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Abstract Rivers in Greece have seen extensive human-induced degradation, and

there are increasing demands on the goods and services they provide along with

increasing threats from future anthropogenic pressures. These multi-scale alter-

ations to rivers and associated wetlands and riparian zones have severely impacted

biodiversity. The Greek government has responded by creating various new

protected areas and promoting interest in conservation, while attention to monitor-

ing waters has increased with the implementation of the EU WFD. Unfortunately,

bioassessment-based monitoring, long-term conservation programmes and restora-

tion actions in rivers have lagged behind other EU countries. Here we outline the

state of river and wetland restoration progress; we describe key restoration exam-

ples and discuss shortcomings, pitfalls and opportunities in various aspects of

restoration.
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1 Introduction

Restoring rivers is somewhat like a complex medical therapy. Rivers are the

“arteries and capillaries of the earth,” providing pathways of water, sediments,

nutrients and biota, and they are vital to human societies [1]. Rivers nourish and

interact with wetlands and riparian zones creating living networks of corridors in

the landscape [2]. The restoration of these ecosystems is not a straightforward

undertaking; it requires the harmonised engagement of science, policy, local com-

munities and management practices. Restoration does not solely mean returning

ecosystems to a natural condition; rather it is an umbrella term to cover the full

array of rehabilitation, mitigation, habitat enhancement, species transplants and

other restorative measures meant to reduce the impact of human-induced degrada-

tion [3–5]. Ecological restoration in rivers should be understood as something

concerning broader spaces than aquatic river channels; thus, an integrated river

basin management approach should be pursued [6, 7]. A more science-based

adaptive management framework takes careful planning and may have high costs.

The challenge of scientifically guiding cost-effective restoration may help us to

better understand the structure and functioning of complex river-wetland-riparian

ecosystems and the management schemes required within specific sociocultural

contexts [8].

In Greece, rivers and wetlands have been “managed” since prehistoric times

[9, 10]. Some of the oldest reclamation projects, converting wetlands to agricultural

land, were in karstic basins such as the lakes of Kopais (Boeotia) and Dystos

(Euboea) [11]. Although extensive irrigation projects expanded in the 1950s,

there is evidence that even in low-intensity traditional cultural landscapes, waters

were often overexploited, long before the modern industrial era [12]. During the last

five decades, water use for lowland agriculture has greatly increased, and large-

scale water diversions and water storage structures have been created [13, 14]. Yet

Greece remains a global hotspot for river and wetland conservation due to its rich

aquatic biodiversity. The territory of Greece includes eight distinct freshwater

ecoregions; it is a biological crossroad of unique international interest [15]. Remark-

ably, much of this diversity of river types and conditions is poorly documented, and
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there are no completed maps that accurately depict natural flow river regimes or a full

wetland inventory for the entire country [16, 17]. In this context of data scarcity, long-

term human-induced water stress, increasing anthropogenic pressures and threatened

biodiversity, conservation and restoration actions may best be considered as a “crisis

discipline” [18].

Various reasons have made restoration projects in Greek rivers and wetlands to

lag behind in comparison to other EU Mediterranean countries. However, restora-

tion is often mentioned as an important part of biodiversity conservation both in

designated protected areas and in river water management units (i.e. theWFD 2000/

60 water bodies); yet the restoration proposals are usually left “on paper.” In this

chapter, we provide a review based on accumulated experience of biodiversity

restoration initiatives in rivers and associated wetlands in Greece. We also explore

the shortcomings, pitfalls and opportunities in various aspects of restoration and

propose some unmet needs and initiatives.

2 A History of River and Wetland Alteration in Greece

More than half of Greece’s major river water bodies are now degraded by human-

induced pressures [19, 20]. Furthermore, it is estimated that 68% of Greece’s
wetlands were completely drained or destroyed during the twentieth century [21,

22], while the larger ones endured important human pressures [14, 23]. Despite

widespread impoverishment and loss, the concept of river and wetland restoration

in Greece is something quite recent and poorly developed. In order to promote

actions towards “therapy” for these degraded ecosystems, it is important to under-

stand the historical context that has led to their current state.

There are historical and cultural reasons that explain a significant lag behind

other European countries in the conservation and restoration of Greece’s rivers and
wetlands. Until 1974, malaria was endemic and widespread; Greece is said to have

had the highest prevalence of malaria in Europe during the early twentieth century

[24]. Wetlands and riparian zones of any kind, including lowland rivers and riparian

floodplains, were considered “unhealthy” areas requiring drainage projects and

mosquito poisoning campaigns [25, 26]. After WWII, hundreds of small wetlands

and river floodplain ecosystems were destroyed or reclaimed to rid the country of

these so-called unhealthy conditions. In the Greek islands, many wetlands were

in-filled, drained or converted to industrial sites (e.g. many of the Greek island

airports are on former wetland sites) [16].

Extensive efforts for agricultural development and land reclamation began in the

1920s and 1930s, in an effort to assist the resettlement of more than one million

refugees who flooded in from Asia Minor after the 1919–1922 Greco-Turkish war.

After the WWII occupation in the 1940s and the Greek civil war (1944–1949), an

intensification of so-called agricultural reclamation and river engineering took

place during the 1950s and 1960s [25]. The Greek Military Dictatorship (1967–

1974) continued some unusual wetland drainage projects (e.g. the destruction of
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several wetlands on Euboea, Skopelos, etc.) [16]. Even as late as the early 1980s,

wetland drainage and anachronistic river engineering and embankment-building

anti-flooding works were ongoing due to efforts for regional economic develop-

ment (e.g. the draining of Kandila Lake in the Peloponnese in 1981 and the raising

of the Kerkini weir on the Strymon in the early 1980s). In one spectacular case, an

entire deltaic lagoon was drained by local farmers in the Evros Delta, in 1987

[27]. In the name of supposed flood protection schemes, various river engineering

projects, check dams and riparian modification works have been practised even in

many upland areas [28] and especially in areas after wildfire damage.

By the late 1990s, many of the larger major wetland and lake areas were officially

designated protected areas (i.e. including ten Ramsar sites, many sites in EU Natura

2000 network). As a result, many smaller, isolated wetland sites and small stream

environments have been degraded to a greater extent than larger wetlands during the

last 25 years [16]. In the rivers, although the rate of large dam building declined,

many smaller dams and hydroelectric plants have been developed and are being

planned on many small tributaries. The tapping of springs, over-abstraction and

water transfer works continue to silently destroy aquatic life in small rivers and

streams. Usually the small stretches of perennial waters that existed downstream of

springs are given little consideration and are lost after a single water abstraction

project. Despite attempts to protect the waters “on paper,” as promoted by the EU

Nature Directives, the war on “natural waters” has continued into the twenty-first

century. Many incremental changes continue to degrade the state of rivers, small

wetlands and riparian areas. In this century, some projects, which were supposedly

acting as irrigation developments, have also masked actual drainage schemes, even

in protected areas; one such case is the Acheron Delta drainage project, where a

tunnel was dug through a hill to drain a wetland for agricultural and touristic

development in the 2010s [29]. The artificial desiccation during the long summer

period and total control of floodwaters aids the agricultural expansion of water-

hungry crops in the smaller river deltas such as the Evrotas Delta [30]. These

examples reinforce the fact that many smaller sites of lotic and wetland habitat are

continually being degraded and much of the loss is poorly documented.

Although irrigation is responsible for approximately 85% of water consumption,

adequate restrictions in this sector have not yet been developed and the domestic

and industrial sectors are not water efficient [5, 31, 32]. In Mediterranean-type

rivers, seasonal pollution is closely related to summer-autumn drought and associ-

ated declines in flows and water levels. Nitrogen fertilisers, nitrates, pesticides,

phosphorous and organic discharges from urban and agricultural wastewater are

the main pollutants of rivers in Greece [33] and these pressures intensify during

drought periods. Moreover, mismanagement of irrigation schemes may lead to

excessive irrigation water returning to rivers and wetlands which results in an

increase of nutrient, sediment and pollution inputs into these systems [34]. Pollution

crimes, such as illegal dumping of untreated sewage and industrial wastes directly

into rivers and wetlands, are often documented, but polluters are rarely

apprehended. The local pollution of groundwater is also a serious problem

(e.g. Asopos river). Although the chemical quality of surface waters is generally
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satisfactory in the uplands, many lowland rivers, even small streams and wetlands,

show the effects of seasonal pollution, while their impacts have been poorly

monitored up until recently [35]. Implementation of EU legislation and structural

funds in the last 25 years have been decisive in developing municipal waste water

treatment infrastructure in all major cities, towns and industrial areas [36]. Some

sewage treatment plants may periodically malfunction or are poorly planned and/or

maintained, but overall, the large number of sewage treatment facilities has helped

to ameliorate conditions in some river stretches, especially near certain cities [33].

The effects of drought and other meteorological extreme events, perhaps related

to human-induced climate change, have caused significant damage to river and

wetland biodiversity. The intensity of near-total desiccation during unusually

prolonged summer droughts increases, since during these events, over-abstraction

by humans also peaks. During prolonged drought, pollution or salinisation may

often intensify [5, 37] and is usually signalled by mass fish deaths (e.g. [38, 39]; and

references herein). In many cases, a lot of aquatic species eventually recolonise

after the drought [40], but in some cases, certain invertebrates such as freshwater

mussels and other molluscs and fish species will not be able to recolonise due to

anthropogenic barriers to dispersal (such as dams and weirs). As a result, extirpa-

tion of many species, both locally threatened populations and widespread species, is

commonplace, although inadequately documented in the literature [41]. One of the

most dramatic periods of widespread desiccation took place between 1987 and

1992 in southern Greece [13, 42]. Although organised biological monitoring did not

exist during this period, some species of fishes have been lost from certain river

basins during this period [42, 43]. The effects of climate change and prolonged

drought and ecosystem degradation due to ensuing climate variability and other

associated effects on waters are predicted to have severe effects on biodiversity,

such as cold-water fish species, in the near future [44].

Apart from the rivers and wetlands, riparian zones have also suffered, but these

have been poorly inventoried or delineated in Greece [45]. The effects of riparian

degradation are also seen in upland rivers [28] away from the lowland areas where

agricultural intensification often erases any trace of riparian vegetation. Much of

the damage in riparian areas and riverbank conditions is difficult to document and

very widespread [46]. An increase in the roads next to streams and rivers, even

within protected areas, has created remarkable damage particularly after the

mid-1980s. The degradation of riparian zones in Mediterranean rivers often has

powerful and unexpected effects on aquatic ecosystems (water temperature

changes, increased siltation, erosion, instream habitat alteration, etc.).

Finally, a kind of “biological pollution” in the form of invasive animal and plant

species is also a serious stress and mounting threat for Greece’s river basins. Often
influenced by changing hydrological conditions, water transfer projects, increased

eutrophication and increased artificial storage of waters in reservoirs, many alien

species in inland waters are on the rise [47]. Until the early 1990s, Greece had a

relatively low incidence of alien fish species, but this number has increased
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especially in lakes and reservoirs and the lowland areas of the larger river basins

[43]. Over 30 alien fish species are now present, some of which are the most

invasive and harmful species in Europe, including eastern mosquitofish (Gambusia
holbrooki), pumpkinseed (Lepomis gibbosus), Prussian carp (Carassius gibelio)
and topmouth gudgeon (Pseudorasbora parva). Some species are spread by anglers,

in order to increase recreation values; this includes species native to the country but

artificially introduced outside the boundaries of their natural distribution. Trout and

other native species, which are translocated from one river basin across ecoregional

boundaries to other river basins, are a serious form of biological pollution. Although

similar looking to the host basin species, these translocated alien fishes may result in

hybridisation and genetic introgression (or effects such as outbreeding depression),

which could affect reproductive success and cripple local native populations [48].

Furthermore, fish also transport fish diseases and alien invertebrates that can also

infect areas where they did not formally exist. These anthropogenic changes could

severely alter and/or homogenise previously endemic-rich ecosystems.

3 Conservation Policy and Cultural Context

Between the early 1990s and up until the first decade of this century, Greece

increased its designated protected area cover from less than 3% to roughly 27%

of the land territory [23, 49]. This was primarily a result of the EU Birds and

Habitats Directives, which promoted the Natura 2000 network of protected areas

and was supported by many NGOs and members of the scientific community

[49]. Along with the WFD, which gives special reference to protected areas,

grounds for management and restoration have ameliorated. Since the late 1990s,

Greece has witnessed some positive institutional changes that assisted conservation

management [50]. However, as is the case in other parts of southern Europe, Greece

has struggled with severe implementation problems in its protected area network

[51] and management plans [49, 52], and this has stalled progress in effective

management, conservation measures and restoration, especially after the Athens

2004 Olympics.

Public awareness for water issues has risen in Greece. It is remarkable that a

paradigm shift in many local communities’ outlook on the values of river corridors

and wetlands has taken place particularly since the early 1990s [5, 26, 53]. Wetlands

and river valleys and deltas, once considered unhealthy wastelands, are being

promoted for protection and “eco-development” [26, 54]. Although the value of

Greece’s river deltas and wetlands was originally promoted by visiting naturalists in

the 1960s [55], the government commitment essentially began with the first delin-

eation of large wetland areas in the 1980s enacted since Greece’s ratification of the

Ramsar Convention in 1975 and the Birds Directive’s Special Protected Areas

designations after 1980 [49]. Afterwards, many Greek NGOs and certain

researchers and policymakers were effective in influencing society and state policy

with effective protected area creation initiatives [54]. Especially the efforts of
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environmental NGOs are well known in the remarkable and rapid expansion of

preliminary conservation areas or “paper parks” [56]. Much work by environmental

NGOs promoted effective wetland protection and on-the-ground initiatives in

particular. Few of these campaigns focused on restoration, and the focus was

protection; for example, one of the longest and most bitter struggles concerned

the Acheloos river transfer ([57] and references herein). Certain NGOs provided

outstanding support for long-term conservation actions in certain showcase-

protected areas such as Prespa, Zagori and Dadia, often touching on water-related

conservation issues. Also, a small number of scientists in government institutions

and academia effectively promoted a new interpretation of wetland values and the

demand for protection of the larger wetlands and river delta areas [26, 58,

59]. Although problems did exist, conservation and restoration were often politi-

cally tied to efforts for EU-funded structural projects, tourism development and

local identity promotion (see, e.g. [60–62]).

Efforts for protected area conservation, thus, gained an unprecedented rise in

Greece especially after the early 1990s. By the early 2000s, a preliminary system of

protected area management bodies was set up for 28 management bodies of the Natura

2000 network, many of them dominated by wetlands and lentic water bodies. Con-

servation and ecosystem restoration have become targets in the National Biodiversity

Strategy [63]. Significant funding for biodiversity conservation developed after the

Habitats Directive came into force in 1992. The EU financial instrument for the

environment, the LIFE funding mechanism, achieved some important results, and it

dominates Greece’s aquatic-wetland-riparian restoration history.

4 Review of River and Wetland Restoration

Restoration proposals, actions and monitoring are poorly reported in the scientific

literature in Greece [5, 64]. During the 1970s and 1980s, there were no restoration

actions aiming at conservation of the natural environment in rivers or wetlands in

Greece. Very rarely were restoration works an advocacy issue in early conservation

campaigns, which, until the early 1990s, concentrated on antipollution and preser-

vation of natural areas or urban issues [49, 65]. Even urban park and stream

engineering works are, by European standards, wholly anthropocentric, and there

are few examples of creating or recreating new river habitat for river biodiversity,

as was commonplace in many major cities in Europe and North America [66]. Res-

toration works are notably scarce in small rivers or intermittent and urban streams

outside protected areas [45]. Until the mid-1990s, many studies and statements

drafting interest for river restoration were made; however, nearly all of these ideas

were left on paper.

Major ecological and restoration targeting biodiversity in inland waters effectively

began with EU policy-relevant actions under the LIFE initiative in the mid-1990s.

Since the inception of the LIFE programme, 213 projects have been implemented in

Greece (up until mid-2014), which involve environmental innovation, protection of
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nature or biodiversity as well as information and communication. These projects

correspond to overall investments amounting to €280 million, of which the EE

contributed €150 million [63]. A review of the LIFE-funded projects where funds

were placed to actively restore or enhance attributes of the river, lake, riparian or

wetland environment in Greece within the LIFE initiatives shows that very few

projects affect river or lotic ecosystems in general. Twenty-four (24) LIFE project

examples are shown in Fig. 1; all of these have some interaction with river sections

and associated wetlands. These projects were often of fairly large scale, involving

several separate conservation and restoration actions, most targeting species and

habitat types that are of priority for conservation in the European Union. Focus on

habitat enhancement work for particular bird species dominates the actions. In fact, by

2005 more than 1/3 of all funds given for LIFE-Nature projects in Greece targeted just

four high-profile vertebrate species, namely, Mediterranean monk seal, loggerhead

turtle, brown bear and bearded vulture [67].

The most effective restoration actions for inland water biodiversity conservation

are associated with long-term investments (i.e. 3-year projects or more) in the larger

protected areas, such as Prespa, Amvrakikos, Koronia-Volvi, Strofylia-Kotychi,

Axios, Nestos Delta and Evros Delta [62, 64]. One such project in the Amvrakikos

(1999–2003) created a sluice-controlled break in the artificial embankment of the

Louros river to re-wet the former river delta swamp of Rodia [68, 69]. The work

was associated with the reintroduction of water buffalo for reed control [70]. The

Amvrakikos LIFE project (and an INTERREG project immediately after this) also

promoted a restoration of riparian woods along the Louros [71] (Fig. 2). Similar

works on various wetland types have taken place in the Evros and Nestos Deltas

[64]. The largest riparian forest restoration work in Greece has taken place at the

Nestos Delta, where about 80,000 trees have been planted in an area of 280 ha

[72, 73]; this initiative is also one of the few well-monitored restoration efforts in

the country [74, 75]. Many LIFE projects also promoted lesser actions that affected

wetland habitats such as pond building, riparian tree planting and water control

structures for management.

Other than the LIFE mechanism, other projects also promoted biodiversity

restoration, but these were often of small spatial and temporal scale and are very

poorly documented. The EU INTERREG programme and the EU Structural Funds

have also assisted restoration efforts particularly in the late 1990s and early 2000s.

NGOs, government research institutes and university departments have been active

too, often in cooperation with the local and federal government [76]. Some of these

small projects were promoted by NGOs and local government, most of them in the

1990s and 2000s. Examples include restoration works such as removing in-filled

debris (garbage and construction site infill) from coastal wetlands in Attika [77, 78]

and a remarkable project to remove in-filled debris at the Moronis river and river

mouth wetland, Souda, Crete [79]. Mitigation measures that promote wetland

biodiversity restoration have rarely been practised, apart for the exceptional exam-

ple in Schinias Marathon National Park in Attika after the Olympic Games [80].

Although conditions were more mature after the year 2000, it is remarkable that

few ecological restoration projects were initiated in this century. The 2004 Olympic
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No TITLE REFERENCE
1 Restoration and conservation management of Drana lagoon in Evros Delta LIFE00 NAT/GR/007198
2 Habitat Management and Raptor Conservation in Nestos Delta and Gorge LIFE02 NAT/GR/008489
3 Conservation management in Strofylia-Kotychi LIFE02 NAT/GR/008491
4 Conservation of priority bird species in Lake Mikri Prespa, Greece LIFE02 NAT/GR/008494
5 Actions for the conservation of coastal habitats and significant avifauna species in NATURA 2000 network sites of Epanomi LIFE09 NAT/GR/000343
6 Conservation of priority forests and forest openings in "Ethnikos Drymos Oitis” and “Oros Kallidromo” of Sterea Ellada LIFE11 NAT/GR/001014
7 Sustainable management and financing of wetland biodiversity – The case of Lake Stymfalia LIFE12 NAT/GR/000275
8 Conservation management of Amvrakikos wetlands LIFE99 NAT/GR/006475
9 Actions for the protection of the calcareous fens LIFE99 NAT/GR/006499

10 Implementation of management measures at the Agras wetland LIFE03 NAT/GR/000092
11 Conservation measures for the endangered fish Ladigesocypris ghigii LIFE98 NAT/GR/005279
12 Demonstration of the Biodiversity Action Planning approach, to benefit local biodiversity on an Aegean island, Skyros LIFE09 NAT_GR_000323
13 Integrated approach for solving the problem of liquid hydrocarbons present in the Hellenic Aspropyrgos refinery (HAR) LIFE96ENV/GR/000535
14 A Resource Exchange Programme For River Potamos LIFE98 ENV/GR/000234
15 Mediterranean reservoirs and wetlands. A demonstration of multiple - objective management in the island of Crete LIFE00 ENV/GR/000685

16,17 Implementation of management plan for Pylos Lagoon and Evrotas Delta LIFE97 NAT/GR/004247
18 Implementation of management actions for Tavropos Lake area in Greece LIFE99 NAT/GR/006480
19 Conservation management of Cheimaditida-Zazari wetlands LIFE00 NAT/GR/007242
20 Bird conservation in Lesser Prespa Lake: benefiting local communities and building a climate change resilient ecosystem LIFE15 NAT/GR/000936
21 Development of Ecotourism in the Riparian Ecosystem of Evrotas near Sparta LIFE94 ENV/GR/001263
22 Integrated management of Sperchios River ecosystem LIFE92 ENV/GR/000054
23 Conservation of birds of prey in the Dadia Forest Reserve, Greece LIFE02 NAT/GR/008497

24,25,26 Conservation of Phalacrocorax pygmaeus and Anser erythropus in Greece LIFE96 NAT/GR/003217
27,28 Living Lakes: Sustainable Management of wetlands and shallow lakes LIFE00 ENV/D/000351

Fig. 1 Examples of conservation-oriented EU LIFE-funded projects that involved restoration

practices in Greece’s rivers and associated wetlands in the last 20 years
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Games was an important catalyst for various mega-construction projects in Athens,

and some ideas and mature proposals that were meant for conservation were

actually displaced by pressing Olympic Games infrastructure timelines after late

1997, the year that the Games were awarded to Athens. After 2008, work on

restoration also subsided due to Greece’s economic recession. The economic crisis

years helped shift the attention away from nature conservation and restoration aims

which had been proposed since the 1990s [50]. A prime example of this is the

notable delay in the application of the programme of measures in designated river

water bodies for the implementation of the EU Water Framework Directive 2000/

60/EC in Greece.

5 Achievements

5.1 Inventory and Classification Baselines

In-depth wetland and water body inventories were first introduced in the early

1990s [81], and they continue with policy-relevant applications. Baseline wetland

site inventory work was done by the Greek Biotope-Wetland Centre (EKBY) [82]

and by WWF Greece [16]. River, lake and riparian zone monitoring was promoted

Fig. 2 Restoration works at Amvrakikos wetlands (clockwise from top left): the river Louros

floodplain at Petra (riparian forest restoration actions); canal and sluice construction in the Louros

floodplain (2001); reintroduced water buffalo to enhance reed-bed diversity; canal reconnecting to

wetlands and buffalo fencing (Photos: S. Zogaris)
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by HCMR and EKBY [17, 20]. Typologies for artificial water bodies and their values

to biodiversity were also recently attempted [83]. These baselines are of outstanding

value for conservation planning and are all fairly recent developments that require

refining and completion [17]. These efforts were also important in providing the first

surveys of Greece’s richness in terms of all inland water ecosystems. They also

assisted in promoting policy stakeholder and public sensitisation.

5.2 Local Studies and Restoration Planning

Due to EU policy directives and land use planning needs, many biodiversity

conservation studies were commissioned particularly between the early 1990s and

the first decade of the 2000s. Restoration was often mentioned and designs were set

[84]. Some challenging issues such as artificial water bodies have also recently been

investigated (e.g. reservoirs on Crete, see [85]). Proposed management plans within

the policy-relevant special environmental studies for delineating and applying

measures for protected areas provide many practical experiences [64]. In many

cases, large-scale studies focused primarily on severe degradation problems in lakes

and coastal lagoons (e.g. Lakes Pamvotis, Kastoria, Koumoundourou, Karla,

Koronia) [86–88]. River basin management in an integrated form is being devel-

oped, and science-based management is being promoted in recent years, often

incorporating needs for restoration (e.g. [84, 89]). Many of the studies have become

interdisciplinary in recent years, but research and proposals continue to focus on

lentic rather than lotic water bodies (e.g. [90]).

5.3 Learning by Practice

Biodiversity conservation-oriented restoration actions, particularly through the EU

LIFE projects, focused on threatened species and, in particular, the so-called priority

species and habitat types, as demanded by relevant EU directives. These included

emblematic ecosystems such as lakes, coastal lagoons, riparian woods and various

river delta habitats and wetlands. Efforts targeting habitats in places such as the Nestos

Delta, Evros Delta, Amvrakikos Gulf wetlands, Gialova-Pylos, Strofylia-Kotychi

wetlands and Prespa are in tune with local conservation awareness and should be

regarded as important “initiating acts” for restoration [64, 91]. Much of this often

complicated, restoration-conservation work had never before been attempted in

Greece, so it is an important “practice” for future work. In fact, it has been said that

without the LIFE-funding mechanism, modern biodiversity conservation practice, as

we know it, would be “non-existent” in Greece! [92].

However, there are many biodiversity elements that have still received very little

attention. Fish are rarely targeted by conservation-restoration projects, and there

is very little experience in restoring the ichthyofauna in Greece. In the Spercheios
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river basin, one small government-funded conservation project successfully exe-

cuted the first species transfer (assisted migration) of the endemic Greek stickle-

back Pungitius hellenicus to an adjacent spring-fed pool that harboured no fish in

1997 [93]. The small population of translocated fish survives to this day. Efforts for

translocation of similarly range-restricted species have also recently begun in other

parts of Greece (Kalogianni, E. pers. com). Another important fish-based project,

this time a LIFE-Nature project, targeted the endemic Gizani of Rhodes,

Ladigesocypris ghighii, and was also important as an initiation into river restoration

actions for a threatened freshwater fish in Greece [94]. During the project’s survey
work, the threatened species was also discovered in new areas on the island

[95]. Remarkably, no other LIFE project has applied integrated, scientifically led,

restoration targeting endangered freshwater fish species in Greece [96].

Since Mediterranean riverine landscapes and riparian zones have seen a decrease

in ungulate grazing regimes, the reintroduction of grazing by large herbivores is

important. This kind of work was initiated in wetlands in the late 1990s. In Greece,

reintroduction of water buffalo has seen success [97, 98]. Good evidence-based

restoration results were produced during a LIFE project also in reed-bed manage-

ment from the Amvrakikos wetlands (e.g. [99, 100]), and now water buffalo

populations have increased and spread to other wetlands (e.g. Spercheios).

It should be noted that even small-scale restoration works, unrelated to large,

long-term projects, seem to be important for conservation education and awareness

at the local level; this has been well demonstrated by the WWF Greece campaign

for small wetlands on Crete and other islands [79]. Work on urban rivers is

important as an “initiating enterprise” for restoration [101–104]. Interest in this

aspect through the concept of green infrastructure in cities has recently been given

increased attention [66, 105], but on-the-ground applications are scarce. Focus on

riparian corridors in cities in Greece is a very new subject that should see important

developments in the coming years [104].

New technologies for restoration in polluted waters, such as sewage treatment

and water purification, are also on the rise [36], and some are of immediate interest

for restoration of rivers and associated wetlands [106–108]. A major problem in

Greece is olive oil mill treatment waste that is usually dumped directly into small

rivers and streams; some pilot-scale work on this issue has begun [109].

Some evidence of notable conservation successes shows that strategic conser-

vation actions can reduce the rate of species and population declines. The positive

achievements of some of these species-centred conservation projects in Greece are

seen primarily in effects on bird populations at specific sites. There is evidence that

several species of birds requiring wetland and river delta habitats have increased

during the last three decades [110]. In wetlands such as the Prespa, Kerkini, Karla,

Evros, Amvrakikos and other sites, this is directly the result of targeted conserva-

tion and restoration efforts [111]. Since birds are not persecuted by humans as they

were in the recent past, some populations have rebounded, such as pelican, cormo-

rant and heron species [112]. Birds are good indicators of management of wetlands

and other inland water bodies at the landscape scale [113, 114], and they have

seriously promoted conservation designation and management [115] as well as
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restoration proposals in Greece (e.g. [116, 117]). Unfortunately, there are very few

cases where there has been mention of benefits to other animals, such as fishes, from

restoration projects in Greece (an exception is outlined in [118]). Despite the

species-specific success stories, many species remain conservation dependent,

requiring sustained, long-term investment that may require future restoration

actions.

6 Failures, Shortcomings and Challenges

6.1 Problems with Past Restoration Projects

The largest restoration works that influence running water environments and their

surroundings have very few follow-up actions, serious monitoring or adaptive

management frameworks (e.g. Evrotas, Amvrakikos, Evros). In nearly all cases,

the effectiveness and cost-effectiveness of these actions have been poorly assessed

or monitored and disseminated in published works. One exception is the exemplary

case of riparian woodland restoration in the Nestos river delta, which did provide a

post-restoration monitoring plan [73], and in this case there is close cooperation

with local Hellenic Forest Service workers and other stakeholders to monitor results

at this important site.

It is rather unusual that most restoration efforts rest on large and often expensive

engineering or forestry initiatives in high-profile degraded lentic or wetland habi-

tats; there are very few efforts in the lotic environments and surprisingly few in

small running waters and urban running water settings [45]. The lack of research,

monitoring and understanding of river ecosystems functions, such as self-

purification attributes of rivers, may also create complexities in applying ecological

restoration [119]. Even some typical mitigation structures such as “fish ladders” in

small hydroelectric works have no documented assessment of effectiveness in

Greece.

Defining goals for the re-establishment of degraded river basin ecosystems such

as drained foodplains and lakes has also created some examples of “failures.” Of

course, assessing the success of a project should always consider local sociocultural

and political circumstances, yet guidelines for assessing the success of ecological

restoration works are fairly simple (see [7]). Although not related to a lotic

environment but a unique semi-isolated sub-basin of the Pinios river, the Lake

Karla area was the most expensive restoration project in Greece [120] and was

originally designed primarily as an ecological restoration action [88]. Instead of

working to restore a natural lake-floodplain system, Lake Karla was created as a

multifunctional and ambitious reservoir system with huge embankments and arti-

ficial water pumping works that would also supply future water for irrigation. This

situation created some serious problems, including harmful algal blooms

[120, 121]. Other problems where EU funds have been spent on reservoir or
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irrigation development instead of real ecological restoration actions have also been

documented; two examples are the Atzan wetlands [122] and Lake Taka [123].

6.2 EU WFD Challenges

River restoration is a critical part of the EU WFD (Water Framework Directive

2000/60/EC), which is guided by river basin management plans (RBMPs) that

should implement a programme of measures (PoMs) for degraded river water

bodies. There has been considerable delay in the implementation of the Water

Framework Directive actions in Greece, and this has already led the European

Court of Justice to rule against Greece for not having completed the RBMPs on time

[124]. The roots for the majority of the implementation problems are in governance

and its changing architecture in Greece (see [125]). Also, since there is a poor

history of limnological and ecosystem research in rivers, there is a poorly defined

understanding of real restoration needs. Monitoring of conditions, especially the

biota, began very recently at a nationwide scale [126]. However, despite these

serious shortcomings, the framework for monitoring, planning and river basin

management that the WFD has brought to Greece has seriously changed and

challenged river management issues [127].

6.3 Current Management Difficulties

In many cases, restoring rivers and wetlands may be impossible, even if economic

constraints could be surpassed (i.e. in urban and agricultural landscapes). Local

socio-economics and politics influence the work’s effectiveness by challenging the

administration, planning and management related to these restoration projects; such

coordination difficulties have been observed in many large-scale EU-funded pro-

jects in Greece [23]. In some cases, poor decision-making at the central and

regional levels can lead to bad practices that resonate with negative aspects,

e.g. the case of Lake Karla [120, 128] and difficulties with river conservation

management at the Spercheios River [129]. In other cases, governmental control

and development, even when guided by strict policy demands, may falter or fall

behind, as is the case with Greece’s river basin management plans [125, 126]. The

economics and socio-economics of restoration planning are very important: perhaps

in some cases it may be more effective to simply protect what you have than to

focus on expensive narrow-scale restoration efforts. Such management difficulties

become more complicated in times of economic and political instability. For

8 consecutive years, Greece has been greatly affected by the most severe economic

crisis since WWII: a deep economic recession, sharp reductions in government

spending and constant increase in unemployment rates. With this in mind, and
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despite the demands of EU and national policies, conservation and restoration

actions may continue to fall further behind.

6.4 The Research-Policy Disconnect

EU Directives guide management objectives; however, optimal river basin man-

agement is hindered by a disconnect between policy-relevant research and action on

the ground. Although the WFD is a stringent bureaucratic process, many aspects of

its implementation in Greece seem to have somewhat progressed but with many

difficulties. Some of the problems are grounded in ecosystem management concepts

and applications [126]. One of the most important aspects is the importance of

understanding aquatic ecosystem ecological integrity and designing restoration

actions through the development of river-type-specific baselines and water body-

specific targets. The WFD demands the use of type-specific reference conditions for

assessment and as measures for restoration. This is correct in an ecological resto-

ration framework, since the design of an ecological river restoration project should

be based on a specified guiding image of a healthier river that could exist at the site

[7]. However, the concept of “reference” is still debated within the scientific

community and among management and conservation practitioners [6, 130]. Refer-

ence conditions can be historically based, geographically based or process based,

and absolute or relative, depending on context and the specific spatio-temporal and

ecosystemic thresholds. Understanding the natural history of varied river types is

very important to restoration planning [131], and this is vital in any kind of

ecosystem-based river management. There is increasing emphasis in Europe on

river restoration driven by demands of the WFD; however, Greece has yet to

promote restorative measures in its river water bodies [125]. Moreover, the current

focus on instream aquatic conditions and aquatic biota that is routinely monitored

ignores that many of the pronounced effects of degraded hydromorphology relate to

the headwater intermittent streams, riparian zones, related wetlands and their wider

floodplains. This problem is pronounced in the Mediterranean countries as a whole

but is accentuated in data-scarce and poorly monitored situations such as the case of

Greece [126].

Assessing the state of ecological integrity and measuring degradation are not

easy or straightforward in Mediterranean river basins dominated by such long

human history in complex cultural landscapes. The influence of humans on water

resources is confounded by the region’s inherent climate variability, since it

drastically influences river flow regimes, river hydromorphology, biodiversity

patterns and habitat structure. The degradation of the flow regime is the most

widespread and often most destructive human-induced pressure in Mediterranean

rivers; it is also difficult to accurately assess what is a natural or anthropogenic

variation. Scientific reconstructions of the wider region’s climate demonstrate a

series of alternating periods with varying climatic characteristics with fluctuation

lengths spanning from a few decades to many centuries [132]. In Crete, for
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example, during the little ice age (ca. 1,500–1,850 AD), it has been estimated that

nearly two dozen perennial rivers run straight to the sea, whereas now less than five

major streams do so during the summer months [12]. Part of this change is

attributed to recent climate warming and part due to overexploitation for modern

agriculture. Without in-depth study within each river basin, it is difficult to assess

the degree that human-induced pressures have on recently altered waters

[33, 40]. Building adequate and adaptive monitoring and multidisciplinary collab-

orative research at the regional and ecosystem scale is required for more effective

and efficient restoration application in such complex conditions.

7 Unmet Needs and New Challenges

In the last few decades, three major types of restoration measures have been widely

promoted in streams and rivers in Europe, America and Australia: riparian buffer

and floodplain management, instream habitat enhancement and the removal of

weirs and dams [131]. In Greece, even these basic actions have rarely been

attempted in river environments, so there is much opportunity for this kind of

policy-relevant restoration work in the future.

The following initiatives are deemed important in terms of ecological restora-

tion, focusing particularly on river ecosystems and associated wetlands in Greece:

• Water pollution-related issues. Acute problems caused by poorly functioning

sewerage treatment plants, small industry and poor controls on dumping still

exist despite cleanup efforts.

• River floodplain restoration for flood control and flood protection. This synergy

with restoration involves riverbed widening and embankment dismantling.

• Hydromorphological restoration in combination with habitat enhancement in

protected areas. The channel, riparian zone, sediment and flow regimes may be

restored in some cases through biodiversity conservation initiatives (e.g. in

protected areas).

• Ecological flow issues below dams. This includes mitigation measures for fish

migration (fish ladders).

• Water management issues in irrigation networks. Control and recharge, allowing

more water to follow a natural flow regime in the extensive irrigated lowlands.

• Small urban stream restoration. Many cities could have greenways and rehabil-

itated stream reaches in an effort to expand constrained bed and riparian zones

for green infrastructure and flood protection.

• Alien species management. Strategic management must be developed to clean

problems associated with this form of “biological pollution.”

• Monitoring and follow-up on restoration initiatives. These include works in the

larger wetlands and river engineering areas; these can become “schooling”

experiences for technique and educational development (Fig. 3).
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Some other outstanding and rather difficult issues that have intriguing idiosyn-

crasies and are important for biodiversity conservation in the future are outlined

below:

7.1 Insect-Borne Diseases

After 2009 there is evidence that the malaria situation in Greece has been changing

as locally acquired cases of Plasmodium vivax malaria have been repeatedly

documented [133]. A reason for this spread is an influx of human immigrants

from Asia and Africa and a change in the agricultural workforce that uses undoc-

umented migrant workers, the majority of whom are from malaria-endemic tropical

countries. As malaria cases and some other insect-borne diseases that are some-

times thought to be associated with “wetlands” increase, vector control will become

important and may alter societal views of wetland and natural river habitats in the

affected areas. The issue of malaria and other mosquito-borne diseases (such as

West Nile virus) is serious for wetland and river conservation. Careful planning and

Fig. 3 Challenges for restoration ecology in Greece (clockwise from top left): urban stream

restoration, the flood-prone area of the Pikrodaphne stream in the Metropolitan Athens basin; road

culvert creates artificial fish barrier in the Erymanthos river basin, Peloponnese; poorly designed

urban spring-fed river park creation at the town of Skala, Peloponnese (Photos: S. Zogaris)
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multisectoral collaborations are needed both for human health protection and

evidence-based treatment and for scientifically guided public awareness. Local

communities and local government in Greece have recently wrongly targeted

wetland drainage referring to mosquito control [29]. The issue of mosquito-borne

disease and its relation to human migrants has recently been called a “public health

tragedy” [134]. Great care is needed not to skew the public and policy approaches to

wetland ecosystem conservation due this potentially serious health management

issue.

7.2 Assisted Migration or Reintroduction of Fishes
and Other Species Groups

Assisted migration refers to the human-aided translocation of select species or

populations of plants and animals to suitable habitats outside their current ranges

as well as to new sites within their current ranges. Although this issue is a source of

debate among some conservationists [135], it is an imperative for saving rare

species especially within conditions of extreme climate variability and change in

situations of human-induced water stress and habitat and/or species population

fragmentation [136, 137]. Already, some fish species have been extirpated and

some are already extinct in the wild in Greece. This issue applies to fishes such as

sturgeon, shad, salmonids, lampreys and local populations of several endemics in

Greece. Many of these species are on the edge of extinction, and it seems that all

sturgeon populations (four native species) have completely collapsed in Greece, in

recent years [43]. Well-designed restocking programmes within a framework of

fisheries management, protection measures and habitat rehabilitation may serve as

valuable tools for reintroduction or enhancement of wild stocks. However, the risk

of losing genetic variability, which happened after the massive restocking

programmes abroad, should be thoroughly considered in advance. A strong level

of scientifically led conservation genetics is required to do this kind of work (see

[138]). Unfortunately, most previous efforts in Greece have had poor or no results

(e.g. [139, 140]).

7.3 Managing “Novel Aquatic Ecosystems”

Heavily modified and artificial water systems may drastically change ecological

integrity of wider river basins. Artificial water bodies, such as ditches and artificial

channels, trans-basin transfer canals and instream reservoirs have been constructed

in many river basins in Greece, and these are rarely managed for their biodiversity

or ecological potential [83, 141]. Recently, these human-modified systems are
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being called novel aquatic systems, and their management is being treated as being

important for biodiversity [142, 143]. The interaction of these systems with natural

stream conditions and the spread of alien species is a growing conservation concern

[144], and often several basins may be degraded when human-induced connectiv-

ity, artificial flow and alien species interact (Fig. 4). The degraded novel systems

may function as reservoirs for the spread of alien invasive species further degrading

ecological integrity. A scientifically led precautionary approach is needed to assess

both the negative impacts and conservation opportunities provided by novel aquatic

ecosystems.

7.4 Adaptations to Climate Change

A key characteristic in Mediterranean climate conditions is the remarkable climatic

variability observed during the last few centuries [132]. The southern Balkans are

among the regions which are predicted to become drier under IPCC climate

scenarios, and the hydrological effects have concerned several researchers

[145]. In recent years, there has been evidence of increased climatic dryness in

Fig. 4 Schematic representation of the interactive effects of artificial changes in aquatic connec-

tivity and intermittency producing significant biotic changes and novel freshwater ecosystems. (a)
Alien fish stocking in a lake spreads invasive fish species (red stretches), and (b) inter-basin
diversion of stream flow to a city in a neighbouring basin (indicated by broken red/grey line)
further assists invasive spread. Native fish species populations become fragmented into a series of

isolated populations in headwaters (blue-shaded streams) above artificial barriers. (c) Artificial
barriers and dams have produced stretches where fish are extirpated, and some of these are

artificially intermittent (shown by dotted line for the river stretch) Adapted from [144]
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parts of Greece, and an alarming indicator is the decline of spring-fed water systems

[146]. Hydromorphological and flow regime change evidence is also being com-

piled (e.g. [147]). Ecohydrological modelling has shown that predicted scenarios

will alter ecosystems, for example, cold-water biota such as trout streams [148]. For

the conservation of biodiversity, it is important to focus on four initiatives for

adaptation to climate change: (a) land and water protection and management,

(b) direct species management, (c) monitoring and planning, and (d) law and policy

(see [149]). Gaining experience in restoration and in assessing and understanding

scientific ecosystem change and evolution is critical for effective adaptation to this

broad-scale and largely poorly predictable environmental change. The need to

promote adaptive management frameworks in aspects of conservation and moni-

toring is also an imperative within the climate change context.

8 Conclusions

Until recently a wholly anthropocentric development worldview has exploited

rivers and wetlands solely as commodities and for human health risks (as related

to insect-borne disease and flooding). This paradigm has changed in Greece as

many rivers and wetlands have been designated as protected areas primarily for

their biodiversity. Still, progress in integrated conservation and restoration has been

very slow [51]. There are many opportunities to develop restoration in rivers in

Greece; some important approaches include the following:

– The WFD’s programmes of measures (PoMs) for water bodies represent the

most important opportunity for widespread policy-relevant restoration in river

corridors.

– Ecological flow measures are an important unmet challenge, and beneath many

hydroelectric dams, there are significant degradations due to flow regime alter-

ation (e.g. hydropeaking). Holistic approaches should be developed that are both

policy relevant and satisfy site-based optimal mitigation measures.

– Reintroduction or assisted migration schemes for fishes and other species could

assist both biodiversity conservation and community restoration; fish pass con-

struction is also important and poorly implemented in Greece.

– Biodiversity restoration applications should work synergistically with WFD

demands in protected areas (e.g. aimed specifically at habitats and species

assemblages that have been degraded by hydrological and hydromorphological

changes).

– Antipollution initiatives and strictly enforced regulations can make a very big

difference especially targeting point-source pollution problems (light industry,

agriculture, sewage treatment plant outfalls).

– Taking advantage of land abandonment, which facilitates renaturing and

rewilding in river riparian zones, could promote the conservation/restoration of

floodplain buffers.
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– Riparian and river restoration in urban and peri-urban areas in combination with

flood protection schemes should enhance best practice, green infrastructure and

public awareness.

– Involving the public in volunteer and citizen sciences, that is, promoting resto-

ration actions also for education, recreation and ecotourism. This is again

important especially in urban, peri-urban and touristic protected areas.

Significant positive synergies may be created especially with respect to flood

control and river engineering requirements in agricultural areas and WFD measures

within protected areas. An example of this is “river widening” engineering prac-

tices, since this can become an important tool to link ecological objectives with

flood protection and habitat enhancement, recreating multichannel networks in

previously artificially constrained channelised systems. Although this is now

widely practised in Western Europe, efforts in Greece are usually only at the

proposal stage (e.g. [101]).

Ecological restoration is not an easy and straightforward undertaking [8], espe-

cially in Mediterranean rivers [150]. In Greece, a problem is the disconnect among

scientists, society and conservation/water management practitioners. Since the

2008 economic crisis, it is inevitable that many members of the public may see

restoration actions as a luxury. This negative perspective must change for serious

broad-scale restoration work to move forward. It has been shown that volunteer

involvement is extremely important and valuable for guiding conservation planning

and promoting positive stakeholder involvement and science-guided public aware-

ness. Citizen science may also provide screening-level information for river and

wetland conditions; data from participatory monitoring networks are not less

informative and may sometimes be more informative, than those collected in

professional schemes [151]. The Natura 2000 protected sites and their management

agencies could play a leading role in providing best practice applications that

involve citizen scientists [64]. Scientific monitoring of rivers is now a policy-

relevant imperative, and this should develop into an adaptive monitoring approach

that can guide, prioritise and better inform conservation and restoration needs.
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18. Soulé ME (1986) Conservation biology: the science of scarcity and diversity. Sinauer

Associates, Sunderland

19. Chatzinikolaou Y (2016) National monitoring programme: ecological status and biological

quality elements. In: Zogaris S, Skoulikidis N, Economou AN, Bobori D, Ghini M, Stergiou

KI (eds) EU directive 2000/60 and the conservation of inland waters: research and prospects.

IMBRIW Hellenic Centre for Marine Research. Athens, pp 11–13 (in Greek)

20. Skoulikidis N (2016) Presentation of the monitoring programme. In Zogaris S, Skoulikidis N,

Economou AN, Bobori D, Ghini M, Stergiou KI (eds) EU directive 2000/60 and the

conservation of inland waters: research and prospects. IMBRIW, Hellenic Centre for Marine

Research, Athens, pp 7–10. (In Greek)

21. Moser M (2000) Wetland status and trends in Europe: the case for rehabilitation and

restoration of naturally functioning wetlands. In: Implementing the EU water framework

directive seminar, vol 2, pp 29–36

22. Psilovikos A (1992) Changes in Greek wetlands during the twentieth century: the cases of the

macedonian inland waters and of river deltas of the Aegean and Ionian coasts. In: Conser-

vation and management of Greek wetlands – proceedings of a Greek Wetlands Workshop,

held in Thessaloniki, Greece, IUCN, pp 175–196

23. PAF (Prioritised Action Framework) (2014) Report setting priorities for nature conservation

within the Natura 2000 network in Greece (council directive 92/43/EEC, directive 2009/147/

EC). Department of Biodiversity and Protected Areas of the Directorate for Biodiversity

Protection, Soil and Waste Management, Ministry of Environment, Energy and Climate

Change

424 S. Zogaris et al.

http://www.ecologyandsociety.org/vol10/iss1/art19/


24. Danis K, Lenglet A, Tseroni M, Baka A, Tsiodras S, Bonovas S (2013) Malaria in Greece:

historical and current reflections on a re-emerging vector borne disease. Travel Med Infect

Dis 11:8–14

25. Pantelouris EM (1980) Greece: an introduction. Blueacre Books, Glasgow, Scotland

26. Tsiouris SE, Gerakis PA (1991) Wetlands of Greece: values, alterations, conservation. WWF,

Laboratory of Ecology and Environmental Protection (Faculty of Agriculture, Aristotelian

University of Thessaloniki). (In Greek)

27. Goutner V, Jerrentrup H (1987) The destruction of Drana lagoon in the Evros Delta Ramsar

Wetland, and its consequences to waterfowl. Wader Study Group Bull 50:18–19. 47

28. Zogaris S, Chatzinikolaou Y, Dimopoulos P (2009) Assessing environmental degradation of

montane riparian zones in Greece. J Environ Biol 30:719–726

29. Zogaris S, Konstantinis A, Giakoumi S (2011) Wetland drainage at Acheron Delta: it’s not
only the Acheron Goby that is threatened. I Physi (Bull Hellenic Soc Protect Nat) 134:17–20.

(In Greek)

30. Korakis G, Gerasimidis AC (2006) Coastal and halophytic habitats and their flora in Evrotas

Delta (SE Peloponnisos, Greece). Biol Res 6:155–166

31. Skoulikidis Ν, Economou AN, Gritzalis KC, Zogaris S (2009) Rivers of the Balkans, In:

Tockner K, Uehlinger U, Robinson CT (eds) Rivers of Europe. Elsevier Academic Press,

Amsterdam, pp 421–466

32. Tsouni A, Zervos N, Hadjibiros K, Adreadakis A (2002) An environmental database for the

status of freshwater in Greece. Global Nest 4:1–14

33. Skoulikidis NT (2009) The environmental state of rivers in the Balkans – a review within the

DPSIR framework. Sci Total Environ 407:2501–2516

34. Gerakis A, Kalburtji K (1998) Agricultural activities affecting the functions and values of

Ramsar wetland sites of Greece. Agric Ecosyst Environ 70:119–128

35. Konstantinou IK, Hela DG, Albanis T (2006) The status of pesticide pollution in surface

waters (rivers and lakes) of Greece. Part I. Review on occurrence and levels. Environ Pollut

141:555–570

36. Tsihrintzis VA, Gikas GD (2010) Constructed wetlands for wastewater and activated sludge

treatment in North Greece: a review. Water Sci Technol 61:2653–2672

37. Zalidis G (1998) Management of river water for irrigation to mitigate soil salinization on a

coastal wetland. J Environ Manage 54:161–167

38. Koutrakis ET, Emfietzis G, Sylaios G, Zoidou M, Katsiapi M, Moustaka-Gouni M (2016)

Fish kill in Ismarida Lake, Greece: identification of drivers contributing to the event. Mediterr

Mar Sci 17:280–291

39. Patsia A, Vafeiadou A, Michalopoulou A, Samartzi S, Mallinis D, Bobori DC (2016) Fish

massive kills in Bogdanas stream (Mygdonia basin). Proc Hellenic Conf Ichthyologists

16:305–305

40. Skoulikidis NT, Vardakas L, Karaouzas I, Economou AN, Dimitriou E, Zogaris S (2011)

Assessing water stress in a Mediterranean lotic system: insights from an artificially intermit-

tent river in Greece. Aquat Sci 73:581–597

41. Legakis A, Maragou P (eds) (2009) Red data book of threatened animal species of Greece.

Hellenic Zoological Society, Athens

42. Economou AN, Barbieri R, Daoulas Ch, Psarras T, Stoumboudi M, Bertahas I, Giakoumi S,

Patsias A (1999) Endangered freshwater fish of western Greece and the Peloponnese –

distribution, abundance, threats and measures for protection. Final technical report, National

Centre for Marine Research, Athens (in Greek)

43. Barbieri R, Zogaris S, Kalogianni E, Stoumboudi M, Chatzinikolaou Y, Giakoumi S,

Kapakos Y, Kommatas D, Koutsikos N, Tachos V, Vardakas L, Economou AN (2015)

Freshwater fishes and lampreys of Greece: an annotated checklist. Monographs on Marine

Sciences No. 8. Hellenic Center for Marine Research: Athens

River and Wetland Restoration in Greece: Lessons from Biodiversity. . . 425



44. Papadaki C, Soulis K, Mu~noz-Mas R, Martinez Capel F, Zogaris S, Ntoanidis L, Dimitriou E

(2016) Potential impacts of climate change on flow regime and fish habitat in mountain rivers

of the southwestern Balkans. Sci Total Environ 540:418–428

45. Zaimes GN, Gounaridis D, Iakovoglou V, Emmanouloudis D (2011) Riparian area studies in

Greece: a literature review. Fresen Environ Bull 20:1470–1477

46. Chatzinikolaou Y, Ntemiri K, Zogaris S (2011) River riparian zone assessment using a rapid

site-based index in Greece. Fresen Environ Bull 20:296–302

47. Zenetos A, Pancucci-Papadopoulou MA, Zogaris S, Papastergiadou E, Vardakas L, Aligizaki

K, Economou AN (2009) Aquatic alien species in Greece (2009): tracking sources, patterns

and effects on the ecosystem. J Biol Res Thessalon 12:135–172

48. Muhlfeld CC, Kalinowski ST, McMahon TE, Taper ML, Painter S, Leary RF, Allendorf FW

(2009). Hybridization rapidly reduces fitness of a native trout in the wild. Biol Lett. doi: 10.

1098/rsbl.2009.0033

49. Papageorgiou K, Vogiatzakis IN (2006) Nature protection in Greece: an appraisal of the

factors shaping integrative conservation and policy effectiveness. Environ Sci Policy

9:476–486

50. Lekakis JN, Kousis M (2013) Economic crisis, Troika and the environment in Greece. S Eur

Soc Polit 18:305–331

51. Apostolopoulou E, Pantis JD (2009) Conceptual gaps in the national strategy for the imple-

mentation of the European Natura 2000 conservation policy in Greece. Biol Conserv

142:221–237

52. Keulartz J (2009) European nature conservation and restoration policy-problems and per-

spectives. Restor Ecol 17:446–450

53. Pavlikakis GE, Tsihrintzis VA (2006) Perceptions and preferences of the local population in

Eastern Macedonia and Thrace National Park in Greece. Landscape Urban Plann 77:1–16

54. Christopoulou I, Roumeliotou V (2006) Uniting people through nature in Southeast Europe:

the role (and limits) of nongovernmental organizations in the transboundary Prespa Park.

Southeast Eur Black Sea Stud 6:335–354

55. Hoffmann L, Olney PJ, Swift J (1964) IUCN/IWRB expedition January–February 1964.

IWRB Report, Slimbridge, England

56. Weber N, Christophersen T (2002) The influence of non-governmental organisations on the

creation of Natura 2000 during the European policy process. Forest Policy Econ 4:1–12

57. Fourniotis NT (2012) A proposal for impact evaluation of the diversion of the Acheloos

River, on the Acheloos estuary in western Greece. Int J Eng Sci Tech 4:1792–1802

58. Gerakis PA, Koutrakis ET (eds) (1996) Greek wetlands. Greek Biotopes-Wetland Centre –

EKBY. Thermi (in Greek)

59. Koussouris T (1998) The water in nature, in development, in environmental protection.

Monographs on Marine Sciences No. 1, National Centre for Marine Research (in Greek)

60. Christopoulou OG, Tsachalidis E (2004) Conservation policies for protected areas (wetlands)

in Greece: a survey of local residents’ attitude. Water Air Soil Pollut Focus 4:445–457

61. Crisman TL, Takavakoglou V, Alexandridis T, Antonopoulos V, Zalidis G (2009) Rehabil-

itation of abandoned saltworks to maximize conservation, ecotourism and water treatment

potential. Global NEST J 11:24–31

62. Karavellas D, Catsadorakis G, Maragou P, Nantsou T, Svoronou E (2003) Management of

protected areas: best practice guide. WWF – Greece, Hellenic Ministry of Environment, Land

Planning and Public Use

63. Hellenic Ministry of Environment, Energy and Climate Change (2014) National Biodiversity

Strategy and Action Plan (P.D. Dimopoulos, Scientific Coordinator), Athens

64. Sylaios G (ed) (2006) The management of water, flora and fauna in Greek wetlands:

experiences from life-nature III projects: networking report. Prefectural Authority of

Drama-Kavala-Xanthi. (In Greek, with English Summary)

65. Orphanidis C (ed) (1987) The ecological movement in Greece. Meta Tin Vrochi Press. (In

Greek)

426 S. Zogaris et al.

https://doi.org/10.1098/rsbl.2009.0033
https://doi.org/10.1098/rsbl.2009.0033


66. Belavilas N, Vatavili F (2009) Greenspace and open spaces in cities. Series: Guide for the

Environment. WWF Greece (in Greek)

67. Valaora G, Dimalexis T (2007) Implementation of LIFE nature projects in Greece. In:

Primack R, Diamantopoulos J, Arianoutsou M, Daniilidis D, Valakos S, Pafilis P, Pantis JD

(eds) Conservation and protection of biodiversity. Crete (Greece): AEI Publications, pp

387–398

68. Theocharis M, Arapis T, Zogaris S (2004a) Engineering the restoration of a coastal freshwa-

ter wetland: a sluice-and-canal scheme in Rodia Swamp, Amvrakikos, Greece. International

conference on agricultural engineering AgΕng 2004 “Engineering the Future”, 12–16 Sep-

tember 2004, Leuven, Belgium. Conference proceedings, vol II, pp 804–805

69. Theocharis M, Zogaris S, Economou AN, Kapsimalis V, Dimopoulos P (2004B) Restoration

actions and monitoring at a Mediterranean river floodplain wetland: the Amvrakikos case-

study. V International symposium on ecohydraulics “Aquatic Habitats: Analysis and Resto-

ration”, 11–17 Madrid, Spain. IAHR congress proceedings, vol I, pp 582–588

70. Zogaris S, Kardakari N, Rigas I, Arapis Th (2006) Reedbed restoration at Amvrakikos,

Greece. In: White G, Purps J, Alsbury S (eds) The bittern in Europe: a guide to species and

habitat management. RSPB, LIPO, The Brandenburg State Office of the Environment, pp

131–133 & Appendix I, p 173

71. Zogaris S, Hatzirvassanis V, Loi I, Vlamis-Gardikas A (2008) Several landowners in a

protected area: riparian woodland at Amvrakikos. In: Arizpe D, Mendes A, Rabaca J (eds)

Sustainable riparian zones: a management guide. Generalitat Valenciana, Valencia, Spain, pp

251–267

72. Kakouros P, Katsakiori M (2012) Integrated actions for the restoration and interpretation of

the riparian forest of Nestos, Greece. Conference proceedings, protection and restoration of

the environment XI, pp 1120–1128

73. Kakouros P, Dafis S (2010) Monitoring program of the vegetation restoration works of the

riparian forest of Nestos, 2nd edn. Greek Biotope-Wetland Centre, Thermi

74. Efthimiou G, Smiris P (2002) Management, Protection and restoration measures of the

riparian ecosystems of Nestos Delta. In: Proceedings of the international conference “pro-

tection and restoration of the environment VI” Skiathos, Greece, vol III, pp 1871–1874

75. Efthimiou G, Jerrentrup H (2013) Results of riparian forest restoration in Nestos Delta, NE-

Greece 10 years after plantation. European River restoration conference, 11–13 Sept. Vienna,

Poster Presentation

76. Aperghis GG, Gaethlich M (2006) The natural environment of Greece: an invaluable asset

being destroyed. Southeast Eur Black Sea Stud 6:377–390

77. Tzali M, Fric J, Promponas N (2009). The birds of wetlands in Attiki. Bird monitoring

programme on wetlands of Attiki. Hellenic Ornithological Society, Athens (In Greek)

78. Zogaris S, Karaouzas I, Kastritis Th, Kaniastas E, Stavakas L, Trigou R, Vlami V (2015)

Artemis wetland (Artemis, Attika, Greece): biodiversity conservation study. Hellenic Orni-

thological Society/Hellenic Centre for Marine Research - Institute of Marine Biological

Resources and Inland Waters, Athens (in Greek)

79. Giannakakis T, Paragamian K (2015) Island wetlands: an outline of the conservation of Greece’s
island wetlands initiative (factsheet). http://www.wwf.gr/images/pdfs/IslandWetlandsFSint.pdf

80. Tsihrintzis VA, Kotzageorgis G, Niadas Y, Papagrigoriou S (2003) Modeling the restoration

of the Schinias wetland related to the 2004 Olympic Games Rowing Center construction.

HELECO ’03 Environmental Conference and Exposition, Technical Chamber of Greece,

Marousi, Athens, Greece, vol C, pp 263–272 (in Greek)

81. Zalidis GC, Mantzavelas AL (eds) (1994) Inventory of Greek wetlands as natural resources.

EKBY.Biotope/Wetland Centre (EKBY). Thermi, Greece

82. Gerakis PA, Tsiouris S, Tsiaoussi V (2007) Water regime and biota: proposed minimum

values of lakes water level and of rivers discharge of Macedonia and Thrace, Greece.

Goulandris Natural History Museum/Greek Biotope-Wetland Centre, Thermi (in Greek)

River and Wetland Restoration in Greece: Lessons from Biodiversity. . . 427

http://www.wwf.gr/images/pdfs/IslandWetlandsFSint.pdf


83. Georgiadis NM, Paragamian K, Giannakakis T, Poursanidis D, Catsadorakis G (2010) Types

of artificial water bodies in the Aegean islands (Greece), their environmental impact and

potential value for biodiversity. In: Christodoulou, Stamou (eds) Environmental hydraulics.

Taylor and Francis Group, London

84. Dimitriou E, Mentzafou A, Zogaris S, Tzortziou M, Gritzalis K, Karaouzas I, Nikolaidis C

(2012) Assessing the environmental status and identifying the dominant pressures of a

transboundary river catchment, to facilitate efficient management and mitigation practices.

Environ Earth Sci 66:1839–1852

85. Dimalexis A, Spyridaki E, Dretakis M, Nikolakakis M (2005) Good practice guide for the

design and management of reservoirs in order to achieve multiple functions. Life 00 ENV/

GR/000685. Natural History Museum of Crete. University of Crete. Heraklion (In Greek)

86. Mitraki C, Crisman TL, Zalidis G (2004) Lake Koronia, Greece: shift from autotrophy to

heterotrophy with cultural eutrophication and progressive water-level reduction.

Limnologica 34:110–116

87. Zalidis GC, Takavakoglou V, Alexandridis T (2004a) Revised restoration plan of Lake

Koronia. Unpublished report. Aristotle University of Thessaloniki, Department of Agron-

omy, Laboratory of Applied Soil Science. (In Greek, English summary)

88. Zalidis GC, Takavakoglou V, Panoras A, Bilas G, Katsavouni S (2004b) Re-establishing a

sustainable wetland at former Lake Karla, Greece, using Ramsar restoration guidelines.

Environ Manag 34:875–886

89. Loukas A, Mylopoulos N, Vasiliades L (2007) A modeling system for the evaluation of water

resources management strategies in Thessaly, Greece. Water Resour Manag 21:1673–1702

90. Chatziapostolou A, Siavalas G, Kalaitzidis S, Christanis K (2013) Geological Study for a

wetland restoration: the case of the drained Mouria Lake (W. Peloponnese). Bulletin of the

Geological Society of Greece. 2013 Proceedings of the 13th international congress, Chania,

vol XLVII Sept 2013 XLVII, No 1–72

91. Ganatsas P, Tsakaldimi M, Katsaros D (2013) Natural resource management in national

parks: a management assessment of a Natura 2000 wetlands site in Kotychi-Strofylia,

southern Greece. Int J Sust Dev World 20:152–165

92. Valaoras G, Dimalexis T (2006) Implementation of life-nature projects in Greece, a prelim-

inary evaluation 3rd conference of the Hellenic Ecological Society and Hellenic Zoological

Society, Ioannina

93. Daoulas Ch (ed) (1998) Actions for the conservation and restoration of the Greek Stickle-

back, a threatened endemic fish. Ministry of Environment/National Centre for Marine

Research (in Greek)

94. Jones W, Eldridge J, Silva JP, Schiessler N (2007) LIFE and Europe’s rivers: protecting and

improving our water resources. European Communities, Luxemburg

95. Barbieri R, Stoumboudi MTh, Kalogianni E, Corsini-Foka M (2003) Abundance evaluation

of fish populations – the case of gizani (Ladigesocypris ghigii). Proceedings of 7th Hellenic

symposium on oceanography and fisheries, Crete

96. Silva JP, Toland J, Nottingham S, Jones W, Eldridge J, Hudson T, Heppner K, McGlynn D,

Thevignot C (2015) LIFE and freshwater fish. Brussels

97. Kazoglou Y (2009) Meadow management in Greece. Report from the EU LIFE Nature

Seminar on Restoration of Meadow Bird Habitats, LIFE-Nature, Copenhagen

98. Kazoglou Y, Papanastasis VP (2003) Effects of water buffalo (Bubalus bubalis) grazing on

the vegetation of the littoral zone of Lake Mikri Prespa. In: Platis PD, Papachristou TG (eds)

Range science and development of mountainous regions. Proceedings of the 3rd Panhellenic

rangeland congress in Karpenissi, 4–6 September 2002. Hellenic Pasture and Range Society

(in Greek with English summary)

99. Riddell ES (2002) The effects of water buffalo (Bubalus bubalis) on wetland bird habitat:

implications for habitat management in the Amvrakikos wetlands, Greece. Magister in

Scientia in Ecology, Dissertation, School of Biological Sciences, University of Wales,

Bangor

428 S. Zogaris et al.



100. Zogaris S, Kazoglou Y, Rigas I, Vrettou E (2000) Pilot management actions in reed-swamp

through the re-introduction of Water Buffalo (Bubalus bubalis) at the Amvrakikos Gulf. Life-

Nature 99 “Conservation Management of Amvrakikos Wetlands”. Life99NAT/GR/006475).

Oikos Ltd./Development Agency of Amvrakikos (ETANAM S.A) (In Greek)

101. Dimitriou E, Markogianni V, Mentzafou A, Karaouzas I, Zogaris S (2014) Ecological status

assessment of Pikrodafni stream (Attica, Greece), restoration and management measures.

Desalin Water Treat 56:1248–1255

102. Kantartzis A, Varras G, Kakouri P, Koutsikou M, Papadopoulou A, Gogolou C (2006)

Greenway planning and management of Urban riparian corridors: the alternative basis for

an integrated system of Urban Green Spaces. Case study: riparian corridors in the city of

Igoumenitsa, Greece’, proceedings of the 5th WSEAS international conference on environ-

ment, ecosystems and development, Venice, Italy, pp 168–174

103. Xanthouli S, Tsihrintzis VA (2003) Creation of a multiple-use riparian corridor in

Chryssoupolis, Greece, HELECO ’03, environmental conference and exposition, technical

chamber of Greece, Marousi, Athens, Greece, vol C, pp 273–280

104. Iakovoglou V, Zaimes GN, Gounaridis D (2013) Riparian areas in urban settings: two case

studies from Greece. Int J Innov Sustain Dev 7(3):271–288

105. Tzoulas K, Korpela K, Venn S, Ylipelkonen V, Kazmierczak A, Niemela J, James P (2007)

Promoting ecosystem and human health in urban areas using green infrastructure: a literature

review. Landscape Urban Plan 81:167–178

106. Akratos CS, Tsihrintzis VA, Pechlivanidis I, Sylaios GK, Jerrentrup H (2006) A free-water

surface constructed wetland for the treatment of agricultural drainage entering Vassova

Lagoon, Kavala, Greece. Fresen Environ Bull 15:1553–1562

107. Akratos CS, Tsihrintzis VA (2004) Pilot-scale constructed wetlands for wastewater treatment

studies, proceedings of the international conference on protection and restoration of the

environment VII, 28 June–1 July 2004, Mykonos, Greece

108. Haralambidou KI, Tsihrintzis VA, Sylaios GK (2003) Control of saline wedge intrusion in the

estuary of Strymonas River using an air curtain, proceedings of the 8th conference on

environmental science and technology, September 8–10, 2003, Porto Myrina Palace, Lem-

nos, Greece, vol A, pp 302–309

109. Herouvim E, Akratos CS, Tekerlekopoulou A, Vayenas DV (2011) Treatment of olive mill

wastewater in pilot-scale vertical flow constructed wetlands. Ecol Eng 37:931–939

110. Handrinos G, Kazantzidis S, Alivizatos Ch, Akriotis T, Portolou D (2015) International

waterbird census in Greece (1968–2006). Hellenic Ornithological Society – Hellenic Bird

Ringing Centre, Athens

111. Maragou P (2000) Conservation of Phalacrocorax pygmeus and Anser erythropus in Greece.
Summary technical review on non-recurring biotope management actions. Life-Nature II

Programme, WWF-Greece, HOS, SPP. (In Greek)
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144. Crook DA, Lowe WH, Allendorf FW, Erős T, Finn DS, Gillanders BM, Hadwen WL,

Harrod C, Hermoso V, Jennings S, Kilada RW (2015) Human effects on ecological

connectivity in aquatic ecosystems: integrating scientific approaches to support manage-

ment and mitigation. Sci Total Environ 534:52–64

145. Mimikou M, Baltas E (2013) Assessment of climate change impacts in Greece: a general

overview. Am J Clim Chang 2:46–56

146. K€orner C, Sarris D, Christodoulakis D (2005) Long-term increase in climatic dryness in the

East-Mediterranean as evidenced for the island of Samos. Reg Environ Chang 5:27–36

147. Maas G, Macklin M (2002) The impact of recent climate change on flooding and sediment

supply within a Mediterranean mountain catchment, southwestern Crete, Greece. Earth Surf

Process Landf 27:1087–1105

148. Mu~noz-Mas R, Papadaki C, Ntoanidis L, Martı́nez-Capel F, Zogaris S, Dimitriou E (2016)

Generalized additive and fuzzy models in environmental flow assessment: a comparison

employing the West Balkan trout. Ecol Eng 91:365–377

149. Mawdsley JR, O’malley R, Ojima DS (2009) A review of climate-change adaptation strat-

egies for wildlife management and biodiversity conservation. Conserv Biol 23:1080–1089

150. Kondolf GM, Podolak K, Grantham TE (2013) Restoring Mediterranean-climate rivers.

Hydrobiologia 719:527–545

151. Schmeller DS et al (2008) Advantages of volunteer-based biodiversity monitoring in Europe.

Conserv Biol 23:307–316

River and Wetland Restoration in Greece: Lessons from Biodiversity. . . 431

http://c.ymcdn.com/sites/www.ser.org/resource/resmgr/custompages/publications/ser_publications/rare_species_mngmt_climate_c.pdf
http://c.ymcdn.com/sites/www.ser.org/resource/resmgr/custompages/publications/ser_publications/rare_species_mngmt_climate_c.pdf
https://doi.org/10.1016/j.tree.2009.05.012
https://doi.org/10.1002/rra.2709
https://doi.org/10.1002/rra.2709

	River and Wetland Restoration in Greece: Lessons from Biodiversity Conservation Initiatives
	1 Introduction
	2 A History of River and Wetland Alteration in Greece
	3 Conservation Policy and Cultural Context
	4 Review of River and Wetland Restoration
	5 Achievements
	5.1 Inventory and Classification Baselines
	5.2 Local Studies and Restoration Planning
	5.3 Learning by Practice

	6 Failures, Shortcomings and Challenges
	6.1 Problems with Past Restoration Projects
	6.2 EU WFD Challenges
	6.3 Current Management Difficulties
	6.4 The Research-Policy Disconnect

	7 Unmet Needs and New Challenges
	7.1 Insect-Borne Diseases
	7.2 Assisted Migration or Reintroduction of Fishes and Other Species Groups
	7.3 Managing ``Novel Aquatic Ecosystems´´
	7.4 Adaptations to Climate Change

	8 Conclusions
	References


