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Abstract: Considering biodiversity loss around the world and in line with The Convention of
Biological Diversity (CBD) and Aichi Targets, many biodiversity valuation frameworks emerging
from different approaches are established mainly based on economic approaches and not much
information on ecological approach. Most of the frameworks ignore the biophysical components of the
environment as the backbone, put structure-processes-functions in different levels, and less integrated
action at the end. In order to make a comprehensive framework for biodiversity valuation, this paper
presents a conceptual framework in valuing biodiversity based on ecological principles. The following
analysis, integrating socio-cultural, economic, and ecological insights, can help any decision maker to
generate better information in sustainable conservation. This paper highlights the importance of
biodiversity and its physical environment in driving and promoting processes and functions to
provide life support system where humans are part of. Furthermore, all of those results in joint products
and functions as life support system which is very important for any components (including humans)
of the system. The fact that the ecological value as basis of any valuation is strongly supported by
ecological insights. This life support system is frequently viewed and captures as goods and services
from economic approach, as ethno practices/perceptions from socio-cultural approach, and as
ecosystem sustainability from ecological approach. Integrating these three approaches would help a
decision maker investigate comprehensive information correlated with biodiversity value for
conservation purposes.
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Since ancient times people have learned
lessons from the natural world depending on
the environmental resources that surround
them. They harvest and extract resources for
consumption, medicine, clothing, aesthetics,
energy sources, rituals and ceremonies, and
many more. Natural resources have started to
decrease since humans practised land
conversion and deforestation, or mining at
alarming rates especially with extraction of
timber, coal, and other minerals. As a
consequence the logged over did not have
enough time to recover sustainably before
the succeeding extraction had been done
(Devi and Yadava 2006; Butchart et al.
2010; Cardinale et al. 2012). These



J. Wetlands Biodiversity (2013) 3: 7-16

Istros – Museum of Braila

8

anthropogenic practices also resulted in a
more serious problem of biodiversity loss
leading to genetic erosion especially at the
species level and worse, this is driving an
increasing number of vertebrates to
extinction (Guarino 2011; Chen and Benton
2012). Every year mammals, birds, and
amphibians are moving onto one category
closer to extinction, adding to the existing
red list (Spangenberg 2007; CBD 2009;
Butchart et al. 2010). There is little doubt
that many invertebrate species, other wildlife
and microbes are also imperiled by the same
pressure. The major causes of biodiversity
decline are land use changes, pollution,
changes in atmospheric CO2 concentrations,
changes in the nitrogen cycle and acid rain,
climate alterations, and the introduction of
exotic species, all coincident with human
population growth. Biodiversity loss and
ecosystem degradation are inter-correlated
and complex, because the existence and
health status of biodiversity ultimately
impact on ecosystem sustainability. The
degradation will create conditions of
instability and less productivity and
promoting desertification, water logging,
mineralization, and many other undesirable
outcomes (CBD 2009; Foley et al. 2005;
Sagoff 2011).

Many action plans and strategies are
continually proposed and developed by
independent individuals or organizations to
increase the number and improve the quality
of biodiversity. However, there is less
remarkable development and improvement,
thus far. Involving all stakeholders such as
decision makers, NGO, institutions or
companies and local communities in a
multisectoral, interdisciplinary discussion,
may spark new hopes and could initiate
promising ideas, concepts and programs,
approaches, or actions concerning
biodiversity, particularly, the concept of
biodiversity valuation. Valuation captures
and expresses the value of biodiversity.
However, there are still debatable issues in
the contextual definition and practices of
valuation viewed at different angles or
approaches especially from the ecological

and economic perspectives. Even though
they have different points of view and
purposes, in fact they actually estimate
similar values of biodiversity.

In order to capture and estimate
biodiversity values, there had been many
conceptual frameworks, theories, or practices
introduced from different cognitive
backgrounds and field that make resources
(biodiversity) valuation practices more
complicated than we thought. The original
key concept of ecology as a basic concept of
life support system becomes biased and less
clear than the terms goods, services, or
ecosystem processes and functions. The
establishment of ecosystem goods and
services concepts and practices has enhanced
this bias to valuation of resources having
obvious material and economic benefits to
humans. There are also a significant increase
of literature on ecosystem services with
excellent conceptual framework and
explanation established by some natural
scientists. The terms goods, functions, or
services have already been defined and
practiced.

We do not want to debate all those
excellent points of view. In fact, all those are
actually one integrated system consisting of
interdependency functions to provide life
support system where humans are part of.
Any changes or destructions in the system
will affect the various components including
humans. People do not realize that they are a
part of the system because they always see
the system as objects or goods. The fact is,
anything that happens in the system will
affect everyone in that system (or
interconnected with it). So integrated
resources management especially
biodiversity valuation is very important to
keep our life support system functioning.

This paper will address contextual
valuation of biodiversity from ecological
approach for better understanding in
capturing non monetary values in the
ecosystem. The basic concept is to
emphasize the importance of ecological
values as based on any valuation concept or
practices and the importance of integrated
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resources valuation of any disciplines for
conservation management purposes.

Materials and methods:

These principles and concepts are fully
analyzed comprehensively from many
publications and reviews of biodiversity,
ecosystem services, and ecosystem
valuations. The new synthesis is proposed by
investigating a quest in the Web of Science
for articles with the words economic, socio-
cultural, or ecological valuation, valuation,
biodiversity value, ecosystem values and
ecosystem services to synthesize an effective
framework in understanding the mainstream
of integrated diversity valuation. It is very
important to clarify the importance of
biodiversity and its physical environment
based on ecological principles even under
system or ecosystem services or spatial
points of view. Compilation and
investigation of ecological principles in
structures, processes, and functions of
system to establish a new integrated
biodiversity valuation framework for
conservation purposes are used in this
review.

Results and discussion:

The principle of biodiversity valuation
framework is the underlying basic ecological
principle and concept (Fig. 1). Therefore it is
applicable for terrestrial, aquatic, wetland,
coastal or any other ecosystems. Instead of
boxes or full circle, the circle dash lines are
applied to show that there is no boundary
between human and the natural resources
because people are part of the system. Each
component is intercorrelated within the
system which is frequently forgotten in other
biodiversity frameworks (Turner et. al. 2003;
de Groot 2006; Hermann et al. 2011). We
should think ecocentric that anything humans
do in the system will give feedback positive
or negative to them.

Biophysical basic concept

Fundamental to any discussion of
biodiversity valuation is an understanding of
the object of the valuation itself. Biodiversity
in relation to physical factors initiate,
promote, and trigger any processes
individually or compositely as joint products
in the ecosystem. In ecological context, it is
a complex interlink or interconnection
because once the living organisms are in
contact with the physical environment this
will be directly followed by a process or
series of processes resulting in functions of
the system. Therefore, this interdependency
is shown by straight lines and blue curve
arrows in Fig. 1. The existence of
biodiversity in the system is interconnected
with the physical environment where they
live in (Odum 1971; Kimnis et al. 2007).

The physical environment provides
media for living organisms such as water or
soils, cycle material or biogeochemical or
food web, or even favorable condition to
live. On the other hand, living organisms
contribute dead material, O2, water vapor, or
CO2 to incorporate in their environments.
Biodiversity plays important roles in soil
development because the works of lichens,
moss, plant roots, wildlife, or microbe or in
coral reef formation are joint efforts of
millions of individual organisms (coralline
algae, polyps) working over very long
periods of time. The interconnection of both
biodiversity and physical environments
results in productivity and functions of the
system as life support system.

These interconnections of both
biodiversity and its physical environment
within the system also promote the web of
life where humans entirely depend on. Those
interdependencies also provide the basic
necessities of life, protection from natural
disturbances, and contribute a foundation for
ethno-practices of humans. As life support
system, the relationship between biodiversity
and physical environment will support and
regulate the productivity, energy flow, and
material cycle. There will be no “goods and
services” if there is no interdependency of
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biophysics altogether. Destroying biophysics
will destroy the life support system which
humans are part of. Biodiversity is a

composite or glue that holds all nature
structures and processes together as asserted
by Turner et al. (2003).

Figure no. 1 Conceptual framework of integrated biodiversity valuation

Structure - processes - functions - life
support system

Natural system has three basic elements:
structure, processes, and functions to provide
life for every creature including humans.
Structure is type and number of organisms
together with the physical characteristic in
space and time generating biophysical
interactions. Biodiversity or biological
biodiversity is variety of life on earth system
at different levels or hierarchies /dimensions/
forms (Hamilton 2005). At first, biodiversity
is viewed as species diversity or species
richness. It is a narrow concept, because
biodiversity is not just the number per se.

When we talk about a biological diversity, it
means there are intercorrelated aspects of
species as individual and as composite
community in the system.

Consisting of both photosynthetic and
non-photosynthetic species, biodiversity hold
the processes and interdependency in the
ecosystem in a complex way but valuable not
only for the well-being of the species
themselves but also the system which
humans are also part of. Biodiversity in
relation to physical factors initiates,
promotes, and triggers any processes
individually or compositely as joint products
in the ecosystem (Turner et al. 2003;
Brauman et al. 2007; Norris 2013). Trees
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absorb water from the soil, CO2 from the air,
and energy from the sunlight to do
photosynthesis. The product of this process
will be deposited or stored in plant organs
such as roots, stems, leaves, flowers, or fruits
as biomass. The biomass will return back to
the ecosystem through biogeochemical or
matter cycles. The photosynthetic species
such as phytoplankton, seaweeds, or trees
transfer energy from the only source on
earth, the sun, and build up energy storage,
nutrients, or food for the non photosynthetic
species consumptions. This is what some
scientist said as starting point of exchange
value in the system commonly known as
energy theory of value (Odum 1971;
Costanza 1997). Location, width area, and
seasons are three important attributes which
have to be recognized because topography,
soils, riverbed, micro- or macro-climates, or
dry-wet seasons as physical factors will
affect the quality of biodiversity and its
system.

All the interactions among the structures
promote series of activities, events or
reactions for certain specific results known
as processes. The interactions are very
complex and complicated because they work
cooperatively so it is difficult to say that a
product is a result of one reaction. The term
function refers to the capacity of the
processes and components in the system. All
those elements and interactions generate
complex life support system and provide
both direct and indirect values that play an
important role for human welfare such as
security and safety, basic foods, or health
(Tietenberg 2013; Dasgupta 1996;
Harrington et al. 2010). They contribute
fresh oxygen for breathing, water for
drinking, or fruits, fish, and seeds for food as
direct values. On the other hand, our system
also provides variety of services from
biogeochemical cycling and carbon
sequestration to food production as indirect
values.

Ecological values

So how do we put value on biodiversity in
the system as a product or part of function?
People are starting to capture the quantity
and quality of biodiversity products,
processes or functions based on space, scale,
and time in order to weigh the important
contribution of biodiversity to the ecosystem
or human well-being. The issues “warm up”
for years in order to visualize the value
especially for conservation purposes, even if
it had already been addressed in The
Convention of Biodiversity (CBD), The
Millennium Ecosystem Assessment (MA),
and also two goals of Aichi Targets, namely;
Goal A to address the underlying causes of
biodiversity loss (Millennium Ecosystem
Assessment 2005; CBD 2009; CBD 2011),
and Goal D to enhance the benefits to all
from biodiversity and ecosystem services
(Butchart et al. 2010).

Value is a measure of a relationship
between a subject and the object of valuation
within a context of time and place, or
hypothetical scenario (Douglas and Wunder
2002). And it is not only that, economic
value of natural assets is a tricky matter
because we have only partial knowledge on
how ecosystems work. Therefore, frequently,
people use assumptions to estimate economic
values so it is subjectively determined by the
analysts. There are many kinds of values
based on the ecological, economic, and
social point of views or interpretations. They
value the same resources or the so called
services but very different in approaches and
context. Some economic valuation
frameworks captured the resources as total
economic values (direct or indirect, tangible
or intangible, marketable or non-marketable)
or goods and services (Turner et al. 2003;
Mehmet 2010). Some socio-cultural
valuation frameworks captured the resources
as spiritual and religious values, aesthetic or
recreation values, or ethno-practice values.
Subjectively or not, we are talking about
human perceptions of biodiversity values for
humans themselves and the system’s
importance.
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Some values such as material benefits,
the sheltering effects of forests, recreation
use, scenery or landscape, plants and
wildlife, or even carbon sink need to be
estimated at ecological, economic and socio-
cultural aspects for conservation policy
(Constanza et al. 1997; Salles 2011). It is
needed to conserve biodiversity or to put a
stop or minimize habitat loss of forest
ecosystem by local people. Justification
related to losing one or even more species at
the protected area is frequently difficult to
make because there is not much information
about the value of species itself. People
know exactly how important are natural
resources as life support system, however,
they still overexploit them for their well-
being without thinking about the
consequences.

From the ecological point of view,
biodiversity in the system is acknowledged
as raw materials, part of ecosystem
functions, products, or as life support system
(Tietienberg 2013). As biomass or
nutrient/food storage, biodiversity is needed
for running processes, transferring energy, or
cycling matter/nutrient in the system. Each
species itself can be interpreted as products
for other species, the surrounding system,
and of course for human well-being. Insects
need leaves for their nests or food,
phytoplankton provide oxygen and food for
fish, birds need insects, snails, or clamps for
food, sea-turtles need seaweeds for food, the
soil provides plants or animals to live,
flowers provide nectars for bees or birds, and
many other products direct or indirectly
consumed or used by others. At last, any raw
material or function regulations in the system
(ecosystem) are very important for survival
of any creatures on earth including humans.
All of these are the ecological values (eco-
values) of the biophysical environment either
as individual or as composite components
(Fig. 1). These eco-values are commonly
known as inherent and intrinsic values. The
values are not dependent on humans who
seem to try hard to put price on, because
those values exist in the species as
predictable internal factors (inherent value)

and will improve or not based on the
unpredictable external factors (extrinsic
value). How can you put a price on the
existence of a species or on an ecosystem if
it has its own value independent of humans?

While ecologists view the value of the
biodiversity and its system as an ecological
measure, economists view them as a
monetary measure while sociologists deem
the value as an ethic perception that enables
them to breathe and sustain life or enliven
and rejuvenate their minds such as scenery or
serene landscapes like that of forest, lake, or
river and stream (Fig. 1). We can, however,
estimate the value of the resources by
examining efficiency and cost effectiveness
as done by economists. However, economic
valuation cannot value everything – that is,
not all benefits provided by life support
system are fully translatable into economic
terms (Christie et al. 2006; Christie 2012).

Capturing non-marketable value might
be difficult to address and measure because
of the complexity of the functions and
human cognitive limitation which are prone
to making misinterpretations of those values.

Integrated Biodiversity Valuation

As life support system, nature contributes
values that give benefit not only for the
system itself but also for humans’ well-
being. The existence of all components in the
system including biodiversity, processes and
functions is very important especially for
safety, food, ethno-practices, energy sources,
and other values. In fact humans capture the
ecological values of all the components in
the system like density of forest that creates
peaceful and fresh air, provides beautiful
insects, minerals, or delicious fruits with
high prices at the market. Humans also
capture the ecological values of big tree
trunks that contribute high amount of carbon
storage or biomass, high soil fertility in
certain areas where people can practice
cultivation, density and diversity of coral
reef that supply food and protection for
diversity of fish and many other values.
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All those values are captured,
recognized, and estimated differently by
ecologists, sociologists and anthropologists,
as well as by economists. Preferences and
perception of people on ecological values of
resources are very important for
sociocultural and economic valuation. While
the sociocultural approach tries to get any
information of ethno-practices done or set up
by people, the economic approach tries to
estimate the efficiency or cost effectiveness
of any policies, environmental impacts, or
system management.

Underlying the ecological approach is
sustainability. So there should be integrated
resources valuation that involves ecological,
sociocultural, and economic valuation. In
other words, valuation for further
conservation action and policy formulation,
especially in the natural areas is a matter of
interdisciplinary decision making even with
a transdisciplinary mindset. Hence,
economics, ecology, sociology, anthropology
or other fields are needed to generate
comprehensive or integrated conservation
norms and policies of certain natural area
(Fig. 1) (Farber et al. 2002; Turner et al.
2003; de Groot 2006; Morse-Jones et al.
2010; Nijkamp 2010; Hermann et al. 2011,
Mburu - 2005) as explained above.

The interconnection between or among
approaches are shown by three circles in
broken lines and varying colors. All these
approaches are somehow interconnected
with each other because of similar
goods/products/services to value and/or
desire and sustain. Ecologists need
information of the economic value of certain
species for biodiversity monitoring purposes.
Economists need information of biodiversity
values from ecologists to determine the
approximate price of certain species for
verdict purposes in penalizing illegal actions,
or for ecotourism, or natural resources
management practices. To cite an example, a
verdict for anyone who captures sea turtle
illegally will be different from the verdict of
those who capture phyton snake illegally
because the price of both species on the
market is different depending on their IUCN

conservation status. On the other hand,
additional information of ethno-practices
such as a ritual ceremony of certain tribes
using sea turtle or python snake will be
useful for decision makers to develop the
policies or norms concerning those species
together with the economic valuation.
Furthermore, the decision makers also need
information of those species richness or key
roles in the system because these will affect
the food web or loss of biodiversity or of the
gene pool of the system. So, the integrated
valuation of the three different approaches
will address the need of a comprehensive
decision for biodiversity conservation.

Conclusions:

The valuation of biodiversity whether in the
terrestrial or wetland ecosystems should be
based mainly on the ecological value itself.
Biodiversity as a resource enhances the
structure and processes in the system to
generate functions that provide life support
system. This ecological value is captured,
recognized, and used in other different
approaches to determine the perception of
people on ethno-practices from a socio-
cultural perspective, to measure willingness
to pay (WTP) on goods and services from an
economic perspective, and to estimate
sustainability of the biophysical environment
to generate better norms or policies for
natural resources conservation and
management in the ecological perspective.
Integration of all these approaches is very
important to establish the best management
decisions in preserving a functioning life
support system, where all organisms on earth
including humans are part of and are wholly
dependent upon for survival.

Rezumat:

INTEGRAREA BIODIVERSITĂȚII  
ÎNTR-UN CADRU DE EVALUARE:

O ABORDARE ECOLOGICĂ 
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Luând în considerare pierderea
biodiversității în lume și în conformitate cu 
Convenția Diversității Biologice (CBD) și a 
ţintelor Aichi, multe cadre de evaluare a 
biodiversității sunt stabilite cu precădere pe 
baza abordărilor economice și mai puțin pe 
baza informației ecologice. Majoritatea 
cadrelor ignoră componentele biofizice ale 
mediului ca ax central, punând triada
structură-procese-funcții pe diferite niveluri, 
iar o acțiune mai puțin integrată la sfârșit. Cu 
scopul de a conferi o structură exhaustivă 
pentru evaluarea biodiversității, această 
lucrare prezintă un cadru conceptual în 
evaluarea biodiversității, bazată pe principii 
ecologice. Analiza realizată, ce a integrat 
perspective socio-culturale, economice și 
ecologice, poate ajuta orice factor de decizie
printr-o mai bună informare privind 
conservarea sustenabilă. Această lucrare 
subliniază importanța biodiversității și a 
mediului său fizic în conducerea și 
promovarea proceselor și funcțiunilor pentru 
susținerea vieții, sistem din care și oamenii 
fac parte. Mai mult, toate acestea au ca
rezultat produse comune și funcționează ca 
un sistem de susținere a vieții, care este 
foarte important pentru oricare componentă a 
sistemului (incluzând ființa umană). Faptul 
că valoarea ecologică reprezintă baza 
oricărei evaluari este puternic susținută din 
perspectiva ecologică. Acest sistem de 
susținere a vieții este adesea observat și 
asociat ca bunuri și servicii printr-o abordare 
economică, precum practicile/percepțiile 
etno din cadrul abordării socio-culturale, sau 
sustenabilitatea ecosistemului din abordarea
ecologică. Integrarea acestor trei abordări, 
poate ajuta un factor de decizie să 
investigheze informațiile comprehensive 
corelate cu valoarea biodiversității pentru 
scopuri de conservare.

References:

BRAUMAN K.D. (2007), The Nature and Value
of Ecosystem Services: An Overview
Highlighting Hydrologic Services, Annu.
Rev. Environ. Resour, 32: 67-98.

BUTCHART S.H.M., WALPOLE M., COLLEN
B., Von STRIEN A., SCHARLEMANN J.P.,
ALMOND R.E.A., BAILLIE J.E.M.,
BOMHARD B., BROWN C., BRUNO J.,
CARPENTER K.E., CARR G.M.,
CHANSON J., CHENERY A.M., CSIRKE
J., DAVIDSON N.C., DENTENER F.,
FOSTER M., GALLI A., GALLOWAY J.,
GENOVESI P., GREGORY R.D.,
HOCKINGS M., KAPOS V., LAMARQUE
J.F., LEVERINGTON F., LOH J.,
MCGEOCH M.A., MCRAE L.,
MINASYAN A., MORCILLO M.H.,
OLDFIELD TH.E.E., PAULY D., QUADER
S., REVENGA C., SAUER J.R., SKOLNIK
B., SPEAR D., STANWELL-SMITH D.,
STUART S.N., SYMES A., TIERNEY M.,
TYRRELL T.D., VIÉ J.C., WATSON R..
(2010), Global Biodiversity: Indicators of
Recent Declines. Science, 328: 1164-1168.

CARDINALE B.J., DUFFY M., GONZALEZ
A., HOOPER D.U., PERRINGS C.,
VENAIL P., NARWANI A., MACE G.M.,
TILMAN D., WARDLE D.A., KINZIG
A.P., DAILY G.C., LOREAU M.C.,
GRACE J.B., LARIGAUDERIE A.,
SRIVASTAVA D., NAEEM S. (2012),
Review: Biodiversity loss and its impact on
humanity, Nature, 486: 59-67.

CHEN Z.Q., BENTON M.J. (2012), The timing
and pattern of biotic recovery following the
end-Permian mass extinction, Nature
Geoscience, 5: 375-383.

CHRISTIE M., HANLEY N., WARREN J.,
MURPHY K., WRIGHT R., HYDE T.
(2006), Valuing The Diversity of
Biodiversity, Ecological Economics, 58:
304-317.

CHRISTIE MIKE I.F. (2012), An Evaluation of
Monetary and Non-monetary techniques for
assessing the importance of biodiversity and
Ecosystem services to people in countries
with developing Economies, Ecological
economics, 83: 67-78.

COSTANZA R.D. (1997), The value of the
world's ecosystem services and natural
capital, Nature, 38: 253-260.

DASGUPTA P. (1996), The economics of the
environment, In: Proceeding of the British
Academy: 1995 Lectures and Memoirs
(Perring C., editor), Royal Swedish
Academy of Sciences, pp. 387-427.

De GROOT R.S. (2006), Function-analysis and
valuation as a tool to assess land use
conflicts in planning for sustainable, multi-



J. Wetlands Biodiversity (2013) 3: 7-16

Istros – Museum of Braila

15

functional landscapes, Landscape and Urban
Planning, 75(3-4): 175-186.

DEVI N.B., YADAVA P.S. (2006), Seasonal
dynamics in soil microbial biomass C, N and
P in a mixed-oak forest ecosystem of
Manipur, North-east India, Applied Soil
Ecology, 31: 220–227.

FARBER S.C., COSTANZA R., WILSON M.A.
(2002), Economic and Ecological Concepts
for Valuing Ecosystem Services, Ecological
Economics, 41: 375-392.

FOLEY J., DEFRIES R., ASNER G.P.,
BARFORD C., BONAN S., CARPENTER
S.R., CHAPIN F.S., COE M.T., DAILY
G.C., GIBBS H.K., HELKOWSKI J.H.,
HOLLOWAY T., HOWARD T.A.,
KUCHARIK C.J., MONFREDA C., PATZ
J.A., PRENTICE C., RAMANKUTTY N.,
SNYDER P.K. (2005), Global Consequences
of Land Use, Science, 309: 570-574.

GUARINO L. (2011), Secondary sources on
cultures and indigenous knowledge systems,
In: Collecting plant genetic diversity:
Technical guidelines. 2011 update (Guarino
L.,. Ramanatha Rao V., Reid R., editors),
Bioversity International, Rome, Italy, pp.
195-228.

HAMILTON A.J. (2005), Species Diversity or
Biodiversity?, Journal of Environmental
Management, 75: 89-92.

HARRINGTON R., ANTON C., DAWSON T.P.,
DeBELLO F., FELD C.K., HASLETT J.R.,
KLUVA INKOVA-ORAVSKA T.,
KONTOGIANNI A., LAVOREL S., LUCK
G.W., ROUNSEVELL M.D.A.,
SAMWAYS M.J., SETTELE J.,
SKOURTOS M., SPANGENBERG J.H.,
VANDEWALLE M., ZOBEL M.,
HARRISON P.A. (2010), Ecosystem
services and biodiversity conservation:
concepts and a glossary, Biodiversity and
Conservation, 19: 2773–2790.

HERMANN A., SCHLEIFER S., WRBAK T.
(2011), The concept of ecosystem services
regarding landscape research: A Review,
Living Rev. Landscape Res., 5 (1).

KIMMNIS J.P., REMPEL R.S., WELHAM
C.V.J., SEELY B., VAN REES K.C.J.
(2007), Biophysical sustainability, process-
based monitoring and forest ecosystem
management decision support systems, The
Forestry Chronicle 83 (4): 502-514.

LOOMIS J.B. (2000), Can Environmental
Economic Valuation Techniques Aid
Ecological Economics and Wildlife

Conservation?, Wildlife Society Bulletin, 28
(1): 52-60.

MARTIN-LOPEZ B., GOMEZ-BAGGETHUN
E., GONZALES J.A., LOMAS P.L.,
MONTES C. (2009), The assessment of
ecosystem services provided by biodiversity:
Re-thinking concepts and research needs, In:
Handbook of Nature Conservation: Global,
Environmental and Economic Issues
(Aronoff, J.B, editor), Nova Science Pub
Incorporated, New York, pp. 261-282.

MBURU J. (editor), ABILA R., DIAFAS I.,
GUTHIGA P., HATFIELD R., KIRAGU S.,
RITHO C. (2005), Economic valuation and
environmental assessment. Training manual,
Training held on 15-26th August, 2005 at
Kakamega Golf Hotel, Kenya.

MEHMET PAK M.F. (2010), Total Economic
Value of Forest Resources in Turkey,
African Journal of Agricultural Research,
1908-1916.

MILLENNIUM ECOSYSTEM ASSESSMENT
(2005), Ecosystems and Human Well-being:
Biodiversity Synthesis, World Resources
Institute, Washington, DC.

MORSE-JONES S., TURNER RK., FISHER B.,
LUISETTI, T. (2010), Ecosystem valuation:
some principles and partial application,
CSERGE working paper EDM, No. 10-01,
http://hdl.handle.net/10419/48823.

NEWCOME J., PROVINS A., JOHNS H.,
OZDEMIROGLU E., GHAZOUL J.,
BURGESS D. (2005), The economic, social
and ecological value of ecosystem services:
A literature Review, Department for
environment, food, and rural affair-
economics for the environment consultancy.
Final Report.

NIJKAMP P.A. (2010), Sustainable Biodiversity:
Evaluation Lessons from Past Economic
Research, Regional Science Inquiry journal,
13-46.

NORRIS K. (2013), Biodiversity in The Context
of Ecosystem Services: The Applied Need
for Systems Approaches, Philosophical
Transactions of The Royal Society B, 367:
191-199.

ODUM E.P. (1971), Fundamental of Ecology,
Philadelphia: W.B. Saunders Company, 574
pp.

SAGOFF M. (2011), The quantification and
valuation of ecosystem services, Ecological
Economics, 70 (2011): 497-502.

SALLES J.M. (2011), Valuing Biodiversity and
Ecosystem Services: Why Linking Economic

MSN
Text Box
NEWCOME J.,



J. Wetlands Biodiversity (2013) 3: 7-16

Istros – Museum of Braila

16

Values with Nature?, Comptes Rendus
Biologies , 334 (5-6): 469-482.

SPANGENBERG J.H. (2007), Biodiversity
pressure and the driving forces behind,
Ecological economic, 61: 146-158.

THE CONVENTION ON BIOLOGICAL
DIVERSITY (CBD) (2009), Forest
Resilience, Biodiversity and Climate
Change: A Synthesis of the Biodiversity /
Resilience / Stability Relationship in Forest
Ecosystems Technical, No. 43 the
Convention of Biodiversity (CBD).

THE CONVENTION ON BIOLOGICAL
DIVERSITY (CBD) (2011), Report of the

Eleventh Meeting of The Conference of the
Parties to the Convention on Biological
Diversity, cop-11-35-en, Retrieved. 2013-2-
18.

TIETIENBERG T., LEWIS L. (2013),
Environmental & Natural Resource
Economics, 9th Edition, Pearson New
International Edition, New Jersey, 640 pp.

TURNER R.K., PAAVOLA J., JESSAMY V.,
COOPER P., GEORGIOU S., FARBER S.
(2003), Valuing nature: lessons learned and
future research directions, Ecological
Economics, 46: 493-510.

.



J. Wetlands Biodiversity (2013) 3: 17-24

Istros – Museum of Braila

THE EVOLUTION OF BIODIVERSITY CONSERVATION
MANAGEMENT IN ROMANIA

Luiza Florea and Sorin Dorin Stratilă 

Received: 09.06.2013 / Accepted: 21.08.2013

Abstract: The biodiversity conservation is not a very new concept. In Romania in the past it was
named protection and nature conservation and the application of these concepts was held, for the first
time, at the beginning of the XX-th, especially with the establishment, in 1930, of the Commission for
the Nature Monuments Protection (CMN), as part of the Romanian Academy. CMN activity had
resulted, in 1985, a total of 130 protected areas that totalled approximately 75,000 ha. In present, after
the signing of the Rio Declaration in 1992, and after the EU adherence in 2007, Romania committed
itself to conserve its biodiversity. By complying with these documents, Romania was expected to pass
legislation, develop administrative structures and promote various specific actions towards maintaining
a balance between environmental and economic developments. In 2009, the Romanian Protected Areas
(PAs) network covered 19.29 % of the total of Romania’s surface, mostly in the newly created Natura
2000 networking. From an administrative point of view most of the protected natural areas belong to
the National Forest Authority - ROMSILVA. It can be remarked on that there is a proper legislative
background that covers the complex issues of the protected areas. Also, there are many provisions
according to the European requests or which are the result of a series of agreements, treaties and
international conventions that Romania has joined.

Keywords: legislation, protected areas, Romania

Defining biodiversity and its importance1

The term of global biodiversity was first
used in the United States of America, at the
first National Biodiversity Forum (1986).
The concept is attributed to E.O. Wilson, a
well known entomologist and the father of
sociobiology, who chaired the forum. The
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following year, at the UN Conference in
1987, the term was taken over and used
globally, by biodiversity understanding all
the manifestation phenomena of the living.
The concept of biodiversity has evolved
from a simplistic interpretation, which means
the total number of the living species that are
part of the terrestrial and aquatic ecosystems
on Earth, to a more complex interpretation
that takes into account the systems theory in
the organization of the living matter. So
today, the monitoring and the biodiversity
management involve four levels of approach:
the genetic diversity, the species diversity,
the ecosystem diversity and the ethno
cultural diversity (CBD 1992).

Representing the primordial condition of
the human civilization existence, biodiversity
provides the support system for life and for
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the development of socio-economic systems.
The importance of biodiversity for the
human and the environment is expressed on
several levels. The most significant value of
biodiversity is the value of use, that is aimed
directly and immediately to the human.
People find in the biological resources that
surround them sources of food, medicine,
building materials, fuel, industrial raw
materials (rubber, oils, waxes, paraffin, and
textile).

Often this biodiversity by specific
features is a source of knowledge and
innovation in various scientific fields.
Nature, through its aesthetic and spiritual
valences, was and is an inexhaustible source
of inspiration for various art forms. Nature is
a health restoration and recreation
environment for the human body by means
of tourism, sport, people finding in nature
beauty, harmony, rest, joy.

The ecological value or the amount of
protection and control of our entire natural or
semi-natural environments is a great service
that biodiversity provides for the
environment and indirectly for the human.
Setting the global processes of the
atmosphere, climate, conserving the water
and soil balance, recycling nutrients,
pollination and seed dispersal, biological
control of agricultural pests and diseases,
gene bank, resilient communities and
ecosystems, these are some of the many
services provided by biodiversity.

Biodiversity is important not only due to
the goods and services provided for the
human and nature. The philosophical and
spiritual issues, related to biodiversity are
summarized in two categories of values,
future option value and intrinsic value of
biodiversity.

If the intrinsic value of biodiversity is
the value given by the fact that it simply
exists, the future option value or the heritage
value is simply the dowry that we are willing
or are forced to leave to the future
generations so that they, in their turn, make
the most of it by using a strategy they will
develop.

The natural environment of Romania

With an area of 238,391 km2 and a
population of 21,584,365 inhabitants,
Romania is considered a medium-sized
European country, representing 6 % of the
total EU surface and 4 % of its population
(National Institute of Statistics, July 1-st,
2007). The variety and the relatively
balanced relationships between the various
forms of relief - 28 % mountains, 42 % hills
and plateaus and 30 % plains - represent
unique and rare features in Europe and even
globally (SNPACB 2010-2020).

As a result of its geographical
positioning, Romania enjoys the existence of
a unique biodiversity, both in ecosystems
and species and also genetically. Our country
has not less than five biogeographical
regions (Fig. 1, Annexes), two of which the
Pontic one and the steppe represent new
natural elements added to the European
Union dowry, marking the introduction of
many new types of habitats and species
(NEPA 2010).

Besides the five biogeographical regions
in Romania, based on geomorphologic,
geological, climatologic, hydrological, soil
and vegetation criteria there were identified
21 ecoregions (Fig. 2, Annexes). The
ecoregions in Romania are intended to
ensure the conceptual framework that should
achieve their protection (NEPA 2010).

More than 47 % of Romania hosts
natural and semi natural ecosystems and
almost half of the national forests (6.2
million hectares) were first given for
protection, rather than production. This
makes it possible for Romania to have one of
the largest areas of semi-natural forests in
Europe, despite the fact that forest land has
decreased significantly since the
establishment of the Romanian modern state
in 1900 (Ioras 2003).

The flora and fauna represent a natural
heritage of aesthetic, scientific and cultural
value. Due to the geographical position of
Romania, the flora and fauna have
Mediterranean, oceanic and continental
influences. Our country is famous for the
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floristic diversity hosting approx. 3,630 plant
species, of which up to now 23 species are
declared monuments of nature. Due to its
diverse habitats, Romania has a very rich
fauna harbouring 105 species of mammals,
410 species of birds, 19 species of
amphibians, 25 species of reptiles, 216
species of fish and invertebrate species
31,548 (30,000 species of insects, 860
species of crustaceans, 688 species of
mollusks) (NEPA 2010).

Representative for Romania is the
presence of large carnivores that are in a
favorable conservation status, according to
the data shown by the environmental
authorities. Thus, the wolf population (Canis
lupus) is estimated at 3,800 individuals, or
about 40 % of the population on the territory
of the European Union, the population of
lynx (Lynx) is estimated at 1,900 specimens,
and the brown bear (Ursus arctos arctos) at
6,600 specimens, more than 60 % of the
European population. These three species of
carnivores are a symbol and an indicator of
wild habitats. Keeping in Romania stable and
viable populations of large carnivores can be
a source for restocking in other areas of
Europe where the species are endangered.
(SNPACB 2010-2020).

Biodiversity conservation in the past

Protecting nature is an old concept which has
been in time replaced by the concept of
biodiversity conservation (CBD 1992). Since
ancient times, in some cases, people have
been concerned with protecting nature.
Romania also has a tradition in this respect.
The history of ideas and practices concerning
nature protection in Romania shows that
there was an old tradition, which in some
historical periods has been forgotten or
resumed. The history of nature protection /
nature conservation / biodiversity
conservation in Romania was divided into
four distinct periods (Soran et al. 2000).

The preceding period. Stefan cel Mare
(1457-1504), ruler of Moldova is among the
leaders who sought to protect some forested
areas and their hunting. He was the one who

established several “reservations“ naming
them with the old Slavonic word “branişte“ 
which means a forest with low density of
trees but plenty of grassy vegetation. In such
areas, felling trees or hunting were banned.
Such lordly “reservations” were created in
the 14-th and the 15-th centuries by some
rulers in Wallachia. But from all these
achievements there are still only a few terms
left (braniste, bran), some place-names
(Braniştea, Branişca, Bran) and the stories 
that have survived until today.

The scientific period. In Romania, since
the late nineteenth century the first scientific
actions on nature protection have appeared.
Names like the botanist D. Grecescu, the
painter Nicolae Grigorescu, the balneologist
I. Bernath, the botanist D. Brandză, the 
geographer S. Mehedinţi, are the most 
representative of this movement. The
establishment of the first natural reservation
across the country took place in 1904 and
was called "Slătioara forest“ and the first 
group that campaigned for nature
conservation was established in 1920 by the
writer Bucura Dumbravă and it was called 
“The Pilgrims’ Inn“ (Mohan et al. 1993).

In the interwar period there were many
Romanian science men who showed a great
interest in nature conservation. Of these the
most famous are: the hydrobiologist Grigore
Antipa (1867-1944), the botanist Alexandru
Borza (1887-1971), the biospeleologist Emil
Racoviţă (1868-1947). Among the 
outstanding achievements of these fathers of
nature protection in Romania, we will
enumerate: the legislation, in 1930, of the
first law to protect natural monuments (after
6 years of relentless campaign); the
foundation, also in 1930, of the Commission
for Protection of The Monuments of Nature
(CMN) in the Romanian Academy, the
foundation in 1935 of The Retezat National
Park followed by the establishment of other
protected areas, so that in 1938 the total
number rises to 30 scientific reservations.
Emil Racoviţă (1937) was the one that 
focused on the issues related to the
establishment of the suitable surface for a
protected area. He was the one who argued
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very convincingly the idea of establishing a
protected area with a larger surface rather
than more protected areas with a smaller
surface. He was also the one that said that if
we want to have a scientific reservation or a
sustainable national park level, it is required
to make a reasonable choice followed by an
environmental monitoring and efficient
administration (Motaş 1960).

The communist period. During 1948-
1954, nature and the environment protection
in Romania did not have a legal framework.
But after the adoption of the Decree on
Nature Conservation in 1954, after
establishing its implementing Regulation, in
1965, and after the publication of the Law on
Environmental Protection in 1973, they laid
the foundation for a legal activity for nature
protection in Romania. Thus, by 1985, the
number of protected areas had increased
about 11 times and their total expanded
about 13 times. The total number of
protected areas rose, in 1985, to 130 (approx.
75,000 ha), to which the forest reservations
protected by the forest planning provisions
were added. (approx. 64,000 ha in 1955 and
over 190,300 ha in 1984) (Soran et al. 2000).
The scientific personalities renowned in this
period in the field concerning nature
protection were: the botanist Emil Pop
(1897-1974), the zoologist Valeriu Puşcariu 
(1896-1987) and others. But, the promotion
and implementation of scientific concepts in
this period was not an easy task, because any
idea that did not fit into the Marxist thinking
was treated with suspicion.

The transitional period. After the
collapse of the communist power in
Romania, there was a period of utter
negligence of the authorities due to which, in
several counties, various newly rich people,
some former communist rulers have built in
various existing protected areas, or recently
declared, luxury residences, tourist
complexes or business activities.

Conservation of biodiversity in the
present

The network of protected areas in Romania
currently covers 19.29 % of the national
territory, a significant increase from 4.1%
protected areas before 1989. This growth
occurred in the past 20 years, having two
distinct phases.

The preceding stage to the EU
Accession, until 2007, when in Romania the
total surface of the protected areas covered
approximately 7.80 % of the country’s
surface and was represented by three
biosphere reservations, 5 Ramsar sites, 13
national parks, 14 natural parks, 993
reservations (Băltărețu and Busuioc 2009).

The post-accession stage to the EU after
2007, when as a result of the application of
some European directives on biodiversity
(Habitats Directive 1992; Birds Directive
1979), in our country there has been founded
the European network of protected areas
Natura 2000. Thus, 382 areas have been
declared protected as part of the Natura 2000
European network, thus leading to a total
surface of 19.29 % of the country’s surface.
In 2007, 108 SPA were declared (acc.
Ministerial Order 1284/2007) and 273 SCI
(cf. the Minister 1964/2007).

Currently, in Romania there are a total of
1,332 protected areas and a total of 11
categories of protected areas, out of which
five categories are reported nationally, two
categories declared at an European level, and
four categories declared at a global level
(Tab. 1). In addition to these categories of
protected areas there are in each county a
number of protected areas declared locally.

The newly created protected areas, the
Natura 2000 sites overlap in very large
proportion with the national network of
protected areas, generating up to three or
four different protection statutes for some
sites. The management objectives of such
protected areas are often unclear, but the
emphasis must always lay on protecting
the species and the habitats. Despite the
five-fold increase of the protected areas,
compared to 1989, many of the 21 eco-
regions of Romania are represented in the
new network of protected areas (Iojă et al. 
2010).
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Table nr. 1 Types of protected areas in Romania and the designation level, 2012

Designation
level

Type of protected area
Equivalent to IUCN
category

Number of protected
areas in Romania

1 Scientific reservations Category I 53

2 National parks Category II 13
3 Natural monuments Category III 227
4 Natural reservations Category IV 634
5

National

Natural parks Category V 14
6 Site of Community

Importance (SCI)
Category V 273

7

European

Site of bird protection
(SPA)

Category V 109

8 Biosphere Reservations
UNESCO MaB

Category X 3

9 Ramsar Site Category I, II, IV, V 12
10 UNESCO Natural

Heritage Site
Category I, II, IV, V 1

11

International

Geoparks Category II or V 2

Conclusions:

Planning the biodiversity conservation in
Romania evolved from “paper parks“ present
before 1990, to poorly fundedparks with
scattered conservation activities, between
1990 and 2006. Fortunately, after 2007, with
the accession of Romania to the EU, the
directive on the biodiversity conservation has
been changed again in response to the
provisions of the EU on the expansion of the
Natura 2000 network. Since 2007, the
habitats and the species of Community
interest have become the focus of the
conservation efforts in Romania.

Rezumat:

EVOLUȚIA MANAGEMENTULUI 
CONSERVĂRII BIODIVERSITĂȚII  

ÎN ROMÂNIA

Conservarea biodiversității nu este un 
concept nou. În România, în trecut acest
concept purta numele de conservarea și 
protecția naturii utilizându-se  pentru prima 
oară la începutul secolului al XX-lea, odată 
cu înființarea, în 1930, a Comisiei pentru 
Ocrotirea Monumentelor Naturii (CMN), în

cadrul Academiei Române. Activitatea CMN
a avut ca rezultat în 1985 declararea unui
număr total de 130 de arii protejate care 
însumau aproximativ 75.000 ha. În prezent,
după semnarea declarației de la Rio, în 1992 
și după aderarea la Uniunea Europeană în 
2007, România a consimțit să-și conserve 
biodiversitatea. În conformitate cu aceste
documente, era de așteptat ca România să 
promoveze legi, să-și dezvolte structuri 
administrative și să promoveze diferite 
activități prin care să mențină balanța între 
protecția mediului și dezvoltarea economică. 
În 2009, rețeaua de arii protejate din 
România acoperea 19,29 % din suprafața 
totală a țării, cea mai mare parte aparținând 
noilor arii protejate din cadrul rețelei Natura 
2000. Din punct de vedere al unităților  
administrative, cele mai multe arii protejate
aparțin Companiei Naționale a Pădurilor, 
Romsilva. Este de apreciat faptul că la nivel 
legislativ există un pachet legislativ care 
acoperă cele mai multe aspecte privitoare la 
ariile protejate. De asemenea, există mai 
multe prevederi conforme cu cerințele 
europene care sunt formulate sub forma unor
înțelegeri, tratate și convenții internaționale 
la care România este parte.
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Figure no. 1 Biogeographic regions of Romania (NAPA 2007)

Figure no. 2 Ecoregions in Romania (NAPA 2007)
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1 - Southern Carpathians; 2 - Oriental Carpathians; 3 - Apuseni Mountains; 4 - Banat Mountains; 5 -
Getic Subcarpathians;  6 - Curvature Subcarpathians; 7 - Banat Hills; 8 - Crişana Hills; 9 - Getic 
Plateau; 10 - Transylvania Plateau; 11 - Suceava Plateau; 12 - Central Moldavian Plateau; 13 -
Dobrogea Plateau; 14 - Moldavian Plain; 15 - Somes Plain;  16 - Banat and Cris Plain; 17 - Găvanu- 
Burdea Plain; 18 - Silvosteppe of the Romanian Plain; 19 - Steppe of the Romanian Plain; 20 -
Danube Valley; 21 - Danube Delta.
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REDESCRIPTION OF
NIPHARGUS ILLIDZENSIS PANNONICUS

S. KARAMAN, 1950 (CRUSTACEA: AMPHIPODA)
FROM “GAURA CU MUSCĂ” CAVE  

IN SOUTH-WEST ROMANIA
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Abstract: Niphargus illidzensis pannonicus S. Karman, 1950 mentioned for the first time in Romania
by Zincenco as met in „Gaura cu muscă” cave in 1968 was redescribed on this occasion from the same 
place adding the description of female.

Keywords: amphipoda, cave fauna, description, female, “Gaura cu muscă” cave 

Introduction:1

The subspecies Niphargus illidzensis
pannonicus was described in 1950 by Stanko
Karaman from Slovenia, a locality between
Sava River and the Danube (Karaman 1950).

The species was mentioned for the first
time in Romania by Doina Zincenco from
„Gaura cu muscă” cave in 1968 based on a
large material collected in 1961 and 1967;
the author made a good study on the
morphology of this species, a highly accurate
analysis of the character’s variability. The
species is also mentioned by Bleahu et al.
(1976).

The species was found again in the same
place 45 years later.

Iorgu Petrescu:
“Grigore Antipa” National Museum of
Natural History
Sos. Kiseleff no. 1
011341 București 1 
România
e-mail: iorgup@antipa.ro

Materials and methods:

„Gaura cu muscă” cave is placed on the left 
side of river Danube, above the Orşova-
Moldova Nouă route, 3 km downstream 
Coronini (Caraş-Severin county) (Fig. 1,
Annexes). The material (5 ♂♂ and 10 ♀♀) 
was collected from the rivulet from the lower
gallery laden with guano, by Iorgu Petrescu
(29.10.2012, 5 ♂♂, 10 ♀♀)  and Gabriel 
Chişamera (4.12.2012, 21 ♂♂, 18 ♀♀). 

Results and discussion:

Description of male (Figs. 2-7, Annexes)

Size: 19-25.5 mm (Fig. 2, Annexes).
Antenna 1 main flagellum with 22

articles, accessory one with 2 articles, a little
exceeding extremity of the main flagellum’s
first article (Fig. 3 A; 3 B; 3 C, Annexes).

Antenna 2 flagellum with 11 segments
(Fig. 3 A, Annexes).

Mandible, pars incisiva with three
strong, short, teeth, large pars mobilis with
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four terminal teeth, pars molaris, present. Its
palpus, with three articles, 11 simple setae on
medial margin of median article, five groups
(11, 3, 5, 4 and 3 setae) of short setae on the
surface of the apical article, five longer and
28 shorter setae on medial margin (Fig. 3 D,
Annexes).

Maxilla 1 with six apical pectinate robust
setae, exopod with two articles, the apical
one with eight robust setae (Fig. 3 E,
Annexes).

Maxilla 2, endopod with a large palpus
with two articles and eight apical setae,
endopod with 5 short robust pectinate setae
on medial margin, exopod with three apical
setae (Fig. 3 F, Annexes).

Maxilliped, basis with endite, five robust
apical setae, 4 simple ones, ischium, longest
article, with an endite, exceeding half of
carpus, 16 short robust setae on medial
margin, 11 simple, long ones on apical
margin, short merus being 0.56 times
ischium endite, six groups of setae on medial
margin of carpus (4, 2, 3, 3, 7, 2 setae),
carpus is twice the merus length, propodus is
0.72 times carpus length, two groups of short
setae on medial margin, close to propodus-
dactylus articulation, three groups on outer
margin (2, 6 longer ones, 5 long ones),
dactylus is 0.44 times propodus length, one
seta on outer margin, robust strong apical
claw (Fig. 3 F, Annexes).

Gnathopod 1, robust basis, 15 simple
long setae on outer margin, 17 simple long
setae on medial one; ischium with four
medial setae; merus, slightly longer than
ischium, with 15 setae on medial margin;
carpus is 1.44 times merus length, with two
groups of setae, 15 longer ones and other 14
shorter ones on medial margin, five ones on
outer margin; propodus is 1.13 times longer
than the width, 1.27 times carpus length, the
same aspect, but smaller than on gnathopod
2, two groups of five setae each on medial
margin, 13 groups of setae on outer margin,
1 strong robust seta (tooth) on top of medial
margin, 28 setae, 14 short ones and 14 longer
on palmar margin, dactylus is 0.76 times
propodus width, 13 simple short setae on
outer margin, strong medial-apical tooth,

strong robust apical seta barely exceeding
the spine of the propodus (Fig. 4 A,
Annexes).

Gnathopod 2, basis with 21 setae on
medial margin, three median groups of 12
setae, four setae each, 17 setae on outer
margin, ischium with 1 group of six setae on
medial margin, merus 1.14 times ischium
length, 13 setae on medial margin, carpus
1.22 times merus’ length, two gropus of
medial setae (9, 8 setae), six outer setae,
propodus being 1.27 times carpus length,
rectangular, as in the previous pair, 0.9 times
as long as it is wide, 17 gropus of medial
setae, strong medial-apical tooth, longer than
in previous pair, 1 group of three setae close
to outer margin, 2 groups of 5 setae each on
outer margin, 28 setae (10 longer ones) on
apical, palmar, margin, 1 group of five setae
close to medial robust seta (teeth?); dactylus
is 0.93 propodus width, 14 short simple setae
on outer margin, short medial apical robust
seta, terminal robust seta (spine?) slightly
exceeding the medial spine of propodus (Fig.
4 B, Annexes).

Pereopod 1, basis, half of the rest of the
articles’ combined length, numerous setae on
both margins; ischium with four setules
medial margin; merus, second longest article
is 3.71 ischium length, 13 setae on medial
margin, nine setae on five groups on outer
margin; carpus is 0.57 merus’ length, 15
setae on five groups on medial margin, three
setae on outer margin; propodus is as long as
carpus, 14 short setae in five groups on
medial margin, there is also the medial apical
group of 1 robust and four short simple setae,
seven setae on three groups on outer margin,
outer apical group of 1 robust and seven
simple short setae; dactylus is 0.22 times
propodus’ length, three short robust setae on
medial margin, a simple one on outer
margin, robust little curved apical claw (Fig.
5 A; 5 B, Annexes).

Pereopod 2, the basis is 0.54 times the
rest of articles combined, 14 setae on medial
margin, 16 setae on outer margin; three setae
on medial margin of ischium; mereus is 3.04
times ischium length, 14 setae in six groups
on medial margin, six setae on three groups
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and other four on distal outer corner; carous
is 0.64 times merus length, three robust setae
and 12 other simple ones on medial margin,
three setae in group and other three on distal
apical corner; propodus as long as carpus,
eight robust short setae and 10 simple short
ones on seven groups on medial margin,
eight simple setae on three groups and 10
outer distal ones in one group; dactylus is
0.22 times propodus length, three short
robust setae on medial margin, 1 simple seta
on outer margin, strong little curved apical
claw (Fig. 5 C; 5 D, Annexes).

Pereopod 3, basis with rounded margins,
0.47 times rest of articles combined length,
1.59 times longer than large, 17 short setules
on medial margin, 12 on outer one; five setae
on outer distal corner of ischium; merus 2.4
times ischium length, 11 short setae on
medial margin, 3 robust setae and other 10
simple ones on outer margin; carpus 0.87
times merus length, as long as propodus,
seven setae on two groups on medial margin,
13 setae, 11 robust ones on outer margin;
propodus with 12 setae, 6 robust ones on
medial margin, 20 setae, 10 robust ones on
outer margin; short dactylus, 0.14 times
propodus length, one short robust seta on
medial margin, short robust curved claw
(Fig. 6 A; 6 B, Annexes).

Pereopod 4, the basis is 0.35 times the
rest of articles combined length, almost
rectangular, 15 simple setules on medial
margin, 13 setules on outer margin; four
apical setae on ischium; merus is 2.2 times
ischium length, nine setae on four groups on
medial margin, eight on four groups on outer
margin; carpus is 1.26 times merus’ length,
19 setae, 15 robust ones on medial margin,
eight simple setae on five groups on outer
margin; propodus is slightly longer than
carpus, 20 setae, 15 robust ones on medial
margin, 17 setae, 10 robust ones in four
groups on outer margin; short dactylus, 0.07
times propodus length, 1 short robust seta on
medial margin, one simple on outer margin,
short curved claw (Fig. 6 C; 6 D, Annexes).

Pereopod 5, the longest pair, basis 0.39
times the rest of articles combined length,
1.78 times longer than large, 18 setules on

medial margin, 16 setules on outer margin;
ischium with three outer distal setae; eight
setae in four groups on medial margin, seven
setae, 2 robust ones in four groups on outer
margin; carpus is 1.22 times merus’length,
14 setae, 10 robust ones on medial margin,
12 setae, 10 robust ones in four groups on
outer margin; 15 setae, 12 robust ones on
medial margin, 24 setae, nine robust ones on
outer margin; dactylus is 0.15 times
propodus’ length, four short robust setae on
medial margin, terminal claw being 0.66
times dactylus length (Fig. 6 E; 6 F,
Annexes).

Pleopods, three pairs (Fig. 7 A,
Annexes).

Uropod 1, peduncle 0.88 times endopod
length, exopod is 0.52 times endopod length,
19 setae, seven robust one and three terminal
short robust ones, 26 setae, seven robust
ones on medial margin, three robust short
terminal setae (Fig. 7 B, Annexes).

Uropod 2, peduncle is little longer than
its rami, 10 short setae on medial margin,
exopod being 0.75 times endopod length, 2
short robust setae on medial margin, four
subterminal and 1 terminal robust seta; five
setae, four robust, on medial margin of
endopod, 2 subterminal and 1 short robust
terminal seta (Fig. 7 C, Annexes).

Uropod 3, peduncle with seven short
setae on medial margin, six robust ones in
two groups on outer margin, exopod is 2.8
times peduncle’s length, four times endopod
length, 21 short setae, 10 robust ones on
medial margin, 29 short setae, 11 robust ones
on outer margin, 1.62 times distal article
length, 20 outer short setae, six subterminal
and one terminal simple seta, endopod with
five setae (2 robust ones) on medial margin,
six (4 robust) on outer margin, 1 subterminal
seta and 1 robust terminal one (Fig. 7 D,
Annexes).

Telson, nine setae, seven robust on outer
margin of left side, three simple setae on
medial margin of left side, three terminal
robust setae and one setule, nine setae, eight
robust on outer margin of right side, two
setules on medial margin, 1 setule and three
robust terminal setae (Fig. 7 E, Annexes).
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Description of female (Figs 8-13, Annexes)

Size: 9-14.4 mm (Fig. 8, Annexes).
Pleonite 1 without any nude ventral

margin, pleonite 2 with 3 ventral short spine-
setae and pleonite 3 with 4.

Antenna 1 (Fig. 9, Annexes), main
flagellum with 25 segments, accessory
flagellum with 2 segments, apical segment
reaches half of second article of main
flagellum.

Antenna 2 with 13 segments, more
setose than in male.

Gnathopod 1, 9 setae on medial margin
of basis, 11 on outer one, a group of five
setae on outer distal corner, six setae on
outer distal corner of ischium, 14 on distal
margin of merus, merus as long as ischium,
carpus 1.5 times merus length, 10 setae on
medial distal corner and six on outer margin,
propodus 1.33 times carpus length, as long
as wide, three groups of setae on medial
margin, nine setae on distal medial corner,
eight groups of setae on outer margin,
numerous setules on palmar margin, five
longer, 1 group of setae on palmar margin of
propodus, towards outer extremity one
robust sensory seta and four pectinate shorter
setae on medio-outer corner; dactylus with
seven setae on medial margin, its claw does
not exceed robust seta of propodus (Fig. 10
A; 10 B, Annexes).

Gnathopod 2, 12 setae on medial margin
of basis, 10 longer ones on outer margin,
three on distal outer corner; merus is 1.38
times ischium length, 6 setae on distal outer
corner of ischium, eight on outer corner of
merus; carpus is 1.4 times merus length, 2
groups of setae on medial margin (2, 6);
propodus is 1.34 times carpus length, 1.17
times wider than long, 2 groups with 13
setae on medial margin (6, 7), 11 on outer
margin, 1 group of 5 setae on palmar outer
corner, 24 palmar setae, 4 longer, 1 robust
sensory seta and 3 pectinate smaller ones on
outer distal corner; 2 setules on medial
margin of dactylus, its robust terminal claw
does not exceed distal robust seta of
propodus (Fig. 10 C; 10 D, Annexes).

Pereopod 1, the basis 0.54 times the rest
of articles combined length, 7 longer setae
and 10 setules on medial margin, 12 setae on
outer margin, other 3 on distal outer corner,
4 on distal outer corner of ischium; merus
2.9 times ischium length, 4 groups of setae
on medial margin (3, 2, 2, 3 setae), 5 on
outer margin (4, 4, 3, 3, 6 setae); carpus 0.57
times merus length, 7 setae (3, 4) on medial
margin, 4 groups on outer margin (1, 2, 4, 7);
propodus 1.19 times carpus length, 2 groups
of setae (1 robust, 1 simple, 1 robust, 2
simple ones) on medial margin, 7 setae on
distal medial corner, 5 groups of setae (1, 3,
3, 3, 2) on outer margin, 2 robust setae on
distal outer corner and 3 distal setae;
dactylus with 2 short robust setae on outer
margin (Fig. 11 A; 11 B, Annexes).

Pereopod 2, the basis 0.6 times the rest
of articles combined length, 13 setae (4
broken) on medial margin, 6 (three longer)
on outer margin, 3 on distal outer corner; 3
setae on distal outer corner of ischium; 4
groups of setae (1, 2, 2, 4) on medial margin
of merus, 5 on outer margin (2, 3, 2, 2, 5);
propodus is 1.13 times carpus length, 2
groups of setae (4, 2), 9 setae on distal
medial corner, 5 groups of setae (1, 2, 2, 2,
1) on outer margin, 5 simple ones and 2
robust setae on distal outer corner; dactylus
with 3 short robust setae and a terminal
strong seta (Fig. 11 C; 11 D, Annexes).

Pereopod 3, the basis is 0.45 times the
rest of articles combined length, 1.5 times
higher than the width, more robust setae on
medial margin; merus is 3.6 times ischium’s
length, 4 groups of setae (2, 3, 3, 4) on
medial margin, 3 on outer margin (1, 2, 2);
carpus is slightly longer than merus, 4
groups of simple and robust setae (2, 3, 3, 3)
on medial margin, other 3 on outer margin
(4, 3, 4); propodus is 1.1 times carpus’
length, robust and simple setae on both
margins (2, 3, 3, 10; 3, 2, 2, 2); dactylus is
0.13 times propodus’ length, 1 short spine-
seta on medial margin, terminal robust short
seta (Fig. 12 A; 12 B, Annexes).

Pereopod 4, the basis 0.42 times the rest
of articles combined, 1.6 times higher than
the width, right distal margin; merus 3.8
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times ischium length, 5 distal setae on
ischium, 4 groups of setae on both margins
(1, 3, 5, 4; 1, 1, 2, 2); carpus is 1.27 times
merus length, 19 setae; propodus is 1.4 times
carpus’ length; short dactylus, 0.15 times
propodus length, 1 medial short robust seta
(Fig. 12 C; 12 D, Annexes).

Pereopod 5, the basis 0.4 times the rest
of articles combined length, 1.5 times higher
than wide; merus 2.5 times ischium length, 3
groups of setae on both margins (2, 2, 2; 1, 2,
4); carpus is 1.4 times merus length, 4
groups of mainly robust setae on medial
margin (2, 3, 4, 6) and 3 on outer margin (3,
3, 5); propodus is 1.3 times carpus length, 4
groups of setae on both margins (4, 5, 4, 6; 1,
1, 1, 4) (Fig. 12 E; 12 F, Annexes).

Uropod 3, short peduncle, 0.3 times
exopod length, 7 setae on distal margin,
exopod 5.8 times endopod length, proximal
article 3.1 times distal one length, 4 groups
of robust setae (2, 2, 2, 4) and a simple one
on medial margin, other 4 on outer margin
(2, 2, 2, 3); distal article with numerous setae
on distal part; endopod with 1 short terminal
setule and a short plumose seta (Fig. 13 A,
Annexes).

Telson, 2 groups of lateral setae on left
side (3 robust, one longer and a simple one, 1
robust long seta) and other 2 groups of 4
setae (3 robust, 1 simple) on right side; 3
robust long terminal setae on each side and
one simple short seta on medial margin of
each side (Fig. 13 B, Annexes).

Conclusions:

The morphology of our specimens
correspond with that one observed by
Zincenco. The description of female is added
with this occasion.

Cărăuşu et al. (1955) mentioned only
Niphargus puteanus elegans Garbini, 1894,
collected from wells from Baia Mare (Băile 
Usturoi), Satu Mare and Orşova. Zincenco 
(1968) noted that there are some similarities
of N. i. pannonicus with specimens of N.
elegans described by Cărăuşu et al. (1955).

Karaman and Ruffo (1986) mention N. i.
pannonicus for Serbia and Romania.

Rezumat:

REDESCRIEREA LUI
NIPHARGUS ILLIDZENSIS PANNONICUS

S. KARAMAN, 1950
(CRUSTACEA: AMPHIPODA)

DIN PEȘTERA “GAURA CU MUSCĂ” 
DIN SUD-VESTUL ROMÂNIEI

Niphargus illidzensis pannonicus S. Karman,
1950, menționat pentru prima oară în 
România de Zincenco în peștera „Gaura cu 
muscă” în 1968, a fost redescris cu această 
ocazie în același loc cu adăugarea descrierii 
femelei.
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Annexes:

Figure no. 1 Map with localization of cave “Gaura cu musca”.
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Figure no. 2 Niphargus illidzensis pannonicus S. Karaman, 1950. Male body, lateral view. Scale
in mm: 1.
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Figure no. 3 Niphargus illidzensis pannonicus S. Karaman, 1950. Male: A, urosomites; B,
antenna 2; C, its main flagellum, magnified; D, mandible; E, maxilla 1; F, maxilla 2; G, maxillped.
Scales in mm: A, B: 1; C, E, F, G: 0.2; D: 0.3.



J. Wetlands Biodiversity (2013) 3: 25-41

Istros – Museum of Braila

33

Figure no. 4 Niphargus illidzensis pannonicus S. Karaman, 1950. Male: A, gnathopod 1; B,
gnathopod 2. Scale in mm: A, B: 1.



J. Wetlands Biodiversity (2013) 3: 25-41

Istros – Museum of Braila

34

Figure no. 5 Niphargus illidzensis pannonicus S. Karaman, 1950 Male: A, pereopod 1; B, its
dactylus, magnified; C, pereopod 2; D, its dactylus, magnified. Scales in mm: A, C: 1; B, D: 0.3.
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Figure no. 6 Niphargus illidzensis pannonicus S. Karaman, 1950 Male A, pereopod 3; B, its
dactylus, magnified; C, pereopod 4; D, its dactylus, magnified; E, pereopod 5; F, its dactylus,
magnified. Scales in mm: A, C, E: 1; B, D, F: 0.5.
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Figure no. 7 Niphargus illidzensis pannonicus S. Karaman, 1950 Male A, pleopod 3; B, uropod 1;
C, uropod 2; D, uropod 3; E, telson. Scales in mm: A, B, C, D: 1; E: 0.5.
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Figure no. 8 Niphargus illidzensis pannonicus S. Karaman, 1950 Female body. Scale in mm:1.

Figure no. 9 Niphargus illidzensis pannonicus S. Karaman, 1950 Female head and antennae.
Scale in mm: 0.5.
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Figure no. 10 Niphargus illidzensis pannonicus S. Karaman, 1950 Female A, gnathopod 1; B,
detail of propodus robust setae; C, gnathopod 2; D, detail of propodus robust setae. Scales in mm: A,
C: 0.5; B, D: 0.1.
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Figure no. 11 Niphargus illidzensis pannonicus S. Karaman, 1950 Female A, pereopod 1; B, its
dactylus, magnified; C, pereopod 2; D, its dactylus, magnified. Scales in mm: A, C: 0.5; B, D: 0.2.
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Figure no. 12 Niphargus illidzensis pannonicus S. Karaman, 1950 Female A, pereopod 3; B, its
dactylus, magnified; C, pereopod 4; D, its dactylus magnified; E, pereopod 5; F, its dactylus,
magnified. Scales in mm: A: 0.5; B: 0.1; C, E: 1; D, F: 0.3.
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Figure no. 13 Niphargus illidzensis pannonicus S. Karaman, 1950 Female A, uropod 3, B, telson.
Scales in mm: A: 0.5; B: 0.5.
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Abstract: The article presents an approach to the assessment of the stability of the channel form
complexes taking into account the different factors and characteristics of the channel process within
their borders. The middle rivers of the upper Dnieper catchment are selected as example. The stability
of the complexes it is proposed to evaluate the morphological and morphodynamical change of the
channel, installed by different years’ geoimages within the borders of macromeanders. The types of
channel dynamics are defined, the method of macromeanders’ sustainability scored is developed. The
relationship between channel sustainability and the lithological structure and the geometrical features
of the valley is substantiated.

Keywords: channel complex forms, channel deformation, channel sustainability, geoimages,
macromeanders, upper Dnieper Basin

Introduction:1

Relief sustainability, in the most general
form, can be expressed in two ways:

- the ratio of the factors affecting the
geomorphological processes

- characteristics of their intensity
Link relief factors and processes are

probabilistic and thus represent the relative
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independence of the ways to assess its
sustainability.

The comparison of the results obtained
by different methods allows an overview of
the entire territory and local peculiarities of
the dynamics, defined by a combination of
factors.

In assessing the sustainability of rivers,
both approaches have been applied through
ratio of channel-forming factors and speed
channel deformations.

The speed and direction of deformations
are unequal within the boundaries of current,
relevant complexes of river bed forms,
depending on the local combinations of
factors. Complexes of channel forms are
considered as a natural combination of
meanders, linear sections and branches,
reflecting the specific channel process on
long stretches of the current. Probably the
complexes form a hierarchical system, but
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the principles of their selection and
classification are not developed.

The unequal conditions of occurrence
and characteristics of the channel process
involve a specific way of assessing the
sustainability of the channel complex forms.

Such an approach to assessing the
sustainability appears to be promising,
nonetheless, there is a poorly developed
direction of the fluvial geomorphology,
whose development is connected with the
prospects of the forecast of the dynamics of
the river bed extended segments (Hooke
2007).

Materials and methods:

The evaluation methods and indicators for
the channel’s sustainability developed in the
General form are mainly used for certain
channel forms with relatively homogeneous
conditions of the channel processes. The use
of the same indicators for the sustainability
assessment of the larger forms is limited by
different conditions, speed and direction of
deformations within their borders. The
calculation of the average values of the
indicators for larger river bed forms allows
taking into account only the quantitative
characteristics of the changes, but does not
affect the high specificity of the channel’s
process.

The same values of sustainability can
correspond to major forms with relatively
homogeneous morphology and dynamical
structure, combined in a single complex of
stable and rapidly changing flow segments.

Therefore, the changes reflect
sustainability, either the dynamics of the
main process in the framework of a certain
type of interaction of a stream and river
channels, or restructuring dynamical features
of the flow segment.

The methods for assessing the
sustainability of large forms, these should
dwell on constancy of morphology and
dynamical features of channel process as a
specific indicator sensitive to long-term
dynamics of factors.

The duration of the period, during which
the value of sustainability within the selected
approach may be considered constant,
depends on the characteristic time of the
development of forms of a different order.

Considering local segments, the separate
forms have transformed merely over a few
years, unlike complexes which have formed
over decades and centuries.

Defining the time interval for which the
calculated values of the channel
sustainability are true, discussed in the
review work, but are not implemented in any
specific models.

We developed an approach to the
definition of the stability of the major forms
of the river bed for the period from the mid-
nineteenth to the beginning of XXI century
concerning the changes in morphology and
morphodynamic type.

The main objects are selected from the
middle of the river basins of the upper
Dnieper - Sudost, Snov, Bolva (tributaries of
Desna), Iput (tributary of Sozh) with
relatively homogeneous climatic
characteristics of the catchment territory and
a variety of geological and geomorphological
conditions proper to the channel process.

Snov River flows intersects the fluvial
glacial plain and occupies the southwestern
part of the Bryansk region (Russian
Federation) and the North-Eastern part of the
Chernigov region (Ukraine). The catchment
area is 8,700 km2. The valleys feature a
smooth curve form, with wide, flat low
floodplains, gradually turning into interfluve
surfaces. The height of the floodplain above
the water edge does not exceed 1-2 m, its
width in the lower sites reaching up to 4.0
km. The meandering channel type prevails
55 % of the channel’s length. The braided
type (37 %) is widely distributed in the
middle reaches, and the relatively straight
type (8 % of length) in the upper reach.

The valley of Sudost river shares the
right Bank elevated plains, folded from the
surface of the loess - like loam with high
erosive partition and left side moraine fluvial
glacial plains, folded by sands. The
catchment area is 5,850 km2. The floodplains
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are wide, prevailing the meandering channel
type (74 % of the river’s length). Single
straights and braid segments are,
respectively, 18 % and 8 %. The floodplain
average height is 3 m.

The Bolva basin is divided into three
parts, with differing physical and
geographical conditions. The upper reaches
of the river cross the hill-moraine plain in the
middle part of the basin located on the
alluvial fluvial glacial plains, folded by
sands. In some places the surface of the plain
is complicated by the moraine hills. In the
lower reaches of the river pool gentle sandy
hills have elevated from the plain on the
bedrock of middle erosive partition. The
catchment area is 2,324 km2. The floodplain
wide channel is mainly meandering (83 %),
with straight segments with lengths up to
several kilometers (17 %). The floodplain’s
height is up to 4 m, while in many sites it is
composed of sands and cemented by iron
hydroxide.

Iput river basin is located on the fluvio-
glacial plains. The terrain is dominated by
sections of flat plains with terraces, folded
by fluvial-glacial and alluvial sands and
sandy loams, separated by erosive forms.
The characteristic features of the valley are
structurally due to the asymmetric structure,
the alternation of tectonically favoured areas
of different channel type. The catchment area
is 10,900 km2. The meandering type of
channel prevails 61 % of the river’s length.
At the local structural-conditioned reaches,
the straight (11 %) and braided (28 %) type
are distributed. The height of the scarps of
the floodplain coast varies from 0.5 to 6 m,
typical of areas with a height of 2-4 m
(Rybal'sky et al. 2007).

The evaluation of the sustainability of
the river bed performed within the
boundaries of macromeanders’ major bends,
complicated the forms of the lesser order –
curves separating those sites of branched or
linear channels. The emergence of the macro
bend determined structural-morphological
features of the valley and the dynamics of
the flow in the postglacial era by increased
water availability.

The choice of the macromeanders as key
objects is due to the following reasons. First,
these large channel forms are clearly
recognized on maps of different time and
space images; secondly, they are relatively
resistant in space in connection with the
peculiarities of the origin; in the third place,
the direction of their dynamics is a factor in
the development of river bed forms of lower
rank. The location of model objects is shown
in Fig. 1 (Annexes).

Results and discussion:

The stability of the channel is assessed in
comparison with geoimages for intervals: the
middle of the XIX century, the decade of the
30s of the XX century, the 30s to 80s of the
XX century, the 80s of XX century – the
beginning of the XXI century, through the
determination of the direction and rate of
configuration change. The interval limits are
determined by the time of the creation of
maps and satellite imaging. The information
about the configuration of the channel in the
XIX century are obtained from the military
topographic maps of scale 1:126000, created
under the leadership of Schubert (the state of
the area in the 60s of the XIX century). The
source of information about the state of the
channel in the twentieth century topographic
maps of scale 1:100000 (state of the area at
1928-1931 and 1988-1992). This approach is
used for major rivers, but relatively little is
designed for small and medium ones (Yang
et al. 1999; Mario et al. 2005; Takagi et al.
2007).

The method of evaluation of the
channel’s stability in the macromeander
borders includes two stages. At the first
stage, a variety of morphological and
morphodynamic changes were systematized
and summarized in several characteristic
types.

The morphological changes are divided
into groups: complexity, simplification,
stability configuration. The morphodynamic
changes are of two types: the change of
morphology while maintaining a
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morphodynamic channel type, as well as the
change of morphology and morphodynamic

type. The characteristic types of the
dynamics are presented by Tab. 1.

Table no. 1 Types of the channel dynamics in the macromeanders borders

Direction of
changes in the
morphology

Changes in morphology with
morphodynamical stability

Change of morphology and
morphodynamic type

The complication Development of the complex, bends,
increasing the number of braid
(furcation) channel, reducing a length
of straight line segments

Change of straight channel by
meandering or braided

Simplification the Increase in the number of
segment gentle bends, decrease
channel bifurcation, increasing the
length of a straight line segments

Change of meandering or braided
channel by straight line segments

Stability Opposite changes within macro-
meanders without changes in the ratio
of the lengths of segments with
different configurations

Opposite changes within macro-
meanders without changes in the
ratio of the lengths of segments with
different morphodynamic type

There is a slight probability that some
types of dynamics occured throughout
several decades from the first century, for it
seems to be the least probable change of the
morphodynamic channel type on the whole
macromeander, as it involves substantial
alteration factors of the channel process.

In addition to these types, the variant of
the stable existence of the channel is possible
without any noticeable change in the
configuration. Simplification and
complication of the configuration in
combination with a change in the
morphodynamic channel type indicate the
ongoing dynamics of the most important
factors of the channel process. The stability

configuration, as a rule, highlights the auto-
oscillatory dynamics of valley-channel
complexes without significant changes in the
conditions of channel processes.

The second stage includes scoring types
of dynamics and their combinations as an
integral indicator of sustainability.
Configuration of the reaches with maximum
resistance has not changed during the entire
period of time. On reaches with less
resistance prevail morphological changes,
but morphodynamic type of the channel
process is maintained. On segments with
minimal resistance combined morphological
and morphodynamic changes (Tab. 2)

Table no. 2 The principle of macromeander sustainability scoring

Points Change of morphodynamic type Change in channel morphology

3
morphodynamic type is maintained
throughout the all reach

Configuration remains stable

2
morphodynamic type is changed in
some parts of the macro-meanders

Configuration becomes more complicated or
simplified within one of the macromeander arm

1
morphodynamic type is changed
more over the channel

Configuration becomes more complicated or
simplified throughout of macromeander arm
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The information on channel
sustainability indicators is shown in Tab. 3.
Ordinal numbers of objects correspond to
their numbering on Fig. 1 (Annexes). In
columns 2-3 are presented the results of the
scoring of morphological and
morphodynamic changes; in column 4, the
values of the integral index.

Table no. 3 The sustainability indicators of
the channel in the macromeander borders

R NM MDT CM S
1 3 2 5
2 3 1 4
3 2 1 3
4 3 1 4
5 2 1 3

B
o

lv
a

6 2 2 4
1 3 1 4
2 3 1 4
3 3 2 5
4 2 1 3
5 2 1 3
6 3 3 6
7 2 1 3
8 2 1 3

S
u

d
o

st

9 3 1 4
1 2 1 3
2 2 2 4
3 3 2 5
4 3 2 5
5 3 1 4
6 2 1 3
7 2 1 3
8 2 1 3
9 2 2 4
10 3 2 5

S
n

o
v

11 3 1 4
1 3 1 4
2 3 3 6

3 3 3 6
4 2 3 5
5 1 1 2
6 3 2 5
7 2 2 4
8 3 2 5
9 2 2 4

Ip
u

t

10 3 3 6

Legend: R-river; NM-number of macromeanders
(by Fig. 1); MDT-change of morpho dynamical

types (points); CM-change of channel
morphology (points); S-stability (points).

In the spatial distribution of
sustainability there are two patterns: a
relatively small resistance of medium reach
and non-periodical loose alternations of its
value in other areas, which are in good
agreement with the theory of the channel
process. The first pattern is explained by the
maximum values of the energy flux of the
secondary reaches (Chalov 2008). The
second is connected with the influence of
local conditions - various lithological
structure of the segments and the mutual
disposition of the geometrical axis of the
macromeanders and the axis of the valley.

At the level of individual channel forms
there has been established that the flow has
maximum erosion ability if the orientation of
the shore slope angle is 45 degrees. The
smaller or larger values of the relatively
greater impact are given by the strength
properties of grounds. The peculiarities of
interaction between flow and channel are
saved, probably at the level of
macromeanders.

The most significant changes occur if the
macromeanders set at an angle of 30 to 60
degrees to the axis of the valley, in other
cases, the channel stability of the riverbed
significantly more.

Conclusions:

The stability of the channel is assessed at the
level of large form macromeander
peculiarities of their long-term dynamics.
Conversion of the river bed is discussed
through the configuration changes and
morphodynamic type. The values of
sustainability are determined by the degree
of morphological and morphodynamic
transformation expressed in score. In the
framework of the approach chosen, the
stability of the rivers in the basin of the
upper Dnieper changes downstream,
depending on the homogeneity of geological
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and geomorphological structure of the
territory. In relatively homogeneous
conditions of the development of river bed
deformations, the least steady is the middle
reach of the channel

Rezumat:

ABORDĂRI ÎN EVALUAREA 
COMPLEXELOR FORMAȚIUNI DE 

CANAL (PE EXEMPLUL BAZINULUI
NIPRULUI SUPERIOR)

Articolul prezintă o abordare privind 
evaluarea stabilității complexelor formațiuni 
de canal, luând în considerare diferitele
elemente și caracteristici ale procesului de 
canal în cadrul malurilor. Au fost selectate ca
model râurile de dimensiuni medii din
bazinul superior al Niprului. Stabilitatea
complexelor are ca scop evaluarea
schimbărilor morfologice și morfodinamice 
ale canalului, survenite în geoimaginile din
diferiți ani în interiorul malurilor 
macromeandrelor. Sunt definite tipurile de
dinamică a canalului și dezvoltată metoda de 
înregistrare a durabilității macromeandrelor. 
Principalele cauze posibile ale distribuției 
spațiale a stabilității canalului sunt 
argumentate. Este demonstrată relația 
sustenabilă dintre structura litologică și 
caracteristicile geometrice ale văii. 
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Figure no. 1 Distribution of key object – macromeanders in the upper Dnieper catchment.
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CONSEQUENCES OF EFFLUENT DISCHARGE
AND SEAWATER INTRUSIONS ON SOILS’

NUTRIENT POOLS AND BIOLOGICAL SPECTRA
IN NIGER DELTA
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Abstract: Terrestrial ecosystems are gradually becoming scarce for agricultural purposes due to
population growth and rising food demands, infrastructural developments and their declining fertility
status Wetlands with few exceptions are emphasized to supplement the terrestrial uplands because of
favourable soil water balance, moderate to high fertility status and low soil erosion hazards. This study
has investigated changes in wetland soils’ nutrient pools and biological spectra along oil and gas flow
line route in the coastal area of the Niger Delta, Nigeria, focusing on the recent changes in soil
nutrients with the influences of seawater and effluent discharge from the crude oil exploration stations
using spatial interpolation from observed point. We examined the statistical data at 115 sampling
stations during low tide in the dry season. It was shown that discharge effluent and seawater intrusion
was the major factor leading to differences in soil nutrients pool pattern in the region. The important
physical advantage of this soil is its non-vulnerability to soil erosion particularly under aggressive
rainfall condition. Also, the significant increase in PAH accounted for K immobilization (-0.932**),
where P increased on the surface soil, the population of HUB counts were negatively affected (-
0.865**). However, positive increase in Aliphatic hydrocarbon lead to corresponding increase in TPH
(0.956**) and sulfur (0.998**) on the surface and subsurface soils respectively. Although low level of
heavy metals occurrence in the soils is not of any environmental concern, the saline and organic nature
of the soils places severe restriction on arable agricultural activities. Therefore, there are good reasons
to control the level of effluent discharges into this unique soil environment.

Keywords: effluents, Niger Delta, oil and gas, salinity, seawater, soil pollution
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Soils are the heart of terrestrial ecosystems.
An understanding of the soil system is
therefore the key to success and
environmental harmony of any human
endeavor on the land (Brady and Weil 2013).
Wetland ecosystems are sites of rapid
biogeochemical cycling due to the
interactions between the oxic soil surfaces
and deeper anoxic soils (Weiss et al. 2003).
Wetland soils are soils formed in a variety of
parent materials that are commonly
associated with saturated moisture conditions
(Mitsch and Gosselink 2000). Saturated soils
develop several unique morphological
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characteristics as a result of several
oxidation-reduction reactions influenced by
the nature and content of organic matter,
temperature, the nature and content of
electron acceptors and pH.

Wetlands are heterogeneous
environments which can exhibit substantial
spatial and temporal variability in soil
properties (Bruland and Richardson 2004).
Wetland soils or hydric soils are soils with
aquic soil moisture regime (Soil Survey Staff
1999). The occurrence of hydric soils is
conditioned by hydrology, lithology,
physiography, rainfall amount and
distribution pattern (Ogban et al. 2011).
Wetlands have multifarious potentials as
seen in other parts of the world (Ojanuga,
Okusami and Lekwa 1996). Izac, Swift and
Andriesse (1990) and Ogban et al. (2011)
reported that wetlands are reputable to
produce over 90 % of crops grown on upland
farms, suggesting that the, potentials of
wetlands can be used for agricultural
production on a sustainable basis.

Seawater intrusions caused by tidal
fluctuations and effluent discharges from the
crude oil activity is considered to be a major
constraint to agricultural production in
coastal area (Tuong 2003) of the Niger
Delta. This is particularly the case in the
Niger Delta regions with large lowland
plains facing the sea. Here seawater and
discharged effluent intrusions can reach deep
into the soils through rivers and canal
resulting in contamination of the soil
environment. The extent of seawater and
effluent intrusions varies widely with time
and place; it is influenced by seasonal river
flow (Sam 2006) and level of slurry
discharges from the flow stations.
Furthermore, there is concern that
consequences of seawater and effluent
intrusions on soil nutrient pools and
biological spectra may be amplified by rising
sea levels and changing rainfall patterns due
to global climate change in the near future.

Canal and river water management for
wetland soil protection has been changed
with the conversion of wetland for oil
exploration. As a consequence of recent

hydrological developments and changes in
coastal soil, it seems that the influence of
seawater and effluent intrusions on soil has
changed the soils’ nutrient pools and
biological spectra in this region. Several case
studies (Bi et al. 2009; Cloquet et al. 2006;
De Vleeschouwer et al. 2009) have shown
that sewage or effluent discharged from
production industries into the immediate
environment (main waste disposal point)
deposits varying degrees of metal and toxic
organic concentrations which have been
observed to exceed the threshold limit on
vegetations and farmlands.

This anthropogenic activities, contribute
significantly to high level of pollution. Also,
since the sewage contains pathogenic disease
carrying organism, it is extremely dangerous
for health. Even though there have been
extensive studies on wetland soils (Sahrawat
and Narteh 2002; Bruland and Richardson
2004; Ogban et al. 2011) about sea water
salinity effects on rice plants’ physiology at
the field level (Garcia 1997; Maas and
Hoffman 2007), little or no recent
information is available on interrelationships
between seawater, oil and gas effluent
discharges on soils’ nutrient pools and
biological spectra in coastal area of the Niger
Delta.

Such information could be indispensible
for planning agricultural policy and new
research for developing methods that
increase and stabilize agricultural
development and a healthy standard of living
among the coastal dwellers. This research is
therefore describing the interrelationship
between seawater and effluent intrusion on
soils’ nutrient pools and biological spectra
along oil and gas flow line route in the
coastal area and its commitment to a healthy,
safe and sound environment.

Materials and methods:

Environment of the study sites

The field falls within the saline (mangrove
swamp) zone of the Niger Delta, which is
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straddled by the belt of beach-ridges seaward
and the freshwater alluvial zone on the
inland side of latitude 5o14’ E and longitude
6o43’ N. In addition, a network of rivers,
creeks and inlets intersects the field, and
mangrove swamps/forests abound. The
major soil types in the Obieba (OB/OB)
mangrove swamps consist of soft mud,
Chikoko (Peaty Clays) and saline sands.
However, soft mud constitutes about 90 % of
the Soils. Most of the land is inundated by
salt water during high tide. At Obieba field,
the diurnal average for temperature is 29.6
oC, while maximum and minimum air
temperatures were 35.5 oC and 24 oC,
respectively. The diurnal average for relative
humidity was 61.6 %. However, the relative
humidity was maximum (84 %) and
minimum (41 %) recorded at 04:00 GMT
and 13:00 GMT, respectively. The average
wind speed measurement was 2.10 m/s. A
high percentage of the wind (45 %) was
north and northwesterly, and this
corresponds to the direction of the sea. The
study area is a coastal region known to be
affected by land and sea breezes. These
breezes are products of local pressure
differences resulting from the alternate
warming of adjacent land and sea. The cloud
measurements indicate a low mean of 3.00
Oktas. This was so because much of the sky
was clear during the period of field
measurements. However, the months of July
and August have the highest mean
cloudiness.

Sampling procedures

In the process of assessing the flow of
effluent discharge along the flow-line, two
simplified sampling procedures used were:
lateral and vertical spreads. Laterally,
assessment on the spreading of properties
with surface displacements at 0-15, 15-30
and 30-60 cm depth exceed several meters to
cover 115 sampling stations around the oil
and gas facilities. Additionally, vertical
stratified coring approach was adopted at
two depths of 0-50 and 50-100 cm on the
premise that downward ground movement of

effluent continue under gravity loads until a
state of minimal potential energy (at 1 meter
depth) was achieved. Soil samples were
physically examined; analysed data were
interpreted with statistical analysis of
computer programme.

Laboratory analyses

Soil particles size distribution was analysed
using Robinson pipette method on air dried
soil sieved on 2 mm mesh sieve and
following the procedure described by
Mathieu and Pieltain (1998). Particles size
distribution was measured after oxidation of
the organic matter with hydrogen peroxide
(H2O2) of a soil sample sieved through 2 mm
mesh, followed by particles dispersion with a
sodium hexametaphosphate solution
(NaPO3)6 (Van Reeuwijk 1993).

Soil organic carbon was determined
using the Walkley and Black method (1934).
The total nitrogen was measured by dried
combustion and by Kjeldahl method (Moral
et al. 2005). All samples were dried in a
forced-air oven at 60 °C and ground to 0.5
mm for analysis. Total organic carbon was
determined by oxidation with K2Cr2O7 in
H2SO4, according to Yeomans and Bremner
(1989).

NH4
+-N was extracted with 2M KCl and

determined calorimetrically by the phenol
salt method (Honeycult et al. 1991).

NO3
--N was determined by second-

derivative spectroscopy in a 1:30 (w/v) water
extract (Sempere et al. 1993). Total nitrogen
(Nt) and organic nitrogen (Norg) were
calculated as the sum of Kjeldahl -N and
NO3

--N and as the difference between Nt and
the inorganic nitrogen (sum of NH4

+-N and
NO3

--N), respectively.
Heavy metals in soil were determined by

the perchloric acid digestion method as
described by Udo (1986). Two grammes of
air-dried soil which had been passed through
a 2 mm sieve was weighed into a 150 ml
beaker. To this was added 20 ml of
concentrated HNO3, followed by 15 ml of
HClO4 after it was allowed to stand for one
hour. The mixture was then digested on a hot
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plate till it turned white. The residue was
dissolved in dilute HC1 and filtered. The
filtrate was then used for the determination
of Zn, Cd, Pb, Cr, V and Ni by atomic
absorption spectrophotometry. Consideration
was taken of the dilution factor in
concentration calculations.

The total hydrocarbon content of soils
was determined by the spectrophotometry
method. Ten grammes of a representative
soil sample were extracted with 20 ml of
toluene. The absorbance of the toluene
extract was then measured with the aid of a
spectrophotometer at 420 nm wavelength.
The spectrophotometer reading was then
converted to parts per million by reference to
a standard curve which was prepared using
known concentrations of hydrocarbons in the
extractor.

Microbiological Studies

Total Viable Bacterial Counts

The heterotrophic bacterial counts of the
samples were determined by inoculating 0.1
ml aliquots of 10 soil dilution on to the
surface of four (4) Nutrient Agar plates,
spread by means of a sterile glass rod, and
incubated at 28 oC for 48 hours. Suppression
of fungal growth was ensured by
incorporating fungi zone, 10 µg/ml (Walker
and Colwel 1976) to the Nutrient Agar.
Counting of colonies in plates with 30-300
colonies was done.

Enumeration of Fungal Populations

Potato Dextrose Agar containing penicillin
(0.5 %) chloramphenicol (0.5 %) and
streptomycin (0.25 %) (Raymond et al.
1976) was used. These antibiotics help to
eliminate bacteria from the Agar plates.
Aliquots (0.1) ml of 10-7 soil dilution was
inoculated onto dry Agar plates. Incubation
was at 28 oC for 72 hours and developing
fungal colonies were counted.

Counts of Oil-Degrading Micro-organisms

The densities of oil-degrading bacteria and
fungi in the samples were determined by
inoculating 1.0 ml aliquots of 10-2 water
dilution or 0.1 ml of 10-7 soil dilution on to
oil Agar plates (at pH 7.6) to which were
incorporated fungi zone, 10 µg/ml (Walker
and Colwell 1976) for the isolation of
bacteria. The incubation was done at a
temperature of 37 oC for 72 hours. For the
isolation of fungi, pH of the medium was
adjusted to pH 4.0 and antibiotics (penicillin
G, 0.5 %; chloramphenicol, 0.5 % and
streptomycin, 0.25 %) were incorporated
(Raymond et al. 1976) to suppress bacterial
growth. The suspension was spread by
means of a sterile bent rod and the plates
were incubated at 28 oC for 72 hours until
colonies appeared. Counting of colonies in
plates with 30-300 colonies was done.

Statistical methods

The data were subjected to the analysis of
variance according to the experimental
design (linear model with interactions), by
the analysis software SAS® (Statistical
Analysis System Institute Inc., Cary, NC,
USA). For the significant effects, the
averages were compared using Student-
Newman-Keuls method (Dagnelie 2003). To
estimate the spatial distribution of the
average contaminant concentration, we
applied the spline interpolation method using
ArcGIS 9.1 (ESRI Inc., CA) to the
observation data points. The average area
affected by total petroleum hydrocarbons
(TPHs) were compared to show the level of
effluent intrusion among the six strata in the
coastal area.

Results and discussion:

Physical examination

Some important physical parameters
examined in the field for this study are:
texture, colour and odour.

The texture of the soil was judgmentally
assessed by feeling with the hands. Textures
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along the transects were observed to range
from loamy sand to sandy loam.

The colour of the soils varied from its
true colour to apparent colour. At the surface
soil level (0-15 cm) and the sub surface
levels (15-30 and 30-60 cm), most locations
appeared dark brown, but in the areas with
lush vegetation, the colour varied between
dark brown to black, while areas with
ponded effluent discharges changed the soil
colour to dark yellow-grey-brown. This is
accessioned during fermentation of gases and
organic materials.

Odour measurement was by (smelling)
physiological response of olfactory nerve to
volatiles from organic matter and biological
materials in the soil. The perceptile residual
odour (threshold odour number) was pungent
smell. This was common in locations with
pH value < 5.0 and could be attributed to
dissolved oxygen in the discharged water
during anaerobic process in the soil
environment.

A. Lateral assessment of soil properties

Soil pH (Redox reactions)

Soil reaction which is given in terms of pH
value is a measure of the free hydrogen ion
(H+) concentration of soil solution. The value
of the free H+ concentration in a soil
influences the availability of nutrient
elements and biochemical reactions in the
soil (Bohn and Connor 1984). In strongly
acidic soils for instance basic cation uptake
by plant roots is inhibited. Beneficial soil
micro organisms are affected by soil
reaction. Generally, the pH of OB/OB soil
averaged very strongly acidic (4.9) in the
three depths sampled. On the surface soil, it
ranged from acidic value of 4.4 to slightly
acidic value of 5.7 and from 4.3 to 5.2 at the
sub surface level of 30 cm. At the depth of
60 cm, pH averaged 4.5. Acidity is generally
associated with leached soils; however
agricultural practices and industrial
discharges do alter soil pH. Soil pH is often
considered in terms of the soil capability and
suitability to support plant growth. The pH

of 4.8 is set as the lower limit for optimum
growth of plants, and conversely the pH
greater than 7.5 is regarded as the extreme
upper limit (alkalinity) at which some plants
can still grow (Troeh and Thompson 1993).
Thus, without any exception, the soils can
support plant growth.

Electrical Conductivity

The electrical conductivity of a soil indicates
the total ionic strength (anions and cations)
of a soil. Low total ionic strength in a soil
indicates low dissolved salt contents and vice
versa. Consequently, Electrical conductivity
increases with higher amount of soluble
salts. Electrical conductivity values of soils
on the surface soil ranged from 2.0 µs/cm
(sample station 6) to 21.0 µS/cm (sample
station 19), from 1.0 µS/cm (sample station
17) to 18.0 µs/cm (sample station 4) and
from 7.0 (station 1) to 25.0 µS/cm (station
11) at the sub surface levels of 30 and 60 cm
respectively. The electrical conductivity
value of the soil at surface and sub surface
levels is very low. These values are below
the tolerance levels for exchange of plant
nutrients for optimum growth (Akinrinde
2006) and it is an indication of nutrient
inhibition due to low THBC and HUB
(r = -0.462** and 0.437**).

Salinity

Salinity determined as chloride is a
monovalent stable oxidation state of halogen
in soils. It is essential for plant growth in
trace amounts. Excessive amount of chloride
in soils increase the osmotic pressure of the
soil water thereby reducing the availability
of water to plants (Isirimah et al. 2006). The
concentration of chloride on surface soils
(Tab. 1, Annexes) ranged from 17.00 mg/kg
in station 6 to 455 mg/kg in station 18 and
from 17.8 mg/kg to 530.0 mg/kg. However,
EC values ranged from 9.33 mg/kg to 420.0
mg/kg at the subsurface soil levels of 30 and
60 cm respectively. The saline content of
these soils was high both on surface soil and
sub surface soil indicating that the greater
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proportion of applied soluble salt is due to
high nitrate concentration and from the
discharge effluent from the oil and gas plant
and seawater intrusion.

Phosphorus

This is a major nutrient require by plant in
large quantity. Average P availability on the
three depths is 2.35, 2.14, and 1.90 mg/kg
respectively. That is the effect of the
intrusions on Phosphorus was more on the 0-
15 cm and reduced downward. Because of its
low solubility in water, this nutrient particle
accumulates in areas of slow-moving water
and caused rapid increase in the population
of photosynthetic algae which may exceed
many times its normal density. Such a bloom
turn the water bright green, prevent light
from penetrating beneath surface layers and
therefore often kill plants living at the
bottom (Massas et. al. 2009). Over time
therefore, phosphorus enrichment of fresh
water ecosystem leads to the destruction of
aquatic life and their filling in with organic
sediments.

Nitrate-N

As shown in (Tab. 1, Annexes), Nitrate-N
content of soil gives an indication of the
organic nitrogen present in the soil. Most of
the Nitrogen in soils is in the organic form as
only relatively small quantities occur in
NH4

+, and NH3
+; the more available forms.

The amount Nitrate-N in the soil is an
indication of how suitable the conditions in
the soils are and the content in this study
sites could be classified as low to medium
concentration. A value below 0.1% of nitrate
N is considered low for soils (NPSP 2005).
In the study area, the concentration on the
surface soil (0-15 cm) ranged from 0.01
mg/kg to 10.0 mg/kg and from 0.017 mg/kg
to 0.89 mg/kg at subsurface levels of 15-30
cm. However at depths of 30 cm - 60 cm, it
varied from 0.01 to 0.79 mg/kg. Nitrate-N
concentration level over the three depths
averaged 1.045, 0.496 and 0.382 mg/kg
respectively. These differences were

significantly at 5 % level. The highest
concentration recorded on the surface was
not surprising.

Total hydrocarbon (THC) content

The study area is at the proximity used for
petroleum hydrocarbon production activities
thus necessitating the need for evaluating the
total hydrocarbon content of the soil. Results
as presented in Tab. 1 (Annexes), revealed
Total hydrocarbon (THC) concentrations
ranged from 2.80 mg/kg to 33.6 mg/kg on
the surface level (averaged 12.90 mg/kg),
and from 0.80 mg/kg to 22.5 mg/kg averaged
8.15 mg/kg, and from 0.30 to 58.0 mg/kg
(4.65 mg/kg) at the subsurface soil level of
30 and 60 cm. The ranges were higher at
both surface levels. Although the THC result
reveals that, the area therefore is
contaminated by petroleum hydrocarbon.
According to the findings of Rajvaida and
Markande (1998), it is better to consider the
toxicity of organic compound in groups on
the basis of compound containing C=H,
C=H=O, C=H=N and C=H=S=P, as these is
capable of affecting the CNS. Therefore, in
the analysis of petroleum slurry, the result
suggests the contributive effect of these toxic
compounds to THC in this soil.

Total organic carbon (TOC)

Soil organic carbon usually mixes up with
fine clay particles to form soil colloids. It is
an important soil fraction due to its binding
properties that enhance most physical and
chemical activities in the soil. Thus, there is
increased contact with other colloids and
with soil solution. This results in the strong
friction and cohesion bonds between
particles and soil water. This is also a major
reason why clay soil holds together better
than sandy soil when wet. In some soil
locations examined, the TOC was seen to be
in small quantities, but its effects on soil
function were profound. This ever-changing
soil component exerts a dominant influence
on the soil’s physical, chemical and
biological properties of OB/OB especially on



J. Wetlands Biodiversity (2013) 3: 51-66

Istros – Museum of Braila

57

the surface horizon. The analytical result
revealed that total organic carbon, ranged
from 3.82 to 820 g/kg at the surface level
(0-15 cm) and 195 to 780 g/kg, and from 105
to 600 g/kg at the sub surface levels of 15-30
and 30-60 cm, with average values of 568.74
g/kg, 503.35 and 418.75 g/kg in the
respective soil levels. The ratio of carbon to
nitrogen is generally lower for subsurface
soils than the surface layer. Also, C/N ratio
in the organic matter across the depth is >
500:1 and this is detrimental for cultivation
of arable crops. Even-though the sites are
very high in organic carbon, this level of
concentration can be referred to as toxic in
the present unsaturated form, and is capable
of causing lungs and kidney discomfort
including eye, lung and throat irritation.

Heavy metals

The mineral element originates from soil and
is dissolved in water for plant root
absorption. Those required in small quantity
for optimum performance are regarded as
trace elements. The concentration of these
metals can however be increased to become
potential pollutants if heavy metals –
containing waste products from industrial or
domestic activities - are introduced into the
environment (Nunez-Delgado et al. 2002).
Concern over the presence of heavy metals
in an environment arises from the fact that
they cannot be broken down into non toxic
forms. Thus once aquatic ecosystems are
contaminated by heavy metal, they remain a
potential threat for many years (Isirimah et
al. 2006).

Analyses of the soil samples showed that
concentration of metals (Cadmium, lead and
Mercury) were below detectable limits
except for nickel and zinc at the two
sampling stations. Ni concentrations were
0.168, 0.394 and 0.216 mg/kg at soil levels
of 0-15, 15-30 and 30-60 cm respectively for
the first station. And in the second station,
the concentration at 0-15 cm was not
detectable at 15-30 and 30-60 cm. Zn was
detected at stations 5; -0.23 and 0.12 mg/kg,
6; -0.17 and 0.08 mg/kg, 7; -0.19 and 0.07

mg/kg and 8; -0.42 and 0.21 mg/kg for 0-15
and 15-30 cm depths respectively. The
absence and minute concentrations of these
substances at these stations indicated no
metal pollution or toxicity in the study site
due to the intrusions.

Biological studies

The soil environment is teeming with
biological life and is one of the most
abundant and diverse ecosystems on the
earth (Brady 2002). The microbial
community in soil is important because of its
relationship with soil fertility and the
biochemical cycling of elements. Hence the
need to enumerate and isolate major and
minor members of the microbial community
in soils.

As shown in Tab. 1 (Annexes), the soil
microbes consisting mainly of fungi and
bacteria add substantially to the recycling of
nutrients within the system and thus form a
major part of the ecosystem. Total
heterotrophic bacterial counts (THBC) in the
site varied from nil to 15 x 103 cfu/g. The
mean value for surface soil was found to be
7.95 x 103 cfu/g, sub surface layers (15-30
cm) found to range from nil to 13.0 x 103

cfu/ with an average value of 5.05 x 103

cfu/g. At the 60 cm depth the range of values
recorded were nil to 3.0 x 103.

Similarly, THFC found on the surface
soil range from zero to 12.0 x 102 cfu/g with
a mean count of 2.35 x 102 cfu/g, at 15-30
cm layer, it varied from nil to 13 x 102 cfu/g
in with an average value of 1.5 x 102 cfu/g.
At a depth of 30 to 60 cm, the values ranged
from nil to 1.0 x 102 cfu/g with an average of
about 0.05 x 102 cfu/g.

Hydrocarbon utilizing bacteria (HUB)
varied from zero to 4.0 x 101 cfu/g (average;
2.5 x 101 cfu/g) in surface soil and on the
subsurface of 15-30 cm, it varied from zero
to 3.0 x 101 cfu/g (average; 1.4 x 101 cfu/g)
and none was found at 30-60 cm layer. On
the other hand, Heterotrophic utilizing fungi
(HUF) counts in the soil varied from 1.0 to
3.0 x 101 cfu/g (1.55 x 101 cfu/g) on the
surface soil. But varied from zero to 2.0 x
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101 cfu/g soil in 15-30 cm sub surface soil
layers with mean values of 0.85 x 101 cfu/g
and beyond this depth (30-60 cm), none was
found. The presence of bacterial and fungal
populations in the soil indicate that the soil
have potential to biodegrade petroleum
hydrocarbons when they are inadvertently
released into the environment. From the
results, the effect of microbes on soil
properties in these soils is far-ranging, i.e.
most of the stations sampled are polluted and
lack microbes that could biodegrade the
petroleum hydrocarbon discharged into this
field.

Total Petroleum Hydrocarbon (TPH)

Petroleum hydrocarbons are hydrocarbons of
petroleum origin. The study area being a
petroleum hydrocarbon production based,
thus necessitated the need for evaluating the
total petroleum hydrocarbon (TPH) content
of the soil. Total Petroleum Hydrocarbon
concentrations of the soil along the flow-line
ranged from 0.09 mg/kg to 13.80 mg/kg at
the surface level, and at the 15-30 cm and
30-60 cm sub surface soil levels, it was
found to array from 0.02 mg/kg to 8.60
mg/kg and 0.001 mg/kg to 2.12 mg/kg
respectively. The average concentrations
were 4.908 mg/kg, 2.934 mg/kg and 0.920
mg/kg for 0-15, 15-30 and 30-60 cm
respectively. It is worthy to note that the
surface horizons had values as high as: 13.80
mg/kg, 12.5 g/kg, 11.76 mg/kg and 10.55
mg/kg found to be enriched above 10 mg/kg
thresh value limit.

Conversely to expectation, the spatial
distribution of TPH was generally high (Fig.
1, Annexes) in all the sampling stations
despite shutting down of production for
about a year due to sabotage and militancy.
The TPH contents distribution skewed
towards high frequency of low discharge. It
had a wide range of variation greater than 80
% among the sampling depths. The
enrichment of TPH in the sub surface soil (>
30 cm) is considerably low, indicating
depletion to minimal enrichment.

Polycyclic Aromatic Hydrocarbon Content
(PAH)

The poly aromatic hydrocarbons are
derivatives of petroleum hydrocarbon
compounds. The presence of polycyclic
aromatic hydrocarbon in the soil is an
indication of carcinogenic, mutagenic and
teratogenic properties of petroleum
hydrocarbon production activities (ATSDR
1995). The PAH content of the soils of
OB/OB oil and gas plant area at the surface
level ranged from below detectable limit of
the analytical equipment used to 6.12 mg/kg
on the surface of 0-15 cm; 4.56 mg/kg at the
15-30 cm depth range and 1.36 mg/kg at the
30-60 cm sub surface soil levels. The
average concentrations were 1.932 mg/kg,
1.248 mg/kg and 0.326 mg/kg at the
subsurface soils layer. The concentrations of
the polycyclic aromatic hydrocarbon in these
soils receiving effluent are equally high.
Hence, the TPH and PAH experienced strong
synergistic effect with THC (0.567**, and
0.715** respectively) for increasing
contamination. Therefore, TPH and PAH
concentrations increased considerably with
increasing THC content and vice versa.

B. Stratified vertical assessment

In this procedure, we evaluated between 0-50
and 50-100 cm soil contents of chemical,
organics, metals and biological groups
developed on different strata based on
physiognomy and where the contamination
from anthropogenic sources was very likely.
These conditions allowed us to relate the
effluent and seawater concentrations to soil
using simple indexes and to discuss the
approach in establishing the natural
background for contamination due to the oil
and gas activities.

The total contents of chemical, organics,
metal and biological groups’ contents were
highly variable, except pH, TPH, & PAHs in
all soil horizons. As expected from the
differences in discharges, and depositions of
sewage in some cases, the extremely high
contents which are typical of soils of
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pollution (Tab. 2, Annexes), revealed that the
lowest mean of 5.1 pH concentration was
found in both depths, while the range for pH
concentrations among stations were 4.1-5.1
(0-50 cm) and 4.2-5.2 (50-100 cm). The
conductivity concentrations showed a
different trend, with a wider range. The
minimum values were as low as 6.00 µS/cm,
and maximum 26.0 µS/cm (averaged 11
µS/cm) in 0-50 cm depth, and 0-100 cm
depth was between 5.0 to 27.0 µS/cm with
mean conductivity above 14.0 µS/cm.

The extractable salt in form of chloride
(salinity) ranged on the average between
93.78 mg kg-1 and 43.06 mg kg-1 (strata 5,50
cm), and the highest variability of 188 %,
which showed both the minimum of 18.20
and 12 mg kg-1 (strata 4 and 1) and the
maximum concentration 530 and 182 mg
kg-1 (strata 5).

Phosphorus was consistently very low,
and the concentrations ranged from 0.3 to
3.5 mg kg-1 in strata 3,1 and from 0.13 to
2.70 mg kg-1 in strata 9,1 with mean
concentrations of 1.59 and 1.10 mg kg-1 in
the respective depths. The lowest nitrate
concentration (0.14 mg kg-1) was in strata 2,
4 and 5 (Tab. 2, Annexes), and highest
amounts of 0.83 and 0.58 mg kg-1 was found
in strata 8 at both depths. The estimated
coefficients of variation (CV) were highly
variable (48.7 and 53.8 %) even within the
same 100 cm depth.

The topsoil samples up to 50 cm had
TOC concentrations ranging from 330
mg kg-1 (stratum 7) to 782 mg kg-1 (stratum
2) with average concentration of 542.75
mg kg-1 and from 270 mg kg-1 (stratum 7 to
1665 mg kg-1 (stratum 7), averaged 583.99
mg kg-1 in the subsoil of 100 cm, and
showed low CV of 25.9 % on the topsoil and
high CV of 73.1 % in the 50-100 cm
subsurface soil. Results revealed Total
Hydrocarbon (THC) content ranged from 1.0
mg/kg (stratum 6) to 6.5 mg/kg (stratum 8)
at the surface level of 50 cm (averaged 3.35
mg/kg), and from 0.30 mg/kg (stratum 2) to
2.0 mg/kg (sample station 8) averaged 1.08
mg/kg at the sub surface soil level of 100

cm. The ranges were higher at both surface
levels.

Vertically down the profile, TPH
reached mean values of 1.24 mg/kg, but
ranged from 0.06 to 3.61 mg/kg at 0-50 cm
depth. Beyond this depth, (> 50 cm), it
varied from 0.02 mg/kg to 1.26 mg/kg with
average concentrations of 0.34 mg/kg.

The aromatic hydrocarbon content of the
soils, ranged from 0.01 to 1.62 mg/kg at the
0-50 cm depth. However, the values
recorded at 50-100 cm depth, it ranged
below the detection limit of the analytical
equipment used to about 0.86 mg/kg, with an
average concentration value of 0.10 mg/kg.

TPH and PAH were significantly
correlated with THC contents (0.940** and
0.814** respectively). When the data set was
divided according to the horizon type, the
correlations were still valid. The
concentration of TPH was higher than PAH
in all cases. The percentage of variance
explained by the regression was low at about
5 %. The trend was however evident and
TPH concentrations above 2.0 mg kg-1 were
present only at strata 3 and 8 (TPH; 2.69 and
3.61 respectively) and formed about 1.23%
and 0.09 % of the contamination at 0 – 50
cm and 50-100 cm depths at both locations.
This level of concentration is far below the
threshold limit of toxic hydrocarbon
(Richardson 1995).

The metal contents measured from the
samples were below detectation limit. For
biological groups, the analytical results of
the soil samples showed that the total
heterotrophic bacteria counts (THBC) from
the field varied moderately (CV = 31 %) on
the surface of 0-50 cm, but in the subsurface
of 50-100 cm, the variation was high (CV =
73 %). THBC ranged from 3.0 x 103 cfu/g
(stratum 5) to 11.0 x 103 cfu/g (stratum 4) on
the surface soil of 0-50 cm with mean counts
of about 8.0 X 103 cfu/g. But in the
subsurface soil of 50-100 cm, THBC varied
from nil (strata 6 and 9) to 3.0 x 103 cfu/g
(strata 4 and 5) with average counts of 1.56 x
103 cfu/g. Conversely, no THFC was found
in all the strata examined from the surface of
0-50 cm up to subsurface of 50-100 cm.
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On the other hand, Hydrocarbon utilizing
bacteria (HUB) varied from zero (strata 2
and 5) to 3.0 x 101 cfu/g (strata 1 and 6) with
average counts of 1.63 x 101 cfu/g on surface
soil, and was completely absent beyond this
depth (50 cm). In a similar vein, there was no
growth of heterotrophic utilizing fungi
(HUF) in any of the locations examined.
From these results, it was observed on the
surface layer (0-50 cm) that the index of
pollution exceeded the maximum value (> 1
%) which is an indication of recent pollution
input into the environment. THBC correlated
significantly high with pH, TOC and
conductivity (r = -0.455, -0.270 and 0.821, 
respectively, n = 9, p < 0.001), whereas the 
proportion was lower and more variable for
HUB (standard error = 1.188).

Conclusions:

As expected from the sampling strategies,
the contents of chemical, organic, metal and
biological concentrations in the
uncontaminated adjacent soils were
extremely low. The pH concentration
however showed a more homogeneous
distribution, with a smaller range than
conductivity. Hence, their presence may
justify the high correlation coefficient found
between THBC and pH, TOC and EC. No
correlation was in fact found between total
hydrocarbon content and the THBC, HUB
that are mostly of lithogenic origin as
indicated.

Contamination of this environment is as
a result of diesel, lubricants and lube oil
which is utilized by associated machinery
operating on the site, and also salinity with
increased turbidity resulted from laying
flow-lines at water crossings and loose soil
carried in run-off from cleared and trenched
area during high tide. The consequences of
these include: degradation of water quality,
reduced ecosystem productivity, expulsion of
fish and other organisms from impacted
areas. Impact from the operational phase
resulted from hydrocarbon spills, due to
corrosion leaks, equipment failure, sabotage

posed a threat to water quality and aquatic
life. More so, these sites are very high in
organic C, but this concentration is toxic in
the present unsaturated form, and is capable
of causing lungs and kidney discomfort
including eye, lung and throat irritation.

In addition, heavy metals had the
lowest concentrations down the depth,
confirming that the differences are linked to
the variability in the soil depth and
stratification. As a consequence of the
absence of redistribution of metals in the
strata and profiles, the actual concentration
in the soil from contaminated sites is linked
only to the presence of TPH, THC and
salinity. As indicated in Table 1, all the
parameters, with exception to pH and
conductivity, assumed a sinusoidal variation
of lateral displacement with distance and
depth. Hence, frequent monitoring will be
helpful in dictating contamination
particularly during and after rainfall periods.

Rezumat:

CONSECINȚELE SCURGERILOR  
DIN STAȚIILE DE EXPLORARE A 

ȚIȚEIULUI ȘI PĂTRUNDEREA APEI 
MARINE ASUPRA DEPOZITELOR DE

NUTRIENȚI ȘI A SPECTRULUI 
BIOLOGIC AL SOLURILOR

DIN DELTA NIGERULUI

Ecosistemele terestre se reduc gradual în
scopuri agricole ca urmare a creșterii 
populației și cererii de hrană, a dezvoltărilor 
de infrastructură și a deteriorării statutului 
lor de fertilitate. Zonele umede, cu unele
excepții, sunt în centrul atenției pentru a 
suplimenta zonele terestre înalte, datorită 
balanței favorabile a apei din sol, cu un statut 
de feritilate moderat până la înalt și cu un 
pericol scăzut de eroziune a solului. Acest 
studiu a investigat schimbările referitore la 
depozitele de nutrienți și spectrul biologic 
din solurile zonelor umede aflate de-a lungul
rutei de distribuire a petrolului și a gazului în 
zona de coastă a Deltei Nigerului (Nigeria), 
cu o atenție sporită pe schimbările recente în 
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nutrienții solului cauzate de apa marină și 
scurgerile provenite din stațiile de explorare 
a țițeiului folosind interpolarea spațială din 
punctul observat. Am examinat datele
statistice din 115 stații pe timpul refluxului 
din anotimpul secetos. S-a demonstrat că 
scurgerile din stațiile de explorare a țițeiului 
și pătrunderea apei marine reprezintă 
principala cauză care determină diferențele 
în cadrul nutrienților solului din zonă. Cel 
mai important avantaj fizic al acestui sol este
că nu este vulnerabil la eoziune mai ales în 
condițiile unor căderi abundente de ploaie. 
De asemenea, creșterea semnificativă a PAH 
determinată de imobilizarea K (-0.932**),
valoarea crescută la suprafața solului a P și 
populația HUB au fost afectate în mod 
negativ (-0.865**). Totuși, o creștere pozitivă 
în hidrocarburile alifatice  duce la o creștere 
corespunzătoare a TPH (0.956**) și a sulfului 
(0.998**) pe solurile de suprafață, respectiv 
de subsuprafață. Deși apariția metalelor grele 
la un nivel scăzut în sol nu reprezintă o 
problemă pentru mediu, natura sărată și 
organică a solurilor indică o restricție severă 
pentru activitățile arabile din agricultură. 
Astfel, există suficiente argumente pentru a 
controla nivelul scurgerilor în acest mediu de
sol unic.
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Figure no. 1 Spatial distribution of the average TPHs level along the flow-line due to effluent discharge and seawater intrusion
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Table no. 1 Summary of soils’ chemical, organic and biological characteristics at Obieba oil and gas plant.

pH Cond. Salinity Phosphorus Nitrate THC TOC TPH PAH THBC THFC HUB HUF
µS/cm mg/kg x 101 cfu/g

0-15 cm
Mean 4.942 8.550 68.030 2.347 1.045 12.895 568.741 4.908 1.932 7.950 2.350 2.500 1.550
SE 0.273 4.186 92.867 1.453 2.125 10.448 187.502 0.930 0.487 3.927 3.422 0.889 0.605
Minimum 4.440 4.000 17.000 0.820 0.010 2.800 3.820 0.090 0.000 0.000 0.000 0.000 1.000
Maximum 5.740 21.000 455.000 7.620 10.010 33.600 820.000 13.800 6.120 15.000 12.000 4.000 3.000
Skewness 0.894 1.319 4.193 2.690 4.365 0.787 -1.297 1.015 0.928 -0.498 2.119 -1.251 0.583
Kurtosis 3.090 2.650 18.260 9.296 19.344 -0.951 3.235 -0.080 -0.369 -0.088 3.447 2.285 -0.459
CV % 5.52 48.96 136.51 61.91 203.47 81.02 32.97 84.79 109.97 49.39 145.64 35.54 39.02
15-30 cm
Mean 4.929 8.350 108.855 2.144 0.496 8.145 503.350 2.934 1.248 5.050 1.500 1.400 1.050
SE 0.207 3.815 176.681 1.327 0.244 6.502 150.549 0.556 0.318 3.913 2.705 0.995 0.759
Minimum 4.250 1.000 17.800 0.470 0.010 0.800 195.000 0.020 0.000 0.000 0.000 0.000 0.000
Maximum 5.200 18.000 530.000 6.900 0.890 22.500 780.000 8.600 4.560 13.000 10.000 3.000 2.000
Skewness -1.919 0.705 2.093 2.537 -0.622 0.783 -0.035 0.580 0.806 0.257 2.332 0.485 -0.086
Kurtosis 5.532 1.400 2.734 8.795 -0.203 -0.239 0.054 -0.558 -0.433 -0.876 5.013 -0.707 -1.154
CV% 4.20 45.69 162.31 61.92 49.25 79.83 29.91 84.82 114.01 77.49 180.32 71.05 72.30
30-60 cm
Mean 4.888 13.200 44.025 1.903 0.382 4.650 418.750 0.920 0.326 0.300 0.050 0.000 0.000
SE 0.193 5.327 89.585 1.319 0.202 12.698 119.910 0.183 0.111 0.923 0.224 0.000 0.000
Minimum 4.470 7.000 9.390 0.380 0.010 0.300 105.000 0.001 0.000 0.000 0.000 0.000 0.000
Maximum 5.200 25.000 420.000 6.680 0.790 58.000 600.000 2.120 1.360 3.000 1.000 0.000 0.000
Skewness -0.882 1.023 4.296 2.583 -0.163 4.316 -0.803 0.228 1.249 2.888 4.472 0.000 0.000
Kurtosis 0.371 -0.131 18.883 9.214 -0.163 18.981 1.332 -1.559 -0.080 7.037 20.000 0.000 0.000
CV % 3.95 40.36 203.49 69.33 52.85 273.10 28.64 88.93 152.61 307.79 447.21
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Table no. 2 Stratified samples using coring method at 0-50 and 50-100 cm along Obieba oil and
gas plant.

pH Cond. Salinity Phosphorus Nitrate THC TPH PAH TOC
µS/cm mg/kg

0-50 cm
Mean 4.786 11 93.775 1.585 0.481 3.35 1.42 0.50 542.75
SE 0.11 1.95 55.32 0.36 0.08 0.67 0.37 0.19 43.92
Mini 4.1 6.00 18.2 0.3 0.14 1 0.06 0.01 330
Max 5.09 26.00 530 3.5 0.83 6.5 3.61 1.62 782
Median 4.85 9.00 35.8 1.3 0.49 3.2 1.23 0.29 520
Skewness -1.358 2.515 2.814 0.863 0.307 0.665 1.00 1.15 0.168
Kurtosis 1.99 6.767 7.941 0.489 -0.608 -0.83 0.50 0.26 0.157
CV% 6.90 56.70 188.20 65.20 48.70 64.40 0.79 1.13 25.90
100 cm
Mean 4.96 14.556 43.056 1.098 0.324 1.089 0.34 0.10 583.889
SE 0.09 3.00 17.54 0.28 0.06 0.19 0.16 0.10 142.33
Mini 4.25 5.00 12 0.13 0.14 0.3 0.02 0.00 270
Maxi 5.2 27.00 182 2.7 0.58 2 1.26 0.86 1665
Median 5.01 11.00 29.2 1.08 0.32 1 0.09 0.00 430
Skewness -2.551 0.539 2.884 0.76 0.44 0.381 1.53 3.00 2.484
Kurtosis 7.164 -1.639 8.5 0.341 -1.349 -0.509 0.86 8.98 6.57
CV % 5.60 61.80 122.20 75.60 53.80 53.40 1.38 2.85 73.10
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(continuation)

Cr Cd Nickel Zn Pb Mercury THBC THFC HUB HUF
x 101 cfu/g

0.001 0.001 0.001 0.001 0.001 0.001 8 0 1.625 0
0 0 0 0 0 0 0.79 0 0.37 0
0.001 0.001 0.001 0.001 0.001 0.001 3 0 0 0
0.001 0.001 0.001 0.001 0.001 0.001 11 0 3 0
0 0 0 0 0 0 8 0 2 0
0 0 0 0 0 0 -1.015 0 -0.394 0
0 0 0 0 0 0 1.521 0 -1.229 0
0.00 0.00 0.00 0.00 0.00 0.00 31.30 73.10

0.001 0.001 0.001 0.001 0.001 0.001 1.556 0 0 0
0 0 0 0 0 0 0.38 0 0 0
0.001 0.001 0.001 0.001 0.001 0.001 0 0 0 0
0.001 0.001 0.001 0.001 0.001 0.001 3 0 0 0
0 0 0 0 0 0 2 0 0 0
0 0 0 0 0 0 -0.176 0 0 0
0 0 0 0 0 0 -1.171 0 0 0
0.00 0.00 0.00 0.00 0.00 0.00 72.70
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KUCHURGAN STORAGE RESERVOIR
- AS ONE OF THE KEY COMPONENT OF THE WETLANDS -

OF THE LOWER PORTIONS OF DNIESTER RIVER
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Abstract: The article provides an evaluation of the nowadays’ biological diversity of the ecosystem of
the Kuchurgan storage reservoir. Records are provided about the levels of phytoplankton, the flora of
the reservoir and its macrophytes overgrowth. A description is submitted about the main hydrobiont
groups (zooplankton, benthos, ichthyofauna).

Keywords: avifauna, estuary, firth, hydrobionts, ichthyofauna, overgrowth, phytoplankton, storage
reservoir, zoobenthos, zooplankton, wetlands

Introduction:1

The Kuchurgan storage reservoir – which in
the past was a river firth – is included in the
estuary system of the Dniester river and,
before its regulation and transformation in
1946 into the cooling pond of the Moldova
central steam power station, it represented
the preserved remains of the former larger
Dniester firth (Yaroshenko 1957), a fact
indirectly demonstrated by the presence in its
benthic fauna of relict hydrobionts of the
Ponto-Caspian fauna complex.

The flowing of the Dniester river into the
Dniester estuary forms no delta, but one is
formed by another river, Turunchuk, both
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being a part of the lower course up to the
Tiraspol-Bendery district, covered with lakes
and marshland reed beds and representing an
ancient fluvial sedimentary (Morduhai-
Boltovskoi 1960). The remains of this bay is
the Kuchurgan storage reservoir, situated 50
km to the north of the Dniester estuary (Fig.
1).

Till the 1960s the physical and chemical
properties of the Kuchurgan estuary had not
differed much from other natural water
reservoirs. After the building of the Moldova
central steam power station in 1946, the
banks of the estuary were laden with levees
and the dam stopped the natural water
exchange, and so the Kuchurgan estuary was
transformed into a cooling pond of the
Moldova central steam power station.
According to the type of water supply, the
estuary is an inlet water reservoir with a
reverse water supply of the power station.
Till the construction of the dam and the
creation of the storage reservoir, the
Kuchurgan firth was a spawning and nursery
ground for a considerable amount of fish
types of the lower Dnister river (Gorbatenski
and Bizgu 1990).
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Nowadays, the water area of the
reservoir is about 2730 hectares with an
average depth of 3.5 meters and maximal -
5.0 meters, the water volume - 88 million
cubic meters. The Kuchurgan reservoir can
be classified as an elongated narrow, shallow
water basin, whose vertical axis is mixed
with an upper water outlet.

The Kuchurgan reservoir, although
subjected to a strong anthropogenic influence
and, above all, to a thermic impact, it plays a
crucial role in the maintaining the wetlands
biodiversity of the lower basin of the
Dniester river.

Figure no. 1 The estuary system of Dnister River
(by Y.М. Маrkov) 

Materials and methods:

The materials for the articles were taken
from the results of the studies of the
Kuchurgan reservoir, conducted in the
research laboratory “Biomonitoring” of the
Transdniestrian State University.

Results and discussion:

Among all the water basins of the lower
Dniester within the Moldova territory, the
Kuchurgan reservoir is remarked by a rich
diversity of species, thus playing the role of a
central (key) component of the wetlands in
the southern part of Transdniestria.

The phytoplankton of the Kuchurgan
reservoir is characterized by a rich species
diversity and nowadays includes 366 species
of algae: Cyanophyta - 69 species,
Chrysophyta - 2, Bacillariophyta - 127,
Pyrrophyta - 13, Euglenophyta - 38,
Volvocophyceae - 24, Chlorococcophyceae -
73, Desmidiales - 20 species (Ungureanu
1999).

Despite all the changes that took place at
different times in the taxonomic structure of
the reservoir’s phytoplankton, the ratio
between the main groups of algae remained
unchanged. In all the periods of the operation
of the reservoir its flora was dominated by
Bacillariophyta, Chlorococcophyceae and
Cyanophyta.

In the period 2011-2013 as part of the
aquatic and semi-aquatic flora of the
Kuchurgan reservoir, there were recorded
about 66 species of land plants belonging to
25 families (Philipenko et al. 2013). Apart
from the macrophytes of the Kuchurgan
reservoir, its waters are overgrown mainly
with Potamogeton crispus, and its banks
with Phragmites australis.

The intensive overgrowing of the
reservoir with Potamogeton crispus occurs in
the first or second decade of May, when the
water surface is covered by long stems and
the inflorescences raise above the surface of
the water. The Potamogeton crispus
overgrowth is more prone to open the water
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area of the lower and upper portions of the
reservoir - about 80 % of the water surface
(Fig. 2, Annexes). The intensity of the
overgrowth is so high that not only does it
prevent the normal reservoir water exchange,
but also the passage of motor boats.

If the open water areas of the reservoir
were overgrown with Potamogeton crispus,
then the “windows” among the bank reed
thicknesses mainly were overgrown with
Myriophyllum spicatum and Ceratophyllum
demersum.

In May and June the dominating species
which condition the overgrowing of the
reservoir are Potamogeton crispus,
Ceratophyllum demersum, Myriophyllum
spicatum, Potamogeton pectinatus and
Vallisneria spiralis. In the first decade of
July the most massive forms of macrophytes
are Ceratophyllum demersum and
Myriophyllum spicatum with a smaller
participation of Potamogeton perfoliatus. In
August along the bank areas of the reservoir
among the dense thickets of reeds there are
formed totally overgrown “windows” with
Hydrocharis morsus-ranae, as well as the
Transdniestrian Red Book species - Salvinia
natans (Fig. 3, Annexes), with a mixture of
Lemna minor and Lemna trisulca. On the
margins of the thickets Phragmites australis
and Typha angustifolia, Salvinia natans also
form small congestions.

Nowadays as before, among the rigid
overwater plants of the Kuchurgan reservoir
it is the Phragmites australis that prevails.
The upper portions of the reservoir is
characterized by a denser overgrowth in
comparison with the middle and lower
portions. All the shoreline of the reservoir is
covered by thickets of Phragmites australis
with a width of 30 meters, in some places up
to 50 meters. In the upper parts of the
reservoir one may notice numerous isles of
reed thickets with a surface of about 100 sq.
m., many of which are situated about 300
meters from the bankline. The upper portion
of the reservoir, which is the narrowest part
of the water basin, is totally overgrown with
Phragmites australis. The width of the
thickets is over 1000-1500 meters.

The middle-portion of the reservoir is
less subjected to the overgrowing with
Phragmites australis than the upper and the
lower portions. The width of the thickets
near the bank is in the limit of 5-10 meters,
at places more than 15 meters. Closer to the
upper portion of the reservoir the width of
the thickets is up to 25-30 meters
(Philipenko and Tischenkova 2010).

The lower portion of the reservoir, more
exactly its coastline, is overgrown with
Phragmites australis in a smaller degree than
in the upper and more than in the middle
portion. The width here is about 35-40
meters. One may find here groups of thickets
of Phragmites australis interspersed with
small groups of Typha angustifolia with a
surface of 40 sq. m.

On the whole coastline, with the
exclusion of the territory of the right bank,
Phragmites australis grows in the form of a
thick wall, excluding the access to the bank
from the water area. The density of the
overgrowth of the coastline by Phragmites
australis in the reservoir is in average about
50-70 plants/sq. m.

Visual observations from the boat were
confirmed by the satellite photos of the
“Google Maps”, on the basis of which we
draw a map of the Kuchurgan reservoir with
the areas of the overgrowing rigid leaf
vegetation (Fig. 4, Annexes).

With the help of the application program
MATLAB we had processed the map of the
Kuchurgan reservoir and designed the area
of the overgrowth (highlighted in gray).
Computer simulations have shown that the
area overgrown with reeds at the Kuchurgan
reservoir is of 498 hectares, accounting for
19 % of the total cooling reservoir surface.
(Philipenko et al. 2013).

The fauna of the reservoir is also rich in
species composition.

The basis of zooplankton in Kuchurgan
reservoir is formed of around 40 species of
invertebrates, of which Rotatoria represents
54 %, Copepoda 16 % and Cladocera 30 %.

The dominant forms, which form the
basis of zooplankton in Kuchurgan reservoir
in recent years are Rotatoria (Keratella
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quadrata, Brachionus angularis, Brachionus
budapestinensis, Brachionus calyciflorus,
Brachionus diversicornis, Asplanchna
priodonta, Polyarthra dolichoptera) and
Cladocera (Bosmina longirostris).

The subdominant forms are Rotatoria
(Keratella cochlearis, Synchaeta pectinata,
Synchaeta tremula), Cladocera (Chydorus
sphaericus), Copepoda (members of the
genus Cyclops) (Chur 2012).

The average reservoir zooplankton
abundance in 2008-2012 was of 51855
ex./m3, including Rotatoria 38178 ex./m3,
Cladocera - 7025 ex./m3, Copepoda 6652
ex./m3; zooplankton biomass – 701.4 mg/m3,
including: Rotatoria 462.6 mg/m3, Cladocera
169.22 mg/m3, Copepoda 69.58 mg/m3.

The dynamics of the changes in
abundance and biomass of zooplankton in
Kuchurgan reservoir are shown in Fig. 5
(Annexes).

The benthic fauna of the Kuchurgan
reservoir before the commissioning of the
Moldova power station was quite rich and
varied, and was represented by 167 species.
During the period of weak thermal load in
the cooling pond there were observed 190
taxa of benthic aquatic organisms, of which
16% were from Ponto-Caspian species. In
the 1980s the species diversity of benthic
communities of the reservoir has decreased
by almost 70 types (Vladimirov and
Toderash 1998). At the same time, at this
stage of hydrobiological regime were
registered 25 previously unmentioned
species, mainly chironomids and mollusks.
As a result, by nowadays the benthos fauna
has consisted of about 168 taxa types.

The zoobenthos reservoir over the past
years has maintained a quality characteristic
of this body of water which has been formed
as a result of the conversion of the estuary
into the cooling pond of the Moldova power
station. The "soft" benthos, as before, is
formed by oligochetes, polychetes, higher
crustaceans, chironomid larvae and other
insects. Malacofauna in number and biomass
is determined by the zebra mussel
(Dreissena polymorpha).

The dynamics of changes in abundance
and biomass of the "soft" (aft) zoobenthic
composition of the Kuchurgan reservoir are
shown in Fig. 6 (Annexes).

The host, both in number and biomass
component of the diet of zoobenthos
reservoir is the oligochaeto-chironomid
complex. The oligochetes of the reservoir
(about 40 species) are mainly represented by
tubificids. The most spread types are the
representatives of the species Тubificidae: 
Limnodrilus hoffmeisteri, L. claparedeanus,
Psammoryctes barbatus, Tubifex tubifex and
other ubiquitous species. The number of
oligochetes during 1997-2012 remained
consistently high with an average of 6571
ex./m2 with a biomass of 11.3 g/m2.

Among the 56 chironomid species in
Kuchurgan reservoir the majority is
represented by: Chironomus plumosus,
Leptochironomus tener, Limnochironomus
nervosus, Cryptochironomus defectus,
Procladius ferrugineus, Polypedilum
bicrenatum and others. The changes in the
level of the thermic status of the reservoir
brought about a change concerning the
common species of chironomids, while
Chironomus plumosus strengthened its
dominance, obtaining a share of total
chironomids accounting for about 40 % and
about 70 % of the biomass. The average
indices in the density of the chirinomids in
1997-2012 were 1249 ex/m2 with a biomass
of 15.8 g/m2.

The malacostraca of the reservoirs is
mainly represented by gammaridae and
korofiidae, rarely by cumaceans crustaceans
and mysids. Among the gammaridae, which
are quite common in the reservoir, are the
following: Dikerogammarus haemobaphes,
D. villosus, Pontogammarus robustoides, P.
crassus, and among the corophiidae –
Corophium maeoticum. During the years
2004-2012 the number of higher crustaceans
remained small, in average about 65 spec./m2

with a biomass of 0.3 g/m2. In the recent
years the numbers of the samples of
crustaceans, were significantly reduced
compared to the years 1981-2000. Among
the macrophytes of the reservoir the
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introduction in 1984 of the freshwater prawn
Maсrobrachium nipponense has become
common.

The fauna of the insect larvae (without
chironomids) is formed by Ceratopogonidae,
Ephemeroptera, Odonata, Trichoptera and
Diptera. All these groups of the zoobenthos
are not significant. Among the oligo- and
mezosaprobes we may mention the following
species: Palingenia longicauda,
Potamanthus luteus, Cloen dipterum,
Heptagenia sulfurea. Among the larvae of
dragonflies the following are common:
Coenagrion puella, Coenagrion pulchellum,
Aeschna sp., Gomphus vulgatissimus; among
the caddisflies (Trichoptera) - Orthotrichia
tetensii and Agraylea multipunctata.

Currently, at the bottom of the
Kuchurgan reservoir the malacofauna counts
with about 35 species of molluscs including
Theodoxus fluviatilis, Valvata piscinalis,
Lithoglyphus naticoides, Viviparus contectus
and others. Among the bivalve, particularly
abundant is Dreissena polymorpha. Besides
this one, from the Ponto-Caspian relics types
there was found Hypanis pontica.

The ichthyofauna of the Kuchurgan
estuary, before its transformation into the
cooling pond, consisted of 46 species of fish
from 13 families. Currently, it is inhabited
by 40 species of fish belonging to 12
families: Cyprinidae - 19 species, Gobiidae -
8 species, Percidae - 3 species, Clupeidae - 2
species and families Esocidae, Cobitidae,
Siluridae, Ictaluridae, Atherinidae,
Gasterosteidae, Singnathidae, Centrarchidae
- one species of each. In the period of 1991-
1995 a new invasive non-target species
appeared - the Black Sea Silverside
(Atherina boyieri), which due to an
euribionthic and high reproductive potential
had taken a leading position in the fish fauna
(25.5 %) (Krepis et al. 2013). In recent years
the growth of another invasion type has been
observed: that of - Lepomis gibbosus.

The ecological succession during the
intensive thermic impact of the reservoir
(1981-1985) led to a significant reduction in
the number of walleye and pike and a slight
decrease for bream and roach. On the other

hand, the new environmental conditions
allowed the forming of a highly productive
fish reservoir complex on the basis of the
introduction of phytophagous fishes.

The avifauna of the Kuchurgan reservoir
is typical of the wetland ornithine-complexes
of large bodies of water such as the lakes and
marshes in the south of Moldova. Among the
wetlands of the Kuchurgan reservoir and the
surrounding area there are 99 bird species
belonging to 12 order. About 43 species are
nesting, 30 species are on flight (only during
migrations), 44 species are wintering, 4
species can be attributed to stray types.

The most numerous nesting species are
Acrocephalus arundinaceus, Fulica atra,
Gallinula chloropus, the common species are
Podiceps cristatus, Ixobrychus minutus,
Panurus biarmicus, Aythya ferina, Remiz
pendulinus and others.

The Kuchurgan reservoir is also a habitat
for a number of rare birds introduced in the
Red Book: Cygnus olor, Botaurus stellaris,
Aythya nyroca, Egretta alba, Phallacrocorax
pygmeus, Haliaeetus albicilla, Pandion
haliaetus, Mergus serrator and others.
(Tischenkov 1998).

Conclusions:

The Kuchurgan reservoir is subjected to an
active human intervention, particularly to the
thermal pollution. It plays an important role
in maintaining the biological diversity of the
wetland basin of the Lower Dniester. The
current state of the water ecosystem can be
estimated as tense. Unstable ecological
condition of the reservoir leads to successive
overgrowing of the pond, accompanied by
fixing in the ecosystem of atypical invasive
species. The monitoring of the ecological
status of water bodies will lead to the
development of a system of measures aimed
at maintaining its biological balance.
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Rezumat:

BAZINUL DE ACUMULARE
KUCHURGAN – O COMPONENTĂ 
CHEIE A ZONELOR UMEDE DIN

PORȚIUNEA INFERIOARĂ  
A RÂULUI NISTRU

Articolul oferă o evaluare a biodiversității 
actuale din ecosistemul existent în bazinul de
acumulare de la Kuchurgan. S-au realizat
înregistrări ce evidențiază nivelurile 
fitoplanctonului, flora bazinului de
acumulare și creșterea excesivă a 
macrofitelor. Este prezentată o descriere a 
pricipalelor grupe de hidrobionți 
(zooplancton, bentos, ihtiofaună). 
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Figure no. 2 Overgrown water area of the Kuchurgan reservoir Potamogeton crispus in May
2013.

Figure no. 3 Thickets of Salvinia natans on Kuchurgan reservoir.

Figure no. 4 The surface of Kuchurgan reservoir overgrown area of the rigid vegetation.
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Figure no. 5 The dynamics of the changes in abundance (a) and biomass (b) of zooplankton in
Kuchurgan reservoir (2007-2012).
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Figure no. 6 The dynamics of changes in abundance (a) and biomass (b) of the "soft" (aft)
zoobenthic composition of the Kuchurgan reservoir in 1997-2012.
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SELF-REGULATION OF THE FLOODPLAIN GEOSYSTEM
– DYNAMICS WITH SATURATION

Alexander V. Pozdnyakov
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Abstract: The modern cognitive theory is based on the recognition of the dialectic unity and struggle
of opposites as the inherent property of physical objects – systems. The methodological approach
proposed by us for studying the dynamics of geosystems develops this thesis. In our interpretation, the
formation of all systems, including man-made ones, involves the spontaneous and latent development
of other system (satellite) that uses the energy and substances produced by the former one. Figuratively
speaking, as soon as the producer X of energy and matter (resource) arises, the consumer Y of such
recourses arises as well. Despite the antagonism of X and Y, they constitute the complementary and
synergetic (non-additive) entity that is inherently capable of evolution in all the variety of its forms.

Keywords: floodplain geosystem, self-regulation

Dynamics of Systems with Saturation:
Basic Principles 1

The convergence to the dynamical
equilibrium state observed in all self-
organizing systems (Pozdnyakov 1988) is
accompanied by the saturation processes. In
terms of cybernetics, it is called the target
state (limit saturation).

The whole experience of studying the
self-organizing geosystems, including
geomorphological systems, shows that they
are binary structures: the formation of the
system Х(t) is accompanied by the formation
of the satellite system Y(X,t). The system Х 
sends the energy to Y(X,t) and determines its
spatial boundaries of development and
lifetime. The dynamics of the system as the
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binary structure (Pozdnyakov 1988, 2007)
are performed, on the one hand, due to the
matter and energy coming from the
environment and, on the other hand, due to
their interchanging between its subsystems
(Fig. 1, Annexes). Let us call the flows of
matter, energy and information (MEI)
consumed by the system X from the
environment as the F-flows, while the flows
that are objectively delivered to its satellite
(system Y) as the D-flows. The energy in F-
flows (“energy for itself”) is used for
functioning and maintaining the system X.
The amount of MEI accumulated in it is
limited by the environmental capacity.
Therefore, if the flow rate in the F-flow is
constant (Q(t)=const), the quantitative
characteristics of the geosystem’s
dimensions М(t) of the geosystems decrease 
with time:  ∆M(t)→ 0.  

The energy in the D-flow is the forcedly
supplied “energy for satellite”. Its flow rate
is q(t,М)→Max. The formation of the
satellite geosystem is an objective, inherent
property of all self-organizing systems. The
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formation of the geosystem created by the F-
flow inevitably results in the formation of the
satellite geosystem and the MEI D-flow that
supplies it with resources. Thus, the process
D inhibits the development of the system
X(t) and, therefore, the system Y(t,D). This
means that ∆Y(t,D)→0. At the same time,
they constitute the structural-functional
emergent entity and develop with saturation.
The graph of such dynamics takes the form
of the curve called by Verhulst as the logistic
growth curve.

In essence, this is the law of universal
action, according to which the dynamics of
self–organizing systems are described by the
equation:

dM/dt=Q(M,V,t) - q(M,t) (1)

where M are the output characteristics of the
system taking into account the total
accumulation of matter and energy
developed by the systems X and Y; Q is the
energy flow rate in the F-flow; q is the
energy flow rate in the D-flow developed by
the system Y; V is the environmental
capacity; t is the time.

Floodplain Geosystem

The river floodplain is a part of the self-
organizing channel geosystem, whose
dynamics is performed due to the matter and
energy coming from the environment and the
their interchange between its subsystems.
Since the floodplain is a surface periodically
inundated in flood seasons, it naturally
connects the channel with slopes and,
therefore, one of the boundary expressions of
the water stream. The floodplain dynamics is
intimately connected with the channel
dynamics. The channel dynamics is formed
when the river channel is displaced both
horizontally and vertically, i.e. Y=Y(x,y),
where х and у are respectively horizontal and
vertical coordinates, Y is the floodplain
height. At dу/dt=0 (non-descending
channel), the river is displaced in the
horizontal plane and leaves the low-level

surface. The cumulative period of inundation
of this surface which varies from the
maximum value at the initial instant t0 to
zero in tn. The cumulative value of the
accumulated matter at the floodplain surface
changes in the similar way.

Therefore, the time dynamics of the
floodplain is determined by the amount of
the material Q(t) precipitated with a
thickness of m. This thickness depends on
such parameters as the content of suspended
particles in water, their fall velocity etc. It
can be determined according to the formula
(Levashov 1983):

m=2Pω/wSh,  

where P is the weight of the detrital material
in a unit of water volume, w is the volume
weight of particles, ω is the fall velocity of
particles, S is a unit of floodplain surface
area, h is the water layer thickness.

As the floodplain height approaches the
limit height Ym, which is equal to the
maximum floodwater level, Q(t)  0, а 
q(t)  max. From this, it is easy to
determine the time change pattern of the
floodplain height (Pozdnyakov 2007):

dY/dt = Q(Y,t) – q(Y, t) (2)

This relationship makes it possible to
describe the non-monotonic time behavior of
various floodplain massifs. Since the
floodplain systems, as well as all
geomorphological systems, are dissipative,
they must go to the steady state with the
course of time: dY/dt=0. The formation of
this mode is possible in the following cases:

Q=q=0 and Q=q=const.

In the first case, the floodplain would
reach the maximum floodwater level and not
be inundated. This would significantly
reduce the amount of matter precipitated to
its surface and give rise to degradation of the
system. Such a scenario is purely theoretical
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since only a homogeneous environment may
be free of matter flows.

The second case describes the final
development of the floodplain as a whole
entity in specific environmental conditions
and determines its dynamical equilibrium. In
terms of the theory of dynamical systems,
this state corresponds to the limit cycle. The
real floodplain systems never reach it.
However, they come infinitely close to the
dynamical equilibrium, almost repeating
itself and not significantly changing its main
morphological and morphometric
parameters. Therefore, the high floodplain
demonstrates the morphological maturity
when it approaches to the limit height. If the
floodplain surface becomes higher than the
limit height Ym for some reason, it will not
be inundated any more and can be classified
as a terrace, i.e. the limit cycle of the
floodplain system will be destroyed, just as
the system itself will do.

The relationship (2) allows one to take
into account river incision, accumulation of
material from slopes to the floodplain and
denudation from the floodwater surface, as
well as the dynamics of mobile floodplain
islands and plant communities on them, as
shown in (Pozdnyakov 2007).

It is known (Pozdnyakov 1988) that :

mNYtY пп 0
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As the height increases, a number of
floods change in time proportionally to the
difference between the limit floodplain
height (Ym) and its height at a given time
Yп(t):

 N/ t =  [Ym –Yп(t)] (3)

where  is the factor of proportionality.
In this case, if the floodwater surface is

inclined to the channel, e.g. due to
accumulation of the material drifted to it
from slopes, the period of floodplain
inundation will be a function of not only
time, but also of the coordinate х. In this
case:
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This formula can be used for calculating
the period of floodplain inundation at a given
time and any point of the floodplain surface.
Obviously, if the surface slope was not
disturbed by anything, it would become
horizontal at a certain time. Therefore, this
formula allows one to determine a rise of the
floodplain height, surface of which is
complicated by oxbow depressions.

The floodplain denudation is generally
weak since its surface is rapidly covered with
vegetation. However, the denudation
becomes more intense as the height
increases, especially during the period of
decreasing the floodwater level, due to rain-
wash and snow melting, as well as removing
the material by wind.

The morphometric characteristics of the
floodplain serve as the regulators of its
dynamics. They have the opposite effect on
input characteristics, especially on the matter
inflow (amount of solid precipitation): as the
sizes (height, width) increase, an increase in
the matter inflow tends reaches zero.
Therefore, the self-regulation in the
floodplain formation, as well as in all self-
organizing systems, including geosystems of
abiotic environment, is based on the opposite
effect of its own sizes on the input flow of
the matter.

In this case, the limit floodplain height is
used as the so-called target state, which is to
be reached by the system. The initial
conditions of the matter and energy supply,
as well as the environmental effects on the
floodplain formation process determine the
floodplain dynamics and the saturation
process. However, they do not affect the
attractive target of the development – the
saturation limit, which is characterized in
this case by the limit floodplain height.
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Flood Plain Dynamics Features on Mobile
Islands

Another form of the river channel relief
reflecting the complex and multiple links in
the “stream–channel” system are mobile
islands. Formation and development of
islands are caused by the combination of
self-organizing processes and time-space
changes in the external environment. The
functioning mechanism of islands is aimed at
bringing their form into conformity with the
high-velocity structure of the river stream.
The time evolution of mobile islands can be
presented as an infinite chain of interactions
between basic driving forces: high-speed
stream, change in external conditions, the
island’s form (external reflection of its
morphogenesis) and the process of its
formation. The origin for the island
formation process is the structure of its
functional relations. The velocity field of the
channel stream instantly changes as soon as
external conditions change. Changes in the
high-velocity stream structure, in their turn,
transform the material transfer process. It
leads to the transformation of the island’s
form within the action zone of the stream.

Besides, the quasi-periodicity in the
location of islands along the stream can be
identified in the channel areas with relatively
constant external conditions
(geomorphological, hydrological,
geological). This fact can be explained in
order to recognize the existence of self-
oscillations in the stream caused by inherent
properties of the stream itself (Pozdnyakov
2007; Makkaveev 1960). The relations of
these properties (physical, hydrodynamic)
constitute the internal structure of the stream
and determine the processes responsible for
location of islands in specific areas of the
river channel. The expression (2) is the basic
tool for analyzing the dynamics of mobile
islands. Their morphology, height and
structure are determined by the interaction of
two processes – increase in surface height
according to the equation (2) and change in
its length l(t,x) caused by the movement of
the island as a result of washing out the

upstream area (-l(t)) and the extension of the
downstream area (+lt)) that occurs due to the
matter accumulation. These two processes
proceed continuously, but their activity
depends on the hydrodynamics of the stream.
In some areas of the river channel, the
erosion of mobile islands is slowing down;
in other areas the length of the island is
shortened and its height reduced due to the
rising erosion rate. In certain conditions the
island can completely disappear or join the
river bank

Behind any body, in this case the island
(Fig. 3, Annexes), the so-called turbulent
trace is formed when water flows around it
(Abramovich 1960; Ginevskiy 1969). The
distribution of stream velocities in this trace
behind the body (island) obeys the same law
as in a free turbulent jet. The zone of zero
velocities and whirlpools is formed right
downstream the island.

As the moving liquid captures water
particles from this zone, the zone is
gradually washed away and tapered out at a
certain distance from the island. Thus, the
zero-velocity core is formed right behind the
island.

Accretion of the island occurs due to the
intensive accumulation of material within the
limits of the trace. When the water level falls
(to the level of the low-water period), some
dry land appears and the trace is formed
downstream.

The length and height of the island
depend on the ratio of erosion rates on its top
part and accumulation of material within the
trace zone. During the time interval t the
coast line of the island is washed away and
recedes at a distance -Z. During the same
interval, height of its surface grows due to
the sedimentation of detrital particles in high
waters. Simultaneously, the length of the
island increases by Z due to the
accumulation of material within the borders
of the trace. The direction of the island’s
movement coincides with the direction of the
river’s course. Therefore, islands can move
to one of the banks and join it forming
floodplain massifs or be washed away.
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One of the main characteristics of mobile
islands is the period of their movement (Т) – 
the time during which the island covers the
distance equal to its length. It can be found
as T=l/v, where l is the length of the island, v
is the average erosion rate of the ledge in the
upstream part of the island. The movement
period depends on the hydrodynamic mode
of the river. Therefore, the evolution of the
island is directed towards the dynamic
equilibrium corresponding to the
hydrodynamic conditions.

In addition, the movement period (Т) of
the island determines the structure and age of
sediments, distribution of the soil cover and
vegetation along the island, as well as their
age limit. The ground and wood vegetation
on the island cannot be older than Т. For
example, at the average movement velocity
of 5 m/year and its length of 400 m, Т=80 
years. During this period, the island reaches
the dynamic equilibrium by its height, and
the age limit of soil and trees will correspond
to this period.

The average total duration of floods for
15 years of observation on the Amur river
around the Voroniy island (Fig. 2, Annexes)
is 172 days. During this period, the warp
layer of 20 cm is accumulated in the lowest
areas. Hence, m = 0.116 cm.

The incision rate of the island in this area
is so low that it can be neglected in
calculations. If the island was not washed
away, its surface would reach the limit
height Ylim = 5 m for 200 years. After 100
years, its height would reach as high as 4.93
m.

As the age of islands is determined by
their movement period, the most ancient and,
therefore, the highest part of the island is its
head, while its tail is the lowest and youngest
part. Therefore the floodplain surface on
mobile islands is always inclined towards the
watercourse. The limit surface height of such
islands depends on their movement speed.
For example, the floodplain surface on
Voroniy island considered above (Fig. 2,
Annexes) is inclined at 0.5° Therefore, at
annual erosion of its head part by 5 m, the
surface is lowered by tg 0.5°  5 m = 0.043

m/year.
Thus, two oppositely directed processes

are involved in the evolution of the
floodplain on mobile islands.

The first one is the accumulation of warp
on the floodplain surface and increase in its
height, with simultaneous collection of
detrital material within the borders of the
trace downstream the island and increase in
the length of the island (F-flow).

The second one is the continuous erosion
of the island’s head; it causes lowering the
surface, restricting its height and at the same
time reducing the length of the island. These
two processes proceed continuously, but
their activity changes depending on the
hydrodynamics of the flow. In some parts of
the channel, the erosion of mobile islands is
slowed down; hence, the movement period T
and, therefore, their surface height H and
length l are growing. In other parts, in
connection with increasing the erosion rate,
not only the length of the islands is shortened
but also their height decreases. Under
corresponding hydrodynamic conditions, the
island can completely disappear or join the
bank.

In the latter case, the factor causing a
decrease in the height of the island becomes
zero and the floodplain surface height
reaches its maximum possible value. For
example, the limit height of the floodplain on
the studied island Voroniy, in one of the
Amur river branches, is equal to 3.7 m rather
than 5 m (Fig. 2, Annexes). At this
floodplain height, the thickness of the warp
layer deposited on it becomes equal to the
thickness by which the surface is lowered
due to the erosion of the island. If the island
joins some bank or stops moving (for
example, the river begins to actively recede
to another bank and the island goes to the
zone of non-eroding velocities), the height of
the floodplain on this island reaches the
greatest possible value, i.e. 5 m.

The described pattern is also observed
when the river is displaced to one of the
banks. Then, at the opposite bank, due to
intensive material accumulation in the zone
of non-eroding velocities, the floodplain will
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increase in width, and the central parts of the
floodplain will rise up to its limit height and
be straightened. At the same time, as it
approaches the “younger” bank, the height of
the floodplain becomes lower, while its relief
becomes more dissected (alternation of near-
channel banks and oxbow depressions).
These areas gradually rise up to the limit
height as well.

This is the mechanism of increasing the
height of the floodplain on the inundated
massifs confined between the river bends.

When the floodplain is formed as a result
of displacement of rifts, reaches and bends
downstream the river, we notice, on the one
hand, erosion of the inundated lands located
between the channel bends, and, on the other
hand, increase in its length due to the
formation of shallows near the convex bank
and subsequent increase of its height due to
the accumulation of material during flood
seasons. The height of the emerging
floodplain gradually approaches a certain
stable value under the given conditions. This
means that the transition process is
completed and the floodplain reaches the
equilibrium state.

Due to the displacement of bends, each
floodplain massif has its own period of
existence. The limit height of the floodplain
depends on the fluctuation frequency of
bends and their displacement rate. For
example, at the erosion rate of 0.5 m/year
and the length of the floodplain massif of
200 m (distance between the bends), the
period (Т) of floodplain development will be
equal to 400 years. During this period, the
floodplain massif, including its detrital
material, mineral composition, soil cover and
vegetation, will be completely replaced by a
new one. This explains the existence of
floodplains of different levels. The massif of
a larger size has a larger height than the same
massif of a smaller size. We can observe this
everywhere in the nature: the floodplains
formed on small islands or on the river parts
located between contiguous river bends have
the smallest height. All floodplains reach
their own limit height tending to become
more ordered.

Principles of Self-regulation by the Target
and Current States

As opposed to living organisms having
homeostatic properties and to cybernetic
systems which have a special regulating
device and one part performing the master
control function, i.e. determining the amount
of input and output matter, energy and
information, in abiotic self-organizing
integral structures, for example, in
geomorphological systems, all these
functions are performed by F- and D-flows.
The functional diagram is shown in Fig. 4
(Annexes).

The desired values in the self-regulated
geomorphodynamics processes are sizes of
relief forms: height (Н); surface area of
slopes (S); volumes of forms (V); width of
an underwater slope (В); steepness of slopes 
(), which should reach specific quantitative
values at the existing intensity of litho-flows
when going to the limit cycle mode.

The curves representing simultaneous
and interconnected changes in matter flow
rates P and q in F-and D-litho-flows,
respectively, depending on increase in relief
sizes (Н, S, and V), always cross each other.
The crossing point between the curves shows
the equality of flow rates (P=q), while its
projection onto the abscissa х – the 
dynamically equilibrium sizes of forms, or,
in terms of the self-regulation theory, desired
values. It is clear that Н, S, and V are directly
determined by the intensity of litho-dynamic
flows. Thus, Р and q for the regulated values
(Н, S, and V) act as the master control, i.e.
determine the target condition (attractor) to
be reached by values Н, S, and V when the
equation P = q is established.

The development of geomorphic systems
is constantly under the influence of
perturbation actions, which deflect the
regulated values Н, S, and V from their target
values, i.e. disturb the equilibrium of the
system. For geomorphic systems, such
perturbation actions may be changes in
weather (for example, infrequent storm
downpours or short-term (as compared with
geological periods) climate changes) that
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cause a rapid rise in the denudation rate, i.e.
increase in flow rate q in D-flow. When the
previous conditions are restored, the relief
forms and their morphology are restored as
well. If the intensity of matter flow rates in
F- and D-flows is changed for a geologically
significant period, they act as the master
control, i.e. the relief form should be
described by other morphometric and
morphological parameters, or by another
attractor corresponding to the changed
conditions.

However, some changes in quantitative
parameters that characterize the matter flow
rates in F-and D-flows, undoubtedly, occur.
Therefore, the morphometric parameters Н,
S, and V of the relief forms also vary within
some limits, i.e. fluctuate. When the balance
of matter flow rates (P=q) is achieved, the
inflow of the matter and its denudation do
not stop. Therefore, the equilibrium is
dynamic.

The regulated parameters in the relief are
the current values characterizing the sizes of
its forms: height Н(t), area S(t), volume V(t),
etc. If the desired values for some fixed
period of time (t) are constant, the regulated
values change towards the equality with their
limit values (desired values).

In the development of floodplains, the
flow rate Р in F-litho-flow is presented by
the detrital sediments precipitated during
flood seasons. The amount of the deposited
material (thickness of warp layer) decreases
with time and with the growth of the
floodplain’s height H while the total period
of inundation (N) of the floodplain, which is
the function of H as well, decreases.

The flow rate q of the negative litho-
flow grows or remains constant. Therefore,
the equality P=q will be inevitably achieved
at constant environmental conditions.

Formation of the longitudinal river
profile in any section of the river valley is
directed at achieving the equality of forces
dragging the fragments and the forces
resisting the movement:

(Vl + ) - (Т + С) = 0

At a constant incline (i) of the
longitudinal profile, the dragging force (Vl)
is determined by the thickness (h) of the
moving water layer. As h decreases towards
the river head, an increasingly higher shear
thrust () is required for moving fragments of
the same size. The equality of these forces is
possible at the increase of i, as it is observed
in natural conditions when the longitudinal
river profile is developing; its steepness is
growing towards the river head. The incline i
is growing even more when the size of
fragments increases upstream, and in order to
move them, the dragging force Vl must grow
(whereas it decreases). Therefore, to keep the
forces equal, the shear thrust  should grow,
which is spontaneously achieved at
increasing i.

On the contrary, in the downstream
direction, at i=const and d=const (d is size
of fragments) the dragging force Vl increases
proportionally to increase in thickness of the
water layer thickness u=c(hi)1/2. Hence, the
rate of removing the detrital material
considerably increases towards the river
mouth, and the rivers run intensively,
approaching their limit – the horizontal
surface. This is the cause for the natural
bending of the longitudinal profile. Due to
the fact that the average size of detrital
sediments decreases downstream, the river
profile flattens out even more (the equality of
forces is achieved at a very small value of i).

Tectonic movements violate the equality
between the dragging forces and friction by
changing i; climatic factors – by changing h,
lithogenic - by erosion rate and size of
detrital material. Therefore, the uniform
elevation at constant water content in rivers
is compensated by the rate of incision, and
after any violation of the equilibrium, the
process is aimed at restoring it.

The litho-flow F that initiates the
formation of relief forms and the litho-flow
D aimed at the process opposite to the relief
formation process have their limits of action,
so to say, the relief forming amplitude. For
example, if denudation processes did not
proceed, the relief forms established due to
the elevation and incision of rivers would
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increase their height with some delay until
the weight of the rising massif balances the
force of endogenous pressure, i.e. the
isostatic equilibrium is achieved. In the
absence of denudation, the growth limit of a
barchan or a storm wave could be
determined by the height at which detrital
particles of a certain size could be still
brought onto it at existing velocities of wind
(or water). When speaking about the land
relief, the action limit of all relief forming
litho-flows q is a horizontal surface tied to
the sea level.

The interaction of F- and D- litho-flows
forms a new, uniform limit for them which is
externally expressed as an equilibrium
surface of different morphological
complexity. This limit exists in the reality
and is observed in a current relief or in the
relicts of the past, whereas the above
described upper and lower limits are
idealized and never exist in the nature. The
upper limit could be achieved only in the
absence of exogenous processes, and the
lower limit - in the absence of endogenous
processes.

Conclusions:

It is possible to achieve the dynamic
equilibrium state, as well as to realize any
other regularity or law concerning the
physical world development only at constant
environmental conditions during the period
sufficient for the full development of the
relevant process. In the reality, this necessary
condition is almost impracticable. In the
development of relief forms, we can observe
only different degrees of approximation to
this condition.

In the relief, there are not and probably
cannot be any ideally equal horizontal
denudation plains described by the equality
q=P=0, since Р=0 must be satisfied during
several millions of years. Moreover, there
are no mountains presented by a combination
of ideally direct and equal slopes which are
characterized by the continuous existence of
the equation q=P=const.

Relief forms arise, exist and collapse,
being replaced by others, as a result of
continuous interaction of litho-flows. This
interaction continues when the dynamic
equilibrium is achieved and both components
in the mass and energy balance reach their
maximal values determined by specific
conditions.

Thus, natural and naturally emerging
systems do not have any special regulating
members for determining the mismatch
between the target and current states of the
system. Their own sizes H act as regulators.
They are connected by negative and positive
associations with the supply of matter and
energy in such a manner that with the
increase in H the amount of energy brought
into the system decreases.

Rezumat:

AUTOREGLAREA
GEOSISTEMULUI DE LUNCĂ – 

DINAMICĂ ȘI SATURAȚIE 

Teoria modernă a cunoașterii se bazează pe 
recunoașterea dialectică a unității și luptei 
contrariilor ca proprietate inerentă a 
obiectelor fizice – sistemele. În acest studiu
este dezvoltată abordarea metodologică 
propusă de noi pentru studierea dinamicii 
geosistemelor. În opinia noastră formarea 
tuturor sistemelor, incluzându-le și pe cele 
antropice, implică dezvoltarea spontană și 
latentă a altui sistem (satelit) care utilizează 
energia și substanțele produse de primul. 
Figurativ vorbind, imediat ce producătorul X 
de energie și materie (resurse) apare, ia 
naștere și consumatorul Y al acestor resurse. 
În ciuda antagonismului dintre X și Y, ei se 
constituie ca o entitate complementară și 
sinergică (non-aditivă) care în mod inevitabil 
este capabilă să evolueze în toată gama de 
forme.



J. Wetlands Biodiversity (2013) 3: 77-87

Istros – Museum of Braila

85

References:

ABRAMOVICH G.N. (1960), Theory of
Turbulent Jets, Moscow: Fizmatgiz, 715 p.

GINEVSKIY A.S. (1969), Theory of Turbulent
Jets and Wakes: Integral Methods of
Calculation, Moscow: Mashinostroeniye,
400 p.

LEVASHOV A.A. (1983), Determination of the
Warp Thickness in Floodplain,
Meteorologiya i gidrologiya, 11: 112-113.3.

MAKKAVEEV V.M. (1960), The Role of Self-
Oscillating Processes in the Mechanics of
Turbulence, Papers of III All-Union
Hydrological Congress, Leningrad:
Gidrometeoizdat, V. 5, p. 5-9.

POZDNYAKOV A.V. (1988), Dynamic
Equilibrium in Relief Forming, M: Science,
208 p.

POZDNYAKOV A.V. (2007), Self-Organizing
Binary Structures, Biniology, Simmetrology
& Synergetics in Natural Sciences: Materials
of V International Conference, Tyumen:
Tyumen State University, p. 29-35.

Annexes:

Figure no. 1 Structure of functional relations in binary geosystems
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Figure no. 2 Geomorphological diagram of island moving in river channel (Voroniy island, Amur
river, Far East).
I – benches with intensive washing out; 2 – sand shoal; 3 – trees vegetation; 4 – banks; 5 – depressions;
6 – water flow speed during flooding (m/s); 7 – position and numbers of profile cuts.
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Figure no. 4 Functional diagram of geomorphosystems.
T, M, W - negentopic flows of MEI from the environment, forming F- and D-flows.
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OF AQUATIC ECOSYSTEMS FOR THE

COMMUNITY OF MACROPHYTES
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Abstract: The article concerns biogeochemical studies on water bodies, which show the effectiveness
of the use of macrophytes in the evaluation of human disturbance in the natural aquatic ecosystems.
The purpose of the work is to assess the ecological status of the water bodies from three areas of
Leningrad and St. Petersburg region. The data obtained were investigated by standardless spectral X-
ray. There has been reported a significant increase in the concentration of the chemical elements in
aquatic plants ranging from the coastal to the submerged zone. The areas under consideration are non-
uniform in the degree of anthropogenic pressure. Of the three studied reservoirs, the North Island
Elagina Pond undergoes human impact.

Keywords: bioindication, bodies of water, chemical elements, environmental monitoring,
macrophytes, Standardless X-ray method

Introduction:1

Water features, both natural and man-made,
are an important component of the modern
city environment. Taking into account the
specifics of the organization, structure and
functioning of aquatic ecosystems, and the
nature of the human impact on water bodies
in urban areas, this is appropriate to offer as
an indicator of macrophytes and their
community. As today significantly increases
the level of anthropogenic impact on water
bodies, the use of bio-indication can solve
the problem of environmental monitoring.
This shows the relevance of this work.

Valentina Alekseevna Gorskaya and
Svetlana Aleksandrovna Banar:
St. Petersburg State University of St. Petersburg
10th Line of Vasilyevsky Island House 33
St. Petersburg, Russia
e-mail:
Valentina Alekseevna Gorskaya:
valentinka.1990@mail.ru

To assess the ecological status of the
water bodies the following tasks have been
completed:

- description of coastal aquatic
vegetation on the embedded
profiles of the water;

- water sampling and macrophytes
in the study sites;

- analysis of the structural
characteristics of macrophyte
communities (species richness,
species diversity, projective cover,
abundance) of the studied
reservoirs;

- determination of the chemical
elements in the studied
macrophytes;

- evaluation of the ecological status
of water bodies on the basis of the
data.
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Materials and methods:

The study investigated the vegetation water
route survey conducted by the description of
aquatic plant communities.

Work formed the basis for the samples
collected in the waters of the Leningrad
region and St. Petersburg in the period from
July to August 2011.

My research work was conducted in
three different areas:

- 5th North Islands Elagina Pond -
St. Petersburg: 24.06.2011 -
10.07.2011;

- Lake Suuri - pos. Blacksmithing
Priozersky district of Leningrad
region: 12.07.2011 - 26.07.2011;

- Gulf Lahti Nizhnesvirsky Nature
Reserve: 27.07.2011 – 26.08.2011.

The areas were chosen considering three
different qualities:

- the city's social and cultural place
to stay;

- quite remote from the city, which
does not have such a strong
anthropogenic pressure;

- body of water - which is a
protected territory of the
Leningrad region intended for
research.

We examined seven stations (sample
plots). 33 relevés were achieved.

The macrophytes and soil sample
handling method was used for the
quantitative chemical analysis of
standardless spectral X-ray method.

Results and discussion:

The results of the taxonomic, geographical
and ecological analyses of reservoirs’ flora
showed its heterogeneity which is due to the
environmental natural features of the study
area (Kryukov 1999).

Based on these data we can say that
these different types of aquatic weeds
selectively accumulate chemical elements.

In the vegetative organs of Potamogeton
natans in the Gulf Lahti there has been

recorded the highest total content of
elements such as titanium, manganese, iron,
nickel, copper, zinc, and bromine in
Sparganium emersum in the Gulf Lahti.

The lowest total content of chemical
elements in the leaves was registered in
Nuphar lutea, the stems and leaves of
Phragmites australis, Carex acuta in lake
Suuri and the Gulf Lahti (Fig. 1 and Fig. 2,
Annexes).

For Nuphar lutea, the first description of
a macrophytes’ (hydrophytes) with floating
leaves, i.e. the low concentrations of copper,
zinc, nickel and manganese, is due to the
conditions of its habitat which are less
favourable for the absorption of heavy
metals (Bahtiarov 1985; Lychagina and
Kasimov 1998).

However, compared with a cane
(Saccharum sp.), the elevated concentrations
of some chemicals in the bodies of Nuphar
lutea are primarily concerned with their
greater need for these micronutrients. So, for
example iron and zinc are actively involved
in oxidation- reduction reactions in leaves’
chloroplasts and chlorophyll synthesis of
large quantities of leaf development needs of
these plants, unlike cane (Sadchikov 2005).

Low concentrations of Ni in the studied
reservoirs, for preferring stagnant areas of
water bodies, are to be associated with the
poor mobility of these elements in the given
conditions (Anischenko and Buhovets 2009).

Several studies have shown that the
accumulation of metals is closely related to
the relationships between them. In particular,
the ratio of Fe and Mn that may be a good
indicator of anthropogenic pollution of water
bodies (Fig. 3, Annexes). It was also featured
on macrophytes (Anischenko and Buhovets
2009).

Violation of the relations between the
corresponding pairs of elements, iron and
manganese, is a feature of the trace element
composition of the ecological and
morphological groups of macrophytes in
water bodies.

Thus, in the Gulf of Lahti we have found
some deviation of the normal relationships of
the elements Fe and Mn., observed in
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Potamogeton natans (1.8), Phragmites
australis (2.7) and Sparganium emersum
(3.3). For the rest of macrophytes observed
in Lahti Gulf, the normal ratio is inversion of
Nuphar lutea and Carex acuta is absent.

Despite the inversion of the normal ratio
of Fe and Mn in some studied macrophytes,
the excess accumulation of one element over
another is not too large, and exceeds, on
average, twice. Therefore, we may say that
the studied water bodies do not have a strong
urban anthropogenic influence (Ufimtseva
and Terekhina 2005).

The bioaccumulation factor (Kbn1),
which is the ratio of the element
concentration in the plant to Clark
lithosphere, identifies common patterns of
species-specific accumulation of chemical
elements by plants.

Regarding Clarke in the lithosphere in all
studied water bodies, the following elements
are piling up: Mn, Ni, Cu, Zn, Sr. The Kbn1
conveys high values relative to manganese in
the Suuri Lake different Sparganium
emersum (25.1), in the Lahti Gulf
Potamogeton natans (154), with respect to
strontium Potamogeton natans (46.5) and
Sparganium emersum (16.3) in the Suuri
Lake (Fig. 4, Annexes).

These hydrophytes have higher
concentrations of the chemical elements,
showing selectivity in their accumulation
(Ufimtseva and Terekhina 2005). This high
accumulation of trace elements in the
vegetative parts of pondweed is due to the
fact that the chemical composition of
floating leaves plants on the surface of the
water, which is dependent on the
concentration of trace elements in both soil
and water (Lychagina and Kasimov 1998;
Kurylenko 2004).

For copper and zinc Kbn1 had high rates
in Scirpus sylvaticus in North Island Pond
Elagina and Sparganium emersum in the
Gulf of Lahti (Fig. 4, Annexes). In turn,
macrophytes elements such as iron and
titanium (Kbn1 < 1) were depleted, but
titanium is a man-made element and the lack
of accumulation in the studied reservoirs
indicates relative well-being. However, the

accumulation of man-made elements, as
nickel, strontium, is present in the studied
water bodies.

The values of Kbn2 reveals the ratio of
the concentration of the element in the plant
to the concentration of this element in the
soil. By using the Kbn2, we can explain the
content of chemical elements in various
environmental macrophyte groups and give
an idea of the regional patterns of
accumulation of chemical elements
(Ufimtseva and Terekhina 2005).

The trend of Kbn2 for manganese and
rubidium for all macrophytes is almost
always greater than 1 or equal to 1 regarding
all investigated waters.

Copper and zinc are accumulated only in
the macrophytes found in North Pond
Elagina Islands (Fig. 5, Annexes). Titanium,
iron, nickel have Kbn2 below unity for all
macrophytes growing in the studied water
bodies, which is due to different reasons.

For the iron (biohpility element), its
entry into the plant is on the barrier type, so
even a large concentration in the soil does
not lead to an increased accumulation of this
element in the body, as evidenced by low
values of Kbn2 (Ufimtseva and Terekhina
2005). For zinc, an another biohpility
element, the Kbn2 has high values compared
with all values of the highlighted elements.
We can also note the high concentrations of
man-made strontium element average of
biological uptake in plants of the Suuri lake.
An objective assessment of the intensity of
water pollution is given by ratios
concentration (QC), representing the ratio of
chemical elements in plants growing.

In the North Island Elagina Pond, the
ratios concentration is given by content in
plants’ background areas, ranked by Carex
acuta (Fig. 6, Annexes).

All minerals accumulate in this
hygrophite, particularly rubidium and
titanium, are two to three times higher than
the background concentration. Scirpus
sylvaticus accumulates only zinc, which is
three times higher than the background
concentration of habitats. Other elements
have similar or even lower values.
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Comparing background concentrations
of chemical elements in the test, the
macrophytes indicates an increase in their
concentration and for manganese, titanium,
iron (only for Scirpus sylvaticus and
Phragmites australis) is slightly lower due to
regional characteristics of biogenic migration
trace (Fig. 6, Annexes).

Conclusions:

As a result of analyzing the chemical
composition of aquatic plants there has been
shown a significant increase in the
concentration of chemical elements from the
coastal to the submerged aquatic plants.

These observations are consistent with
the literature in the field confirming that
during their lifetime the aquatic plants
accumulate a greater concentration of the
chemical elements (Lychagina and Kasimov
1998).

The macrophyte vegetation is one of the
most promising bands to phytomonitoring
(estimates of the natural environment on the
botanical characteristics). Biochemical
studies on water bodies, show the
effectiveness of the use of macrophytes in
the evaluation of human disturbance in these
natural complexes.

Using the methods of bio-indication in
assessing ecological status of the studied
water bodies, the following conclusions may
be drawn:

- analysis of hydro-chemical
parameters of the studied
reservoirs showed that the objects
under consideration are a mixed
degree of anthropogenic pressure;

- based on these data, it was found
that different types of macrophytes
selectively accumulate chemical
elements. The highest
concentration of the chemical
elements are listed in the bodies of
plants growing in the Lahti Gulf of
the Nizhnesvirsky State Reserve;

- the study showed a trend of
chemical elements concentrations

of the aquatic plants from shallow
coastal water parts to the deep
zones;

- bioaccumulation factor (Kbn1)
reveals common patterns of
species - specific accumulation of
chemical elements of
macrophytes: in the studied water
bodies are piling up elements such
as Mn, Ni, Cu, Zn, Sr;

- concentration ratio suggests that
some chemical elements as
titanium, copper, zinc, strontium
exceed background concentration
habitats in North Island Elagina
Pond;

- in assessing the ecological status
of water bodies of the three
reservoirs studied, in the North
Island Elagina Pond the
anthropogenic impacts were able
to be identified by using the
biogeochemical indicators;

- results of the study of macrophytes
indicate that these bodies of water
have become a promising target
for future environmental
monitoring.

Rezumat:

EVALUAREA STĂRII  
ECOSISTEMELOR ACVATICE

PENTRU POPULAȚIILE  
DE MACROFITE

Articolul se referă la studiul biochimic al 
apei, care demonstrează eficacitatea folosirii 
macrofitelor în evaluarea acțiunilor antropice 
în ecosistemele acvatice naturale. Scopul
cercetării este de a evalua starea ecologică a 
apei din trei zone din regiunea Leningrad și 
St. Petersburg. Rezultatele au fost obținute 
prin folosirea raxelor X. S-a raportat o
creștere semnificativă a concentrației 
elementelor chimice din plantele acvatice,
din zona de coastă până la cea submersă. 
Zonele studiate nu sunt supuse în aceeași 
măsură presiunii antropice. Din cele trei 
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bazine acvatice studiate, North Island
Elagina Pond este afectată cel mai mult de 
impactul uman.
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Annexes:

Figure no. 1 The average of trace elements in Carex acuta
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Figure no. 2 The average of trace elements in Phragmites australis
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Figure no. 3 The ratio of Fe and Mn in macrophytes of studied reservoirs

0

0.5

1

1.5

2

2.5

3

3.5

N
u

p
h

ar
lu

te
a

C
ar

ex
ac

u
ta

P
h

ra
g

m
it

es

au
st

ra
li

s

S
ci

rp
u

s

sy
lv

at
ic

u
s

S
p

ar
g

an
iu

m

em
er

su
m

P
o

ta
m

o
g

et
u

m

n
at

an
s

m
g

/k
g

North Pond Suuri Lake Bay of Lahti



J. Wetlands Biodiversity (2013) 3: 89-96

Istros – Museum of Braila

95

Figure no. 4 The geochemical spectrum KBN1 for macrophytes in the Gulf of Lahti
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Figure no. 5 The geochemical spectrum KBN2 for macrophytes in the Gulf of Lahti
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Figure no. 6 The ratio concentration of macrophytes in North Pond
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BIODIVERSITY (ANNELIDA, OLIGOCHAETA)
IN DIFFERENT AQUATIC ECOSYSTEMS

OF THE REPUBLIC OF MOLDOVA
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Abstract: Our study presents the qualitative structure of the bentonic fauna (Annelida, Oligochaeta) of
some aquatic ecosystems in the Republic of Moldova. There were studied the catchment basins of the
Danube (the bank of the Republic of Moldova), Dniester and Prut rivers, as well as the lakes and rivers
contained within this area. The results envision a higher prevalence of the aquatic oligochaetes in the
ecosystem of ecotone contained by the area ranging from the Prut river and the region conterminous
with the Danube Delta.

Keywords: Annelida, bentonic fauna, Oligochaeta, Republic of Moldova

Introduction1

Within the catchment basins of the Republic
of Moldova, the most spread taxonomic
group of bentonic hydrofauna is represented
by Oligochaeta (Hrabe 1952).

Following the pollution of the aquatic
ecosystems with various chemical, physical
and biological agents, in the past few years
the structure of the aquatic fauna has
undergone both qualitative and quantitative
changes.

The hydrobionic organisms, which also
comprise the aquatic oligochaetes, have
seriously been affected by the result of
spillage of various polluting substances in
the hydrographic network through industrial,
agricultural or household users (Hrabe 1952;
Toderaș 1999).

Pantelei Vition:
Str. Pădurii 20 
Chișinău, MD-2002 
Republic of Moldova
e-mail (c/o): mihaimelenciuc@mail.ru

Materials and methods

For reveal the quality-quantity indicators of
aquatic Oligochaeta in terms of distribution
according to types of aquatic ecosystems,
there were used well-known and frequently
hydrobiological methods (Jadin et al. 1959;
Mordihai-Boltovskoi 1960). In the collection
quality tests, as a hydrobiologic instrument
was used the dredge (a dredge for different
substrates has been used for the qualitative
aspect) (Diaconu 1986).

The lentometer was used for the quantity
tests. The quantitative samples were
collected with the Petersen grab, in the area
of capture of 1/40 m. Tests were conserved
on platform in formalin and ware sorted in
laboratory under the microscope and placed
in alcohol. In change of quantity analysis,
number of individuals was distributed on
m2 of bentos surface. Identification of
species of Oligochaeta fauna was seen under
the microscope in laboratory conditions
(Iaroshenko 1966).
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Results and discussions:

In the present investigation it was studied the
fauna of aquatic Oligochaeta from the whole
hydrographic basin network of Republic
Moldova territory (Tab. 1, Annexes).

There have been undergone observations
within the area of the rivers Dniester and
Prut, of the Moldavian stretch and of the
Danube river, in the lakes, the rivers and
ponds as well as within the hydrographic
network of the forest ecosystems.

Our studies revealed in the Dniester river
- 49 species of Oligochaeta, Prut - 37 sp.,
Danube - stretch of R. Moldova and adjacent
frontier - 45 sp., lakes - 27 sp., small rivers -
7 sp., small lakes - 11 sp., hydrographic
network of forest ecosystems - 31 sp.,
compared with the data of Iaroshenko
(1966), where for the Dniester river were
registered Oligochaeta - 91 species, Danube -
118 sp., lakes - 60 sp., small rivers - 16 sp.,
small lakes - 28 species.

The qualitative study of the sample
species conjunction with other recent studies
(Vition 2011a, 2011b, 2013a, 2013b, 2013c)
are indicative of a dwindling of the
Oligochaetes fauna in the area under scrutiny
compared to the results obtained in the
second half of the past century (Fig. 1,
Annexes).

Conclusions:

The structure of consists
aquatic Oligochaeta fauna of one order, one
suborder, one superfamily, 7 families, 6
subfamilies, 44 kinds, 97 species in
hydrografic network of whole territory of the
Republic of Moldova.

Within the area ranging in-between the
Prut river and the region conterminous
with the Danube Delta, the recorded aquatic
oligochaetes have been more numerous as a
consequence of the presence of an ecosystem
of ecotone formed through the influences
engendered by two huge catchment basins.

Rezumat:

BIODIVERSITATEA
(ANNELIDA, OLIGOCHETA)

ÎN DIFERITE ECOSISTEME ACVATICE
DIN REPUBLICA MOLDOVA

Studiul nostru prezintă structura calitativă a 
hidrofaunei bentonice (Annelida,
Oligochaeta) din câteva ecosisteme acvatice
din Republica Moldova. Au fost studiate
bazinele hidrografice ale râurilor Nistru,
Prut, Dunărea (malul Republicii Moldova), 
precum și lacurile și râurile interioare din 
acest areal. Rezultatele relevă o abundență 
mai mare a oligochetelor acvatice în
ecositemul de ecoton cuprins între râul Prut
și zona de demarcație cu Delta Dunarii. 
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Annexes:

Figure no. 1 The dynamic fauna of Oligochaeta from the whole hydrographic basin network of
Republic Moldova territory
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Table no. 1 Distribution of Oligochaeta according to different types of aquatic ecosystems of
Republic of Moldova
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Order Haplotaxida
Suborder Haplotaxina
Superfamily Tubificoidea
Family Tubificidae
SubfamilyTubifinae

Tubifex tubifex (Lamarck, 1773) + + + + + + +
T. ignotus (Stole, 1886) + + + - - - -
T. filum (Mich, 1889) + - + - - - -
T. templetoni (Sorth) + - - - - - -
T. nevaensis (Last, 1924) + + + + - - -
Limnodrilus hoffmeisteri (Laparede, 1862) + + + + + +
L. helveticus (Piguet, 1913) + + + + - - -
L. profundcola (Verrill / Brinkhurst,1871) - + + - - - -
L. claparedeianus (Ratzel,1868) + + + + + + +
L. udekemianus (Claparede, 1862) + + + + + + -
L. newaensis (Michaelsen, 1902) + + + - - - -
Isochaeta virulenta (Piguet, 1913) - + + - - - -
Ilyodrilus hammoniensis (Michaelsen, 1901) + + + + - - -
I. vejdovskyi (Hrabe, 1941) + + + - - - -
I. moldaviensis moldaviensis (Vejdovsky et Mrazek, 1902) + + + + - - -
Aulodrilus limnobius (Bratscher, 1899) + - - + - - -
A. pluriseta (Piguet, 1906) + - - + - - -
Rhycodrilus coccineus (Vejdovsky, 1875) - - - - - + -
Psammoryctides albicola (Micahaelsen, 1901) + + + - - - -
P. moravicus (Hrabe, 1934) - - - + - - -
P. barbatus (Grube, 1861) + + + + - - -
Potamothrix bavaricus (Oschmann / Brinkhurst, 1913) + - - - - - -
P. isochaetus (Hrabe, 1934) - + - - - - -
P. vejdovskyi (Hrabe / Brinkhurst, 1941) + - - - - - -
Peloscolex velutina (Grube / Ude, 1873) - - - + - - -
P. speciosus (Hrabe, 1931) + - - - - - -

Subfamily Rhyacodrilinae (Hrabe, 1963)
Rhyacodrilus falciformis (Bretscher, 1901) + - - + - - -

Subfamily Branchiurinae (Hrabe, 1966)
Branchiura soverbyi (Beddard, 1892) - - + - - - -

Family Naididae
Subfamily Chetogastrinae

Chetogaster diastrophus (Gruithuesen, 1828) + + + + - + -
Ch. setosus (Vetlor,1925 / Vejdovskyi, 1828) - + - - - - -
Ch. langi (Bretscher, 1896) - + + + - - -
Ch. diaphanus (Gruithuesen / Orsted, 1828) + + - - - - -
Ch. limnaei (Baer, 1827) + + + + - - -
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Amphichaeta leydidii (Tauber, 1879) - + - - - - +
Subfamily Naidinae (Lastockin, 1924)

Spercaria josinae (Vejdovskii / Sperber, 1883) + + + + - - -
Uncinais uncinata (Levinsen, 1842) + + + - - - -
Nais communis (Piguet, 1906) + + + + - - -
N. simplex (Piguet, 1906) + + + - - - -
N. bretscheri (Michaelsen, 1899) + + + - - - -
N. barbata (Muller, 1773) + + + - - - +
N. psudobtusa (Piguet, 1906) + - + - - - -
N. behningi (Michaelsen, 1923) + + + - - - -
Slavina appendiculata (d ’Udekem / Vejdovsky) - - + - - - -
Vejdovskyella comata (Vejdovsky / Michaelsen, 1883) + - + - - - -
Stylaria lacustris (Linne / Johnston, 1767) + + + + + + +
Piguetiella blanci (Piguet / Sperber, 1906) - - - - + + -
Dero digitata (Muller / Grube, 1773) + + + - - - -
D. obtusa (d’Udekem, 1855) + + + - - - -

Subfamily Pristininae (Lastockin, 1924)
Pristina rosea (Piguet / Michaelsen, 1906) + + + - - - +
P. bilobata (Bretscher / Michaelsen, 1903) + + + - - - -
P. aeguiseta (Bourne, 1891) - + - - - - -
P. longiseta (Ehrenberg, 1828) - - + - - - -

Family Aeolosomatidae
Aeolosoma hemprichi (Ehrenberg, 1828) + - + - - - +
A. heableyi (Beddard, 1888) + - - + - - -
A. tenebrarum (Vejdovsky, 1884) - - + - - - -
Rheomorpha neisvestnovae (Lastockin, 1953) + - - - - - -
Hystricosoma chappuisi (Michaelsen, 1926) - - + - - - -

Subfamily Paranaidinae
Paranais litoralis (Muller, 1784) - - + - - - -
P. frici (Hrabe, 1941) + - + - - - -

Family Enchytraeidae
Proppapus volki (Michaelsen, 1915) + + - + - - +
Henlea ventriculosa (Udekem, 1854) - - - - - - +
H. stolli (Bretscher, 1900) - - - - - - +
Fridericia callosa (Eisen, 1878) - - - - - - +
F. bulbosa (Rosa, 1887) - - - - - - +
F. zykofi (Vejdovsky, 1903) - - - - - - +
Enchytraeus albidus (Henle, 1837) - - - - - - +
E. buchholzi (Vejdovsky, 1879) - - - - - - +
Lumbricillus lineatus (Muller, 1771) - - - - + + +
Marionina argentea (Michaelsen, 1889) - - - - - - +
M. riparia (Bretscher, 1899) - - - - - - +
M. lobata (Bretscher, 1899) - - - - - - +
M. sphagnetorum (Vejdovsky, 1877) - - - - - - +
M. glandulosa (Michaelsen, 1888) - - - - - - +

Family Lumbriculidae
Lumbriculus variegatus (Muller, 1773) + + - + - - +
Lamprodrilus pygmaeus (Michaelsen, 1901) - - - + - - -
L. isoporus (Michaelsen, 1901) - - - + - - -
L. nigrescens (Michaelsen, 1903) + - - - - - -
L. semenkewichi (Michaelsen, 1901) + - - - - - -
L. pallidus (Micahaelsen, 1905) - - - - - - +
Teleuscolex korotneffi (Michaelsen, 1901) + - - - - - -
Agriodrilus vermivorus (Michaelsen, 1905) - - - + - - -
Trichodrilus pragensis (Vejdovsky) + - - - - - -
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Bythonomus subcarpaticus (Hrabe, 1929) - + - - - - -
Rhynchelmis limosella (Hoffmeister, 1843) + - - - - - -
R. vejdovsky (Hrabe et Cernosvitov, 1925) - - + - - - -

Family Branchiobdellidae
Branchiobdella parasita (Henle, 1835) - - + - - - -
B. astaci (Odier, 1823) - - + - - - -
B. pentodonata (Whitman, 1882) - - + - - - -

Family Lumbricidae
Eiseniella tetraedra f. typica (Savigny, 1826) - - + + - - +
Allolobophora chlorotica (Savigny, 1826) - - - - - - +
A. dubiosa (Orley, 1880) - - - - - - +
A. antipai (Mich., 1891) - - - - - - +
A. oculatus (Hoffmeister, 1843) - - - - - - +
A. rosea (Savigny, 1826) - - - - + + +
Dendrobaena octaedra (Savigny, 1826) - - - - - + +
Octodrilus transpadanus (Rosa, 1884) - - - - - + +
Octolasium lacteum (Orly, 1885 / Savigny, 1826) - - - - - - +


