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Abstract

Riparian areas and deltaic ecosystems are essential to humans because of the many services they offer
that have been over utilized by humans for thousands of years, especially in the Mediterranean region.
This is evident by the many riparian areas and deltas that are protected by international (e.g. Ramsar
Convention) and European Union (Natura 2000 Network) treaties and agreements. The significance of
these ecosystems has also been recognized by UNESCO that led to the establishment of the new Chair
“Con-E-Ect, Conservation and Ecotourism of Riparian and Deltaic Ecosystems” that was awarded to
the Department of Forestry and Natural Environment Management of the Technologiko Ekpedeftiko
Irdyma Anatolikis Makedonias and Thrakis (EMaTTech) of Greece. The reason for establishing this
Chair in the specific region of Eastern Macedonia and Thrace of Greece is because of its unique
ecosystems in Europe that stretch over a length of 200 km and consist of five major riparian and deltaic
ecosystems. The aim Con-E-Ect is to collaborate with national, regional and international stakeholders
to create an international framework of common strategy for the conservation of riparian and deltaic
ecosystems worldwide. Con-E-Ect focus on global matters for riparian and deltaic ecosystems, such as
the protection of rare ecosystems, their endangered species, its cultural uniqueness, climate change
implication, as well as the growth of their local communities based on environmentally friendly
approaches. This framework is being implemented through four axes that are 1) Research, 2)
Conservation — Sustainability, 3) Dissemination — Education — Training and 4) Best Practices, so that,
ultimately, all stakeholders harmonize their actions towards the sustainable management of riparian and
deltaic ecosystems. One such best practice for the sustainable management of these ecosystems is the
application of econengineering methods that have gained more acceptances in the Mediterranean.
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1. Introduction

Riparian and deltaic areas are semi-aquatic ecosystems that are unique because they
are transitional zones. These ecosystems are called ecotones (Naiman et al., 2005) and
characterized by high biodiversity along with increased ecosystem services despite
occupying a smaller area of the watershed (Sabo et al., 2005). Their three main
characteristics are the: a) greater water availability, b) young, frequently disturbed soils and
c¢) dense hydrophyllic vegetation. Their uniqueness has been recognized by their protection
through international treaties (e.g. Ramsar Convnetion) and EU Networks (e.g. Natura 2000)
(EC Directive, 2007). Worldwide a great emphasis has been given to their conservation or
re-establishment though different management activities and plans especially in human-
modified environments (NRC, 2002).

Riparian areas can be found in all biomes and vary from region to region leading to
many differing definitions. The term riparian is derived from the Latin word riparius that
means stream bank. Still many of the definitions describe certain common characteristics
(NRC, 2002; Schultz et al., 2000). Firstly they are adjacent to water courses or bodies (lentic
and lotic) with perennial and intermittent flows although some definitions also include
ephemeral. Such water courses and bodies include torrents, streams, rivers, wetlands, lakes,
and estuarine—marine shorelines and typical riparian area examples are floodplains, stream
banks, and lake shores. Their boundaries are linear in nature but are not always clearly
defined and may change from year to year depending on the hydrologic conditions. They are
transitional zones between aquatic and terrestrial ecosystems connecting water bodies with
their adjacent uplands. Thus they include parts of the terrestrial ecosystems that are
significantly influenced by exchanges of energy and matter with aquatic ecosystems and
exhibit gradients in biophysical conditions, ecological processes and biota. Finally, they are
disturbance driven ecosystems since they frequently have floods and droughts.

Deltaic ecosystems are landforms located at the endpoints of a river. They form as a
result of the sediments that originate from the rest of the watershed and are carried by the
river to its mouth (Elliot, 1986). At its mouth the slower moving or standing waters lead to
the sediment being deposited. This typically occurs when the river reaches an ocean, sea,
estuary, lake and reservoir. Sometimes it can also occur as it enters a larger river. The name
originates from the Greek letter A (deAta) because of the characteristic shape they have. The
supply of sediment and the watershed processes control the size and shape of the delta
(Pasternack et al., 2001). Important for the evolution of the delta are the watershed
characteristics such as its size, location, slope and land-uses (Pasternack et al., 2001). These
ecosystems are also disturbance driven, since flooding quite frequently occurs, while they
also have greater soil water availability and vegetation that is hydrophyllic.

While riparian and deltaic ecosystems are different they also have many similarities.
This is the reason why the offer many similar ecosystems services. Some of these services
include (Naiman et al., 2005; Schultz et al., 2000): a) support for animal habitat that in many
cases includes endangered species, b) enhancement of fish habitat, ¢) support to a great
diversity of vegetative species assemblages thus increasing biodiversity, d) filtration and
retention of sediments and nutrients from terrestrial upland runoff or out-of bank floods, ¢)
reduction of chemical inputs from terrestrial uplands by immobilization, storage and
transformation, f) stabilization stream banks and build-up new stream banks, g) mitigation of
stream bed downcutting and gully formation, h) storing water and recharging subsurface
aquifers, 1) reduction of floodwater runoff, j) provide coastline defense to erosion and
inundation, k) impact drinking water, 1) provide recreational and ecotourism opportunities,
m) use as a transportation mode and n) increase in agricultural production.

These services have been known and utilized by humans for thousands of years and
these are the reasons why major agricultural centers and populations centers had and
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continue to be established in and adjacent to these ecosystems. These increasing
anthropogenic activities have rapidly altered these natural landscapes (Corbacho et al., 2003)
and have led to them being considered as some of the most degraded ecosystems (NRC,
2002). The anthropogenic activities that have led to the degradation of these ecosystems can
be separated in four major categories (Anthony, 2015; Baker et al., 2004; NRC, 2002). The
first category is the hydrologic and geomorphic alterations that include: a) construction of
dams, b) withdrawal of surface and ground water, c) vegetation removal, d) channelization
and e) construction of bank stabilizing structures. The second is agriculture and include: a)
grazing by domestic livestock and b) production of agricultural crops. The third category
urban, recreational and industrial is quite broad and includes: a) expansion of urbanized
centers, b) recreational activities, ¢) construction of roads and railroads, d) mining activities
and e) industrial water uses. Finally there are other activities that cannot really be categorized
such as invasive species.

Another important factor that should be incorporated in regards to the effective
management of riparian and deltaic ecosystems is climate change. The new thermal
conditions will change the rainfall amounts and intensities, number of days of precipitation,
ratio of rain to snow that will impact plant biomass production, plant residue decomposition
rates, soil microbial activity, evapotranspiration rates and potentially cause shifts in land-uses
(Nearing et al., 2004). Overall increases in extreme weather events are expected, particularly
increased rainfall intensity and extended drought periods compared to past conditions
(Giupponi and Shechter, 2003). These new extreme conditions should lead to higher surface
runoff and stream flows, higher sediment transport capacity and increased soil erosion. These
changes in the hydrologic regimes of the water bodies and courses should also impact the
adjacent riparian and deltaic ecosystems. In addition, along the coastal areas where many of
the major deltas are, an increase in the adverse consequences of hazards such as coastal
erosion and sea-level rise related to climate change are expected (Blum et al., 2000; Bakker
et al., 2008; Nicholls et al., 2007). These hazards can cause irreversible damages to the
deltaic ecosystems.

Overall the continued increase in human populations that should lead to more
detrimental anthropogenic activities along with the compounding effects of climate change
make it imperative to develop new management plans and more comprehensive cooperation
for the future sustainability of these unique ecosystems. This is the reason why UNESCO
established the new Chair “Con-E-Ect, Conservation and Ecotourism of Riparian and Deltaic
Ecosystems” (Fig. 1) at the Department of Forestry and Natural Environment Management
of the Technologiko Ekpedeftiko Irdyma Anatolikis Makedonias and Thrakis (EMaTTech)
of Greece. The Chair consists of the academic and research staff of EMaTTech and associate
collaborators who work on a volunteer basis to fulfill its objectives and it aspires to bring
together distinguished international researchers to share their knowledge and experiences and
to work on innovative solutions of riparian and deltaic management. In the following
sections the objectives, location and activities of the Chair are described in detail.

2. Objectives

The objective of Con-E-Ect is joining forces with national, regional and international
stakeholders, in order to elaborate an International Common Strategy Framework for the
Conservation and Ecotourism of Riparian and Deltaic Ecosystems. This Common Strategy
Framework will govern sustainably the protection, study, development and ecotourism of
deltaic and riparian environments, initially in the Balkans and the Mediterranean regions and
in the long-term worldwide. The Framework’s goals will be accomplished through the
promotion of research by collecting and assessing data, dissemination of research findings,
training and awareness-raising activities addressed to various target groups, so that, finally,
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all stakeholders will harmonize their actions towards the sustainable management of the
riparian and deltaic ecosystems via the development of ecotourism.

Fig. 1. The logo of UNESCO Chair “Con-E-Ect, Conservation and Ecotourism
of Riparian and Deltaic Ecosystems”

The Strategy Framework for the deltaic and riparian environments will serve initially
as an Assessment Tool of Ecosystems for Greece. In order to expand its applicability to the
Balkans, Mediterranean and worldwide, Con-E-Ect will engage its wide Network of Partners
on a regional and international level and implement cutting-edge ecohydrological,
geomorphological, financial and agrotechnological models, taking into consideration the
different prevailing conditions in those parts of the world where this assessment tool could
be put into practice, in a way that it will not conflict with the local and/or regional
educational, scientific and cultural contexts, nor with the UNESCO’s mandate and principles.
Furthermore, the UNESCO chair will promote the application of soil and water
bioengineering techniques to improve the degraded riparian and deltaic ecosystems of the
Mediterranean that should replace the typical structural engineering technology that is mosy
commonly utilized.

3. Location of Con-E-Ect

Con-E-Ect is located in Eastern Macedonia and Thrace of Greece that is part of
Southern Europe (Fig. 2). In this region most riparian and deltaic ecosystems have
experienced an extensive history of intensive land-use changes and other human disturbances
(Corbacho et al., 2003) thus maintaining and re-establishing them is a difficult and important
task. Most remaining riparian habitats, that are narrow forested strips located along streams
and rivers, and deltas of the region have been heavily impacted by anthropogenic activities
(Rodewald and Bakermans, 2006; Zaimes et al., 2011a). Overall in arid and semi-arid
regions, such as the Mediterranean Basin, maintaining or re-establishing riparian ecosystems
are essential to maintain biodiversity and ecosystems services (Ferreira and Moreira, 1999;
Rottenborn, 1999).

The Chair Con-E-Ect will primarily be active in the region it is located; a region with
a unique ecosystem in Europe, which stretches over a length of 200 km and consists of five
major riparian and deltaic ecosystems. In the long-term the goal is also to highlight concerns
that involve global matters for riparian and deltaic ecosystems sustainability and promote the
growth of their local communities based on “green” (e.g. ecotourism) approaches. The
specific ecosystems that Con-E-Ect will initially focus its efforts on include: a) Nestos River
Delta, b) Evros River Delta, ¢) Lakes Vistonida and Ismarida, d) Frakto Virgin Forest, e)
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Dadia Forest e) Nestos Corridor (Fig. 2). By establishing Con-E-Ect in this region it
capitalizes this natural “laboratory,” in order to develop and evaluate an Assessment Tool
that will enable the sustainable conservation of these ecosystems by focusing on the
populations of their endangered species.

The region has a rich variety of rare and unique flora. The mountainous areas are
covered by Abies ssp, Fagus ssp, Quercus ssp, Quercus coccifera L., Rubus ssp, Rosa canina,
Fraxinus ssp, Acer ssp, Cornus ssp, etc.;

niaklhraki

Peloponnis

Fig. 2. The region of Eastern Macedonia and Thrace region of Greece (with a red line)
where the majority of the activities of the UNESCO Chair Con-E-Ect take place

LG

Fig. 3. The specific ecosystems that Con-E-Ect will initially focus its efforts in Eastern Macedonia
and Tharce, Greece.
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These include deltas (yellow font), riparian forests along rivers/streams (red font) and
lakes (blue font) while at lower altitudes Alnus ssp, Populus ssp, Fraxinus oxycarpa,
Sambucus nigra, Vitex agnus-castus, Salix ssp, and vines (Climbers) such as Hedera ssp,
Humulus luputus, Clematis flammula are more common. Moreover, the areas close to the
mouths of the rivers are surrounded by sand dunes, hydrophyllic, and halophytic, semi-
aquatic and aquatic vegetation. The fauna of the ecosystem of the region are also one of the
rarest in Europe, hosting a plethora of endangered wildlife species. The endangered species
that need attention are the following: Pelecanus onocrotalus, Pelecanus crispus,
Recurvirostra avosetta, Ardea cinerea, Phoenicopterus ruber, Hoplopterus spinozus,
Haliaeetus albicilla and Phasianus colchicus.

4. Implementation axes

To implement the Chair’s objectives the strategy centers upon the following four
Axes: 1) Research, 2) Conservation — Sustainability, 3) Dissemination — Education —
Training and 4) Best Practices.

The “Research” Axis produces as outcome the development and results of research
projects on issues related, among others, to ecohydrology, management of riparian and
deltaic areas, ecotourism, ecophysiology, aquatic environments, effectiveness and
implementation of ecoengineering works, transport and deposition of nonpoint and point
organic and inorganic pollutants in and outside the river channel, published in scientific
journals and presented at international conferences. This research will be carried out by the
Scientific Team of the Chair and funded under programs funded either by the EU or by
national bodies. The research results will enrich the scientific knowledge worldwide in the
field of deltaic and riparian ecosystems, which will lead to the adoption of guidelines and the
publication of operational checklist references that will contribute to their better protection
and their ecologically-balanced management.

“Conservation-Sustainability” produces a series of behavior code publications on
sensitive ecosystems of interest, taking first into account the specific biogeoclimatic zone of
Eastern Macedonia and Thrace. As the Chair continues to function, other biogeoclimatic
zones on a global scale will be incorporated in these publications. These behavior codes will
provide advice and guidance on the maintenance of the ecosystem health through optimal
management methods that ensure that the ecosystems remain undisturbed within a context of
a strong environmental sustainability. Soil and water ecoengineering methods can
sustainably help maintain these ecosystems. This axis also involves the creation, through
research and recording, of a “Culture Ark” that will include data related to the intangible
cultural heritage of the region of Eastern Macedonia and Thrace (traditional occupations and
professions, local know-how, traditions, literary production, legends, oral history, local
linguistic idioms, local vocabulary related to the specific ecosystems and the relevant local
activities), in an attempt to showcase and safeguard, on one hand, the cultural wealth of the
region and to optimize it, on the other hand, to the benefit of sustainable environmental
management. The role of local women as main practitioners of many of these traditional
occupations and essential bearers of knowledge and know-how will be duly acknowledged
and highlighted.

The “Dissemination — Education — Training” axis generates both a series of
educational material and a variety of training practices and procedures related to the studied
ecosystems. In particular, the familiarization with these ecosystems, the establishment of a
culture of respect towards them and the mild touristic development within the surrounding
area of these ecosystems, will constitute the basic focal areas. Special thematic sections will
include civil protection assistance (addressed to those populations affected by different sorts
of natural hazards and disasters, namely floods and droughts that live near riparian and
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deltaic areas), ecotourism development guidelines (mainly addressed to youth and
unemployed local populations who want to get involved in the field), correct implementation
of ecoenginering practices in Mediterranean riparian and deltaic areas (geared towards
professionals and agencies) and on awareness-raising activities concerning the conservation
of these ecosystems (mainly addressed to school students).

“Best Practices” generate a series of text books presented either during awareness-
raising events hosted at the EMMaTech or in other relevant international events. The first in
the series of text books will be based on the specific case study of the riparian and deltaic
ecosystems of the region of Eastern Macedonia and Thrace and will be accompanied by a
relevant Manual Guide. Subsequent editions of text books will provide information on case
studies of particularly disturbed and degraded riparian and deltaic ecosystems, which were
managed effectively and gradually restored, due to special handling and the use of Best
Practices.

One of these editions will focus on the application of ecoengineering in the
Mediterranean region to protect or re-establish riparian and deltaic ecosystems. Case studies
of balanced and optimally conserved ecosystems from the very beginning, that have
implemented mild touristic development and management, will also be presented. In both
cases, the text books written will contain the relevant Manual Guides that will also be freely
available on the Chair’s website.

5. Ecoengineering as a best practice

One of the major problems that degrade both riparian and deltaic ecosystems is
erosion that includes surficial, gully, stream bank and stream bed erosion (Zaimes at al.,
2011b). These types of erosion in these ecosystems have accelerated primarily due to
anthropogenic activities (Naiman et al., 2005). Soil- and fluvial ecoengineering are
sustainable tools to improve resilience against soil loss and soil degradation. These
techniques are widely implemented in the Atlantic and Eurasian ecoregions but are also
gaining more acceptances within the Mediterranean ecoregion.

Ecoengineering is the use of living plants or cut plant material, either alone or in
combination with inert structures, to control soil erosion and the mass movement of land in
order to fulfill engineering functions (Schiechtl, 1988). It combines technical (protection and
stabilization), ecological (ecosystem-based restoration), landscape (integration of landscape
aspects) and socioeconomic (more efficient and new sources of employment) scientific
aspects. The plants and parts of plants are used as living building materials, and as they grow
in combination with inert materials (e.g. soil, rock, timber), ensure the long-term protection
and mitigation against all forms of soil loss and erosion. The use of these living materials in
Mediterranean environments, such as Greece, involves many difficulties, notwithstanding the
climate, since it differs significantly from the Atlantic and Continental ecoregions from
where the current research and publications mainly originate from. Furthermore, given the
semi-empirical nature of ecoengineering structures, it is crucial that the know-how of
successful and failed ecoengineering interventions of the region be known and this
knowledge transferred to the other professionals of the region (Tardio et al., 2017). Through
the Best Practices, scientifically sound guidelines in regards to the particularities faced by
this kind of works in a Mediterranean climate that are related to the aridity of the climate and
the selection of both plant material and plantation techniques will be provided.

A highly specialized knowledge triangle (new processes, methods and services)
within this sector is needed for the Mediterranean (Zaimes et al., 207). In addition, this type
of works demand comparisons between the original and the current state and throughout the
design life of the construction site in terms of biodiversity, soil evolution, plant anchorage,
ecosystem resilience etc. (Bischetti et al., 2009; Tardio and Mickovski, 2016). The solution
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to these problems is to implement a monitoring stage in the works and generate a knowledge
transfer network involving the Mediterranean stakeholders. Currently, there is an absence of
such preceding tools and such text book for Greece and the Mediterranean. Overall, potential
types of soil and water ecoenginnering structures that could be implemented successfully in
riparian and deltaic ecosystems of the Mediterranean include: log erosion barriers, log
cribwalls, mixed check dams, live stakes, hydroseeding, branch packing, brush layering,
brush mattress, coconut fiber logs, erosion control fabrics, live fascines, live posts, log
breakwater, plant mats, root wads, terraced cribs, tree and log revetments, spilling walls and
vegetated geogrids.

6. Conclusions

Riparian and deltaic ecosystems are important to humans because of the many
services they offer and need to be restored because they have been heavily degraded by
anthropogenic utilization. The UNESCO Chair “Con-E-Ect, Conservation and Ecotourism of
Riparian and Deltaic Ecosystems” has been established with the purpose to help govern
sustainably the protection, study, development of these ecosystems initially in Greece and
the Balkans and in the long-term in the Mediterranean and worldwide. This will be
accomplished with the development an International Common Strategy Framework for the
Conservation and Ecotourism of Riparian and Deltaic Ecosystems. To achieve this, Con-E-
Ect has joined forces with national, regional and international stakeholders and is
implementing the following four Axes: 1) Research, 2) Conservation — Sustainability, 3)
Dissemination — Education — Training and 4) Best Practices.

One of the Best Practices that Con-E-Ect is focusing on is ecoengineering.
Ecoengineering that is the use of living plants or cut plant material, either alone or in
combination with inert structures can help control soil erosion a major problem in riparian
and deltaic ecosystems. These methods have not been used as extensively in Greece and the
Mediterranean and Con-E-Ect will promote guidelines specific to the Mediterranean
ecoregion, on how to sustainably implement them that should promote their adoption.
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