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The paper offers a matrix of environmental and ecological-morphological features of earthworms. It is shown that this matrix has information that could explain the organization and functional structure of the community of earthworms of natural, agricultural and urbanized ecosystems. Humidity conditions, which are expressed by quantitative characteristics of gigrotop of the edaphotop are the determining factor that affects the organization of communities of earthworms, which, in its turn, is also reflected in the ecological and morphological features of lumbricid communities. Trophotopes has a multi-vector impact on the organization of communities of earthworms. Features of this influence are also modulated ceonotic features of the biocenoses. It showed that character of communications of humidity conditions and trophic edaphotop with the organization of communities of earthworms, which also is reflected in the morpho-ecological features of certain types of earthworms. Proofs of existence of earthworms ecomorphes – gigromorphes and trophocenomorphes have been presented. 
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Statement of the problem. Earthworms are an important component of the animal population of the different ecosystems of the temperate latitudes. In the Steppe zone of the main variety of this group of animals is concentrated in azonal and intrazonal communities. In the Dnieper Steppe we established the presence of 16 species of earthworm [20]. Steppe zonal earthworm communities have been found to be characterizes by low abundance and diversity. Diversity of forest, meadow and swamp groups appears in the laws change faunistic and ecological structure of the animal communities of the soils of these biogeoceanosis, including earthworms [22, 27]. The basics of the typology of the Steppe zone of Ukraine biogeocoenosis laid down in the works of O. L. Belgard [13, 14]. The main ordinations that define the structure of the biogeocoenosis have been found to be humidity and trophcity of the edaphotope, as well as the flooded modes and alluviality. Also, O. L. Belgard introduced ecomorphic analysis of vegetation [14]. The possibility of which to study groups of animals have been substantiated in the writings of A. P. Travleev [38–40], L. G. Apostolov [3–6], V. O. Barsov [7, 8], O. Zhukov [21–30].

D. Wìlke [62] offered the ecological separation of Lumbricidae. He singled out one group of species that live on the surface, the other is living in the gumus horizon of the soil. Worms that live in the gumus horizon of the soil, divided, in turn, those migrating inward during the diapause and those who do not have the phase of diapause, who live in constantly wet soils. In a separate group of combined large species that are in the soil deep moves. The scheme, offered by D. Wilke, was adopted by many researchers [19, 34–37, 43–47]. Boucher gives only a more detailed description of the selected Wilke forms, calling them epigees, aneciques and endogees.

Evaluation of the role of the eсomorphic features of earthworms in the organization of their communities is urgent problem that requires your solution.

Analysis of recent research and publications on the issue. Soil properties affect the organization of earthworms communities [61]. Granulometric composition in combination with the type of plant cover, quantity of nutrients and pH value in many respects the number of gangs of earthworms in natural ecosystems [42, 54–56]. The genesis of the complexes of the earthworm is grading. The structure of the groups Lumbricidae is determined by quantitative spectrum of granulometric fractions [17]. According to Briones et al [48], pH, organic matter and metabolic organism are the most important factors that determine the environmental differences in earthworms communities. Nordström & Rundgren [60] note the importance of organic matter, pH, and moisture in the distribution of earthworms. Found that the distribution A. rosea has close ties with the contents in the soil clay. This relationship can be secondary, because content in the soil clay correlates with the water holding ability to directly affect the earthworm [53]. Also in this study established a link between the strength of A. c. trapezoides and aeration and porosity soil. The reason for the influence of dry soil on earthworm may be the reaction of worms on a matrix of potential of water in the soil and do not depend on the grain composition of soil for Aporrectodea rosea. Or be the result of interaction between a matrix of potential and with texture for A. c. trapezoides so that soil moisture threshold that has repellent properties, together with the granulometric composition of the soil [51].

On the basis of data obtained within the territory, which is characterized by a mediterrian climate, was held in a multiple regression analysis of the relationship of the total density of the population of earthworms and their biomass of different physical and chemical properties of soil. He showed in general a weak relationship between these parameters (significant correlation coefficient was within 0,53 to 0,1), especially for biomass. Relatively strong positive relationship marked between the total density of earthworms and soil pH, humidity and stable soil aggregates. This relationship most of all investigated species characteristic for rainy worm A caliginosa. For rainy ver L. rubellus discovered positive link density distribution with the amount of organic carbon in the soil and a negative relationship with the amount of potassium in it. Found a positive relationship between annual rainfall and number of earthworms. In the range of this indicator from 300 to 1100 mm per year the correlation coefficient with the number of earthworms amounted to 0,35 [59].

Pollution of forest soils polymetallic dust in conjunction with SO2 has extremely negative consequence for earthworms. As you increase the toxic load they dramatically reduce the number and will completely disappear. It leads to the formation of «lûmbricidnih deserts» [18]. Shown the important role of earthworm in the revegetation [1, 2].

Ecological aspects of morphological adaptations of the earthworm is investigated in detail in Ìvancìv [31, 32].

Aims of the research. Set role ecomorphological features of earthworms (Lumbricidae) in the organization structure of their communities with regard to the impact of environmental factors, defined as grades of gygrotop and trophotop.

Materials and methods. Collection of material held in the period of 1997–2015. The research covered 180 sample areas, located in different types of biogeocoenosis within the Dnipropetrovsk region of Ukraine. The list and biogeocenotic characteristics of the test areas are given in [20].

Results of the research.  As RLQ analysis maximizes the covariance between the properties of types and variables of the environment taking into account the matrix of the distribution of species by location, it is important to assess the degree of compromise as mapping of the primary data, which can be achieved (table 1).

1. Summary of the RLQ-analysis (covar = sdR·sdQ·corr)

	Axes
	Eigen value (eig)
	Covariation (covar = eig2)
	Environmental factors variation 
(sdR)
	Species traits variation
(sdQ)
	Species correlation with sites
(corr)

	1
	1,58
	1,26
	1,83
	2,20
	0,31

	2
	0,18
	0,42
	1,24
	1,95
	0,17

	3
	0,09
	0,30
	1,28
	1,27
	0,19

	4
	0,04
	0,19
	1,22
	0,81
	0,20


The first four axis, resulting in the RLQ analysis explain 98,6 % of total inertia. Here's the 1 reflects 82,7 % of inertia, here are 2 – 9,3 %, here are 3 – 4,7 % and here is 4 – 2,0 %. You can compare the results of RLQ analysis with individual analyses, which independently maximize structure properties of the species (analysis of Hill-Smith properties of species), environmental factors (analysis of Hill-Smith of the variables gìgrotop and trofotop and coenotic markers) and correlation (analysis correspondences table types-sites). Variation factors environment fairly evenly distributed between the first four axes, obtained after the RLQ analysis. Relatively greater variation explains that's 1 for variations of properties types, resulting in the following axis explain progressively lower the proportion of variation. Here's 1 explains the much greater correlation types (0,31) than each of the three following axes.

The decision, which received, as a result, RLQ analysis weakly differs from the results of the analysis of the Hill-Smith variables environment, somewhat different from the results of the analysis of the Hill-Smith properties types and significantly different from the analysis correspondences matrix types of sites (table 2).

Multiple test can be applied to assess the global credibility of properties types – environmental factors. The test is based on the total inertia (pic. 1). 

2. Comparison of the RLQ analysis results with ordinary data analysis of multidimensional procedures

	Axes
	Environmental inertia and coinertia (R-matrix)

	
	Inertia
	Maximal inertia
	Ratio

	1
	3,33
	3,55
	0,94

	2
	4,88
	6,17
	0,79

	3
	6,50
	7,61
	0,86

	4
	7,99
	8,74
	0,91

	Species inertia and coinertia (Q-matrix)

	
	Inertia
	Maximal inertia
	Ratio

	1
	4,86
	8,40
	0,58

	2
	8,68
	14,39
	0,60

	3
	10,28
	17,07
	0,60

	4
	10,94
	18,81
	0,58

	Species correlation within sites (L-matrix)

	
	Correlation
	Maximal correlation
	Ratio

	1
	0,31
	0,74
	0,42

	2
	0,17
	0,58
	0,30

	3
	0,19
	0,56
	0,33

	4
	0,20
	0,53
	0,37


RLQ-1 that's closely correlated with the rate of humidity of hihrotop (table 3). Although we established statistically significant correlation coefficient of nonlinear member H2, communication with the index of flatness RLQ-axis 1 is monotonous, as extremum point is outside the range of variability values ​​axis (pic. 2). Depending on the level of mineral nutrition RLQ-1 axis statistically less likely, as trophotopes more limiting upper limit value of the axis (pic. 2). An important aspect of variation RLQ-axis 1 is the relationship of trophotopes of hihrotop and the impact on this here. In certain this axis plays an important role as regards cenotic component. Negative values of​​RLQ-axis 1 associated with swamp communities, and positive – of meadow Steppe amfitsenoz, with elements of forest pseudomonocenoz Steppe, Forest-Steppe amficenoz and Steppe monocenoz.
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Pic. 1. The results of multiple test likelihood ratios property types – environmental factors. Diamond – the observed values of total inertia histogram distribution – the value of inertia for 999 random alternatives.
3. Correlation of RLQ-axes and environmental factors 

	Environmental factors
	RLQ 1
	RLQ 2
	RLQ 3
	RLQ 4

	Hygrotop (H)
	–0,96
	0,00
	–0,23
	0,13

	Trophotop (T)
	–0,06
	–0,75
	0,64
	–0,76

	H2
	–0,96
	–0,01
	–0,07
	0,08

	T2
	0,03
	–0,74
	0,72
	–0,73

	H·T
	–0,90
	–0,32
	0,07
	–0,29

	Cluster 1*
	–
	0,20
	–0,07
	–0,11
	0,03

	
	+
	–2,09
	0,69
	1,19
	–0,29

	Cluster 2
	–
	–0,06
	–0,02
	0,33
	–0,30

	
	+
	0,13
	0,03
	–0,64
	0,57

	Cluster 3
	–
	–0,05
	–0,10
	–0,04
	0,01

	
	+
	1,02
	2,13
	0,85
	–0,32

	Cluster 4
	–
	0,17
	0,16
	0,19
	–0,08

	
	+
	–0,29
	–0,27
	–0,32
	0,13

	Cluster 5
	–
	–0,07
	–0,09
	–0,03
	0,12

	
	+
	1,09
	1,32
	0,43
	–1,88

	Cluster 6
	–
	–0,04
	0,04
	0,01
	0,10

	
	+
	0,93
	–0,87
	–0,19
	–2,47

	Cluster 7
	–
	–0,10
	0,11
	–0,19
	–0,01

	
	+
	1,63
	–1,83
	3,08
	0,14
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Pic. 1. The dependence of values of RLQ-axes from the level of humidity (horizontal axis)
[image: image6.emf]0 1 2 3 4 5 6 7 8 9

-3

-2

-1

0

1

2

3

RLQ1

 
[image: image7.emf]0 1 2 3 4 5 6 7 8 9

-3

-2

-1

0

1

2

3

RLQ2



[image: image8.emf]0 1 2 3 4 5 6 7 8 9

-2

-1

0

1

2

3

4

5

RLQ3

 
[image: image9.emf]0 1 2 3 4 5 6 7 8 9

-5

-4

-3

-2

-1

0

1

2

3

RLQ4


Pic. 1. The dependence of values of RLQ-axes from the level of fecundity (horizontal axis)
The impact of environmental factors on earthworms group is accompanied by changes in the ecological and morphological level. RLQ-1 that's closely related to the ratio of topomorf a gang. Negative values associated with the axis greater share of epiheynic forms and positive – less endogenous – norniks. Also this axis is such sensitive index as prostomium form. Negative indicators of RLQ-axis 1 followed by a greater proportion of worms of tanilobic blade, and positive – epilobic. Also this axis is sensitive indicators that reflect the worms’ body size (length, number of segments), and that quite interesting marker shape of male sex hole. More worms inhabit moist habitats, including hole 15 has abdominal segment, or it is not beyond the boundaries of this segment. In contrast, in more arid habitats dominated by worms, which is surrounded abdominal genital opening, which comes into neighboring segments. The color is also sensitive to the values RLQ-axis 1. Negative values (they represent wetter habitats) correspond to the predominance of worms gang of red-brown and reddish-brown color, while a positive amount (dry habitats) – meet without the predominance of worms pigmentation.

For 2–4 axes, which are most sensitive to trophotopes we established a significant level of correlation with weight of lumbrycid genome. The most sensitive marker RLQ-axis 2 is the presence of earthworms flattened caudal end of the body and brown color. According to the values RLQ-axis 2, poor soils more populated groups of earthworms, which are dominated by epiheynic forms, and richer – endoheynic norniks.

That RLQ-3 is most sensitive to the role of a gang norniks tanilobic prostomium, on one hand and the animals of epilobic prostomium – on another. RLQ-4 as the most sensitive to the role of norniks, whose number is in this case in connection with negative numbers endogenous forms.

4. Correlation of RLQ-axes and morpho-ecological properties of earthworms

	Properties
	RLQ 1
	RLQ 2
	RLQ 3
	RLQ 4

	Genome size

	(C-valua)
	-0,02
	-0,82
	-0,77
	-0,25

	Topomorfs

	Epigeic
	–
	0,71
	0,51
	0,36
	0,08

	
	+
	-1,21
	-0,87
	-0,61
	-0,13

	Endogeic
	–
	-0,83
	-0,51
	-0,11
	0,28

	
	+
	0,80
	0,49
	0,10
	-0,27

	Anecic
	–
	-0,05
	-0,08
	-0,20
	-0,21

	
	+
	0,34
	0,61
	1,44
	1,57

	Morphological properties

	Prostomium epilobic
	–
	-1,87
	0,94
	1,45
	0,28

	
	+
	0,15
	-0,07
	-0,12
	-0,02

	Prostomium tanilobic
	–
	0,15
	-0,07
	-0,12
	-0,02

	
	+
	-1,87
	0,94
	1,45
	0,28

	Flattened caudal end of the body
	–
	-0,07
	-0,65
	-0,56
	-0,47

	
	+
	0,12
	1,06
	0,90
	0,77

	Setae close together in pairs
	–
	0,20
	0,44
	0,40
	-0,04

	
	+
	-0,31
	-0,68
	-0,60
	0,06

	Body length (L)
	0,46
	0,54
	0,66
	0,46

	Body diameter (W)
	0,05
	0,34
	0,62
	0,49

	logW/logL
	-0,60
	-0,06
	0,26
	0,34

	Minimum number of segments
	0,59
	0,77
	0,73
	0,40

	Maximum number of segments
	0,61
	0,76
	0,78
	0,43

	Segment length
	0,62
	0,59
	0,56
	0,20

	Intersegment pore position
	N
	0,37
	0,70
	0,41
	0,39

	
	%
	–0,01
	0,55
	–0,03
	0,24

	Beginning of the clitellum
	-0,10
	0,08
	-0,08
	0,18

	Clitellum length 
	0,65
	0,35
	0,25
	0,28

	Surrounded  male sex hole
	–
	-0,60
	-0,55
	-0,45
	-0,16

	
	+
	0,60
	0,55
	0,45
	0,16

	Coloring

	Brown
	–
	-0,21
	-0,49
	-0,31
	-0,33

	
	+
	0,44
	1,03
	0,64
	0,69

	Absent
	–
	-0,40
	0,06
	0,06
	0,39

	
	+
	0,89
	-0,12
	-0,14
	-0,88

	Red-brown
	–
	0,66
	0,47
	0,26
	-0,07

	
	+
	-1,13
	-0,80
	-0,44
	0,13


Based on the values of RLQ-axes species of earthworms were classified by means cluster analysis (pic. 1). We found existence of four cluster or functional groups of earthworms.
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Pic. 1. Cluster of earthworms analysis groups on the basis of RLQ-procedure (Euclidean distance, Ward method). Legend: A – D – clusters.
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Pic. 1. Placement of the species of earthworms and their functional groups in the RLQ-axes
Conclusions:
1. The proposed matrix of ecological and morphological and ecological characteristics of earthworms has information able to explain the organization and functional structure groups of earthworms.

2. The conditions of humidity, which are expressed using quantitative characteristics of hihrotop of edafotop are a key factor that affects the organization of groups of earthworms, which in turn, is reflected in ecological and morphological features of lumbrycid.

3. Trophotopes has a multi-vectored impact on the organization groups of earthworms. Features of this effect is also modulated by coenotic features biomes.

4. Conditions of humidity and trofility of edafotop of the organization of earthworms’ groups, which also is reflected in morphological and ecological characteristics of certain types of earthworms, confirms the existence of ecomorf of earthworms – hihromorf and trofocenomorf.
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