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Abstract

River islands are of great interest in terms of habitat fragmentation and varying abiotic factors. This study presents
results of observation of varied in size and condition islands of Kuybyshev reservoir, located in the middle flow of the
Volga river. We recorded 27 taxonomic groups which related to 3 types, 7 classes and 12 invertebrate orders. Soil
macrofauna abundance on islands was comparable with the mainland biotopes. The main factor influencing soil
macrofauna structure was soil type. Island size and height, anthropogenic impact and vegetation contributed into soil
community’s structure variation too.
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1. Introduction

Islands host a disproportionate fraction of global biodiversity, often characterized by distinctive faunas [1], and
therefore represent a model system to better understand general patterns in biogeography. Insular populations are
typically exposed to high risks of extinction as restricted habitats can easily become unsuitable because of stochastic
events or human disturbances acting at both local (habitat fragmentation, alteration, invasion by alien species) and
global scales [2]. Understanding the factors that drive the emergence, maintenance and loss of island biodiversity is
crucial for planning and implementing evidence-based conservation prioritization and protection measures [3].

Prevailing majority of islands fauna studies concern the ocean islands [4, 5]. We found the single publication on
islands biota at the large lake islands. The authors investigated the effects of habitat properties and life history on the
occurrence and community structure of 71 carabid beetle species inhabiting 15 lake islands in north-east Poland.
Island properties, particularly area and habitat quality, were positively linked to the occurrences of 42% of the species
and correlated with species richness and f-diversity. Life history traits (hibernation type, dispersal ability and average
abundances) significantly influenced species occurrences. Thus, site and species properties influenced the spatial
distribution of species and macroecological patterns on islands [6]. These results do not point to habitat
heterogeneity or isolation as significant factors that influence island colonization of ground beetles. Therefore, the
most parsimonious explanation for the spatial occurrences of Carabidae on lake islands remains a neutral model
where colonization is a random process at the individual level irrespective of species identity [7].

MacArthur and Wilson's island biogeography theory (1963, 1967) examines the influence of geographical factors, such
as area and distance from the mainland, on the total number of species present on an island or habitat[8]. However,
there is still considerable debate on which mechanism is most appropriate in explaining species-area relationships.
For example, many case studies on Baltic Sea islands showed that, although habitat diversity might be important, a
significant increase in species number with area per se exists [9]. Area was the only factor influencing species richness
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of carrion beetles on islands. Moreover, distance from the mainland and close islands did not significantly influence to
carrion beetles. In addition, geographic location in the same Sea did not influence beetles assemblages. Taken
together, the results of this study indicated that carrion beetles on Korean islands were largely affected by island size
and that dispersal was stochastic [10].

Another topic about islands biota is habitat heterogeneity. Some authors concluded that habitat diversity had little
predictive power in explaining species richness. Islands close to each other (a few hundred metres apart) accumulated
species at a slower rate than did scattered islands, as island size increased [11].

On the other hand the opinion exists that habitat loss and fragmentation are considered as the leading drivers of
biodiversity loss. The small-island effect (SIE) can be used to predict species extinctions resulting from habitat loss
and has important implications for species conservation. However, to date, no study has explicitly evaluated the
prevalence of SIEs in habitat islands. The authors compiled 90 global datasets to systematically investigate the
prevalence and underlying factors determining the ubiquity of SIEs in habitat island systems. Among the 90 datasets,
SIEs were unambiguously detected in 36 cases. They found significant effects of habitat island types and taxon groups
on the threshold area of SIEs. The number of islands, area range, species range, island type and taxon group were key
variables that determined the prevalence of SIEs [12]

The object of the study was the soil macrofauna. The macrofauna includes soil invertebrates from 2 mm and more in
size - earthworms, arachnids, centipedes, insects (adults and larvae) etc. Soil marcofauna presents an essential part of
soil-dwelling invertebrates community. Their feeding and burrowing activity structures soil in the best manner to
provide enhancing of circle of nutrients. Some groups of soil macrofauna play the key role in destruction processes in
soil.

The aim of this study was to evaluate key factors which affect biodiversity of soil macrofauna on the river islands.

2. Material and methods

2.1. Collection sites and insect sampling

The study area is the islands of the Kuibyshev reservoir, located in the middle flow of the Volga River of the Russian
Federation. The Kuybyshev reservoir was built in 1957. It's the largest not only among the reservoirs of the Volga-
Kama cascade, but also among the reservoirs of Europe [13]. Many islands appeared after its organization. It is located
in the central part of the Middle Volga region. Most of its area is located within the Republic of Tatarstan (50.7%). The
reservoir is extended in the meridional direction across the Russian Plain from 53 to 56 degrees north latitude. The
total length of the reservoir is more than 600 km with a width of up to 40 km in the area of the confluence of the Volga
and Kama rivers.

Kuibyshev reservoir is the one of valley type. A large area of its bed includes floodplain and flooded terraces of the
Volga and Kama valleys.The reservoir is located in the zone of temperate continental climate. It begins in the forest
zone, crosses the entire forest-steppe, its southern extremity adjoins the steppe landscape zone [13].The Kuibyshev
reservoir is a series of lake-like extensions (reaches), interconnected by constrictions within the old bed. The Kazan
(Volga) area of variable accumulation pressure (KAVAP) [13], where our studies were conducted, is distinguished
from the reach.

The studied archipelago is located from the city of Zelenodolsk downstream to the mouth of the river Meshe near the
village of Teteyevo (55°49°33.44” N, 48°31°'55.99” E to 55°25’08.00” N, 49°08'43.46" E). Totally 29 islands of the
Kuibyshev reservoir and 31 habitats were investigated. When choosing the islands we took into account the following:
flooded island or not, sufficient area for taking 8 samples (at least 5 meters from each other), samples were taken in
one of the most represented island phytocenosis, uniformly throughout the archipelago.

Studies of soil macrofauna were carried out in the summer period from July to August 2018. Animals were collected
by the standard soil-zoological method [14] - manual analysis of soil samples of 25x25 cm in size and 15-20 cm in
depth (8 samples on the island), the abundance of pedobionts was measured in individuals per m2. Totally 248
samples were taken and 1962 individuals of soil invertebrates were found.

2.2. Material processing

For statistical analysis, the data was classified into 3-5 categories depending on the factor.
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The size of the islands varied in the range of 0.52-257.54 m?, this value was divided into three categories: the first
included islands with an area of up to 86 m? (23 islands), the second - more than 86 m? and less than 172 m? (5
islands), the third is more than 172 m? (3 islands).

The anthropogenic impact was classified according to the degree of recreational load on the island: stage 1 - weak, at
which the island is scarcely visited (8 islands), stage 2 - medium, where the island is actively visited by fishermen
(fireplaces, tables, benches) (15 islands), and stage 3 - an island with a strong anthropogenic load (recreation, fishing,
cottages) (8 islands).

The type of soil was determined by soil scientists. Ph.D. V.I. Kulagina and Ph.D. A.B. Alexandrova, employees of the
Institute of Problems of Ecology and Subsoil use of the Academy of Sciences of the Republic of Tatarstan. Five types of
soil were identified: 1 - alluvial (21 islands), 2 - bulk sand (2 islands), 3 - sod-podzolic (4 islands), 4 - forest grey (3
islands), and 5 - urbanozem (1 island). Due to the fact that urbanozem is represented only on one island, it wasn’t
included in multidimensional analysis.

The biotope type was named for the prevalence of woody vegetation at the sampling site: 1 - willow (12 islands), 2 -
meadow (9 islands), 3 - pine-tree (3 islands), 4 - poplar (5 islands), 5 - oak forest (2 islands).

The height of the islands according to Shuttle Radar Topography Mission by NASA
[https://lpdaac.usgs.gov/news/nasa-shuttle-radar-topography-mission-srtm-version-30-global-1-arc-second-data-
released-over-europe-north-america-and-south-america, last accessed on 16/04/2019] varied from 45-69.79 m, and
it was divided into three categories: 1 - island height up to 53.26 m (18 islands), 2 - from 53.27 m to 61.53 m (11
islands), from 61.54 m to 69.79 m (2 islands).

2.3. Statistical analysis

Mathematical data processing performed by the method of descriptive statistics and multidimensional discriminant
analysis in PP Statistica [15].

The goal of the multidimensional analysis was to investigate the differences of islands by factors, based on the
taxonomic structure and population of the soil invertebrate macrofauna community. The Lambda Wilks Index is a
statistics used to estimate the power of discrimination. Its value varies from 1.0 (there is no discrimination) to 0.0
(complete discrimination) [16]. Squared Mahalanobis distance is a measure of the distance between vectors of
random variables, which generalizes the concept of the Euclidean distance or the distance of each observation from
the centroid of a group [17].

3. Results

The macrofauna of the islands consisted of 27 taxonomic groups which related to 3 types, 7 classes and 12
invertebrate orders. They were Earthworms (Lumbricidae), Molluscs (Mollusca), Woodlice (Oniscoidea), Spiders
(Aranea), Harvestmen (Opiliones), Diplopods (Diplopoda), Centipedes (Geophilidae, Lithobiidae), Cockroaches
(Blattodea), Earwigs (Dermaptera), Cicads (Cicadidae), True bugs (Hemiptera), Net-winged insects (Neuroptera),
Ground beetles (Carabidae), Diving beetles (Dytiscidae), Hister beetles (Histeridae), Carrion beetles (Silphidae), Rove
beetles (Staphylinidae), Darkling beetles (Tenebrionidae), Earth-boring scarab beetles (Geotrupinae), Scarabs
(Scarabaeidae), Soldier beetles (Cantharidae), Click beetles (Elateridae), Round fungus beetles (Leiodidae), Ladybugs
(Coccinellidae), Leaf beetles (Chrysomelidae), Weevils (Curculionidae), Caterpillars (Lepidoptera), Wasps
(Hymenoptera), Flies (Diptera).

Lumbricidae (average 49.3%), Insecta (25.7%), Lithibiidae (11.4%), Arachnida (7.6%) dominated in the soil. Among
insects Carabidae (6.4%) and Elateridae (6.1%) were numerous. The abundance of soil macrofauna varied from 10 to
374 individuals / m2 (on average 126.6 individuals / mZ). The low number of invertebrates was noted in soils under
young willow on sandy alluvial soil, and high - in soil under mature willow on humid-rich alluvial soils.

The average abundance of pedobionts on islands of different size varied (Fig. 1). The largest number of macrofauna
was on large islands, the smallest was on medium ones, and i.e. area did not affect greatly macrofauna number.

The average number of soil invertebrates appeared to become lower with increasing anthropogenic load (Fig. 2).
However, macrofauna abundance at the islands with medium and heavy loads were not significantly different.
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Figure 1 Pedobionts abundance (individuals / m?) in relation to the size of islands (1 - small islands, 2 - medium
islands, 3 - large islands).
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Figure 2 Pedobionts abundance (individuals / m?) and their errors in relation to the degree of anthropogenic impact
on the islands (1 - low level, 2 - medium level, 3 - high level)

The average abundance of soil invertebrates according to soil type was not significantly different between islands (Fig.
3).
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Figure 3 Pedobionts abundance (individuals / m2) and their errors in relation to soil type (1 - alluvial, 2 - bulk sand, 3
- sod-podzolic, 4 - forest grey)

The highest abundance of pedobionts was found on islands with willow thickets (average number of 168.3 individuals
/ m2) (Fig. 4), the smallest was in pine forests (66.7 individuals / m2). The other habitats were approximately the same
(95-116.8 individuals / m?).

The height of the islands did not affect the total number of pedobionts (Fig. 5).Thus, the only type of biotope and the
degree of anthropogenic impact affected significantly the average abundance of macrofauna on islands.
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Figure 4 Pedobionts abundance (individuals / m?) and their errors in relation to the type of biotope (1 - willow, 2 -
meadow, 3 - pine-tree, 4 - poplar, 5 - oak forest)
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Figure 5 Pedobionts abundance (individuals / m?) and their errors in relation to island height (1 - low, 2 - medium, 3

- the highest)

The multidimensional analysis of the obtained results showed that all factors influenced the structure and population
of the soil macrofauna (Table 1). However, their significance for the soil population was different and could be built
into a sequence in which Wilks lambda increased and the Mahalanobis distance decreased. Thus, in our opinion, the
type of soil had the greatest impact, than the height of the island, its area, anthropogenic impact and, to a lesser extent,

the type of biotope.

Table 1 Results of discriminant analyses, when different factors were taken as predictors

Squared Mahalanobis

Factor Lambda distance Groups,
Wilks - the major loading fell on
Min Max
Diplopoda, Oniscoidea, Blattodea,
0.00024 Histeridae, Carabidae, Diptera,
Soil type '<0 000’0 117.2* 1203.8 Staphylinidae, Oniscoidea,
p=b. Chrysomelidae, Opiliones, Scarabaeidae
and Insecta
. 0.00795, Diplopoda, Blattodea, Histeridae,
Height p<0.0000 91 7980 Staphylinidae, Lithobiidae, Oniscoidea
Tenebrionidae, Lumbricidae, Blattodea,
The area of the 0.01564, 247 467.9 Carabidae, Cantharidae, Dytiscidae,
island p<0.0000 ) ) Cicadidae, Hymenoptera, Mollusca,
Scarabaeidae
) 0.01222, Tenebrionidae, Insecta, Histeridae,
Human impact p<0.0090 184 108.1 Leiodidae, Dytiscidae, Cantharidae
. 0.04232, Dermaptera, Blattodea, Lithobiidae,
Biotope type p<0.0001 6.2 345 Oniscoidea, Lepidoptera

* - statistically significant results are indicated in bold (with p <0.01)

The type of soil was the main factor that affected macrofauna assemblages’ structure. So we carried out discriminant
analysis using “type of soil” as predictor (Fig. 6, Table 2).
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The major loading fell on diplopods, earwigs, cockroaches, Hister beetles, ground beetles, flies, rove beetles, woodlice,
leaf beetles, harvestmen, Scarabs, and other insects.

Table 2 Squared Mahalanobis distance when assessing the impact of soil type on the structure and population of
island pedobionts communities

Soil type Alluvial Bulk sand Sod-podzolic
Alluvial 0

Bulk sand 631.5* 0

Sod-podzolic 384.7* 241.5** 0

Forest grey 117.2%* 1203.8* 723.8*

* - significance level p <0.001, ** - p <0.01.
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Figure 6 Biplot of discriminant analysis results (1 - alluvial, 2 - bulk sand, 3 - sod-podzolic, 4 - forest gray)

Thus, multidimensional analysis revealed statistically significant differences in the soil macrofauna communities
structure relatively to the soil type.

4., Discussion

The number of macrofauna of the studied islands was comparable and sometimes exceeded the corresponding values
for deciduous forests, pine forests and meadows of the Volga-Kama Reserve and natural biotopes of the Republic of
Tatarstan [18, 19]. The number of pedobionts estimated during the island expeditions of the 90th, was the highest on
the islands of the second group (176 ind./sq.m) [20]. That group located on the line from 55°51'15” N, 48°16’19” E to
55°46’19” N, 49°00°47” E. In our studies the number of soil invertebrates on some islands reached 250 - 370
ind./sq.m. The same conclusion can be drawn with regard to specifically some groups of invertebrates — ground
beetles, click-beetles.

According to some authors [21], temperature, isolation and human activity have a significant impact on the
biodiversity of insects and vascular plants on the islands. They point to the relationship between the diversity of
vascular plants and insects. In our study all investigated factors (area, anthropogenic impact, height and vegetation)
affected macrofauna diversity on the islands. But the major effect was drawn from soil type. It was expected, because
macrofauna usually inhabits upper layers of the soil. For sure, macrofauna community’s structure preserved those
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characters that had been inherent to it before the reservoir was created. Literature on soil macrofauna on the islands
macrofauna is very scarce, and we failed to find a single research in island soil invertebrates. Actually our study is the
first, where it is estimated and reported. We did not study the turnover on the islands as it has been done by other
authors [22, 23]. Moreover, conservation biologists and applied ecologists should consider the prevalence of small
island effects (SIEs) when making management strategies in fragmented landscapes [12]. In our study we tried to
contribute The Global Island Monitoring Scheme (GIMS) for monitoring the remaining native islands, using selected
groups of arthropods as model taxa, that has been proposed by a collective of authors [24].

5. Conclusion

Totally 27 groups of soil macrofauna was collected on the islands. The abundance of invertebrates highly varied.
Number and diversity of invertebrate soil communities on the river islands is comparable with the mainland biotopes.
Soil macrofauna structure is affected mainly by soil type, though island size and height, anthropogenic impact and
vegetation contribute into soil communities structure variation. Further investigations needed to clarify biota
structure variation in river islands.
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