors-gatherers, and to a lesser extent
shredders-detritivores and predators. In terms of
the movement type, the majority of species are
clingers, which is indicative of the predominance
of stony substrates.

In subgroup NelB, the median flow veloc-
ity and water temperature are the lowest of all
the habitats covered in this study. Samples from
subgroup NelB included mainly sandy substrate
and plant detritus and placed on soft substrates
in streams of the Bajal River basin. The species
richness is 39 taxa. This habitat corresponds to
the «stream side with groundwater inflow» ac-
cording to Tiunova (2008), with species of the
family Tipulidae as the predominant group of hy-
drobionts. The main indicator taxon of subgroup
NelB, Tipula salisetorum Siebke, 1870, is a typi-
cal cold-water species (Chebanova, 2008). The
functional feeding groups are dominated by col-
lector-gatherers, as well as shredders-detritivores
and predators, while in terms of the movement
type the groups are represented by burrowers,
sprawlers and swimmers. Such a composition is
typical for soft sediments.

Group Ne2, marked with the highest flow
velocity among all the groups, includes samples
from both Anyuy River basin and Bajal River
basin. This entire group of samples corresponds
to the zone of «accumulated stones in a riffle of
high flow», i.e. stony substrates on riffles with
fast flow, where the community included species
of the genus Epeorus Eaton, 1881 and the sub-
family Diamesinae (Takemon, 1997). In the stud-
ied streams of the Khabarovsky Krai, this group
was divided into two subgroups with different
flow velocities.
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In samples of subgroup No2 A, the substrates
were represented by stones and snags. The species
richness is 108 taxa. The habitat is mainly repre-
sented in the watercourses of the Anyuy River ba-
sin, with only three samples from the Bajal River
basin. This habitat with slightly slower waterflow
(compared to subgroup Ne2B) corresponded to
the Chertoprud et al. (2020) classification, i.e.
stony substrates at medium to fast flow (0.4-0.7
m/s), with dominance of Epeorus gr. pellucidus.
In terms of functional feeding group composi-
tion, this community is close to subgroup NelA,
where scrapers and collector-gatherers prevail,
while some predators and shredders-detritivores
are also presented. Clingers dominate in terms
of movement type, but there are also sprawlers
(Diptera larvae), which live on the surface of
rocks and in the cavities between them.

The median and average flow velocity of the
samples in subgroup Ne2B is the highest among
all the groups of the second clustering level
(subgroup Ne2A is the second in terms of flow
velocity). This subgroup includes samples from
both river basins. The species richness is 88 taxa.
This community corresponds to chimaroritral
(Chertoprud et al., 2020) and includes habitat
of «stone patch on an intense stream roll» (Ti-
unova, 2008). These are stony areas with an in-
tense flow (0.7-1.0 m/s), with a high abundance
of Simuliidae larvae. The community may also
include Epeorus (Ilron) maculatus Tshernova,
1949 (Tiunova, 2008). Functional feeding groups
are represented by sedentary filter feeders (fam-
ily Simuliidae), which is typical for rivers and
streams with fast currents, as well as scrapers and
collectors-gatherers. Groups of movement type
include sprawlers living in the fouling film on
stones (Orthocladius sp.) and clingers.

Group Ne3 includes samples with an average
value of temperature, depth, and velocity flow. It
entirely refers to the Anyuy River basin. Among
all the groups, it has the highest proportion of
plant detritus and snags in substrates, and stones,
macrophytes and silt are found less.

Subgroup Ne3 A is characterised by the small-
est median channel width among all second-level
cluster groups. Samples from subgroup Ne3A
were mainly collected on plant detritus, snags
and stones. The species richness is 82 taxa. Sub-
group Ne3A corresponds to the gammarocrenal
community, the main type of crenal communities
of the Khabarovsky Krai with a dramatic domi-
nance of Gammarus sp. Fabricius, 1775 (Cher-
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toprud et al., 2020). Gammarus koreanus Ueno,
1940, which belongs to the shredders-detritivores
and facultative predators in terms of functional
feeding groups and sprawlers in terms of the
movement types, is the only important indicator
species in this community.

Subgroup Ne3B has the highest median and
average stream channel width and depth. Sub-
strates were represented mostly by plant detri-
tus. The species richness is 44 taxa. In terms of
characteristics, this community is close to phy-
toritral and eurypal (Chertoprud et al., 2020); it
is located on the shore edge in the lower reaches
of the River Anyuy. Functional feeding groups
include predators and collectors-gatherers. The
movement types are represented by swimmers
and clingers, which also corresponds to the
phytal and ripal habitat structure, according to
Chertoprud et al. (2020).

Group Ne4 refers entirely to the Anyuy River
basin. It is a small group of samples character-
ised by a wide and deep channel, the highest me-
dian water temperature, mineralisation and pH
values among all the groups. Substrates are rep-
resented by stones, snags, plant detritus and silt.
The species richness is 42 taxa. This community
with relatively warm and slowly flowing waters
corresponds to the malacoripal (Chertoprud et
al., 2020) with a dominance of Gastropoda spe-
cies. The habitats were mainly found in the River
Alima, a tributary of the River Anyuy. Functional
feeding groups mainly include scrapers and col-
lectors-gatherers, with presence of some preda-
tors. In terms of movement types organisms are
represented by clingers, swimmers and sprawl-
ers. The diversity of indicator taxa and their life
forms reflects the variability of substrates.

Group Ne5 is also related to the Anyuy River
basin, mainly to small streams. Samples from this
group are characterised by a low median and av-
erage flow velocity and the highest proportion of
silty substrates among all the groups. The species
richness is 56 taxa. This community combines
the features of eupelal, epipelal, and crenopelal
according to Chertoprud et al. (2020). Functional
feeding groups are represented by filter feeders,
collectors-gatherers, shredders-detritivores and
predators. Groups of movement types are mostly
sprawlers and burrowers, which is typical for
silty substrates.

In the macrozoobenthos distribution, a con-
siderable part of the variability is also explained
by the river basin factor. Within a river basin, bar-
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riers to the macroinvertebrate dispersal are weak.
Therefore, local abiotic factors, such as substrate
and flow velocity, have a predominant influence on
community structure (Heino & Mykra, 2008). The
high significance of the river basin factor for the
macrozoobenthos of the Far Eastern rivers can be
explained both by the unaccounted differences in
the environment conditions of basins and by their
geographical distance from each other. It is shown
that the influence of the river basin increases as
distance between the compared geographical areas
expands (Heino et al., 2014, 2017).

The river continuum concept (RCC) (Van-
note et al., 1980) suggests that the physical fac-
tors, such as width, depth, flow velocity, flow
volume, and temperature in a river system repre-
sent a continuous gradient changing in a regular
manner from the headwater to the river mouth.
The longitudinal gradient of the community
composition is observed in accordance with the
environmental changes. Headwater streams are
often shadowed by riparian vegetation, which
reduces the autotrophic production. Coarse par-
ticulate organic matter of allochthonous origin
is a predominant food source and the proportion
of shredders and collectors is high in the benthic
communities. With increasing of stream size, the
importance of allochthonous organic matter re-
duces, like the shading of the channel. It leads
to an increase in primary production including
algae attached to hard surfaces and proportion of
scrapers feeding on said algae is maximised in
midsized rivers. As one moves towards the river
mouth, the role of autotrophic organic matter de-
creases, fine particulate organic matter predomi-
nates as a food resource, and collectors become
the dominant functional feeding group in inver-
tebrate communities.

In the surveyed streams, elements of the
river continuum are observed. The indicator taxa
for the subgroup Ne3B with the highest median
depth and channel width, corresponding to the
sections of the lower reaches of the River Anyuy
and some of its tributaries are represented by a
high proportion of collectors. It conforms to the
description of benthic communities in large riv-
ers in RCC. Samples of subgroup Ne3A, taken
mainly from small tributaries of the River Anyuy
with their indicator taxon Gammarus koreanus
being predominantly shredder, correspond to
headwater streams in RCC. Among the indica-
tor taxa in group Ne2 (midsized rivers), scrapers
are widely represented, which also conforms to
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RCC. However, in case of the continual longitu-
dinal changes, the similarity of communities at
adjacent stations would be higher than in gen-
eral for the entire river or for the river network.
In the surveyed streams, it should be noted that
spatially close samples are not always more simi-
lar taxonomically than spatially distant ones. For
example, many neighbouring samples, collected
in the Bajal River channel, are included in dif-
ferent subgroups (NelA and Ne2A). Subgroup
Ne2B, characterised by the highest internal simi-
larity, includes samples from both river basins.
Other groups also include samples from different
streams. It is usual for rivers, when the composi-
tion of hydrobionts differs less in similar habitats
of neighbouring rivers, than in different habitats
within the same watercourse (Doisy & Rabeni,
2001; Dallas, 2007b; Costa & Melo, 2008).

Townsend (1989) noted that the river contin-
uum concept is not universally applicable world-
wide. Townsend (1989) proposed the concept of
patch dynamics, based on the notion of the mo-
saic nature of the river bottom and the impor-
tance of disturbances in the formation of com-
munities. Disturbance refers to any event that
results in the removal of organisms from habitats
and opens up the possibility for subsequent colo-
nisation, such as flood. The constant process of
drifting and colonisation of substrates is called
«continuous redistribution of benthos». In the
process of recolonisation, the key role is played
by patches of the channel, in which organisms
can survive during a high disturbance, i.e. refu-
gia (e.g. near the banks and in backwaters in gen-
eral). The location of refugia patches is random,
and in general stochastic processes play a large
role in the formation of communities in streams
and rivers. Bogatov (1995) proposed a concept
combining RCC and patch dynamics. It is noted
that, although refugia in the riverbed are located
randomly, their number and diversity naturally
increase from the headwater to the ritral. At the
same time, the diversity of organisms increases,
too. Probably, the high biodiversity in ritral,
noted in RCC, is explained by the high number
of refugia. Indeed, in the surveyed watercourses,
the largest number of taxa was noted in the sub-
group of samples belonging to the ritral (Ne2A).
It is noted that the continuum is usually quickly
restored after disturbances due to organisms re-
colonising habitats from refugia.

Perry & Schaeffer (1987) indicated the ex-
istence of a longitudinal gradient in the compo-
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sition of communities in rivers, but this gradi-
ent is not continuous. It is interrupted by abrupt
changes. These changes can be triggered by trib-
utaries, geological discontinuities, or land use
factors. Such communities can differ sharply in
composition from neighbouring ones. Thus, the
distribution of the benthos is characterised as a
punctuated gradient. According to the riverine
ecosystem synthesis (RES) (Thorp et al., 2006),
the distribution of species from the headwater to
the mouth reflects the functional process zones
(FPZ) to a higher extent than the spatial position
along the longitudinal dimension of the rather
network. FPZ refers to large hydrogeomorphic
patches formed by catchment geomorphology
and flow characteristics. Both short-term and
long-term variability and predictability of envi-
ronmental conditions differ among types of hy-
drogeomorphic patches both within and among
rivers. The formation of communities is predom-
inantly influenced by stochastic processes asso-
ciated with hydraulics (flow velocity, turbulence,
and substrate mobility), droughts and floods.

In the explored streams, 50 taxa have been
identified as relatively strong significant indica-
tors (IndVal > 20) for the respective communi-
ties. This is only a quarter of the totally identified
taxonomical richness. Within the selected sample
groups, the similarity level is relatively low (from
about 4% to about 37%). The high variability of
structure is typical for river benthic communities
(Merovich & Petty, 2010). The continual distri-
bution has been observed for macroinvertebrate
communities in many river systems (Rabeni et
al., 2002; Heino et al., 2003, 2014; Tolonen et al.,
2016), even in the case of discrete changes in en-
vironment conditions (Merovich & Petty, 2010).

Thus, this study revealed the existence of rel-
atively distinct species complexes of hydrobionts
corresponding to habitats differing in substrate
type and flow velocity. However, the low propor-
tion of indicator taxa for these habitats indicates a
mixture of species composition from neighbour-
ing habitats. Organisms respond individually to
changes in environmental conditions, resulting
in a continuous distribution of macrozoobenthos
(Merovich & Petty, 2010). Environmental factors
serve as an important ecological filter that allows
only species with certain adaptations to exist in
habitats (Poff, 1997). In macroscale studies cov-
ering several large river systems, a significant
proportion of community variability is explained
by the river basin factor (Heino et al., 2017).
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It should be noted that some elements of
the river continuum, in terms of Vannote et al.
(1980) concept, exist in surveyed streams. At the
same time, abrupt changes between neighbour-
ing communities can be observed as well as a
relatively high degree of taxonomical similarity
between reaches with similar environmental con-
ditions from different streams. The distribution
of macroinvertebrates thereby can be character-
ised as a punctuated gradient described by Perry
& Schaeffer (1987). In spite of patchiness of the
river bottom and a high significance of stochastic
factors in the formation of stream communities,
there is a well-defined pattern in distribution of
macroinvertebrates.

Conclusions

Studies carried out in the pristine environ-
ment, undisturbed or minimally disturbed by an-
thropogenic activity, such as the natural reserves,
are essential for understanding the natural pat-
terns of ecosystem functioning. This understand-
ing is necessary for a correct assessment of the
ecosystem condition during monitoring studies
by comparison with reference conditions. Analy-
sis of the distribution of macroinvertebrate com-
munities of two Far Eastern rivers basins on the
territories of the Bajal Sanctuary and Anyuy Na-
tional Park shows that the distribution of organ-
isms does not correspond completely to either
continuity or discreteness. Well-defined statisti-
cally significant groups of samples based on tax-
onomical similarity have been discovered as well
as environmental factors corresponding to these
groups. A complex of indicator taxa has been also
determined for each group. Local abiotic factors
such as substrate type and water flow velocity
strongly influence the formation of species com-
plexes. In addition, the factor of the river basin
itself played an important role, as supported by
the differences between samples from the Anyuy
and the Bajal river basins. However, the obtained
groups are characterised by a high internal vari-
ability and do not form discrete clusters with ob-
vious hiatus on the ordination diagram. Longi-
tudinal patterns of distributions partly conform
to the river continuum concept; however, abrupt
changes of taxonomical composition between the
neighbouring samples can be noticed. Thus, the
longitudinal distribution of macroinvertebrates
for each river can be characterised as a punctu-
ated gradient. When planning monitoring studies
of aquatic ecosystems based on macrozooben-
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thos, the variability of hydrobionts communities
at different scales must be taken into account.
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OBIIUE 3AKOHOMEPHOCTH PACNIPEJAEJEHUS
MAKPO300BEHTOCA B BACCEMHAX JIBYX PEK
XABAPOBCKOTI'O KPASI (JAJIbHU BOCTOK POCCHH)

JI. B. Bopo6neBa'“", E. C. UepTonpya*

Becepoccutickuil HayuHo-uccied08amenbCKull UHCMumym poloHo20 X03531cmed u okearozpaguu, Poccus
*e-mail: vorobjeva.lada@yandex.ru
2Unemumym npobnem sxonocuu u s8onioyuu umenu A.H. Cesepyoeéa PAH, Poccus

B nanHO# paboTe npoaHaIM3uPOBaHbl 3aKOHOMEPHOCTH PacIpeielieHNns] MaKpo3000eHTOCa BOJOTOKOB B Oac-
cefinax pek bamxam m Amtorr (XabapoBckuil kpaif, Poccus) Ha Tepputopusax bamkanbckoro 3akazHUKa H
Amtoiickoro HanmoHanmpHOTO TMapka. C momomnisio mpoueaypsl DistLM (distance-based linear models) npo-
BeJICHA OIIEHKA JIOJH PacIpeeIeHrs MaKpoOeCIT03BOHOYHBIX, 00BICHEHHON yUTEHHBIMU B paboTe (akTopa-
Mmu (OacceifH, CKOpOCTh TEUCHHUS, CyOCTpaT, MIHMpHHA pycia, Temmneparypa, pH). Bece atu dakropsr BHOCHIH
JOCTOBEPHBII BKIIAJl, CYMMapHO OOBSICHSSI OKOJIO TPETH paclpelesieHNus] MaKkpoOecio3BOHOUHBIX. OCHOBHBI-
MU OOBSACHSIOINME (akTopamMu ObLTH BOZOCOOpPHEIH GacceltH u cyoctpar (9.3% u 10.5% cooTBEeTCTBEHHO),
a Takxke ckopocTh TeueHus (5.7%). Ha ocHOBaHMM KIIacTEpHOTO aHAJHM3a BBIIEICHBI BOCEMb J0CTOBEPHBIX
TPyIII Npo0 IO MPHU3HAKY CXOJICTBAa TAKCOHOMHYECKOTO COCTaBa. BBIABICHBI YeTKHE 3aKOHOMEPHOCTH IPU-
YPOYEHHOCTH TAKCOHOMHUYECKMX KOMIUICKCOB K OTIpeelIeHHBIM OroTonam. JIokaabpHbIe SKOJIOTHYECKHE (ak-
TOPHI ABJISAIOTCS CHIIBHBIM (DMIIBTPOM, BIHUSIOMINM Ha (OPMHPOBAHIE TAKCOHOMHYECKHUX COOOIIECTB. 3HAUN-
MYIO POJb B (POPMHPOBAHIH COOOIIECTB UTPaeT W PaKTOp MPUHAIICKHOCTH K OacCeifHy peKHd, 4TO CIeayeT
YYUTBIBATh NPH IUTAHKPOBAaHWH MOHHTOPHUHIOBBIX HCCIICIOBAaHHI KPYITHOTO POCTPAHCTBEHHOTO MaciiTada.
OJHaKo BBIJICNICHHBIC TPYIITEI H TOATPYIIIBI XapaKTePH3YIOTCsl HU3KHM YPOBHEM BHYTPEHHETO CXO/ICTBA; OKO-
JIO YETBEPTH OOLIEro Ynclia BUIOB OTHOCSTCS K TAKCOHAM-MHAMKATOpaM, MpoObl He 00pa3yloT AUCKPETHBIX
KJIACTepOB Ha Jauarpamme opAauHaumu. [IpomonbHOE pacupenesieHHe MakpoOecIO3BOHOUHBIX IS KaKHOH
PEKH MOXKHO OXapaKTePH30BaTh KaK IPEPBIBUCTBIN HIIH «ITYHKTHPHBIW) I'PaUCHT.

KuaroueBsle ciioBa: BomoTok, Jlanpauit BocTok Poccnn, nmpecHOBOAHBIE MaKpoOECTIO3BOHOYHEIE, COO0IIIe-
CTBO, (paKkTop cpensl
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