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Abstract. The effects of global changes on the water quality of the Danube delta (St. Gheorghe
branch) were investigated using the causal framework DPSIR, model used for describing the interac-
tions between society and the environment adopted by the European Environment Agency (EEA):
driving forces, pressures, states, impacts and responses. It is known that interactions between climate
change and other drivers of change including hydromorphological modification, nutrient loading,
acid deposition and contamination by hazardous substances represent sources of environmental pres-
sures for biological assemblages. This study was done by surveying the ecological status described
in EU Water Framework Directive (EU-WFD) using the biological quality elements: composition
and abundance, diversity, sensitive/tolerant species, biomass (phytoplankton, macroinvertebrates) in
one of the most productive socio-ecological system. The assessment of biological assemblages was
based on laboratory data, results of field experiments over 3-year period (2009-2011) and aspects
of hydrophysical, hydrochemical and ecological change, those being early indicators of climate
change in aquatic ecosystems. Under reduced flow, combined with increasing temperature and global
radiation, phytoplankton biomass increased, in contrast the flood pulses have caused dilution effects
on nutrients, and therefore significantly lower phytoplankton biomass. The floods and changes in
flow regimes have also an impact on the bed and bank structures, so the benthic macroinvertebrates
diversity was reduced, was observed the loss of sensitive taxa and changes in community composi-
tion. A strong reduction in non-point inputs of pollutants would be necessary to be counterbalancing
the possible climate-induced effects on biological assemblages.

Keywords: the Danube delta, water quality, biological assemblages, climate change, disturbed
environment.

AIMS AND BACKGROUND

River water quality is a key for their functionality as ecosystems in order to meet
human needs. Global change might jeopardise these functions by converted climatic
conditions and adjusted land use'. Global change impacts the nutrient budgets?,
water temperature and distortions in river flow, which can affect stream fauna’. A
reason for this is that climate change does not necessarily show constant patterns,

* For correspondence.
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so that on a local and regional scale the magnitude and the management of climate
change impacts are sustainable*. The water temperature and flow may affect vari-
ous biological, chemical and hydrodynamical processes within the river system
that can intensify or moisten each other. Indirect effects appear when diminish-
ing water availability due to increasing temperature or decreasing precipitation
causing transformations in management of water systems. Thus, global change
does not influence meteorological conditions, but socioeconomic conditions.
This study was done by surveying the ecological status described in EU Water
Framework Directive (EU-WFD) using the biological quality elements: composi-
tion and abundance, diversity, sensitive/tolerant species, biomass (phytoplankton,
macroinvertebrates) in one of the most productive socio-ecological system. The
European Water Framework Directive establishes a framework for the protection
of groundwater, inland surface waters, estuarine waters, and coastal waters and
its final objective is achieving at least ‘good ecological quality status for all water
bodies by 2015’ (Ref. 5). This legislation has several well-defined objectives: (i) to
prevent deterioration, to protect and to enhance the status of water resources; (ii) to
promote sustainable water use; (iii) to enhance protection and improvement of the
aquatic environment, through specific measures for the progressive reduction of
discharges; (iv) to ensure the progressive reduction of pollution of groundwater and
prevent its further pollution, and (v) to contribute to mitigating the effects of floods
and droughts. The status will be based on the biological, hydromorphological and
physical and chemical quality elements. The present study emphasises interactions
of the biological communities and the main drivers on the site scale.

EXPERIMENTAL

Study area. The Danube river is the second longest river in Europe, flowing from
southern Germany to the Romanian coast of the Black Sea. The Danube delta con-
tains the largest natural wetlands in Europe, parts of which have World Heritage
Site designation. St. Gheorghe branch is the most southern branch of the Danube
delta. It starts at a 108 km distance from the sea (Ceatalul St. George), with a
median flow (Tulcea branch). Its width is variable (150 to 550 m), and the depth
is between 3 to 27 m below the water®. The all 7 sampling sites established along
the St. Gheorghe branch are presented in Fig. 1.

469



S1 Mahmudia

S2 Artificial Channel

S3 Upstream Uzlina

S4 Uzlina

S5 Downstream Uzlina
S6 Murighiol

S7 St. Gheorghe Branch

A

Fig. 1. Distribution of sampling sites in St. Gheorghe branch

The approach was based on the conceptual model which identifies across space
and time scales the ‘nature and man coupled systems’ or the ‘socio-ecological
systems’ and on the analytical DPSIR frame. It focuses on the links between
socio-economic drivers and pressures, changes in biodiversity, ecosystem and
landscape structure, and the ability of ecosystems to provide services to the coupled
socio-economic system’. The analysis of pressures and impacts must consider how
pressures would be likely to develop, prior to 2015, in ways that would place water
bodies at risk of failing to achieve ecological good status if appropriate programs
of measures were not designed and implemented®. In this way, IMPRESS (2002)
established the driver, pressure, state, impact, response (DPSIR) approach® ! as
a possible analytical framework for determining pressures and impacts under the
WEFD. Hence, ‘Driving Forces’ are considered normally to be the economic and
social policies of governments, and economic and social goals of those involved in
industry. ‘Pressures’ are the ways that these drivers are actually expressed, and the
specific ways that ecosystem and their components are perturbed. These pressures
degrade the ‘State’ of the environment, which then ‘Impacts’ on human health and
ecosystems, causing society to ‘Respond’ with various policy measures, such as
regulations, information and taxes; these can be directed at any other part of the
system'? (Fig. 2).

In this case, on the scale of the Danube basin have been developed and applied,
in the second half of the XX century, a series of policies and management plans
that were based exclusively on the principles of neoclassical economics.
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DRIVER
Human activity or
process

PRESSURE
Mechanism by which
Driver contributes to a
change in State

RESPONSE
An initiative
intended to reduce
impact

STATE
Attributes reflecting
ecosystem integrity
Effel::xu::g:m for a specific issue
welfare

attributable to
change in state

Fig. 2. DPSIR framework

There were pursued a wide range of economic and social objectives, including
the following drivers which have been identified in determining the structural and
functional changes of delta water system:

(a) the policy objective of expanding arable land areas and increase agricul-
tural production;

(b) industrial and urban development;

(c) using the hydroelectric potential of the Danube and its main tributaries
and flood protection;

(d) deal with the effects induced by periods of drought on crops;

(e) development and maintenance of navigation conditions and infrastruc-
ture.

RESULTS AND DISCUSSION

The assessment of biological assemblages was based on laboratory data, results
of field experiments over 3-year period (2009-2011). Significant changes were
found in the last two decades, in terms of hydrological pulse frequency'. There is
an expression of climate change, which in turn was modulated by structural local
changes (Table 1). It was emphasised that regulate water flow inside the Danube
delta by dredging the existing channel or opening new channels, resulted in a
tripling of refresh rate and consequently a reduction of water time retention from
1 to 4 months',
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Table 1. DPSIR framework applied on the Danube delta system

Drivers Pressure State Impact
Expansion of ar- — conversion of —oxygen concen-  — biophysical structure
able land ecosystems and tration erosion

Increasing agricul-
tural production
and livestock

Hydroelectric en-
ergy production

Extension and
intensification of

shipping

Urban development

and industrialisa-

tion

Climate-change

floodplains in agro- — habitat structure
ecosystems — diversity of sub-
— over-exploitation strate

of natural resources — changes in banks
— increasing or-

ganic pollution

— increasing mate-

rial and energy

inputs into agricul-

tural production

systems

— growth of solid

and liquid flow

— diffuse emissions

— solar radiation

— eutrophication

— reduction of solid flow
— hydrological changes
— changes in biotic
community structure
(qualitative and quan-
titative composition,
sensitive taxa/tolerant
age structure, etc.)

— erosion of biological
and ecological diversity
— reducing of ecosys-
tems functions and their
economic value

— distance changes (the
Black Sea)

— reduction of infor-
mational support and
production functions.

Based on analysis of hydrological data recorded in 1921-1992, Bondar'?
showed a slight increase (about 5%) of hydrological pulse amplitude. Computer
models predicted that global change will cause redistribution of biological diversity,
changes in adaptive potential of species.

The analysis of biological samples and interpretation of the results have been
made in accordance to the Norm concerning the reference objectives for the surface
water quality classification (Order MMGA No161/2006) in order to establish the
ecological status of water bodies and to the Directive 2000/60/EC of the European
Parliament and of the council establishing a framework for Community action in
the field of water policy.

Chlorophyceae

Bacillariophyceae

Euglenophyceae

Fig. 3. Main groups of algae abundance in the St. Gheorghe branch control sections during 20092011
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The analysis of the biotic communities in the all sampling sites focused on
the quantitative (numerical density, biomass, abundance after numerical density
and biomass) and qualitative component (dominant species, indicator species)'.
During February 2009 — October 2011, the highest numerical density as well as
biomass were S6 (the Murighiol channel) and S7 (the St. Gheorghe branch) control
sections with degree of development of the phytoplankton community. Chlorophyta
and diatoms contributed about 90% of total biomass (Fig. 3).

xS

izri'?t:ni

\\\\\\\\\\

bl dendty <l D

Fig. 4. Variation of numerical density and biomass of phytoplankton in S1 during 2009-2011
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Fig. 5. Variation of numerical density and biomass of phytoplankton in S2 during 2009-2011
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Fig. 6. Variation of numerical density and biomass of phytoplankton in S3 during 2009-2011
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Fig. 7. Variation of numerical density and biomass of phytoplankton in S4 during 2009-2011
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Fig. 8. Variation of numerical density and biomass of phytoplankton in S5during 20092011
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Fig. 9. Variation of numerical density and biomass of phytoplankton in S6 during 2009-2011
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Fig. 10. Variation of numerical density and biomass of phytoplankton in S7 during 2009-2011

Due to short life-cycles, phytoplankton organisms respond quickly to changes
in the aquatic environment. Elevated concentrations of organochlorine pesticides
in control sections studied (see Figs 4-10), beyond permissible levels, led to lower
productivity of aquatic biological systems, phytoplankton species with the ability
to accumulate and store pesticides in water cells by slowing the process of photo-
synthesis. Due to heavy rains in 2010, the concentrations of total phosphorus and
total nitrogen were above the limit allowed in the aquatic ecosystem, leading to
increased phytoplankton biomass production causing immobilisation of nutrients
and limiting the amount of light entering the ecosystem. Nutrient concentrations
showed a strong interdependence between the effects of phytoplankton biomass
resulting in a change of dominant processes: primary productivity from breath-
ing. Thus, phytoplankton biomass increased with nutrient concentration in March
2010 —January 2011, resulting in disturbances within the food chain (e.g. increase
of macroinvertebrate grazers). Also, a low flow conditions, increasing global tem-
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perature and radiation, has led to increased phytoplankton biomass and respiration
in S2, S5 and S7 in the period February to April 2011. In the delta, flood effects
on biological assemblies lasted on average 4 months. Increased algal biomass pro-
duction rate resulted in the immobilisation of large amounts of oxygen dissolved
in water in the degradation of organic matter, accumulation of excess amounts of
nutrients, which caused disturbances on the natural flow of nutrients and increasing
mortality rates in the consumers!’. High flow, radiation and increased temperatures,
lack of light and pressure had an effect on phytoplankton zooplankton in 2009 and
2011. Decreased algal biomass within the periods specified resource limitation
can not be attributed to the growth of phytoplankton, zooplankton pressure only.
At the fine scale, temperature rises can decrease the viscosity of water, which in
turn could increase nutrient diffusion around phytoplankton cells, influencing
competition for nutrients between species, and also increase sedimentation rates's.
This is particularly important for diatoms, due to their high propensity for sinking
as a consequence of their dense silica frustules, and other non-motile species. As
mentioned previously, nutrient availability can be altered by increased temperature.
Species that can take up nutrients better than others are going to have a competitive
advantage. Since diatoms, in general, have large cells and high nutrient require-
ments, it is expected that these organisms are going to be strongly affected by this
phenomenon'®. In the study by Suzuki and Takahashi'®, Chaetoceros sp. showed
a small range for growth of around 12°C, and preferred cooler temperature (—1°C
to +10°C), while other species, such as Skeletonema costatum had a range for
growth of 25°C with an optimum (15-25°C) in the warmer end of the range. Even
among algae from the same group, temperature ranges for optimum growth can
be quite different and correspond to the temperature of the water in which these
species occur.

Benthic macroinvertebrates are commonly applied for the quality assessment
of rivers®. Our good knowledge of their environmental requirements and of spe-
cies response to various environmental factors has led to these organisms being
widely used as (bio) indicators in water management?!-2.

The community composition can be affected by changed climate conditions
and thus lead to modified growth rates of the phytoplankton and zooplankton com-
munities, e.g. the mussels might colonise the river and exploit the food resources
provided by the algae. As Unionid mussels had intensely colonised the Danube
before the heavy anthropogenic pollution, also invading species like Corbicula flu-
minea and Dreissena polymorpha already arise. The highest frequency of Corbicula
Sfluminea along the Danube has been reported?. The growth of Corbicula fluminea
seems to be under present conditions, limited mainly by low winter temperatures
that may be different under conditions following climate change?®.

The biological analyses in all control sections have aimed the quantitative and
qualitative component determination. Species of gastropods (Theodoxus danu-

476



bialis, Planorbis planorbis (B)) and lamellibranchiate (Dreissena polymorpha,
Sphaerium corneum (B), Anodonta cygnea) were represented in all control stations,
especially in the control S3 (Upstream Uzlina), S4 (Uzlina) and S5 (Downstream
Uzlina). Oligochaeta were present in increasing numbers in most locations and
in terms of insect larvae, Diptera group have played an important role in lotic
aquatic ecosystems.
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Fig. 11. Variation of benthic communities biomass in the St. George branch during 2009-2011

Regarding diversity, the most heterogeneous groups are Diptera and Oligo-
chaeta. The fauna is dominated by Crustacea (Amphipoda and Isopoda) in terms of
abundance while Mollusca was the predominant group regarding biomass?!. Due
to their size Bivalvia make up more than 80% of the whole biomass, followed by
Gastropoda (10 to 35%). Most of them indicate B-mesosaprobic water quality due
to their national classification, which results in an overall good ecological status
due to their dominance. Oligochaeta, Chironomidae and crustaceans although most
abundant groups, have a minor role in total biomass. The highest value of biomass
was recorded in May 2009 S3 — Upstream Uzlina (1659.78 g/m?) (Fig. 11).

CONCLUSIONS

A strong effect of global change on the Danube flow due to climate and other
anthropogenic influences has been predicted on a worldwide scale. The impact of
climate change on river flow is currently subject of intensive researches?>2,

In conclusion, climate change leads to a replace of the dominating processes
(primary productivity versus respiration) along the Danube delta. The floods and
changes in flow regimes had also an impact on the bed and bank structures, so the
benthic macroinvertebrates diversity was reduced and loss of sensitive taxa and
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changes in community composition were observed. A strong reduction in non-
point inputs of pollutants would be necessary to countervail the possible effects
on biological assemblages.
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