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ARTICLE

Environmental sustainability and ecotourism of riparian and
deltaic ecosystems: opportunities for rural Eastern
Macedonia and Thrace, Greece
Spyros Schismenosa,b, George N. Zaimesc,d, Valasia Iakovoglouc,d

and Dimitrios Emmanouloudisc,d

aResearch Centre for Soil & Water Resources and Natural Disaster Prevention, National Yunlin University of
Science and Technology, Douliou, Taiwan; bAnalysis and Management of Manmade and Natural Disasters
(MSc Programme), Eastern Macedonia and Thrace Institute of Technology & Hellenic Fire Academy/School
of Fire Officers, Kavala, Greece; cUNESCO Chair on Conservation and Ecotourism of Riparian and Deltaic
Ecosystems, Eastern Macedonia and Thrace Institute of Technology, Kavala, Greece; dDepartment of
Forestry and Natural Environment Management, Eastern Macedonia and Thrace Institute of Technology,
Drama, Greece

ABSTRACT
Human and wildlife well-being are linked to riparian and deltaic
ecosystems. Human impacts and climate changes affect their
environmental sustainability. To secure their protection, various
national laws and international agreements have been established.
Ecotourism can assist in promoting conservation for sustainability
and economic improvement. This study reviews work bearing on
these matters, especially with regard to the unique region of
Eastern Macedonia and Thrace in Greece.
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Introduction

Riparian and deltaic (RaD) ecosystems occur along natural flowing and standing water
bodies. The constant availability of water throughout the year affects the interaction of
the biotic and abiotic components of these ecosystems [1,2]. RaD areas have similarities
to wetlands, but also significant differences since wetlands are subjected to saturated
permanent or seasonal amounts of water, usually freshwater, and are characterised by
specific aquatic vegetation that is adapted to unique hydric soils and water-inundated
conditions. Most similarities of RaD areas to wetlands are associated with the ecosystem
services they offer [3–5]. Some of these common services include water purification,
flood control, carbon sinks, groundwater recharge, and coastline and stream bank
stability. Additionally, they present very high biological diversity, owing to their
dense vegetation, which attracts a variety of wildlife species, many of which have
been characterised as endangered [3,4,6].

Human overexploitation for centuries and more recently climate change had
degraded the RaD ecosystems [7]. Degradation has resulted from direct alterations to
the vegetation and alterations in the hydrological and sediment regimes of these
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ecosystems. Many natural habitats of RaD worldwide and particularly in the
Mediterranean have been replaced by agriculture and urban areas [8–10]. The land
use intensification in and adjacent to RaD ecosystems has simplified their structural
diversity, which impacts their ecosystem services [10,11]. The regulation of the river
flows and trapping of the river sediment (e.g. dam construction) have eliminated past
historical events in the hydrologic regimes (flood peaks and drought) [12,13]. These
hydrological and sediment transport changes have major consequences on riparian
vegetation species, spatial and temporal structures and distributions [14,15]. In contrast,
extreme weather events, particularly increased rainfall intensity and extended drought
periods compared with past conditions, lead to higher surface runoff and streamflows,
higher sediment transport capacity and increased soil erosion [16]. Although RaD areas
are disturbance-driven ecosystems, the increasing magnitude and number of distur-
bances they face exceed their natural resistance boundaries and may not allow them to
recover completely [17,18]. These human and climate alterations decrease flora and
fauna, threatening the high biodiversity and services of the RaD ecosystems. Their
sustainable management requires environmental protection and conservation. This
means integrated and adaptive watershed management plans [19–21].

Many of these RaD natural sites are protected at different levels (e.g. complete
restriction of human activities) depending on the importance of their flora and fauna
(e.g. endangered species). International, European Union (EU) and national laws,
regulations and frameworks (e.g. Ramsar Convention and Natura 2000 Network)
have been established to protect and maintain the structural and functional integrity
of RaD ecosystems. Conservation initiatives such as ecosystem services, ecotourism and
climate change adaptation can further promote and develop environmental responsi-
bility and awareness [22–24].

This paper reviews studies related to RaD and ecotourism to promote the sustain-
ability of these ecosystems, and the ecotourism opportunities in Eastern Macedonia and
Thrace (EMT) region of Greece. Moreover, it highlights the need of stakeholders’
contributions, as well as the importance of environmental education, culture and
awareness. The authors aim to encourage the conservation of RaD ecosystems.

Definition and features of RaD ecosystems

The term riparian (ripa, riparius, Latin) refers to the stream bank [25,26] and has been
prominent in studies for at least 50 years. The study of riparian areas includes forestry,
ecology, hydrology, geomorphology, biology, civil engineering etc., but not one specific
definition is accepted by all [27]. In addition, one definition is not widely accepted, owing
to the variability of the riparian areas since they are azonal and can be found in all biomes (e.g.
tropical, boreal). Still, there are some common features. Riparian areas: a) are adjacent to
water courses or bodies, such as torrents, streams, rivers, ponds, reservoirs and lakes and b)
have boundaries that are linear in nature, although several hydrogeological conditions may
change them (e.g. their width) within a period of time [28]. They can be characterised as the
transitional zones (ecotones) between aquatic and terrestrial ecosystems that interconnect
water bodies and their uplands. Deltas refer to areas of major deposition but are landforms
identified as protuberances that are built as stream water enters and deposits the carried
sediments into larger standing water bodies (e.g. lake, sea, ocean) [29,30]. They have existed
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for thousands of years and can be found in almost every biome around the world. The word
‘Delta’ was first used by the Greeks to describe the shape of the sediment deposits of the Nile
River at its mouth and the term has been used ever since [30,31]. During the formation of a
delta, mud, silt, gravel and other material from higher elevations of the watershed are
deposited at the mouth because the river flow decreases as it expands (the appearance of a

Table 1. Major Ecosystem Services and Threats

Services Ecosystems Threats (natural and manmade) Environmental awareness

Benefits for local
communities and

visitors

Natural water
purification
filter

Both
riparian
and
deltaic

● Industrial and waste pollution
(pesticides, fertilizers and pet-
roleum products).

● Agricultural and urban runoff.

● Respect for natural water
recourses, as well as the
local environment.
Importance of water
resources.

● Clean water for
consumption.

● Sustainable
water
management.

Natural flood
control

Both
riparian
and
deltaic

● Alternations in environmental
and geomorphological char-
acteristics (i.e. deforestation,
urbanization, agriculture).

● Disaster preparedness.
● Disaster education.

● Resilient envir-
onment against
natural water-
based hazards.

● Community
protection.

Natural
carbon
sinks

Both
riparian
and
deltaic

● Large amounts of carbon due
to air pollution that cannot be
accumulated and stored
completely.

● Low carbon dioxide
environments.

● Healthy natural sites.

● Health increase.
● Psychosocial

improvements.

Groundwater
recharge

Both
riparian
and
deltaic

● Illegal/Over-pumping activ-
ities for agriculture, industries
and irrigation.

● Land subsidence
prevention.

● Water quality.
● Sufficient water in riparian

and deltaic ecosystems.

● Resilient envir-
onment against
water scarcity.

● Sustainable
water. Supplies
under low cost.

Shoreline and
stream
bank
stability

Both
riparian
and
deltaic

● Alternations in environmental
and geomorphological char-
acteristics (i.e. deforestation,
urbanization, agriculture).

● Respect for natural water
recourses, as well as the
local environment.

● Understanding of natural
process and natural ero-
sion rates.

● Resilient envir-
onment against
natural
hazards.

● Socioeconomic
development.

● Community
protection.

Biological
diversity -
Habitat

Both
riparian
and
deltaic

● Alternations in environmental
and geomorphological char-
acteristics (i.e. deforestation,
urbanization, agriculture).

● Over-consumption of the eco-
system’s flora and fauna.

● Invasive species due to
anthropogenic activities.

● Respect for natural local
environments and their
residents.

● Survival of endangered
species.

● Understanding the impor-
tance of maintaining
biodiversity.

● Socioeconomic
development.

● Environmental
behavior and
consciousness.

● Sustainable
development.

Ecotourism
Activities

Both
riparian
and
deltaic

● If not used properly they can
harm the local biodiversity.

● Building facilities and other
developing actions may
affect the natural balance.

● Respect for natural local
environments and their
residents.

● Survival of endangered
species.

● Understanding the impor-
tance of maintaining
biodiversity.

● Socioeconomic
development.

● Recreation and
relaxation
activities.

● Community
well-being.

● Improve stan-
dard of living.
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protuberance) into a larger body of water. The evolution of a delta depends on the watershed
characteristics such as location, size, slope and land-uses [31].

RaD ecosystems cleanse, renew and recycle water resources and provide products
that include recreation, fisheries, forage and timber; they are essential for human beings
and wildlife [32,33]. RaD areas also act as autonomous ‘societies’ (e.g. ecosystems) and
provide many services that include unique animal and fish habitat to conserve biodi-
versity, stabilise stream banks, filter sediments and nutrients, reduce chemical inputs
through immobilization, behave as natural storages and rechargers for subsurface
aquifers, as well as reduce the flood peaks and torrent flash flows in cases of extreme
weather events [33–37]. The uniqueness of each RaD ecosystem and the wildlife species
composition are affected by the local spatial differentiations owing to the major
influence by water, soil and vegetation over time [3,38–40]. Additional factors, such
as the human activities or the impacts of climate change (e.g. extreme weather events),
also cause temporary or permanent changes [39,41]. Human alterations and activities,
especially agriculture, over-urbanization and river regulation, have degraded them and
are still considered to be the greatest threat for every ecosystem, particularly RaD
[42,43]. Table 1 shows the major threats and services in RaD ecosystems, as well as
the benefits for the local populations and visitors.

International and EU agreements for RaD ecosystems

Many efforts have been made to reduce the exploitation of ecosystems and to enhance
their protection and adaptation against extreme climatic impacts. Yet, most problems
continue and might increase, requiring further action [44,45]. It is recognised world-
wide that RaD ecosystems must be protected, and 100,000 sites are designated as
protected areas, covering more than 10% of the Earth’s terrestrial surface [17,46]. At
the national level, typically the number of protected sites increases depending on the
unique biodiversity and hydro-geomorphological characteristics.

At the international level, there is the most important ‘Convention on Wetlands’,
also known as the ‘Ramsar Convention’, which was established in 1971 by the United
Nations Educational, Scientific and Cultural Organization (UNESCO) and came into
force in 1975. The Ramsar Convention identifies wetland systems of global importance,
especially those providing important wildlife habitats. Based on the 2018 Ramsar data,
there are 2,314 Ramsar Sites that protect 245,614,112 ha in 170 countries [46].

The Natura 2000 Network reflects these principles. The Network was established by
the European Union (EU) for the conservation and protection of biodiversity, by
promoting sustainability in agricultural, energy and transportation terms. This network
covers approximately 20% of the land and 6% of the sea within the EU, protecting more
than 6,000 species that have conservation status [47]. It needs to be noted that many
RaD areas are protected by both the Ramsar Convention and the Natura 2000 Network
such as the Ebro Delta in Spain, the Neretva Delta in Croatia, the Po Delta in Italy and
the Vascao River in Portugal.

Another similar network is the UNITWIN (University Twining Program)/UNESCO
Chairs Program that was launched in 1992 [48]. This brings together international
academics in educational, environmental, social, cultural and communication sciences.
Further to these general purposes concerning conservation and ecotourism of RaD
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ecosystems, UNESCO awarded in 2016 to the Department of Forestry and Natural
Environment Management of the Eastern Macedonia and Thrace Institute of
Technology of Greece (EMaTTech), the UNESCO Chair on the ‘Conservation and
Ecotourism of Riparian and Deltaic Ecosystems (Con-E-Ect)’ [1,49]. The focus of the
chair is to develop an international framework that will use ecotourism for the better
conservation of RaD ecosystems.

Last, the Man and the Biosphere Programme (MAB), also a product of UNESCO,
aims to connect people and their environments on a scientific basis. It was launched in
1971; and the biosphere reserve concept was developed in 1974 to encourage the
establishment of protected areas worldwide [50]. The MAB Programme includes
many RaD areas such as the Delta de Paraná in Argentina, the Delta Orinoco in
Venezuela, the Red River Delta in Vietnam, the Tara River Basin in Montenegro and
the transboundary Danube Delta in Romania and Ukraine.

There are other international environmental agreements, but most link a limited
number of countries, based on their region or subject matter, such as the North
American Agreement on Environmental Cooperation [51] and the Antarctic Treaty [52].
All these strategies in combination with the participation of stakeholders and the promo-
tion of ‘green-thinking’ (ecotourism, ecosystems service, ecosystem-based approaches,
climate change adaptation, etc.) indicate that a serious effort for the protection of ecosys-
tems has started.

Important RaD ecosystems in EMT and other regions of Greece

Many RaD ecosystems in Greece, and in general around the coastal areas of the
Mediterranean Sea (e.g. Nile Delta), have been inhabited for thousands of years because
of the many ecosystem services they offer. Consequently, these RaD ecosystems have
experienced intensive and continuous land use transformations or other human dis-
turbances, resulting in their degradation [10,53–58]. This extensive degradation along
with the fact that these areas are typically densely populated makes it difficult to
maintain or re-establish these ecosystems and their biodiversity. In regard to Greece,
RaD ecosystems in the plains have been completely eliminated or heavily degraded
mainly because of agricultural activities although many have also urban centres [59].
On the other hand, riparian-mountainous regions in which agricultural activities are
not prevalent have been maintained in better natural state conditions [3,57–59]. Still,
recent studies have found anthropogenic impacts even on these high elevation riparian
areas, especially when human settlements were nearby [60].

Greece has 22 major rivers and 21 major natural and 14 major artificial lakes [61].
These rivers have nine major deltas and 35 unique riparian areas, shown in Table 2. In
the EMT region, there are three major deltas, Evros, Nestos and Strymonas with each
having three to five unique riparian areas (Table 2). The various RaD ecosystems that
are present at a wide range of elevations, along with other natural ecosystems, are the
reason Greece has high biodiversity levels compared with other EU countries.
Currently, the peninsula of Greece hosts 6,000 plants, 116 mammals, 58 reptiles and
more than 400 bird species, many of which are endangered [62].
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Table 2. The major deltas and riparian areas of Greece and the rivers they are located on.

Deltas
Riparian Areas (including

riparian forests) Rivers

Name Name Name Length in Greek Territory
(total length in
parenthesis)

Transboundary

Achelous ● Kamnaitikou Gorge
● Fraksos Lesiniou Cluster
● Pantavrehei

Krikelopotamou

Achelous 220 km -

Alfeiós ● Ertmanthos Gorge
● Ladona Midstream
● Alfiousa-Olympia
● Lousios Gorge

Alfeios 110 km -

Axios, Haliacmon
and Gallikos
Complex

● Axios Midstream
● Geropotamos Upstream

Axios 76 (380) km Former Yugoslav
Republic of
Macedonia

● Haliacmon Downstream
● Arapitsa Springs
● Apsalou-Moglenitsas

Narrows
● East Kaimakchalan

(Voras)-Tzenas Spring
Complex

● Kastoria Lagoon Forest
● Pramoritsa-Haliacmon
● Agapi-Karpero
● Aziz AyaBenetikou

Haliacmon 297 km -

- Gallikos 70 km -
Evros ● Arda –Evros Junction

● Orestiada
● Diavoloremma
● Upper Delta

Evros 204 (480 km Bulgaria, Turkey

Kalamas ● Kalamas Narrows Thyamis 115 km -
Louros and
Arachthos

● Louros Downstream –
Agios Barnabas Forest

● Agios Georgios

Louros 70 km -

● Varda Upstream
● Arachtos Gorge
● Kalarvytiko Upper Gorge
● Arachthos Downstream

Arachthos 110 km -

Nestos ● MegaloDasos
● Nestos Narrows
● Livaditis –Arkoudorema
● Fraktos –Elatias Spring

Complex

Nestos 130 (243) km Bulgaria

Peneios ● Hani Mourgani
● Tempe Gorge
● Kalamakio Narrows
● Peneios Upstream

Peneios 205 km -

Strymonas (small
delta)

● Aggitis canyon
● Strymonas
● Lake Kerkini

Strymonas 118 (392) km Bulgaria

- ● Enipeas Olympou
Upstream

● Enipeas Farsalon
Upstream

Enipeas 84 km -
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On 21 December 1975, Greece joined the Ramsar Convention and currently it has 10
sites with a total of 163,501 ha recognised as Wetlands of International Importance
(Ramsar Sites). Moreover, Greece has 443 sites that belong to the Natura 2000 Network.
Of these sites, 241 are Sites of Community Importance (SCI) according to the EU
Directive 92/43 and 202 Sites of Special Protected Areas (SPA) according to the EU
Directive 79/409 [63]. Finally, the Samaria National Park (Gorge of Samaria) and the
National Park of Olympus have been designated under the MAB Programme [64].
There are currently significant efforts to include the Nestos Delta also.

Description and unique aspects of ecotourism

The tourism sector has become a priority strategy for the economic development of most
countries worldwide [65–67]. Among the different types of tourism, ecotourism or
nature-based tourism is gaining more popularity [68], since it promotes environmental
sustainability and ensures the smooth implementation of conversation practices, through
the effective use of natural resources [69,70]. The definition of ecotourism can vary
because of the unique characteristics of an area, its desired attractions, the purpose of
visiting and its behavioural effects on both the visitors and inhabitants [71–74]. The core
ideas of ecotourism are exploring, respecting, studying, protecting and enjoying ecosys-
tems, water courses and bodies, wildlife, as well as natural, archaeological and cultural
resources and sites [17,75–83].

Thus, ecotourism can provide a platform for the sustainable development of natural
and protected resources (e.g. riparian areas and deltas). This can be achieved only with
a thorough and science-based evaluation analysis of the benefits and impacts in relation
to the activities proposed for the site. Such an ecotourism plan should augment the
socioeconomic and environmental benefits for residents, tourists and the broader
adjacent region, with minimal negative effects [17,84,85].

The role of local populations in RaD ecotourism

The ecotourism activities of RaD and other water-related bodies have become very
popular and are an important income source for the population of the area and the
surrounding communities [86,87]. These natural areas can offer many activities such as
bird watching, observing wildlife, nature walks, swimming, canoeing and water-rafting
[86,88]. But with increasing numbers of tourists, there is a risk of irresponsible
behaviour and some detrimental effects from providing the necessary services for
ecotourism. Natural ecosystems can suffer as a result. There may be more refuse
produced, pollution from exhaust fumes and other pollutants (e.g. noise) [17]. The
planning of ecotourism strategies is complicated, since it concerns the conservation of
protected areas and water resources, and improving the economy of rural areas
[17,22,85,89]. If local citizens are excluded from the decision-making process, there
may be negative responses, including opposition to environmental policies [84,90–93].

Ecotourism and especially ecosystem-based approaches can assist with meeting the
impact of climate change, provided that they are realistic. They should not exclude the
views of stakeholders. The conservation, protection, prevention and early warning
mechanisms for environmental risks should always respect nature but also be

INTERNATIONAL JOURNAL OF ENVIRONMENTAL STUDIES 681



anthropocentric [94]. The lack of stakeholders’ input along with inefficient planning,
limited funds and complicated bureaucratic procedures that maintain high costs and
low benefits when establishing protected zones in ecosystems will cause local commu-
nities to oppose the designation of protected areas [17,95–97].

When local communities and their business-related ideas are taken into considera-
tion, the benefits for environmental protection and ecotourism increase, since the needs
for improved life quality and the conservation of resources are priorities [22]. The
possible empowerment/disempowerment scenarios that are related to economic, psy-
chological, social and political initiatives must be evaluated prior to any decision in
regard to protected areas, focusing on the views of the local residents and especially the
young [22,98–101]. Sustainability must be acceptable.

Rad and other ecotourism areas in EMT, Greece

The EMT region of Greece is a unique RaD ecosystem along an approximately 200 km
length that contains rare flora and fauna and unique bio-geo-climatic conditions. It also
represents a distinctive cultural heritage since it has been inhabited for centuries by
different population groups [102,103]. Its mountainous riparian areas, flora and fauna,
are relatively well-preserved, but its lower parts have been overwhelmingly damaged or
changed over time by agriculture and urbanization. Fortunately, the environmental
awareness of local populations and visitors in regard to the development and imple-
mentation of ecotourism in the region is gradually increasing. The participation of
stakeholders and local populations also improves the effective preparedness against the
threats that affect the sustainable conservation of RaD such as human exploitation and
natural hazards [42].

The EMT region had several protected areas. Those that are of major importance
and of high environmental value are the: a) National Parks of EMT and Rhodope
Mountains; b) Kerkini Lake and the surrounding wetlands; c) Aggitis Stream riparian
area and its cave; d) Vistonida, Ismarida lagoons; e) Nestos River Gorge; f) Nestos River
Delta; g) Evros River Delta; and f) Dadia Forest Reserve [102,103]. The great diversity of
the protected areas indicates the high potential for ecotourism practices of the region.
In recent years, there have been notable efforts towards the promotion of ‘smart’ land-
use, RaD conservation and ecotourism with the wide participation, education and
training of the local populations by the EMT authorities [17,104,105]. Current ecotour-
ism activities in the region include: rafting, canoe-kayaking, nature walks, mountain
biking, flying fox (to cross the Nestos River), paragliding, and wildfire and bird watch-
ing. Another exciting activity in the region is the WAVE Running contest that occurs
every August [106]. This unique route allows athletes to experience the sandy beach, the
waves, the riparian forest and the delta thus enhancing the awareness of RaD ecosys-
tems. Much more can be done with the participation of all stakeholders. This is a
necessity to reach a balance between environmental sustainability and maximum
economic development of the EMT region.
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Conclusion

The contribution of RaD ecosystems and their biodiversity to human prosperity is well
recognised. The RaD-protected areas are still vulnerable to anthropogenic activities and
climate change. Ecotourism activities in RaD areas can help maintain their biodiversity
while allowing local economies to grow in a sustainable and environmental-friendly
manner. By enhancing the conservation and ecotourism of RaD ecosystems, wildlife
and local communities benefit equally and learn to coexist sustainably together. Policies
with minimal environmental impacts and socioeconomic development can be secure
only with the participation of the stakeholders. The EMT region, with sustainable
management plans and the guidance of the UNESCO Chair Con-E-Ect, could turn into
a success story of harmonically connected RaD-protected areas, ecotourism activities and
socioeconomic development. Eventually, the EMT region could be used as a paradigm of
a sustainable approach for human beings, vegetation and wildlife cohabitation.
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