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Ecological networks capture the organisms (identities) within the system and multiple interactions between them.
Such interactions serve for the exchange of the conservative substances, such as energy and matter, creating the
complex structure and behavior of ecological systems. Network organization can be considered as the reflection of
ecosystem structure and functions. Network view of systems, as a fundamentally different way of system assess, gave
rise to a fast development and acceptance of a new powerful analytical tool named “Network Analysis”. Series of
network measures have grown up around the Network Analysis. However the linking of network properties to the
ecosystem status is limited because of the gaps concerning the levels and directions of network measures interrelations
with empirical ecosystem parameters. Network indicator-based reference values (warning thresholds, standards) are
also needed in order to transfer Network Analysis results into the ecosystem decision-making. The aim of current paper
is to incorporate Network Analysis tools and empirical comparative analysis of grasslands in Chernivtsi Region in
order to assess their ecosystem status. Our results show that most of the network indices demonstrate positive
associations with each other, but negative relations with network synergism. It shows that the objective measures of
system-wide properties express in different ways a general intuition about the nature of network organization. Our
results also shows the contribution of each network property under the study to the ecosystem status by assessing of the
interrelations between trophic network measures and the empirically derived parameters of the study grasslands, such
as: plant biomass, insect species biodiversity, cattle density, soil microbial groups, soil acidity, and geographical
location. In the framework of the current paper we also establish the network indicator-based reference values for
grassland ecosystems, linked to the physic-geographic area of Carpathian Mountains, Ukraine. Eventually, we
assessed the deviations of the network properties from their reference values and showed the warning status of
grassland ecosystems to invoke consequently further precaution.
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Introduction. The concept of system emergence
has been in use in Science, Philosophy, and Art
since the time of Aristotel. It says that whole is
incommensurable and greater than the sum or
difference of its parts (Lewes,1875). But Ecology so
far has trying to understand ecosystems mostly by
studying some of their components or certain
specific processes that leads to reduction of whole to
the sum of its parts. Such a reducing of natural
systems and selective study of their components can
distort our understanding of the world and make it
unpredictable and unknown. To understand
ecosystem’s behavior we need holistic view and
system thinking which can meld together
multidisciplinary knowledge and perspectives on
complex problems.

System theory has been heightened by the
renowned discovery of atoms and subatomic
particles in Quantum Mechanics that argued the
absence of isolated compartments in nature. Any
objects in nature represent the network of
interactions. Such interactions are basic in
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understanding of system. Thus, the paradigm shift
from the parts to the whole and the interpretation of
life in the way of networks within bigger networks
became the Network view of study and one of the
key characteristic of System Thinking (Capra,
2002). Networks are everywhere and have
implications for science, philosophy, business,
politics, health care, education, society, and life
(Fath, 2006).

Elton’s conception of ecological niche (1927) has
become the driver of System Thinking in Ecology.
Elton defined niche as the fundamental role of
organism in the community, as the interactions of
individual with other species.

System Ecology and modeling approaches
indicate the network organization as equal to, or
even more important than genetic information in
ecosystem capacity supply for vital activity (Fath
and Patten, 1999). Ecological networks capture the
organisms (identities) within the system and
multiple  interactions  between them.  Such
interactions serve for the exchange of the
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conservative substances, such as energy and matter,
creating the complex structure and behavior of
ecological systems. Network organization can be
considered as the reflection of ecosystem structure
and functions. Network view of systems, as a
fundamentally different way of system assess, gave
rise to a fast development and acceptance of a new
powerful analytical tool named ‘“Network Analysis”.
It is growing interdisciplinary area that makes it
possible to study objects as part of whole
interconnected system (Fath and Patten, 1999). In
Ecology Network Analysis is an environmental
application of Leontief’s economic input-output
analysis (1936, 966). It has been developed as the
way to bring multi-compartment modeling (Matis et
al., 1979) into ecological system analysis and theory.

Classic Thermodynamics define an isolated
system as one moving toward  thermodynamic
equilibrium with increasing of entropy in it. The
result of such a process is a death of system.
Ecosystems cannot be isolated as they are moving
away from thermodynamic equilibrium. Also
ecosystems cannot be closed as they receive energy,
matter and information from outside of system
boundaries. Openness of real ecological systems
requires the proper theory and applicable modeling
methods to be able to capture the holistic nature and
complexity of the real world. Such a system analysis
methodology is drawn on Patten’s Environ Theory
(1976) and implemented quantitatively into Network
Environ Analysis. Patten (1976, 1978) considers a
system object at any level in a system hierarchy to
be an input-state-output entity, as follows: looking
backward in time defines the environment that
produces the input, or the input environ; and looking
forward in time defines the environment that is
affected by the system’s output, or output environ

(Fig. 1).

" Input it Output }

Enviro Environ
~
ENVIRONMENT

Fig. 1. Input and output environs as two environments
of an object within the system boundaries (Patten’s
concept of environs, 1978, 1982).

Patten (1978, 1982) evolved the concept of
environs in Ecology as a branch of Network
Analysis and established the following key ideas
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toward an  environmental  system  theory
(Patten,1978):
— every object within a system has two

environments which are specified as environs

within the system boundaries (Fig. 1.2), and they

can be quantified;

— external reference state is needed for quantifying
of the internal causation of a system;

— the propagation of flow along each pathway is
uniquely targeted for and derived from a
particular compartment.

The study of objects separately from their
environment represents the reductionist science
(Fath & Patten, 1999) that is traditional view in
ecology. In contrast with this, above Patten’s ideas
reflect holistic view on ecological system.

Series of network measures have grown up
around the Network Analysis. However the linking
of network properties to the ecosystem status is
limited because of the gaps concerning the levels
and directions of network measures interrelations
with empirical ecosystem parameters. Network
indicator-based  reference  values  (warning
thresholds, standards) are also needed in order to
transfer Network Analysis results into the ecosystem
decision-making.

The main idea of this paper is to incorporate
Network Analysis tools and empirical comparative
analysis of grasslands in Chernivtsi Region in order
to assess holistically their ecosystem status.

Materials and methods.

Pastoral ecosystems sampling. We studied
grassland ecosystems located at Carpathian
Mountains of Chernivtsi Region, Ukraine. The soils
are sod-brown and leached, with low humus content,
and high acidity (pH = 3.6 — 5.0) due to high Al+3
concentration in the soil solution. Mean annual
rainfall is 700 — 1200 mm and mean annual
temperature is 4.6° C. The Chernivtsi Region has a
humid Temperate Continental Climate, highly
influenced by humid Atlantic air masses. The
Carpathian Mountain climate is severe due to cold
and short summers.

There are no significant differences in elevation
or climate between the study plots. All the
grasslands, unmanaged since 1992, are used as
commons for cattle pasturing by private household
farms, which typically have two to three head of
cattle per farm.

Sampling and analysis were performed
identically for each of the compared ecosystems.
Biological samples for food-web analysis were
gathered during peak growing seasons (June — July)
in years 2005, 2006, and 2007. Study plots were
10m x 10m. Sampling of each pasture included four
plots, each with four replicates. Species of plants
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and insects were identified. Plant standing stocks
were assessed as oven-dried biomass of plants / m2
using a quadrat with 1 m sides. Earthworms
(Oligochaeta) were separated from the 1 m3 plots by
a standard Quantitative Hand Sorting method.
Microbiological soil surface analysis was based on
cell counts of three microbial groups: Heterotrophic
Bacteria, Fungi (Micromycetes), and Ray Fungi
(Actinomycetes). Cells were cultured on specific
substrates under controlled temperature (T)
conditions — Heterotrophic Bacteria: meat-peptone
agar, 28 < T < 300C; Fungi (Micromycetes):
modified Czapek-Dox substrate with streptomycin,
20 < T < 250C; Ray Fungi (Actinomycetes): starch-
ammonium agar, 28 <T < 300C. Cattle density was
determined and converted to number of animals per
100 m?. It is considered as the measure of grazing
intensity of the study pastures. Plant and insect
specimens were identified as much as possible to
species. Plant standing stocks were assessed as
oven-dried biomass of plants / m?.

Food-web construction. We defined trophic
compartments based on distinct feeding roles in the
studied pastures. Our basic categories for
compartments were plant species, their pollen and
nectar, cattle, ontogenetic stages and sexes of insects
reflecting distinct trophic roles, earthworms,
heterotrophic bacteria, fungi, ray fungi, plant litter,
animal litter, detritus, and cattle excrement. To
construct and portray our food webs we used
software Pajek (Batagelj & Mrvar, 2010) for Large
Network Analysis, and Ucinet 6 (Borgatti, et al.,
2002) for Social Network Analysis. We formed a
square adjacency matrix, Amxn = (a;), where i, j = 1,
..., N compartments, oriented from rows (i) to
columns (j). A matrix entry a; = 1 signifies a
biomass [M(mass)-L(length)-T(time) dimensions =
M] feeding flow, fij [ML?T! (mass /unit
areastime)], directed from row compartment i to
column compartment j; a;; = 0 indicates no i to j food
transfer (fj = 0). We use Network Environ Theory
(Patten, 1981, 1982) to construct the food-web
networks. Thus each compartment i has a boundary
input zi [ML2T], and output yi [ML?T1]. We
defined trophic compartments based upon distinct
feeding roles in the studied pastures. Our basic
categories for compartments were plant species,
their pollen and nectar, cattle, ontogenetic stages and
sexes of insects reflecting distinct trophic roles,
earthworms, heterotrophic bacteria, fungi, ray fungi,
plant litter, animal litter, detritus, and cattle
excrement. To quantify adjacency-based relations
from qualitative digraphs, we transformed the
adjacency matriX, Anxn in a flow matrix F o = (fij),
where i, j = 1, ..., n compartments, oriented from
rows (i) to columns (j), using the equiprobability
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concept from probability theory. According to the
Laplace’s principle of indifference a matrix entry fj;
(a biomass feeding flow [ML2T™]) as well as the
boundary output y; are assigned the probability 1/N;,
where N; signifies a number of mutually exclusive
feeding flows directed from row compartment i to
column compartments (1, .., n ) including a
boundary output y;. Boundary inputs z; and standing
stocks x; equal to 1. To investigate the number of
trophic classes (CI) in our food-webs we used the
regular equivalence method drawn from Social
Network Theory (Borgatti & Everett, 1993) and
applied as a tool in Ucinet 6 (Borgatti, et al., 2002).
Regular equivalence algorithm assesses similarity of
the trophic roles of compartments using the binary
presence-absence feeding relations (adjacency
matrix Anxn) between them. Johnson’s Hierarchical
Clustering (Johnson, 1967) of equivalence similarity
values allows us to define the separate trophic
classes. For more details of regular equivalence
algorithm and current aggregation methods see
Borgatti & Everett (1993), and Luczkovich et al.
(2003). Based on the trophic role species play in
pastoral ecosystems the 15 trophic classes were
derived from the above-stated method.

Food-web simulation. For simulation of study
networks we used a dynamic web-based simulation
and network analysis software, EcoNet 2.1 Beta.
Network analysis was performed based on the final
state of the solution when systems reached a static
steady state (dxi/dt=0, as the system inputs and
outputs are equal at steady state). The simulation
flow type was based on donor-controlled mass-
action kinetics. Thus, the rate of the flow fj is
computed by EcoNet as the product of the flow
coefficient c; and the stock value x; of the
originating compartment i. The rate of the flow from
i t0 j = Crij X X; as follows:

A differential mass-energy balance equation for

donor-controlled flow type is as follows:
dxildt= zi+ YjeCiix Xj — YiCii X Xi — ¥i X Xi,

where zi and yi are boundary inputs and outputs,
respectively. For a more comprehensive introduction
to simulation and network analysis in EcoNet refer
to Kazanci (2007), and Schramski et al. (2010).

System-wide properties. As stated above
EcoNet drives the system from the given initial
conditions to steady state and outputs the system-
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wide organizational properties based on the final
state of the solution.

Ten system-level indices assessed are fully
documented in literature, but brief descriptions and
abbreviations are provided below. While our focus is
on these whole system variables, we incorporate the
system size N (number of nodes), number of links
L Qi orj @), and number of trophic classes Cl as
additional network properties appropriate to
comparative interpretations.

Link Density (LD) is assessed as the ratio of the
number of links (L) to the network size (number of
nodes N) (Gardner and Ashby, 1970; May, 1972,
1973; Cohen et al., 1990; Bersier and Sugihara,
1997):

LD=L/N.

Connectance (C) is ratio of actual to possible
links (Gardner and Ashby, 1970; May, 1972, 1973;
Cohen, 1978; Cohen and Briand, 1984; Cohen et. al,
1990):

C=L/N

Total System Throughflow (TST) — sum of
compartment throughflows (total amount of flows
within a network); dependent on ecosystem structure
(Hannon, 1973; Finn, 1976; Han, 1997):

TST=>T;

where T; is the total amount of flow through
compartment i=1,...n.

Finn Cycling Index (FCI) — fraction of total
system throughflow that cycles (Finn, 1976):

FCI = TSTJ/TST,

where TST,, the cycled portion, is the weighted
sum of cycling efficiencies of all compartments
(Kazanci et al., 2009):

TST.=CiT1 + CoTo+ ...+ CiTh.

Cycling efficiency is Ci = ni — 1/nii, where n;i is
the number of times a flow quantity will return to i
before being lost from the system (Finn, 1976; Fath
and Borrett, 2006).

Indirect Effects Index (IEI) — amount of flow
that occurs over indirect versus direct connections
(Higashi and Patten, 1989).

IEI=Y N-1-G)z/Y Gz,

N is the dimensionless integral (boundary +
direct + indirect) flow matrix:

N=I+G+ G*+ .. +G"+...=(1-G)*

G is the matrix of dimensionless direct flow
intensities from i to j:

G = (gy) = (fi/T3),

where T; is the total amount of flow through
compartment i,

I = GO is the boundary input flow intensity;

as stated above G! is the direct flow intensity
matrix,

G2...G™ are the indirect flow intensity matrices
(fractions of boundary flow that travels from node i
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to j over all pathways of length m, where m shows
the orders given by the divergent power series (m=2,
..., ©). The integral matrix N multiplied by
boundary input vector z returns the throughflow
vector T: T=Nz.

Synergism Index (SI) — benefit—cost ratio (b/c)
(Patten, 1991, 1992) of total positive utility Y (+U)
to total negative utility Y (-U) in the system
specifying pairwise compartment relations (Patten,
1991, 1992; Fath & Patten, 1998; Fath & Borrett,
2006):

St =1b/e| = XU/ Z(U)l,

where U* are positive and negative partition
matrices of the dimensionless integral (boundary +
direct + indirect) utility matrix U (Patten, 1991,
1992):

U=1+D+D?*+..+D"+...=(1-D)*

D is a direct utility matrix (net-flow intensity
matrix) where:

D = (dyj) = ((fi — fi)/ T1),

where dj; can be positive or negative (=1 < dj <
1) as it represents the direct utility between
compartments j and i (net-flow between j and i is
expressed relative to the total amount of flow
through compartment i (T5);

I = D% is the initial intensive utility input matrix;

D?... D™ are the indirect utilities corresponding to
the flows of the same power m =2, ..., .

Mutualism Index (MI) — ratio of number of
positive (+) to negative (-) signs in network utility
analysis matrices specifying kinds of pairwise
interactions (Patten, 1991, 1992; Fath & Patten,
1998, 1999; Fath & Borrett, 2006; Fath, 2007):

MI= Y sign (U") / Y sign (U"),

where U, U+ and U- are as described above
(Patten, 1991, 1992),

Ascendency (AS) - degree of network
development that includes average mutual
information (AMI) and total system throughflow
(TST) (Ulanowicz, 1986, 1997; Patricio et al., 2004;
Ulanowicz et al., 2006; Morris et al., 2005):

AS =TST x AMI,

where AMI (bits) is the degree of organization
with which the exchanges between compartments
are processed:

AMI =3 p(Ty) * logo[{p(T3) / p(Ti)} / p(Ti],

where Tijj is the flow from j to i;

p(Tj) is the joint probability given by:

p(Ty) = Tij / TST, p(Ti) = 25 p(Ty), and p(T)) = i

p(Ti).

Full Development Capacity (DC) — network
flow organization, the upper bound of ascendancy. It
is calculated as the product of total system
throughflow (TST) by diversity of flow structure
(Hr) estimated using the Shannon (1948) information
formula (Ulanowicz, 1986; Christian et al., 2005):
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DC=TST x Hs,

where Shannon flow diversity Hs is based on the
individual joint probabilities of flows from each
species j to each species i:

He= % (—p(Ti) x log2(p(Ti)),

where Tj; is the flow from j to i; and p(Tj) is as
stated above.

Network Aggradation Index (Al) - the
multiplier effect (Samuelson, 1948); the average
path length (Finn, 1976), the flow multiplying ability
(Han, 1997), the average number of times a unit of
input flow passes through the system before exiting
(Patten & Fath, 1998; Fath & Patten, 2001,
Ulanowicz et al., 2006):

Al =TST/ Yz,

where z; is a boundary input of compartment i =
1, ..., n; TST is total system throughflow.

Results and Discussion:

Network Properties Interrelations. The analysis
of relationships between the network properties all
across the 7 pastoral ecosystems within the study
Mountain area of Chernivtsi Region demonstrates
few different behavioral patterns. Most of the
network analysis variables (specifically N, L,CI, LD,
C, TST, FCI, IEl, AS, DC, Al, and MI) are
positively related to each other, and negatively
related to SI. Consequently, SI (network synergism)
runs counter to other trends in our analyses.

Fig. 2-3demonstrate the presence and degree of
statistically significant relations between the whole-
system properties assessed within the study area.
Each of these properties varies in a number of
interrelations with others. This shows their
Particularly, number of links L, classes ClI, link
density LD and indirect effects measure 1EI show
the highest number of interrelations with other
network properties pairvise significant relations (11
from 12 possible interrelations). They are followed
by total system throughflow TST, cycling FCI,
ascendency AS, development capacity DC, and
network aggradation Al. Each of them has 10 from
12 possible interrelations. System size N shows
relations with 9 network properties. Degree of
connectance C is significantly correlated with only 3
of 12 indices, while network mutualism M1 has only
1 statistically significant association.

Increase in species (nodes) number N in a food
web drives the multiplicity of relations (links) L
between them. From other side higher number of
species leads to a higher number in trophic roles they
play in community that is a number of trophic classes
Cl.  Our analysis of interelations between network
properties shows the high significant linear as well as
non-linear correlations between N, L, and CI pairwise
(Fig. 2.A).

Fig. 2. Interrelationships between the number of nodes N, number of links L, and number of trophic classes CI
pairwise (A) and between them and the other network properties assessed (B) all across the 7 pastoral ecosystems
within the study Mountain area of Chernivtsi Region. The solid and dotted lines illustrate the presence of statistically
significant (P < 0.05) linear Pearson and non-linear Spearman correlations respectively. Numbers near the lines
show the degree of correlations. Red lines and numbers illustrate the negative relations.
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Some theoretical studies report a hyperbolic
decline in a connectance C with increasing number of
compartments N (reviewed by Fonseca & John,
1996). By contrast, Martinez (1992) found that
connectance of different-sized food webs was almost
constant. Our results show no clear interrelations
between C and N (Fig. 2.B). Connectance appears to
be a scale-invariant property. However, our observed
significant strong associations of connectance C
versus indirect effects dominance IEI and network
mutualism MI (Fig. 3) demonstrate the complex
nature of this topological property in food webs.

Several studies generalized the idea that link
density LD tends to remain constant across networks
of varying size (Yodzis, 1980; Cohen & Briand,
1984). But other researches do not confirm this
(Winemiller, 1990; Havens, 1992). Our analyses do
not support scale invariance of LD across the studied
food webs (Fig. 2.B). Despite the fact that C and LD
are both measures of system complexity, we found
link density LD to be much more sensitive to
variations in other network properties (Fig. 3).

Several investigations show the effect of network
size N on the behavior of other network properties
(Fath, 2004) assessed here. Finn (1976) suggests that
total system throughflow TST is sensitive to the
number of compartments N. Our results give strong
evidence for the increasing monotonic association
between TST and N (Fig. 2.B). Also, the measures of
network ascendency ASC and developmental capacity
DC demonstrate the same tendency (Fig. 2.B).
Recalling the definitions of the last two variables, it is

clear they both are driven by TST and limited by N,
as TST increases with N. Higashi and Patten (1989)
also gives an algebraic proof that indirect effects IEI
also increase with N. Using synthesized large-scale
"cyber-networks" Fath (2004) supports these results
and demonstrates also a strong direct association
between cycling index FCI and network size N. This
author also indicates that the indirect effects ratio IEI
is more strongly related with N than is the cycling
index FCI. Our data confirm this in the case of linear
relations between the assessed indices (Fig. 2.B).

Network synergism Sl occurs in all models
regardless of the system size N (Fath and Patten,
1998). However, Fath (2004) illustrates that
synergism Sl decreases with increased network size
N. These results agree with our investigations as well
(Fig. 2.B). Moreover, we observe decreasing Sl in
relation to the other system-wide properties assessed
(Fig. 3).

There is the evidence that network properties are
strongly dependent on degree of cycling (Fath, 2004).
Comparative study of aquatic ecosystems by
Christensen  (1995) shows strong increasing
correlation of cycling index FCI with network
aggradation Al, but not with total system throughflow
TST. However, Borrett & Osidele (2007) observe
strong correlations between FCI, Al, and TST. Our
comparative study confirms strong correlations
between FCI, Al, and TST pairwise. We also found
that network aggradation Al tends to increase with
increasing network size N (Fig. 2.B).

Fig. 3. Interrelationships between the network properties assessed all across the 7 pastoral ecosystems within the
study Mountain area of Chernivtsi Region. Lines illustrate the presence of statistically significant (P < 0.05) non-
linear Spearman correlations. Numbers near the lines show the degree of correlations. Red lines and numbers
illustrate the negative interrelations.
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Patten and Higashi (1986) show that network
connectance C, cycling index FCI, and total system
throughflow TST increase the dominance of indirect
effects 1EI. Fath (2004) provides strong evidence for
the increasing relations between indirect effects index
IEI and cycling FCI. Our results support all these
findings and additionally show strong increasing
relations of IEI with link density LD, network
ascendency AS, development capacity DC, and
decreasing association with network synergism Sl
(Fig. 3).

Network mutualism M1 (Patten, 1991; Fath, 2007)
has received little attention and comparisons of its
relationships with the other whole-system properties
are quite rare. Our results reveal there are no
significant relations of MI with any other network
measures assessed, except degree of connectance C
(Fig. 2-3).

All of above network statistics show the network
measures to express in different ways a general
intuition about the nature of network organization.

Contribution of Trophic Network Measures to
Ecosystem Status. There is currently a lack of data
about the interrelations between network properties
we focus on and the empirical parameters of pastoral
ecosystem, such as: species biodiversity, plant
biomass, or grazing rate. The understanding of such

standing
stock

(T
b

interrelationships will clarify the contribution of
network indices to pastoral ecosystem status. In order
to achieve these goals we use linear and non-linear
correlation analysis between food web measures of
ecosystems and following empirical parameters of
these pastures (fig. 4): (1) Geographical coordinates
of explored pastoral ecosystems (Longitude and
Latitude); (2) Cattle density; (3) Plant standing stocks
(biomass of plants g / m?) that includes the following
groups: Legumes, Graminoids, and Forbs; (4) Species
biodiversity of insects; (5) The following soil
microbial groups (humber of cells / 1 g of oven-dried
soil): Heterotrophic Bacteria, Fungi, and Ray Fungi
(Actinomycetes); and (6) Soil acidity. Our study
reveals that degree of network connectance C and
mutualism MI demonstrate high linear correlation
with the Geographical Longitude of explored pastures
(fig. 4). It can be interpreted that within the study area
more southern pastures have comparatively higher
network connectance and mutualism degrees. But
further work in confirming of these results is still
needed. Furthermore, correlation analysis shows no
clear significant associations between the network
properties and Geographical Latitude of explored
ecosystems. Cattle density shows the decreasing
relations with network mutualism degree MI.

Legumes
standing
stock

Fig. 4. Interrelations between empirical parameters of 7 pastures and their food web properties assessed within the
study Mountain area of Chernivtsi Region. The solid and dotted lines illustrate the presence of statistically
significant (P < 0.05) linear Pearson and non-linear Spearman correlations respectively. Numbers near the lines
show the degree of correlations. Red lines and numbers illustrate the negative relations.
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All other food web measures appear to be
invariant with cattle density variations. Forbs standing
stock demonstrates high increasing interrelations with
N, L, LD, C, TST, IEI, AS, DC, Al, and decreasing
relations with network synergism Sl. On the other
hand Legumes standing stock is positively correlated
with only one (MI) of network properties assessed.
The shape of relationship between the Graminoids
standing stock and food web measures is not
determined by our research as the both linear and
non-linear correlations between them show not
statistical significance. Species biodiversity of insects
shows increasing association  with  network
aggradation Al and decreasing relations with network
synergism SI. Our study of Heterotrophic Bacteria
and Fungi soil microbial groups shows no significant
associations between them and network properties
under assess. However, the cell number of Ray Fungi
demonstrates decreasing non-parametric associations
with L, LD, IEI, C, and FCI. Mountain soils of study
area are acidic, that is a limiting factor for many
plants. Network mutualism MI tends to decrease with
the increasing soil acidity (pH decreasing).

Trophic Network Assessment of Grassland
Degradation (Ecosystem Status). Environmental
decision-making is usually based upon theoretical and

empirical reference values (thresholds, standards),
which are the indicator-based points where we want
our system to be. The challenge is to define
appropriate decision criteria for our study ecosystems
because there are currently no reference values for
network properties we focus on. On the other hand
our empirical dataset of network properties assessed
across the study Mountain area forms the basis, both
empirical and theoretical, for the development of
reference values. Link (2005) points out that the
reference values are linked to a particular process, and
their choice is ultimately arbitrary.

We suggest linking the reference value to a
specific physic-geographic area. This approach was
chosen because each physic-geographical zone is
determined by specific homogeneous characteristics
of landscapes, climate, age and type of rocks in the
area. It gives us opportunity to avoid the significant
influences of environmental physical conditions on
our comparative analysis of pastures degradation.
Consequently, we link the reference value for each
network property to its mean (m) assessed across all
pastures within the study Carpathian Mountain
physic-geographical zone of Chernivtsi Region.

Fig. 5. Relative deviation r (%) of network properties from their reference values for each of researched ecosystems
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Realizing the indicator-based reference values
raises a question: where is each system relative to
these reference points and what are the statuses of
systems? To answer this question we suggest
assessing a relative deviation ry (%) of each network
property k from its reference value my for each of
researched ecosystems as follows:

I« = (ax- mg) / maxy * 100,

rc is a relative deviation of network property k in a
specific ecosystem from the reference value my;

my is a mean value (m) of network property k
assessed across all pastures within the study physic-
geographical zone;

ax is a value of a network property k for a specific
ecosystem;

maxy is a maximum value of network property k
assessed throughout all researched food webs within
the ecosystems of the study physic-geographic zone.

For example a relative deviation of link density L
of a food web Stebnyk from the reference value is
equal as follows:

rL= (98 - 430.6) / 856 * 100 = -39.

Therefore, link density L of a food web Stebnyk
shows a 39% below reference value. Relative
deviations of studied network properties from its
reference values are assessed for each of 7 pastures
under research and are presented on a fig. 5.

For the reason that network synergism Sl runs
counter in interrelations with the other food web
properties we suggest to consider a relative deviation
of Sl from its reference value to be with a negative
sign (- rs1).

No currently warning limits for studied network
properties concerning their reference value
exceeding or declining are developed in literature.
However Link (2005) recommends for water food
webs that a decline in link density LD of 10% below
the maximum observed in a community across the
time-series represents a warning threshold. We
suggest that a value of approximately 10% below the
reference point for the properties N, L,Cl, LD, C,
TST, FCI, IEI, AS, DC, Al, and MI and 10% above
the reference point for SI might be considered as the
warning results for ecosystem status to invoke
further precaution.

To assess the food web status of each pasture
expressed relative to the reference point of physic-
geographic zone we quantify an overall deviation R
of network properties for each of studied ecosystems
as follows:

R= ZI‘k / n,

where Y r¢ is a sum of relative deviation values
for all of the network properties under assess; ry for
network synergism Sl is considered with a negative
sign (- rsi) as it runs counter in interrelations with
the other network properties (fig. 2-3):
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dIk=rL+rin+rc+ o+ re+ rrst+ reci+ Ne+ Fas
+ I'oc+ rart 'mi - I'si;
n is a number of network properties (n = 13 for
current study).
Fig. 6. captures the results of network properties
deviation (R) for each of studied ecosystems.

Dolyshnij Shepit /24%

= Reference Value
Percalab /- (6%)

Ust-Putyla /- (10%)
Shepit /- (10%)

Stebnyk /- (24%)

Fig. 6. Food web status of each researched ecosystem
expressed relative to the reference point of food web
properties within the study area.

Ecosystem control rules and management
actions. The ecosystem control rule would be to
alleviate the perturbation by whichever of the
alternate causal processes appears to be the most
important for each particular pasture with the
deviation of food web properties below the reference
point. Food web of pasture Dolyshnij Shepit shows
the maximum deviation of network properties above
reference point. Consequently it may serve as an
etalon of food web structure and functions and as a
way for improving of other pastures within the
Carpathian Mountain physic-geographical zone of
Chernivtsi Region.

It is important linking ecosystem control rules to
each network property due to their interrelations
with empirical parameters of pastures. Mechanisms
to influence the warning level of each network
measure can be addressed to the correlated with it
empirical parameters of pastures. No one control
method works alone. Ecosystem-based control rules
for pastures require to be formulated with respect to
the moderate exploitation (proper grazing), weed
control, promotion of edible vegetation for cattle,
and proper land use practice.

Conclusions.

The findings of this research make the following
primary contributions to ecosystem network
analysis:

— This study determines the levels and directions
of interrelations between network properties in
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empirically derived ecosystem models. Most of the

assessed network indices, such as LD, C, TST, FCI,

IEI, AS, DC, Al, and MI demonstrate positive

associations with one other, but negative relations

with Sl. It shows that the objective measures of

system-wide properties express in different ways a

general intuition about the nature of network

organization. On the other hand network synergism

S| appears to run counter in interrelations with the

other network properties. Continued research and

theoretical developments into network-based indices
interrelations are required to bear further
examinations.

— Current paper is an attempt to introduce the
contribution of network properties to the pastoral
ecosystem status by assessing of the interrelations
between food web measures and the empirically
derived parameters of pastures, such as: plant
biomass, insect species biodiversity, cattle density,
soil microbial groups, soil acidity, and geographical
location. Additional work is necessary to support
these results. Also a larger set of the empirically
derived ecosystems parameters will let us develop a
meaningful base to evaluate ecosystem status.

— Two previous steps unable us to establish the
network indicator-based reference values, which are
linked to a specific physic-geographic area. More
case studies can be addressed in a future in order to
develop the food web indicator-based reference
values in a time series.

— Eventually, our work introduces the assessment
of network properties deviation from their reference
value and shows the warning status of ecosystems to
invoke consequently further precaution.
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OIIHKA EKOJIOI'TYHOI'O CTAHY JIYYHUX EKOCUCTEM HA OCHOBI
TPO®IYHUX MEPEX

O. 5. By:xkauran, C. C. Pyaenko

Exonociuni mepeoici exknrouaroms KOMROHEHMU eKOCUCHeMU (OP2aHI3MU MA HEeNCUBL eleMeHmU cepedosuuya) ma
MHOJICUHHI  83AEMOOTT MIdIC HUMU, WO CYAHCAMb 0151 0OMIHY peuosuH, eHnepeii ma ingopmayii, cmeoprowyu cKiaony
cmpykmypy i nogedinky exonociunux cucmem. Opeanizayiss mpoghiunoi mepesici 8i0obpadicac cmpykmypy exocucmemu i
iT @ynxyii. Bueuenmns exonociumux cucmem y Gueasidi mepedic 0alo HOWmMOsX 00 UWBUOKO20 PO3GUMKY HOB020
ananimuyno2o nioxody 8 exonociunii Hayyi nio nazeoro "Mepedicesuti ananiz”, wo npuzeeno 00 po3eUMKY 3HAUHOL
KiTbKoCcmi iHOeKCié w000 oyinku cmany mpogiunux mepesic. OOHAK, 3aTUUAIOMBC NPOSATIUHU U000 83AEMO38 A3KIE
Midic nOKa3HuKamu mpoghiunoi mepesici ma cmanom exocucmemu. Kpiv mozo neobxiono suznayumu ¢oHosi 3HavyeHHs
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(nopo2o6i, emanouHi 3HAYEeHHA ma cmanoapmu) Onst OAHUX THOUKAMOPIE OJisl mo2o wob 3acmocysamu pe3yibmamu
Exonociunoco Mepeocesozo Amnanizy 0nsa menedxcmenmy exocucmem. Mema Oanoi pobomu — inmeepysamu
Exonociunuti Mepeoicesuti Ananiz ma emnipuunuii NOPIGHANbHUL AHANI3 04 OYIHKU CMAHY JYYHUX eKOCUCHeM
Yepuiseywvkoi obnacmi. Pesyremamu Hauwux 00CiONHCeHb NOKA3VIOMb, WO OiIIbICMb NOKASHUKIE MPODIYHUX Mepedc
NO3UMUBHO KOPENomb 00UH 3 OOHUM MA He2amueHO KOPeloioms 3 iIHOeKCoM cunepeizmy mpogiunoi mepeoci. Lle
00800UMb W0 OaHi NOKA3HUKU DISHUMU Memooamu 8i000paxcaroms cmaH CMpyKmypHO-@QVHKYIOHANbHOI opeaHizayii
mpo@iunoi mepexci. Busnauuewiu 63a€M03anedCHOCMI MIJNC NOKASHUKAMU MPOQIMHUX Mepedc ma eMnipUYHUMU
napamempamu exocucmemu (a came 6iomaca pociun, pisHOMAHIMMs KOMAX, WiIbHICMb 8eIUK0i poeamoi Xyodobu Ha
JIYYi, PI3HOMAHIMMsL YePYNOBAHHS 2PYHMOGUX MIKPOOD2AHIZMIE, KUCIOMHICIb SPYHMY ma 2eocpagiuna loKanizayis
exocucmemu), nPOOEMOHCIPOBAHO POb KONICHO20 THOEKCY mMpoiuHoi mepedci wodo cmany exocucmemu. Busnaueno
@onosi 3nauenHs 0N KONCHO20 NOKASHUKA MPOQIUHUX Mepedc OOCTIONCYBAHUX IVUHUX eKOCUCmeM md OYiHeHO
GIOXUNIEHHS] OQHUX NOKA3HUKI6 610 IX (ponosux sHauenv. Ha ocnoei yvboeo 0nsi KOJCHOI 3 OOCHIONCYBAHUX JYUHUX
exocucmem 6CIMAHOBIEHO il CMAaH 8 NOPIHAHHI 3 (POHOBUM 3HAUEHHAM.

Kniouosi cnosa: mpoghiuna mepedica nyuna exocucmema, cmawn exocucmemu, Qonose 3uauenns, Exonociunuil
Mepeaicesuii Ananis.

Ompumano pexonezicio 24.06.2016
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