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showed their major contribution into soil 
structure formation and soil profile development 
(Чеснова & Стриганова 1999). Ch. Darwin 
estimated earthworms activity. He was the 
first, who declared that humus is the product 
of earthworms. He argued that they accelerate 
litter decomposition, recycling it mechanically 

INTRODUCTION 

Earthworms are related to the most known, 
economically important and well-studied 
representatives of soil fauna (Тиунов 2007). 
Back in XIX century classic studies of V. 
Hensen, Ch. Darwin, Muller and G. Visotskiy 
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Rousseau 2010, Соколова 2011). Then they are 
bioindicators of ecosystem status. 

Biodiversity conservation is the foreground 
direction in ecology all over the world (Turbe 
2010). At Tatarstan territory Lumricidae fauna was 
studied by several researchers (Michaelsen 1910, 
Светлов 1937, Изосимов 1954, Алейникова 
1969, 1972). By the middle of the century 17 
species and subspecies were recorded in republic 
among 20, recorded in Middle Volga region 
(Алейникова 1969). At present 16 species and 
subspecies of Lumbricidae inhabit territory of 
Republic (Жеребцов и др. 2008, Александрова и 
др. 2011, Кадастр сообществ почвообитающих 
беспозвоночных (мезофауна) естественных 
экосистем Республики Татарстан 2014).

The aim of our study was to estimate fauna and 
population of earthworms along the 20-year 
period of soil macrofauna study in Tatarstan 
Republic.

MATERIAL AND METHODS

We carried out our investigations in natural 

and chemically as well, passing it through the 
intestines. Ch. Darwin determined coprogenic 
character of the meadow and forest soils. G.  
Visotskiy, geobotanist and soil scientist, worked 
in forestation in steppe zone. He established 
that precisely earthworms activity determined 
chernozems grainy structure.

Earthworms are the typical “ecosystem 
engineers”, they modify the other soil biota 
components habitats (Jones et al. 1994, Жуков 
2004, Lavelle et al. 2006, Тиунов 2007). Some 
authors consider that they do not contribute greatly 
into the soil community metabolism (respiration) 
(Тиунов 2007), the other have the opposite 
opinion (Гордиенко и др. 2009, Гордиенко & 
Вавилов 2014). Earthworms directly recycle 
litter and stimulate microorganisms activity 
as well. They influence chemical characters of 
soil, increasing calcium, magnesium, ammonia, 
nitrates, phosphoric acid content, increase soil 
breathability and water permeability. Lumricidae 
is the abundant group in soil macrofauna 
community. They can reach 100% of macrofauna 
abundance (Хабибуллина 2012). Earthworms 
are sensitive to environment pollution and 
recreation (Воробейчик 1994, Paoletti, 1999, 

Fig. 1. Location of investigations: 1 – forest-steppe subzone, 2 – broad-leaved (deciduous) forest 
subzone, 3 – subtaiga subzone.
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endemic Eisenia intermedia Michaelsen, 1901, 
which was mentioned in Kadastre… (2014). 
Among recorded species there were wide spread 
European species of Aporrectodea, Octolasion, 
Dendrobaena, Lumbricus, Eiseniella genera 
and Asian species of Eisenia and Dendrodrilus 
genera. South Ural and Near-Ural endemic P. 
tuberosa was recorded at the north – east of 
Republic. Synanthropic E. fetida was abundant in 
the rotted manure at the cattle farms and sewage 
treatment plants. That is common to this species. 
The highest biodiversity of Lumbricidae was in 
broad-leaved forests subzone (14 species), then 
– in subtaiga (12 species) and forest-steppe zone 
(9). The mean number varied – 119.5 ind. per 
sq.m, 81.2 ind. per sq.m and 31.6 ind. per sq.m, 
respectively (Fig. 2). 

Dangy worm E. fetida, plowed worm A.c. 
caliginosa, pink Eisenia A. rosea and calcofilic 
gigrophilic O. lacteum dominated in broad-leaved 
forest zone (Fig. 3). E. fetida was recocded at 
the cattle farms and sewage treatment plants 
only. In subtaiga zone the same A.c. caliginosa, 
A. rosea and O. lacteum were abundant and 
Siberian E. uralensis as well. The most similar in 
species diversity were forest-steppe and subtaiga 
subzones (Jaccard’s coefficient of community 
0.75) and subtaiga and broad-leaved forests 
subzones as well (0.73). Less similar were forest-
steppe and broad-leaved forests subzones (0.64).
In total A. caliginosa, A. rosea, O. lacteum and E. 
nordenskioldi were most abundant at the territory 
of Republic.

Though the number of species recorded in forest-

and anthropogenically disturbed ecosystems in 
Tatarstan Republic (TR) in 1997 – 2018. We 
used standard soil-zoological method to record 
earthworms (Количественные …1987): we 
took samples 0.25х0.25m2 in size and 0-20 cm 
in depth. In each plot we took 8-16 samples. We 
have analyzed data from 150 plots, over 5000 
individuals were identified. Investigations took 
place in three landscape subzones (Ермолаев 
с соавторами 2007) in Tatarstan Republic of 
Russian Federation (RF). Republic is situates in 
the middle flow if the Volga river in its influence 
with the Kama river: in subtaiga, broad-leaved 
(deciduous) forest and typical south forest-steppe 
subzones (Fig. 1). We identified earthworms 
according to cadastre-definition keys T. S. 
Vsevolodova-Perel (1997). 

Results were processed in Excel and Statistica 6.0 
(Боровиков 2003). We used descriptive statistics 
and multidimensional method – discriminant 
analysis. Predictor in the latter was landscape 
zoning characters.

RESULTS AND DISCUSSION

Our own 21-year investigations and published 
papers analysis revealed, that 16 species and 
subspecies of Lumbricidae inhabit Tatarstan 
Republic (Алейникова и др. 1979, Корчагина 
2002, Зелеев и др. 2003, Жеребцов и др. 
2008, Gordienko & Kibardina 2010, Кадастр 
почвообитающих … 2014, Гордиенко и др. 
2016, Гордиенко & Вавилов 2017) among 
20, recorded in the Middle Volga Region: 
Lumbricus terrestris Linnaeus 1758, Lumbricus 
castaneus Savigny 1826, Lumbricus rubellus 
Hoffmeister 1843, Aporrectodea longa Ude 1826, 
Aporrectodea rosea Savigny 1826, Aporrectodea 
caliginosa caliginosa Savigny 1826, Aporrectodea 
caliginosa trapezoids Dugesi 1828, Octolasion 
lacteum Orley 1885, Dendrobaena octaedra 
Savigny 1826, Dendrodrilus rubidus tenuis 
Eisen, 1874, Eisenia nordenskioldi nordenskioldi 
Eisen 1873, Eisenia uralensis Malevic 1950, 
Eisenia fetida Savigny 1896, Eiseniella tetraedra 
tetraedra Savigny 1826, Perelia tuberosa 
Svetlov 1924. We did not record the South Ural Fig. 2. Mean number of earthworms.
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real-soil (endogeic), consuming soil humus. 
These groups include four ecotypes – anecic L. 
terrestris and A. longa, epigeic D. octaedra and 
other red earthworms, endogeic species from 
Aporrectodea, Octolasion genera and compost 
earthworms E. fetida. In our study the earthworms 
communities included 4 ecotypes: endogeic 
ones dominated in all zones (Fig. 4), compost 

steppe zone was the lowest, the Shennons index 
of biodiversity there was higher; other indexes 
of communities studied are presented in Table 1.
In relation to nutrition type and soil dwelling 
the earthworms are divided into morpho-
ecological groups (Перель 1979, https://www.
earthwormsoc.org.uk/earthworm-ecology): 
feeding on soil surface with dead organics and 

Table 1. Indexes of Lumbricidae communities 

Indexes Forest-steppe 
subzone

Deciduous forests 
subzone Subtaiga subzone

Taxa, S 9 14 12
Individuals 7 41 25
Dominance, D 0.61 0.29 0.35
Shannon, H 1.93 1.78 1.78
Simpson, 1-D 0.39 0.71 0.65
Evenness, e^H/S 0.77 0.42 0.49
Menhinick 3.40 2.19 2.40
Margalef 4.11 3.50 3.42
Equitability, J 0.88 0.67 0.72
Berger-Parker 0.57 0.34 0.48

Fig. 3. Dominating earthworms species diagram.
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There are rare and low number species in 
Tatarstan. Among them sinanthropic A. longa, 
recorded in Kazan city (2 ind.), amphibiotic E. 
tetraedra tetraedra (also in Kazan, the single 
one). Endemic P. tuberosa is common at the 
east of Tatarstan. Dung earthworm E. fetida is 
abundant in cattle farms and sewage treatment 
plants (till 632 ind. per sq. m). Among different 
types of soil Lumricidae prefer gray forest and 
podzole soils (Александрова и др. 2011).

CONCLUSION

Biodiversity estimation is the first and necessary 
step, when elucidating functional traits variation 
in different taxa. Then comprehensive ecological 
and faunistic studies needed in different zones and 
all over the area of species. Species composition, 
distribution and number estimates are the 
obligatory and to some extent basic step in this 
direction. The latter determines the foreground 
researches of present day ecology – elaboration of 

earthworm was abundant in broad-leaved zone, 
epigeic ones were less in number and anecic ones 
were very rare.

Discriminant analysis resulted in significant 
differences in communities structure in different 
zones (Wilks’ Lambda: 0.61276 approx. F 
(28.258)=2.5568 p< 0.0001) (Fig. 5). Plowed 
worm A.c. caliginosa, infrequent E. uralensis, 
L. castaneus and rare A. longa had the greatest 
loading in discrimination function. Squared 
Mahalanobis distances were not large, but 
significant (Table 2). 

According to our observing and published 
data the earthworms are very sensitive to soil 
humidity, acidity and anthropogenic impact. They 
prefer broad-leaved forests (till 289 ind. per sq. 
km in number), flood – plain meadows (till 247 
ind. per sq. m) and flood-plain forests (till 336 
ind. per sq. m in elm, alder and willow forests). 
The lowest number of Lumricidae occurred in 
pine forests and rural habibtats.

Fig. 4. Ecotypes of earthworms in studied areas. Fig. 5. Disriminant analysis results in ordination 
of Lumbricidae communities.

Table 2. Squared Mahalanobis distances between centroids of communities studied
Forest-steppe 

subzone
Deciduous forests 

subzone
Subtaiga subzone

Forest-steppe subzone 0 2.30*** 1.54**
Deciduous forests 
subzone

2.30*** 0 1.41*

Subtaiga subzone 1.54** 1.41* 0
Note: in bold statistically significant values, ***- p<0.001, ** - p<0.01, * - p<0.05

Earthworms biodiversity in Tatarstan republic



74

Commission. DG Environment, Europe, pp. 
254 (in English).

Алейникова М.М., Порфирьев В.С., Утробина 
Н.М. 1979. Парцеллярная структура 
елово-широколиственных лесов востока 
европейской части СССР (Волжско-
Камский заповедник). М.: Наука. 92 с. 
(in Russian).

Алейникова М.М. 1969. Почвенная фауна 
лесов Волжско-Камского заповедника 
(Раифа) // Труды Волжско-Камского 
заповедника. Вып. 2. Казань: изд-во 
Казан. ун-та. С.133-146. (in Russian).

Алейникова М.М. 1969. Фауна и ландшафтное 
распределение дождевых червей в 
Среднем Поволжье // Pedobiologia, 8: 
46-54. (in Russian).

Александрова А.Б., Гордиенко Т.А., Богданов 
А.В., Кибардина М.Л., Сабанцев Д.В. 
2011. Фауна и население дождевых 
червей различных типов почв г. Казани 
// Проблемы почвенной зоологии / 
Материалы XVI Всероссийского 
совещания по почвенной зоологии. 
Ростов-на-Дону. С.3-5. (in Russian).

Боровиков В.П. 2003STATISTICA. Искусство 
анализа данных на компьютере. Для 
профессионалов. 2-е издание. Санкт-
Петербург: Питер, 2003. 688с. (in Russian).

В о р о б е й ч и к  E . J I .  Э к о л о г и ч е с к о е 
нормирование техногенных загрязнений 
наземных экосистем (локальный уровень) 
/ E.JI. Воробейчик, О.Ф. Садыков, М.Г. 
Фарафонтов. – Екатеринбург, 1994. – 
280с. (in Russian).

Всеволодова-Перель Т.С. Дождевые черви 
фауны России: Кадастр и определитель. 
М., Наука, 1997. 102с. (in Russian).

Гордиенко Т.А., Сабанцев Д.Н. Оценка 
экономической ценности почвенных 
беспозвоночных заказника «Степной» 

scientific base in biodiversity conservation and its 
rational use as the factor of ecosystems stability.
Acknowledgements. We thank our colleague in 
Laboratory of Biomonitoring Dmitriy N. Vavilov 
for his help in earthworm sampling.

REFERENCES 

Earthworm Ecology: Earthworm Society 
of Britain. https://www.earthwormsoc.
org.uk/earthworm-ecology Downloaded: 
29.04.2019. (in English).

Gordienko T.A., Kibardina M.L. 2010. To studying 
of earthworms of Especially Protected 
Natural Territories of Republic Tatarstan. 
In: Антропогенная  трансформация 
природной среды: Мат-лы Межд. конф. 
- Т.2. - Пермь, С. 50-52. (in English).

Jones C.G., Lawton J.H., Shachak M. 1994. 
Organisms as ecosystem engineers. Oikos, 
69: 373-386. (in English).

Lavelle P., Decaëns T., Aubert M., Barot S., 
Blouin M., Bureau F., Margerie P., Mora 
P., Rossi J.P. 2006. Soil invertebrates and 
ecosystem services. European Journal of 
Soil Biology, 42: 3–15. (in English).

Paoletti, M. 1999. Using bioindicators based 
on biodiversity to assess landscape 
sustainability. Agriculture, Ecosystems and 
Environment, 74: 1-18. (in English).

Rousseau G.X., Silva P.R., de Carvalho C.J. 2010. 
Earthworms, ants and other arthropods as 
soil health indicators in traditional and no-
fire agroecosystems from Eastern Brazilian 
Amazonia. Acta Zoológica Mexicana (n.s.), 
Número Especial, 2: 117-134. (in English).

Turbe´ A., De Toni A., Benito P., Lavelle 
P., Lavelle P., Ruiz N., Van der Putten 
W.H., Labouze E., Mudgal S. 2010. Soil 
biodiversity: functions, threats and tools 
for policy makers. Bio Intelligence Service, 
IRD, and NIOO, Report for European 

Gordienko T.A., Sukhodolskaya R.A.



75

фитоценотических формаций Республики 
Татарстан // Труды Казанского отделения 
русского энтомологического общества. 
Казань, 2008. – Вып.1 – С. 69-75. (in 
Russian).

Жуков А.В. Дождевые черви как компонент 
биогеоценоза и их роль в зооиндикации 
// Ґрунтознавство. – Т. 5, № 1.2. – 2004. 
(in Russian).

Изосимов В.В. О дождевых червях поймы 
реки Волги на территории ТАССР // 
Труды Казанского филиала АН СССР, 
серия биол., вып. 3. С. 219-221. (in 
Russian).

Кадастр сообществ почвообитающих 
б е с п о з в о н о ч н ы х  ( м е з о ф а у н а ) 
естественных экосистем Республики 
Татарстан / А. К. Жеребцов, Т. И. 
Артемьева, Р. М. Сабиров, Н.В. Шулаев, 
А.Б. Халидов, Г.А. Гайнутдинова, А.В. 
Беспятых, А.В. Богданов, В.М. Кибардин, 
Т.В. Кузнецова, Р.А. Суходольская, Э.Р. 
Зайнулгабидинов. Казань: Изд-во Казан. 
ун-та, 2014. 308 с. (in Russian).

Количественные методы в почвенной 
зоологии. М.: Наука, 1987. 288 с. (in 
Russian).

Корчагина Т.А. Фауна и население дождевых 
червей (Oligohaeta ,  Lumbricidae) 
ле со степи Западного  Предкамья 
Республики Татарстан // Проблемы 
почвенной зоологии. Мат-лы III (XIII) 
Всероссийской научн. конф. gо почв. 
зоологии. М., 2002. С. 95-96. (in Russian).

Светлов П.Г. К фауне дождевых червей 
Чувашской и Татарской республик // 
Труды общ-ва естествоиспыт. при КГУ. 
Т. LV, вып. 1-2. 1937. С. 225-232. (in 
Russian).

Соколова Т.Л. Биоиндикационная роль 
люмбрицид при оценке почв города 
Костромы и Костромского Заволжья. – 

Республики Татарстан // Проблемы 
почвенной зоологии: Мат-лы XVII 
Всероссийского Совещания по 
почвенной зоологии, посвященного 
75-летию со дня рождения чл.-корр. 
РАН Д.А. Криволуцкого. Москва: Т-во 
научн. изданий КМК, 2014. С. 76-78. (in 
Russian).

Гордиенко Т.А., Вавилов Д.Н. Фауна и 
население дождевых червей (Lumbricidae) 
Волжско-Камского государственного 
природного биосферного заповедника 
// Современные проблемы эволюции 
и экологии: Сборник материалов 
международной конференции «XXX 
Чтения памяти А.А.  Любищева» 
(Ульяновск,  30-31 марта 2017 г.) - 
Ульяновск: УлГПУ, 2017. – С.300-308. 
(in Russian).

Гордиенко Т.А., Суходольская Р. А., Вавилов 
Д. Н. Биоразнообразие и структура 
сообществ почвенной мезофауны 
Волжско-Камского заповедника // Труды 
Волжско-Камского государственного 
природного биосферного заповедника. 
Вып.7. Казань: ФГБУ «Волжско-Камский 
государственный заповедник», 2016. 
С.213-229. (in Russian).

Гордиенко Т.А., Шафигуллина С.М., Токинова 
Р.П. Роль почвенных беспозвоночных 
в  ф у н к ц и о н и р о в а н и и  л е с н ы х 
экосистем // Биоразнообразие и роль 
животных в экосистемах: Материалы V 
Международной научной конференции.  
Днепропетровск: Лира, 2009. С.148-150. 
(in Russian).

Ермолаев О.П., Игонин М.Е., Бубнов А.Ю., 
Павлова С.В. Ландшафты Республики 
Татарстан. Региональный ландшафтно-
экологический анализ / под ред. проф. 
О.П. Ермолаева. – Казань: «Слово». – 
2007. – 411 c. (in Russian).

Жеребцов А.К., Богданов А.В., Артемьева Т.И. 
Дождевые черви (Lumbricidae) лесных 

Earthworms biodiversity in Tatarstan republic



76

Received: 06.05.2019.
Accepted: 10.09.2019.

Автореф… дис. канд. биол. наук. 2011. 
– 20 с. (in Russian).

Тиунов А.В. Метабиоз в почвенной системе: 
влияние дождевых червей на структуру 
и функционирование почвенной биоты 
/ Автореф. дисс. докт. биол. наук… 
Москва, 2007. 44 с. (in Russian).

Хабибуллина Н.Р. Сообщества почвенной 
мезофауны агроценозов западной части 
Республики Татарстан. – Автореф… дис. 
канд. биол. наук. Казань, 2012. 20 с. (in 
Russian).

Чеснова Л.В., Стриганова Б.Р. Почвенная 
зоология – наука ХХ века. М.: Янус-К, 
1999. 156 с. (in Russian).

Gordienko T.A., Sukhodolskaya R.A.


