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The litter invertebrate community consists of species from different size, trophic and taxonomic groups. The distribution 
of the animal population of the litter horizon depends upon many factors, especially the content of the phytocoenosis, the 
projective herbaceous plant cover, moisture, litter thickness and the soil texture. This article analyses the variability of the 
main characteristics of litter invertebrate communities (total number, number of species, diversity according to the Shannon–
Wiener and Pielou indices) on plots with different herbaceous plant composition and cover in plantations of Robinia 
pseudoacacia L. in the South steppe zone of Ukraine (territory of the “Tiligulsky” Regional Landscape Park). The taxonomic 
structure of the litter communities in the Robinia plantation was dominated by predatory groups of invertebrates (Carabidae, 
Aranea, Formicidae). The abundance of Julidae, Isopoda, Silphidae and Staphylinidae was relatively low. The studied forest 
plots were characterized by the simplified size structure of the litter macrofauna. The absence of species with body length of 
16–20 mm and length over  20 mm indicates damage to the most significant trophic chains. The forest belt studied is in a 
highly disturbed condition, the plots being dominated by steppe species of herbaceous plants. The analyzed factors (diversity 
and extent of cover of herbaceous plants) do not determine the structure of the litter macrofauna community but affect it 
indirectly: a slight increase in the total number of invertebrates was observed in areas with minimal and maximum number of 
species of herbaceous plants. The relationship between the abundance of invertebrates and the percentage of herbaceous 
plant cover is manifested insignificantly. We noted a tendency for the number of invertebrate species to decrease along the 
gradient of herbaceous plant cover due to the concentration of dominant predatory species which exterminate other trophic 
groups of macrofauna.  
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Introduction  
 

Litter invertebrates in forests undergo continuous redistribution in 
response to changes in temperature, moisture, abundance and quality of 
food objects, abundance of predators and parasites. All the above-
mentioned characteristics change over time (long-term, seasonal, and 
daily cyclic dynamics, which have significant fluctuations, caused by 
random variations in weather conditions). As a result, the number of 
invertebrates on a particular plot changes randomly. It is impossible to 
predict in advance for any moment of time at a given plot which of the 
factors will operate within the optimum range and which at an extreme 
range for any given species of invertebrate (Doblas-Miranda et al., 
2009; Brygadyrenko, 2015a).  

The factors which determine the distribution and structure of litter 
macrofauna communities have not yet been fully studied. A number of 
studies in different geographical zones, on different territories within 
natural ecosystems and in urban landscapes show that the formation of 
the structure of litter invertebrate communities involves a complex of 
dynamically related factors. The primary factors are considered to be the 
microclimatic conditions of a biotope, thickness and qualitative compo-
sition of the litter, which depends from the character of the vegetation 
and relations between trophic groups, and the soil texture (Decaëns 
et al., 1998; Scheu & Schaefer, 1998; Kazemi et al., 2009; Bozhko, 
2014; Ohta et al., 2014; Morgado et al., 2015).  

Within the conditions of artificial forest plantations a very different 
composition of invertebrate community is formed from that of natural 
forests. These differences manifest themselves as a change in the 
sequence of domination by taxa, decrease in total number of species, 
high variability of the seasonal species composition. The regime of 

increased lighting in artificial forests, which determines the compound 
of species in the herbaceous and shrub layers, causes steppe species of 
herbaceous plants and invertebrates to penetrate below the canopy. 
Plantations with open canopies undergo full or partial disappearance of 
woodland plants because the reduced tolerance of forest species of 
herbaceous plants and invertebrates to lack of moisture (Bonham et al., 
2002; Ikeda et al., 2005; Barsoum et al., 2013; Brygadyrenko, 2015b).  

This type of complex scheme of interaction between the herbaceo-
us layer and the invertebrate community is seen in artificial plantations 
of Robinia pseudoacacia L. in the South steppe zone, and it causes a 
practically complete substitution of forest species by steppe and habitat 
generalist species (Brygadyrenko, 2015; Listopadsky, 2015). Competiti-
on between species which are respectively the elements of steppe and 
forest cycles of substance and energy exchange, is followed by formati-
on of a patchy spatial structure of the herbaceous layer in the forest 
plantations, and, on the other hand, by natural re-distribution of indivi-
duals of different litter macrofauna species.  

Interaction of herbaceous plants with litter macrofauna has been 
studied in natural forests of Ukraine’s steppe zone (Brygadyrenko, 
2015b) and in poplar plantations within city parks (Faly & Brygadyren-
ko, 2014). The patterns of spatial distribution of litter macrofauna in 
Robinia woodland belts of the Southern subzone of Ukraine’s steppe 
zone have not been studied up to now. Planted forests in these territories 
are of interest on account of the constraints imposed by the highly 
contrasting conditions of the surrounding environment, characterized by 
low moisture and high levels of insolation, as exemplified by the 
“Tiligulsky” Regional Landscape Park.  

This article investigates the following hypotheses: (1) the diversity 
of herbaceous plants determines the structure of the litter macrofauna; 
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(2) the projective cover of herbaceous plants significantly changes the 
main characteristics of litter invertebrate communities (total number, 
species diversity, diversity according to the Shannon–Wiener and 
Pielou indexes). The article’s objective is to evaluate the variability of 
litter invertebrate communities on plots with different composition and 
projective cover of herbaceous plants in Robinia pseudoacacia L. 
plantations.  
 
Materials and methods  
 

The invertebrates were collected in June of 2014 from a woodland 
shelterbelt (N 46.9207º, E 31.0908º) in the “Tiligulsky” Regional Land-
scape Park (in the vicinity of Tashyno Berezans’ke village, Nikolaev-
s’ka oblast’ of Ukraine). A 60 year old plantation of R. pseudoacacia L. 
was studied. The shrub layer was insignificantly represented in the site’s 
plant community (density – 10%). In the herbaceous layer the dominant 
plants were: Festuca sp. (10–60 %), Elytrigia repens L. (5–60%), Bro-
mus squarrosus L. (5–60%), Galium mollugo L. (5–50%), Marrubium 
praecox Janka (5–40%), Artemisia austrica L. (5–30%).  

For monitoring the invertebrates, the method of manual sifting of 
the litter was used. The research plot (80 m2) was divided into 1 x 1 m 
squares. The 1 m2 squares differed in content of litter, compound of 
species and number of herbaceous plants. Before the litter was collected 
for sifting, a description of the herbaceous cover of each 1 m2 square 
was made, evaluating the cover (%) of each species of herbaceous plant, 
and the juvenile and immature phases of shrub plants. Before collecting 
litter, the higher parts of the herbaceous plants were carefully cut with 
secateurs, in order to minimize disturbance to the litter and to avoid 
causing vertical or horizontal migration of the litter macrofauna.  

The numerical assessment of the litter invertebrates was done using 
the best known indexes (Shannon–Wiener, Pielou). Statistical analysis 
of the results was made in Statistica 8.0 (StatSoft Inc., USA). The 
differences between the selections were evaluated using ANOVA, they 
were considered significant at Р < 0.05. The diagrams show median, 
25–75% quartiles, maximum and minimum values, and in certain cases, 
extremes.  
 
Results  
 

The dominant groups in the taxonomic structure of the “Tiligulsky” 
Robinia plantation’s litter communities were predatory groups of inver-
tebrates. The most numerous groups on the studied area were Cara-

bidae, Aranea and Formicidae. The populations of Julidae, Isopoda, 
Silphidae and Staphylinidae, which are typical for natural types of 
forests in Ukraine’s steppe zone, were relatively low in the planted 
shelterbelt. Among typical saprophages, the dominant species were Por-
cellio scaber Latreille, 1804 and Rossiulus kessleri (Lohmander, 1927).  

The size structure of invertebrate communities reflects the extent of 
exploitation of an ecosystem’s trophic resources by litter invertebrates. 
A community which contains all size groups is considered stable. The 
Robinia plantation in the “Tiligulsky” Regional Landscape Park was 
characterized by the simplified size structure of the litter macrofauna. 
The dominating group was invertebrates with body length of 4–8 mm 
(abundance reached 80 individuals/m2). This group is more abundant 
than other types in artificial forests in the steppe zone (Faly & 
Brygadyrenko, 2014). The abundance of litter invertebrates with the 
shortest body length (less than 4 mm) reached a relatively high value, at 
63 individuals/m2. The high density of macrofauna belonging to this 
size group indicates a stable temperature regime and moisture condi-
tions in the course of the season. However, the absence of species with 
body length of 16–20 mm and over 20 mm indicates disturbance to the 
most significant trophic chains, for ultimately large invertebrates are a 
food source for predatory vertebrates (Fig. 1a). The size structure of the 
litter macrofauna community did not change along the gradient of 
herbaceous vegetation cover (Fig. 1b). The woodland belt is in a highly 
vulnerable condition (as a woodland habitat), the plots were dominated 
by steppe species of herbaceous plants.  

The total number of litter macrofauna in acacia plantations fluctu-
ates across a wide range. The domination of one or two species of 
invertebrates in a particular forest plot causes rapid increase of popula-
tion (54 individuals/m2), which is higher than the average indicator for 
the given type of forest (23 individuals/m2). This characteristic (for most 
sample plots) significantly differs (in poverty of fauna) from the same 
indicators in natural floodplain and ravine broad-leaf forests of Ukrai-
ne’s steppe zone. A statistically significant increase in the total number 
of invertebrates was seen in the plots with minimum and maximum 
number of herbaceous plant species (Fig. 2a). The relationship between 
litter invertebrate abundance and the percentage of herbaceous plant 
cover is manifested insignificantly. A more revealing factor which cau-
ses the increase and decrease of macrofauna populations is the thickness 
of forest litter. Insufficient moisture in the conditions of artificial forests 
in South Ukraine causes litter invertebrates to migrate to limited areas 
with optimum moisture and lowering of the microrelief and a raised 
percentage of herbaceous plant cover (Brygadyrenko, 2016).  
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Fig. 1. The number of separate size groups of litter macrofauna (а) in their preferred herbaceous layer conditions (b) in the forest ecosystem  

On the studied plots, we observed an insignificant increase of inver-
tebrate species in relation to the number of herbaceous plant species 
(Fig. 3a), which is explained by the increase of the species which inhabit 
the herbaceous layer (specialized phytophages). The number of inverte-

brate species tends to decrease along the gradient of herbaceous plant 
cover (Fig. 3b), due to concentration of dominant predatory species of 
invertebrates (Carabidae, Aranea, Formicidae), which exterminate other 
trophic groups (phytophages, saprophages).  
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Fig. 2. The relationship between number of litter invertebrates and the number of herbaceous plant species on one sample plot (a)  
and herbaceous plant cover (b) in the forest ecosystem  
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Fig. 3. The relationship between number of litter invertebrate species and the number of herbaceous plant species on one sample plot (a)  
and herbaceous plant cover (b) in forest ecosystem  

The Shannon–Wiener index of biological diversity considers the 
number of invertebrate species on a sample plot. The number of plant 
species does not affect the diversity of macrofauna according to Shan-
non–Wiener, no relationship was found (Fig. 4a). The values of the 
index remain at a low level for all the plots (3.3 bits). The Pielou index 
illustrates the extent of species uniformity in numbers, evaluates the 
absence of dominants in the community. With increase in diversity of 
herbaceous plants, the values of the Pielou diversity index tend to 
decrease (from 0.94 bit for one species of plants to 0.91 bit for nine 
species of plants per 1 m2) (Fig. 4b).  

A tendency was observed towards decrease in the Shannon–Wie-
ner index (from 3.4 to 3.2 bits) when there was an increase (0–90%) in 
the percentage of herbaceous plant cover (Fig. 5a). The values of the 
Pielou diversity index do not change for these characteristics (Fig. 5b).  

The Shannon–Wiener index did show a statistically significant 
change in the macrofauna diversity in relationship to the gradient of her-
baceous plant diversity (Fig. 6a). According to the Pielou index, when 
plant diversity increases, the diversity of litter invertebrates decreases by 
0.04 bit (Fig. 6b).  

The size structure of the litter macrofauna community did not chan-
ge in relation to the gradient of herbaceous plant cover. An insignificant 

increase in the total number of invertebrates was observed in the areas 
with minimum and maximum diversity of herbaceous plants. An insig-
nificant relationship was shown between the number of litter macro-
fauna and the percentage of herbaceous plant cover. The diversity of 
invertebrates on the study plots tended to decrease along the gradient of 
herbaceous plant cover. The number of plant species did not affect the 
diversity of the macrofauna according to the Shannon–Wiener index. 
The values of the Pielou diversity index decrease with higher diversity 
of herbaceous plants. The values of the Shannon–Wiener index insig-
nificantly decrease with increase in the percentage of herbaceous plant 
cover (from 3.4 to 3.2 bits). According to Shannon–Wiener the changes 
of macrofauna diversity along the gradient of herbaceous plant diversity 
are not statistically significant.  
 
Discussion  
 

Thus, the suggested hypotheses, concerning (1) the diversity of 
herbaceous plants determining the structure of litter macrofauna and 
(2) the projective cover of herbaceous plants significantly affecting the 
main characteristics of litter invertebrates (the total number, number of 
species, diversity according to Shannon–Wiener and Pielou) were not 
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proved. We observed that the diversity of invertebrates tends to decrea-
se along the gradient of projective herbaceous plant cover due to con-
centration of dominant species of predatory invertebrates (Carabidae, 
Aranea, Formicidae), which exterminate other trophic groups of macro-
fauna. However, an insignificant increase in invertebrate diversity was 
observed on the plots with high diversity of herbaceous plants, which 
is explained by increase in percentage of specialized phytophages. 

The analyzed factors (diversity and herbaceous plant cover) do not 
determine the structure of litter macrofauna community, though they 
may well affect it indirectly: we observed an insignificant increase in the 
total number of invertebrates on the plots with minimum and maximum 
diversity of herbaceous plants. The relationship between the abundance 
of invertebrates and the percentage of herbaceous plant cover was mani-
fested insignificantly.  
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Fig. 4. The relationship between Shannon–Wiener (a) and Pielou (b) diversity indexes of litter macrofauna  
and the number of herbaceous plant species on a sample plot  
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Fig. 5. The relationship between Shannon–Wiener (a) and Pielou (b) diversity indexes of litter macrofauna  
and herbaceous plant cover on a certain sample plot  

The mosaic structure of the habitat conditions (due to variations in 
moisture, lighting, distribution of vegetation, trophic resources) determi-
nes the coexistence of invertebrates of different taxonomic, trophic and 
size groups in any single territory. Individuals of certain species can 
tolerate the presence or absence of one another, but more often they 
interact (Koivula et al., 1999; Marko et al., 2004; Hawes et al., 2013; 
Brygadyrenko, 2016) positively (for example, predators move to places 
with maximum concentration of prey, saprophages to places with accu-
mulations of vegetative detritus) or negatively (for example, many spe-
cies of invertebrates avoid places highly populated with ants). The dis-
tributional character of predatory litter invertebrates determines the 
populations of some groups of soil macrofauna, primarily Lumbricidae. 
The interrelationship between soil and litter invertebrates is seen not on-
ly in the formation of trophic chains. A more important function is their 

part in the zoogenous cycle of chemical elements in the processes of soil 
formation (Baljuk et al., 2014; Kulbachko et al., 2014; Shtirts, 2015).  

The complex network of interaction of elements (individuals of dif-
ferent invertebrate species) on the surface of soil, in the fallen leaves of 
forest plantations is affected first of all, by the thickness of the fallen 
leaves’ layer, secondly, by the extent of development and diversity of 
the herbaceous layer. On the other hand, invertebrates-phytophages 
consume certain species of herbaceous plants themselves; saprophages, 
grinding and consuming fallen leaves help the seeds of herbaceous 
plants to reach the surface of soil, increasing their chances of sprouting; 
zoophages partly limit the number of phytophage species, and polypha-
ges, often, on the contrary, contribute to the reproduction of suctorial 
species, which feed on plants’ juices (for example, ants and aphids, 
Diaspididae, cicadas). In a forest ecosystem, just as the herbaceous layer 
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affects the fauna of litter invertebrates, changing the hygrothermal regi-
me of a particular area of the earth surface, the invertebrates affect the 
herbaceous layer, changing the distribution of certain species within it 
(ants move the seeds of many species of plants, Lygaeidae suck out the 
seeds of many species of plants, etc.) (Marko et al., 2004; Brygady-
renko, 2015b).  

Robinia plantations are characterized by the simplified size struc-
ture of the litter macrofauna. The dominant group is invertebrates with 
body length of 4–8 mm (up to 80 individuals/m2). The population of the 
group of invertebrates with the shortest body length (less than 4 mm) is 
relatively high – 63 individuals/m2. However, the absence of species 
with body length of 16–20 mm and body length of over 20 mm indi-
cates that the most significant trophic chains are distorted due to the 
anthropogenic transformation of the ecosystem and seasonal variability 
in the conditions of existence of litter invertebrates. The size structure of 

the litter macrofauna community does not change along the gradient of 
herbaceous plant cover.  

The number of plant species does not affect the diversity of inver-
tebrates according to Shannon–Wiener index. The index values (for all 
plots) are low – 3.3 bits. The values of the Pielou diversity index tend to 
decrease when the diversity of plants increases (from 0.94 bit – 1 spe-
cies of plants to 0.91 bit – 9 species of plants per 1 m2). An insignificant 
decrease in the Shannon–Wiener index (from 3.4 to 3.2 bits) was obser-
ved when the percentage of herbaceous plant cover increased (0–90%). 
The Pielou diversity index does not change in the same conditions. 
The changes in macrofauna diversity along the gradient of herbaceous 
plant diversity according to Shannon–Wiener are not statistically sig-
nificant. According to the Pielou index, the diversity of litter inver-
tebrates insignificantly decreases when the plant diversity increases 
(by 0.04 bit).  

a 

Y = 3.3438-0.0643*x

0.0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4

Diversity of herbaceous plants (Shannon-Wiener index), bits

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

D
iv

er
si

ty
 o

f i
nv

er
te

br
at

es
 (S

ha
nn

on
-W

ie
ne

r i
nd

ex
), 

bi
ts

 b 

Y = 0.9574-0.0432*x

0.0 0.2 0.4 0.6 0.8 1.0

Diversity of herbaceous plants (P ielou index), bits

0.50

0.55

0.60

0.65

0.70

0.75

0.80

0.85

0.90

0.95

1.00

D
iv

er
si

ty
 o

f i
nv

er
te

br
at

es
 (P

ie
lo

u 
in

de
x)

, b
it

s

  

Fig. 6. The relationship between Shannon–Wiener (a) and Pielou (b) diversity indexes  
of forest litter macrofauna and the diversity of herbaceous plants on a sample plot  

Other authors (Hansen, 2000; Nakamura et al., 2003; Doblas-Mi-
randa et al., 2009) have usually studied the effect of a wider range of 
abiotic and biotic factors upon the structure and distribution of soil and 
litter invertebrates. Statistically significant changes in macrofauna diver-
sity have usually been obtained for forest plots with different moisture 
and litter thickness, and with different compositions of the studied plan-
tations (Oxbrough et al., 2005, 2010; Pearce & Venier, 2006). The indi-
rect effect of herbaceous plant diversity upon the main characteristics of 
community structure of soil-litter invertebrates support the conclusions 
made by other researchers (Gastine et al., 2003; Hedlund et al., 2003).  
 
Conclusion  
 

Studies of the connection between the percentage of cover and the 
diversity of herbaceous plants in Robinia plantations and macrofauna 
diversity in most cases have shown statistically insignificant changes in 
the main characteristics of litter macrofauna. Insignificant increase in 
total number of invertebrates was observed in the gradient of herbaceo-
us plant diversity. A significant relationship between the number of 
invertebrates and the percentage of herbaceous plant cover was not 
found. The Shannon–Wiener index values (for all plots) are low 
(3.3 bits), the plant diversity does not affect the diversity of invertebra-
tes. The Pielou index values insignificantly decrease when the diversity 
of herbaceous plants increases. With increase in percentage of herba-
ceous plant cover (0–90%), the Shannon–Wiener index values tend to 
decrease; the Pielou index does not change in the same conditions. 
When the diversity of herbaceous plants increases, the diversity of in-
vertebrates does not change (according to the Shannon–Wiener index) 
or insignificantly decreases (according to the Pielou index). Thus, the 
studied factors do not determine the structure of the litter macrofauna 

community. The obtained results can provide a basis for comparative 
analysis of the peculiarities of functioning of litter macrofauna in similar 
forests of different geographic zones, and also can be used for develo-
ping measures for improving the stability of artificial forest ecosystems.  
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