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Abstract

Wetlands all over the world have been recognized as some of the most
productive, multifunctional and dynamic ecosystems and they are under
protection according to European Union legislation. However, they are under
imminent threat due to increasing pollution, intensification of agriculture and
rapid development activities. Lake Koronia is one of the eleven wetlands
protected under the Ramsar Convention in Greece. However, it has been
undergoing great degradation during the last twenty years due to the lack of a
proper environmental management plan. The main activities in the wetland
watershed are agriculture, industry and urban development. The aims of the
present paper are to identify and represent the major ecological changes that have
recently occurred, the real problems that threaten the ecosystem of Lake
Koronia, as well as to make proposals that should be taken into consideration for
the proper management and the conservation of the protected wetland.
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1 Introduction

Wetlands are considered to be among the most important and productive
ecosystems in the word, providing important functions and services such as
habitat for wildlife and plants, improvement of water quality, flow and food
control to ground water recharge and discharge, recreational and commercial
fishing as well as other life-support functions [1]. For this reason many wetlands
all over the world are protected and monitored by various governmental
services [2].
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However, nowadays wetlands are under heavy pressure. Many wetlands have
been lost and degraded due to increasing pollution, intensification of agriculture,
the continuing encroachment of urban developments and the rapid rate of growth
of the industrial uses [3]. This degradation leads to the increasing need for the
application of a proper and sustainable management plan for the protection and
conservation of earth’s wetlands.

More specifically, in Greece, wetlands present exceptional ecological, social
and economic interest. The awareness of the importance of wetlands renders
imperative the need for the reception of strict measures for their protection, as
well as the adoption of environmental property management. Nevertheless, the
growth of industries and urbanization led to the exploitation of our natural
resources, which has as a result led to the degradation of Greek wetlands. Such
an example is Lake Koronia, which while it is one of the most important
wetlands in Greece, at the same time also constitutes one of the most formal
examples of wetland degradation.

The objectives of the present study were to analyze the threats endangered the
lake ecosystem, as well as to present the changes that have recently occurred.
This information can provide an important base for the development of a
national strategy for proper wetland management.

2 Study area

The case study in this paper is Lake Koronia, also known as Lake of Lagadas,
located in the Mygdonia Basin in Northern Greece, about 15 Km NE of the city
of Thessaloniki, at a latitude of 40°59° N and a longitude of 23°15 E and with a
mean altitude of 75 m above sea level. It also occupies an area of approximately
42 Km®. Its watershed is approximately 350 Km® and formerly it drained into
Lake Volvi via a modified stream channel, then to the sea, see figs. | & 2.
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Figure 1: Satellite view of Lake Koronia.
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Figure 2: A current view of Lake Koronia.

The wetland includes important natural complex habitat types such as fresh
water marsh, lacustrine and riverine forests and scrublands, as well as
agricultural landscapes. The area provides an ideal habitat for a variety of flora
and fauna species. It is a significant habitat of structural and species diversity
(fishes, invertables, reptiles, birds, mammals), and also provides an important
roosting and nesting site for many endangered bird species [4].

The whole area (Lakes Koronia and Volvi) is protected by the Ramsar
Convention as a site of international importance for the value of the wetland
habitat since 1975, and has been proposed as a site of Community Interest within
the Natura 2000 network. In recognition of its ecological importance, it is
protected by a number of national and local legal frameworks [5].

3 Wetland threats and changes

The sensitive ecosystem of Lake Koronia faces a number of threats and problems
that cause changes to this unique and valuable resource and more specifically put
it in danger of disappearing. How we reached the current state can be
summarized in the following historical evolution:
—  During the 1960s, the lake had an area of approximately 50 Km®. In the
beginning of the 1970s, the area was calculated at about 47 km?” and the
mean depth was 5 m [6].
— At the end of 1980s, the quantity of waters was decreasing rapidly. In
the period 1985-1995, a reduction of the maximum water depth of 3 m
took place (from 4.5 to 1.5 m maximum depth) and the lake surface
decreased to 30 km? [7].
— In August of 1995, the reduction in the level of the lake, in combination
with water contamination, led to the mass deaths of fish and birds.
— In August of 2002, the lake almost disappeared when the maximum
depth dropped to 0.8 m. The phenomenon was proved provisional, as
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the intense rainfalls during the winter months resulted in the repletion of
the lake.

—  In 2003, the size of lake was appreciated at 34.4 km” and the maximum
depth was 3 m.

— In September of 2004, 30,000 birds were found dead around the lake
due to a botulism outbreak [8].

— In February of 2007 the water of the lake contained toxic cyanobacteria
in high concentrations.

— Finally, by September 2007, the water of the lake contained toxic
cyanobacteria in extremely high concentrations and dead birds found on
site included avocets, flamingos, avocets, shelducks, sandpipers and
terns [8, 9].

From the above mentioned data, it is obvious that the ecosystem of Lake
Koronia faces a very important ecological crisis. As we can see, the
environmental problem of Lake Koronia has two dimensions:

— quantitative, with the progressive decline of the depth of the lake from 8
m during the 1960s to less than 1 m by 2001 and

— qualitative, with the deterioration of the water quality and the
classification of the lake from eutrophic to hypertrophic. The
eutrofication of the lake has led to the degradation of the whole aquatic
ecosystem and brings several other problems such as toxic algal
blooms, low transparency, death of fish, minimisation of fish
productivity, severe depletion of dissolved oxygen, loss of biodiversity,
etc [10].

The understanding of the problem becomes more explicit with the report of
the pressures and hazards that threaten the ecosystem and lead to the qualitative
and quantitative degradation of the lake.

The identification of the main pressures for the protected wetland of Lake
Koronia was based on numerous studies and management plans [11-14]. These
researches have identified agricultural and industrial activities as the main factors
for the changes that have occurred during recent decades on the lake.

Agricultural activities intensified in the wetland during the 1960s and,
particularly in the last two decades, the number of irrigation drillings has
increased rapidly, causing as a result the decrease of the water level. In addition,
the change in cultivation needs led to the increase of the use of fertilizers as well
as pesticides and insecticides contributing in the development of hypertrophic
conditions, pollution of surface and underground water and massive deaths of
fish and birds [11, 15, 16].

During the last two decades, the area around Lake Koronia became a pole of
attraction for the development of industrial units. The industrial infrastructure
includes textile, dairy, agricultural and fishing industries. Some of these
industries affect Lake Koronia via wastewater discharge directly into the lake,
which contribute to the water quality decline. Moreover, the industrial
production induces the wetland via alteration of the hydrologic budget of the
watershed through groundwater pumping [15, 17].
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Other factors that led to the degradation of the lake are livestock and urban
activities. Livestock affects the ecosystem of the lake in two ways: by
discharging its wastes into the lake without treatment and by the intensification
of livestock (overgrazing), witch led to the reduction of the existed vegetation. In
addition to the negative water balance, the lake receives large quantities of
domestic wastewater, which contributes to the water quality decline. The
wastewater from the sewage systems and septic tanks from the municipalities
located around the lake are ending up in the lake untreated [7]. The following
table synopsizes the above mentioned threats and their impacts on the ecosystem
of Lake Koronia.

Table 1: Wetland threats and their impacts.

Pressures Consequences
Intensive agricultural activities
Increase of irrigation drillings Decrease of water level
Increase of fertilizer and pesticide | Qualitative degradation of water
use
Industrial activities
Industrial effluents Qualitative degradation of water

Groundwater pumping by industries | Decrease of water level
Urban activities

Domestic effluents Qualitative degradation of water
Livestock

Waste discharge into the lake Qualitative degradation of water
Overgrazing Vegetation degradation

4 Strategic lake management

4.1 Management goals

In the case of Lake Koronia, we believe that magic solutions do not exist for the

lake. The ultimate goal and essential solution is the sustainable development of

the protected wetland for the rescue of the lake. This means on one hand the

reservation of terms and parameters of natural operation of the lake and on the

other hand the halting of pollution and the suspension of irrational use of water.
The necessary actions to achieve these aims are:

— restoration of water levels in the lake (management measures relating to
the consumption of water and water enrichment of the lake)

— prevention of further pollution and degradation of the lake

— protection of the biotic environment and natural resources

— planning, implementation, management and monitoring of the programs
and works that have been constituted or proposed by the responsible
stakeholders and
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— increase knowledge and raise of awareness of the ecological, economic
and social values of Lake Koronia among decision makers, local
communities and visitors.

4.2 Restoration strategies

In order to achieve the aforementioned goals, a number of strategies are
suggested. These strategies are mainly focused on the restoration of the water
levels and the reduction of the pollution level of the wetland and can be
summarized as follows.

4.2.1 Water enhancement of the lake

This strategy indicates the need for new irrigation systems that reduce both over
consumption and losses of water. In parallel, the maintenance and restoration of
the existing irrigation networks, as well as the limitation of water pumps and
drills will help to reduce further water losses. Also, the construction of a series of
regulating dams for the diversion of rainfall water to Lake Koronia can ensure
the water enhancement of the lake.

4.2.2 Qualitative and quantitative reduction of pollution
The encumbrance of urban and industrial waste is high. This strategy requires
not only the extension of the existing wastewater treatment plant of Lagadas, but
the installation of a new one. In addition, the construction of proper equipment
for wastewater treatment for each industrial unit is viewed as imperative.
Furthermore, sustainable agricultural practices are necessary for the
prevention of further degradation of the wetland. This can be achieved through a
permanent, specially designed program that will focus on the reduction of the use
of fertilizers and pesticides and the wise use of agrochemicals.

4.2.3 Reformation of agriculture

This strategy aims to replace cultivations with high water needs by others that
require a lower input of water. Furthermore, the long-term cessation of the
cultivation of agricultural fields, turning to new organic or alternative
cultivations and the afforestation of the revealed fields around the lake will
minimize the negative effects.

4.2.4 Monitoring system establishment

This is a strategy that would monitor the hydrological, hydrochemical and biotic
parameters of Lake Koronia. Monitoring equipment and techniques aim to
establish a framework for pollution control, improvement of the quality of
discharged water and pollutant sources.

4.2.5 Increasing awareness among decision-makers and the general public
It is suggested the decision-makers take into account the information and
experience gained internationally when devising site-specific management plans.
With regard to the general public the strategy aims to organize awareness-
raising activities, programmes for promoting local appreciation of the values and
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functions of the wetland, using all appropriate tools (e.g. TV-radio programmes
leaflets, posters, websites etc).

5 Conclusions

Lake Koronia is under pressure from direct and indirect anthropogenic activities.
There are two main factors that are responsible for the degradation of the
wetland, intensive agricultural activities, industrial and urban wastewaters. In
order to improve the environmental quality of Lake Koronia organizations of
various sectors must take a cooperative approach. Therefore it is necessary to
understand that the problem is not technical, but political. It is essential to
specify a governmental agency to be responsible for making the proper
coordination and administrative guidance. Appropriate countermeasures should
also be taken for future activities and for water quality improvement plans.
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