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By Mourgi Evangelia

INTRODUCTION

At the western shores of Thermaikos gulf, in the central Macedonia, one of the most important wetlands in Greece is extended. Western from Thessalonica are the lagoon of Kalochori at the estuaries of Gallikos river, the Axios delta, the estuaries of Loudias, the Aliakmonas delta and southern Kitros saltpan. All these rivers have their estuaries in Thermaikos gulf. Aliakmonas divides Pieria and Imathia while Loudias divides Imathia and Thessalonica. 
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                                   Aliakmon                                               Axios              

                     (www.ellinoko-panorama.gr/main.htm)          (www.ellinokopanorama.gr/main.htm)          

Homer calls Axios as Evrireonta, which stands for wide-flowed whereas Euripides mentions Loudias in Vakche. Herodotus refers that on Loudias’ estuaries the army of Xerxes camped in 480 BC during the latest charge of Persians versus Greeks. Approximately 2400 years later, among the dense thicket of reeds that these rivers created on their estuaries, took place the events of Macedonian War (Μουσείο Γουλανδρή Φυσικής Ιστορίας Ε.Κ.Β.Υ., 1996).

PHYSICAL DESCRIPTION

Location and the evolution of the wetland throughout the years

The area of the plain of Thessalonica has sustained many and great geomorphologic changes throughout the years. During the recent, concerning the geological facts, evolution of the area (approximately 18000 years) the presence of the rivers has played a great role.

The whole evolution is divided into three periods: The first period is the last part of the glacial era. By the melting of the glaciers, the surface of the sea raised and flooded the basin of Thessalonica-Giannitsa and reached the foot of the adjacent mountains (near Axios). This fact resulted in the northern replacement of the rivers. After that impressive extension of the sea, a great part in the configuration of the area had a complex river system of Axios, Loudias and Aliakmonas beginning the second and most important period of the history of this area.

Rivers are alive ‘organisms’. The constant changes and replacements of their flow and the rich brought materials shaped the area and lakes, swamps and rich plains were created.  

The Axios delta is the result of fairly recent intensive alluvial depositions of the Axios River (total length 330km, 76km belonging to Greece, the remaining to former Yugoslavia) that form the third period of deltas’ evolution (Eumorphopoulos 1961, Kotoulas 1981 in Dimitriou et al. 1986). During the early 1920’s intensive sedimentation threatened to fill up the harbor of Thessalonica and therefore the river was embanked, the eastern branch was totally abandoned and only the western branch continued to flow into the gulf of Thermaikos (Dimitriou et al. 1986). During the same period (1926-1936) extensive marshland areas bordering the river and its delta were reclaimed. (The royal society for the protection of birds, 1993). ). It was then that great human works were constructed until the 1960’s such as draining works of marshes (in Loudias, the former lake of Giannitsa), works of diversion (locks), flood controls (construction of the circular canal), works of the rivers’ settlement and irrigating works. The most important causes of the human intervention were: the immigration of thousands of refugees from Asia Minor, who were in need of arable soil, in addition to the need of the fight malaria that had plagued the country. All the materials the rivers incessantly deposited after the works shaped the delta of Axios-Aliakmonas and the estuaries of Loudias as they are now, a wetland mosaic, one of the most important in Europe, priceless for the human being. (Μουσείο Γουλανδρή Φυσικής Ιστορίας Ε.Κ.Β.Υ.,1996).

Today the delta consists of small islands along the coasts and in the delta branches are, halophytic marshes and extensive mudflats, brackish lagoons, scrubland and a few freshwater marshes. Small remnants of riparian forests border the riverbanks (The royal society for the protection of birds, 1993). 
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(http:riversedgebnb.com)

The largest of the three rivers is Axios, one of the largest rivers of Balkan Peninsula, while Aliakmonas, the second largest river of the drainage basin of Thermaikos gulf, is the largest Greek river. Loudias is most of an artificial trench rather than a natural river flowing into the area between Axios and Aliakmonas. The abundant materials that were transferred by Axios and Aliakmonas from the drainage basin have many affects on the structure of the plain round their estuaries. (Μουσείο Γουλανδρή Φυσικής Ιστορίας Ε.Κ.Β.Υ.,1996).

Among the natural beauties of Pieria a very importand wetland is extended, the lagoon of Kitros salt-pan, of 15000 acres. The piles of sand, which are characteristic for the lagoon, are created when there is an obstacle as the wind blows, for instance vegetation.
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                                                         Kitros salt-pan

                                             (Μουσείο Γουλανδρή Φυσικής

                                                 Ιστορίας, Ε.Κ.Β.Υ. 1996)      

Zones of the delta 

The delta area is divided into three zones:

· Zone A: it is the central part of the whole wetland (the delta and the seashore), where no human activity is allowed

· Zone B: it is a middle zone, where the human activities are strictly controlled in a way that any harmful effects to be purer before they reach the main wetland

· Zone C: it includes the extensive area of the plain of Thessalonica and the arable lands, which influence the wetland. In this zone the uses of the land are allowed but there must be according to the ecological rules in order to protect the whole area  

(Μελέτη καθορισμού ορίων και μελέτη διαχείρισης του Δέλτα Αξιού-Λουδία-Αλιάκμονα και Αλυκών Κίτρους 1992)
PHYSICO-CHEMICAL CHARACTERISTICS 

The estuaries of the rivers and Kitros saltpan are changeable ecosystems, so ecological factors such as salinity, temperature, flow speed, muddiness and solvent oxygen are constantly changed. Only few species have been adapted to these conditions, resulted in the species diversity and richness being at lower levels that those in the sea. 

Even the best-adapted species in the estuaries have a limited capability to adapt to the changes of the ecological conditions. When these conditions reach a high level of alteration, a great level of mortality is observed.

These conditions get worse by human activities. Factors such as locks, organic and chemical pollution have dramatically altered the biotopes of the species in the estuaries, causing   stress to them, which is added to the ecological stress.

Despite the changes of the ecological factors, the estuaries areas have a great level of biological production. This is the reason, why the species that have been adapted naturally, morphologically or ethologically to these estuaries’ conditions have great populations (Ελληνική δημοκρατία Υ.ΠΕ.ΧΩ.ΔΕ, 1996).

Salinity in the delta area is 20,1‰, pH: 8,1, dissolved oxygen concentrations 8,3 ppm. (Koukouras 1979, in Dimitriou et al. 1986). As for the river, values recorded during the period 20/4/82-23/8/82 (pH: 7,5-8, BOD: 22-92, suspended solids: 128-510 ppm, phosphorus: 0,86-2,42 ppm and nitrates: 0,12-0,32) demonstrate pollution loads from agricultural run-off, industrial and urban sewage wastes (Dimitriou et al. 1986).

CLIMATE

The climate is characterized as semi-arid (mean summer temp: 24,9˚C, mean winter temp: 6,8˚C) with reduced water surplus observed in winter (Karras 1973, in Dimitriou et al. 1986). Annual rainfall is 442 mm. (The royal society for the protection of birds, 1993). 
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VEGETATION

                                                                                                      (www.goecities.com/The                     

                                                                                                  Tropics/Shores/3361/EVROS/

                                                                                                         delta/tourismosde.htm)      

The wetland is not unvaried but consists of many habitats with different characteristics. Important parts, in these areas that exist between land and sea, have the presence of water (surface, underground, permanent, seasonable) and its salinity. These factors influence the vegetation creating different biotopes. So, there are areas with plants adapted to the sand, plants resistant to salinity, shrubbery, meadows with rushes reed thickets, aquatic plants and riverside arborescent vegetation. More than 500 flora species and subspecies exist in the area. Characteristic species of the coastal areas are Salsola kali and Xanthium maritimum, while the halophytic marshes are covered with Arthrocnemum fruticosum. Large areas along the Axios riverbanks are covered with Tamarix hampeana shrubs. The shallow lagoons and the irrigated channels are bordered with Phragmites communis reed-beds, while the river dykes are densely vegetated by Salix alba, Populus alba and Alnus glutinosa trees. Under the special conditions of the Kitros saltpan (poor soil, exposure to sun), adapted species exist, such as Pancratium maritimum, which is protected by the Presidential Directive 87/61. Another important species is Artemia salina, which can resist even high salinity conditions (Dimitriou et al.1986).

FAUNA

The various biotopes in the delta offer food and shelter to many fauna species. The most important species of the fauna are the birds. In the wetland 215 bird species have been observed.  The various areas of delta, far away from the human presence, offer ideal conditions for reproduction to many species of wild animals. Along the shore of the rivers, in the dense vegetation, live animals such as foxes, jackals, martens, weasels, birds, hares even wolves (Μουσείο Γουλανδρή Φυσικής Ιστορίας Ε.Κ.Β.Υ., 1996).

Fishes

Among the 26 fish species observed in the lower Axios river and the 30 species observed in Aliakmonas and their delta some of the most important are: Gobio uranoscopus, Cyprinus Carpio, Perca fluviatillis, Anguilla anguilla, Zingel streber, Cobitis taenia, Scardinius erythrophthalmus, Salmo trutta (Economidis & Voyiadjis 1981, 1985, Economidis 1991, Economidis, et al. 1981, ΥΠΕΧΩΔΕ 1986). These species are observed in the whole area of the rivers, but their number gradually decreases at the estuaries. This alteration is attributed not only to the gradually increase of the salinity but to the great levels of pollution at the estuaries as well. In the delta an endemic species has also been found, Rutilus macedonicus and in Aliakmonas has been found the subspecies Gobio uranoscopus elimeius. A great important fact of the delta is that in this area many fishes live in the estuaries the first periods of their lives and afterwards they immigrate to the sea. (Ελληνική δημοκρατία Υ.ΠΕ.ΧΩ.ΔΕ.  1996).

Amphibians and Reptiles

At the delta generally, there are no official studies over the number of amphibians and reptiles. The only catalogue exists is the project of Υ.ΠΕ.ΧΩ.ΔΕ. That includes the results that at the canals and trenches can be seen 7 amphibians species and 15 reptiles species (ΥΠΕΧΩΔΕ 1986). At the table that follows the results of the project are shown in addition to which species are protected by the Presidential Directive 92/43:

	Species
	Directive 92/43
	Common name

	AMPHIBIANS

Triturus cristatus

Triturus vulgaris

Bombina variegata

Bufo bufo

Bufo viridis

Rana dalmatica

Rana ridibunda

Hyla arborea

REPTILES

Testudo hermanni

Testudo graeca

Emys orbicularis

Mauremis caspica

Lacerta viridis

Podarcis erhardii

Anguis fragilis

Natrix natrix persa

Natrix tesselata

Coluber caspius

Coluber najadum

Elaphe quantorlineata

Elaphe longissima

Malpolon monspessulanus

Vipera ammodytes


	+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+
	Frog

Frog

Frog

Frog

Frog

Frog

Turtle

Turtle

Sea-turtle

Sea-turtle

Lizard

Lizard

Sea-snake

Sea-snake

Viper




The trenches are places where great populations of amphibians and the two species of the sea snakes that exist in Greece live. Amphibians, which don’t depend on the water, use the areas with natural vegetation and these are not only the two species Bufo bufo and Bufo viridis, but some frog species such as Rana dalmatica and Hyla arborea as well. The places with bushes hide the reptiles.

Mammals

The fauna of mammals has not yet been completely studied so the following results don’t represent the whole fauna of the region of the delta.

	Species
	Directive 92/43

	INSECTIVORA

Erinaceus concolor

Talpa sp. (romana)

Crocidura suaveolens

Crocidura leucodon

CHIROPTERA

LAGOMORPHA

Lepus europaeus

RODENTIA

Citellus citellus

Spalax leucodon

Cricetulus migratorius

Arvicola terrestris

Clethrionomys sp.

Microtus epiroticus

Microtus arvalis

Apodemus sylvaticus

Apodemus mystacinus

Rattus norvegicus

Rattus rattus

Mus abbotti

Mus musculus

Myocastor coypus

CARNIVORA

Canis lupus

Canis aureus

Mustela nivalis

Martes foina

Meles meles

Lutra lutra

Felis silvestris
	+

+

+

+

+

+
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                                                   Citellus citellus

                                                 (Γαιόραμα 1999)

At the zone near the seashore there are many canals created by small mammals and Myocastors. This zone is regarded as very important for the big mammals, especially for Lutra and Felis. In addition, the trenches are shelters for the small mammals, which benefits from the movements of cattle, which keep the soil without solid vegetation.

At the trenches live Myocastor, a foreign species, which has been imported for its fur from Loudia. Its length is over 1 m, and its weight 20-25 kgr. Myocastor destroys the cultures and is hunted, therefore, by the farmers just like Citellus citellus, which is considered as a vulnerable species (V).  

 Lutra lutra, Citellus citellus are vulnerable species (V) according to the Red Book of Greek Endangered Vertebrates, while Canis lupus and Felis silvestris are endangered species (E). 

Invertebrates

Among the crustacean species and other invertebrates that are included in NATURA 2000 in the delta the following species are found:

 Paleamon adsperus, Crangon crangon, Cerambyx cerdo (insect-coleoptera), Morimus funereus (insect-coleoptera), Lycaena dispar (lepidoptera), Belopus reitteri  (Thessalou-Legaki pers.comm).

 Many of these species are threatened to be extinct according to the Red Book Of Greek Endangered Vertebrates (Καρανδεινός 1992) and therefore they are under protection. Some of these threatened species are Morimus funereus, Cerambyx cerdo and Lycaena dispar.                  
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Avifauna

                                                                                     (www.goecities.com/The                     

                                                                                                  Tropics/Shores/3361/EVROS/

                                                                                                         delta/tourismosde.htm)      

Undoubtedly, birds are the most impressive part of the delta’s fauna. Approximately 215 bird species have been observed, 79 of which nestle whereas the rest winter at that area or use it as a stage (Καζαντζίδης & Αθανασίου 1992). 27 of the species that nestle are rare and under protection, while 58 of the rest of the species are under protection. 39 species are included in the Red Book of Endangered Vertebrates in Greece, such as Phalacrocorax crispus, Pelecanus onocrotalus, Plegadis falcinellus, Platalea leucorodia, Haliaeetus albicilla and Numenius tenuirostris (it has been observed 6 times since 1918!) (Καρανδεινός 1992, ΥΠΕΧΩΔΕ 1986). The avifauna mainly consists of the following species:

Ardeidae-Herons:

Herons are the most characteristic birds in the wetland, where live five of the nine species that exist in Europe, while the other four species occasionally appear or are reproduced in this area. Some of the most important breeding herons species that nestle in delta are: Egretta garzetta, Nycticorax nycticorax, Ardeola ralloides. Egretta alba used to nestle until 1989, while in 1991 it was seen nestling in colonies of Axios delta. These colonies are vulnerable to the human disturbance. (Jerrentup et al. 1988, Ελληνική Δημοκρατία, Υ.ΠΕ.ΧΩ.ΔΕ., 1996).
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 Egretta garzetta                                                            Nycticorax nycticorax                    

      (Γαιόραμα 1999)                                                             (www.imperial.cc.ca.us/

                                                                                                                     birds/bcnheron.htm) 

Ardea purpurea and Ixobrychus minutus mainly nestle at the reeds along the trenches of Axios and Aliakmonas rivers. Ardea purpurea is observed in colonies and a great number of this species is present at the reeds of Aliakmonas. Ixobrychus has remarkable numbers of individuals as well and for the first time in Greece a couple of Bubulcus ibis was observed, which is observed occasionally in the area (Goutner et al. 1991). 
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                                                                Ixobrychus     

                                                     (www.minenv.gr/frame.html
                                                 ?20&0&6&/5/51/5101/g5101.html)

Ardea cinerea pays many visits to the area especially in winter but it doesn’t reproduce at the delta for the last ten years, whereas Botaurus stellaris is observed rarely especially in winter. (ΥΠΕΧΩΔΕ 1986).
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Phalacrocoracidae:

                                                                                                      Phalacrocorax

                                                                                                                 (http:museum.nhm.uga.edu/              

                                                                                                           pub/ birdphotos/CORMDOC2.JPG)

At the delta are reproduced species such as Phalacrocorax carbo and Phalacrocorax pygmeus. The population of Phalacrocorax pigmeus, which is endangered species (E) is not great and probably appears occasionally at the delta mainly in winter. Greece is the only country of E.C. where Phalacrocorax pigmeus nestles. It used to nestle in the delta until 1989, while by 1990 stopped nestling at the delta but it still winters there in great populations Phalacrocorax carbo nestles in greater numbers in colony and the population in winter has lately increased. This fact can be a problem for the fishery interest and should be taken into serious consideration (Ελληνική Δημοκρατία, Υ.ΠΕ.ΧΩ.ΔΕ., 1996).

Threskiornithidae:

Both of the representatives of this family, Platalae leucorodia and Plegadis falcinellus (the most important breeding colony in Greece, Jerrentrup et al. 1988), nestle in the delta but probably not every year (Ελληνική Δημοκρατία, Υ.ΠΕ.ΧΩ.ΔΕ. 1996).

Anatidae:

Few species in small populations are reproduced at the delta. One of the most important endangered species is Aythya nyroca, which has been observed in vegetated channels along Axios. Of national interest is the presence of Tadorna tadorna, which nestle in small populations in Kitros saltpan and at Aliakmonas delta (Ελληνική Δημοκρατία Υ.ΠΕ.ΧΩ.ΔΕ 1996).

Rallidae:

This group includes some important species such as Rallus aquaticus and Porzana parva that nestle in the reeds of the trenches, which have been created from the material abstraction in order to create the dykes of Axios. (Ελληνική Δημοκρατία Υ.ΠΕ.ΧΩ.ΔΕ 1996).

Charadriiformes:

The Axios-Loudias-Aliakmonas delta is an important area for the sea gulls and generally the birds that live near the water. Because of the diversity of the biotopes and its location, the delta supports many species in large numbers not only for nestling but for immigration as well. Important reproductive species with populations of international importance, but limited allocation in the national land, are the following:

Himantopus himantopus, Charadrius alexandrinus, Larus melanocephalus, Larus genei, Gelochelidon nilotica, Sterna hirundo, Sterna albifrons, Numenius tenuirostris, Numenius arquata, Haemantopus ostralegus, Recurvirostra avosetta.

[image: image13.png]



Recurvirostra avosetta.

                                                  (Γαιόραμα 1999)
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Larus melanocephalus at Axios

                                               (Μουσείο Γουλανδρή Φυσικής

                                                   Ιστορίας, Ε.Κ.Β.Υ. 1996)      

The reproductive population of Charadrius alexandrinus is the largest in Greece.  Large numbers of waders occur and the delta is the third most important site in Greece for Numenius tenuirostris. The number of wintering wildfowl, formerly reaching 140000 birds, has recently declined. The Hoplopterus spinosus species, rare in Europe, has been observed few times in the river and at the estuaries of Aliakmonas, where is its more suitable biotope (Hellenic Ornithological Society 1992).

Falconiformes and Accipitriformes:

Especially during the winter, the natural zones of the delta and the areas that contain the cultures are important as feeding areas of passing and wintering raptors. As far as the reproductive species concerned, only Circus aeruginosus lives at reeds along the estuaries of Aliakmonas. Accipiter brevipes, Falco subbuteo and Falco tinnunculus nestle at the vegetated shores of the rivers. At the delta also nestle species such as Aquila pomarina, while Buteo buteo, Buteo rufinus, Pernis apivorus, Falco naumani and Circaetus gallicus use the plains of the rivers and the delta as an area to find their preys. 
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                 Buteo                                                                             Falco             

     (www.minenv.gr/frame.html                                                 (http:animaldiversity.ummz.umich.                                              

?20&0&6&/5/51/5101/g5101.html)                                            edu/accounts/falco/f._peregrinus)

During the immigrated period other species are observed such as: 

Aquila heliaca, Pandion haliaetus, Falco biarmicus, Falco vespertinus (in large numbers), Circus cyaneus, Circus pygargus, Circus macrourus and Buteo lagopus. Typical wintering species are: Falco peregrinus, Falco columbarius and sometimes Aquila clanga and Haliaeetus albicilla visit the area. (Καζαντζίδης 1998, Jerrentrup et al. 1998, Grimmett & Johes 1989, Hellenic Ornithological Society 1992, Ελληνική δημοκρατία Υ.ΠΕ.ΧΩ.ΔΕ, 1999, Ελληνική Δημοκρατία Υ.ΠΕ.ΧΩ.ΔΕ 1996).
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         Haliaeetus                           Aquila                                       Circus

(http:museum.nhm.uga.edu/      (www.buteo.com/geagle.html)          (www.buteo.com/nharrier.htm)

pub/birdphotos/EAGLETR.JPG)

Phoenicopteridae:

An increasing colony of Phoenicopterus ruber has been observed in Kitros saltpan. A population of 920 individuals was assessed in Kitros saltpan in 1996 while at the same time another group of 190 birds was observed looking for food at Aliakmonas delta. These species live mainly in lagoons with great salinity but also they visit shallow lakes with fresh water and are fed by Artemia salina.(Ελληνική Δημοκρατία Υ.ΠΕ.ΧΩ.ΔΕ 1996).

Bovidae:

At the estuaries of Gallikos River the last herds of buffaloes of Greece live. Buballis buballis can live in areas of high temperature, while it can sustain the cold and is not easily affected by diseases. In addition, it can eat more plant species than the other cattle. Its proper biotopes are areas with water where it can regularize the temperature of its body. In Greece while in the 1950’s there were approximately 100000 buffaloes, today their number is less than 1000, which live in the wetlands of Macedonia and Thrace. This decrease began in the 1960’s when there was an alteration in the way of living at the country and it was then that the great reclamation works, especially the drying of the great watery lands, took place in addition to the consumption of their milk and the use of their skin. In Greece there is no control over the trade of the products of buffaloes. The result of this decrease is that the buffaloes are considered to be threatened species. The past few years some programs have been made by the Greek state and E.C. in order to protect the threatened species.  

More species

Until 1989 the most important colony of Larus melanocephalus in Europe used to nestle in Kitros saltpan. Some reasons (probably the hydrologic changes in the lagoon) made the birds abandon the colony.

Also, one can find in the delta many swans and horses (approximately 120), especially in Axios river. 
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                                                                                                 Cygnus

                                                                                                   (http:sunsite.ee/animals/Linnud/

                                                                                                                    liindex.htm)

 All these species are protected by the layout of 92/43 of the European Community.

HUMAN ACTIVITIES AND THEIR CONSEQUENCES IN THE WETLAND

Agriculture
The greatest areas between the rivers have given to cultivation. The irrigated system that has been constructed has led into the cultivation of lands even if they are not suitable for cultivation. Only in few areas near the estuaries at the seashores, where the salinity is high, cultivation was not permitted. The main cultivations are rice, corn and cotton. The cultivation on each field depends on the sensitivity of the fields (the smaller the distance from the sea is the more sensitivity there will be), but also the decision of the farmers, judging by the financial profit, plays a great role (Γεράκης κ.α. 1988).

The Axios’ plain produces more than the 70% of the Greek rice production. In spring the rice-cultures are flooded after the planting of the sprouts, so that the plants would reach a proper height until their reaping in September. It is in spring when the birds are reproduced and use these cultures as an artificial swamp, ideal for nestling. However, at that time the cultures are full of pesticides, threatening the existence of the birds (Γαιόραμα 1999).

[image: image21.png]P



[image: image22.png]



                    rice-culture                                               flooded rice-culture 

           (Μουσείο Γουλανδρή Φυσικής                                    (Γαιόραμα 1999)

               Ιστορίας, Ε.Κ.Β.Υ. 1996)      

The last past years, a shortage of water has resulted in the replacement of the rice-cultivation with other ones. Occasionally, even today, the agricultural land has been extended having negative effects on the remnants of forests along the rivers (Καζαντζίδης 1998).

Nearly all the area around the delta is crossed by roads, where there is heavy agricultural equipment, doing harm to the nature of the delta. (Μελέτη καθορισμού ορίων και μελέτη διαχείρισης του Δέλτα Αξιού-Λουδία-Αλιάκμονα και Αλυκών Κίτρους 1992).

Livestock

The livestock is divided into two branches:

· The livestock of families (small number of animals per family)

· The professional livestock, which includes the animals being fed at the beds and deltas of the rivers 

(Ελληνική δημοκρατία Υ.ΠΕ.ΧΩ.ΔΕ, 1999).

The livestock is intensive in Axios delta. There are sheepfolds, in few of which are the last buffaloes in Greece (Γεωργούδης 1993), cows, horses and some goat-sheep. Their presence in addition to the grazing has resulted in the destruction of the colonies and nestles of sea gulls, Himantopus and Charadrius. Also, the construction of many stables, which are built without any plan, has bad effects on the natural habitats, especially in the areas with bushy or arborescent vegetation (Καζαντζίδης 1998).

However, in the past few years the extensive agriculture has decreased the livestock.

Fisheries

The delta offers financial support to over a thousand of fishermen, as it is one of the most significant fishing-areas in Greece. A great number of shellfish cultures are located eastern than Axios River, while a great number of fishing boats (for open sea) is harbored near the delta (Dimitriou et al. 1986, Hellenic Ornithological Society, 1992). There are five natural and artificial small ports.

 The special favorable circumstances brought up by both the fresh and salt water, and the nutrients ended in, led into the shell cultivation, especially the mussel-cultivation that represents the 90% of the whole mussel-production in Greece. Approximately, 20.000 tons of mussels are produced annually. All the materials ended in Axios enrich the water. So, due to eutrophication they make the mussels grow in half the proper time. These actions’ character is domestic and the number of people involved with these cultures is gradually increasing. Even though they are not considered to be harmful for the environment, significant boundaries should be set in these areas, so that the cultures will be limited in a specific area. The delimitation of areas for oyster culture and their operational parameters will be determined after the elaboration of a relevant study. Such areas have been delimited in the Presidential Decree layout where oyster culture activities take place. This delimitation was based on the location of the present oyster culture facilities. The legislative framework applied in the specific issue consists of the regulations of article 24 of the Law 1650/86. According to this article appropriate areas for rural use can be characterized as Development Productive Zones (ΖΑΠΔ) (Μουσείο Γουλανδρή Φυσικής Ιστορίας Ε.Κ.Β.Υ. 1996, Γαιόραμα 1999, Ελληνική δημοκρατία Υ.ΠΕ.ΧΩ.ΔΕ, 1999).

The major problem caused by these activities is the destruction of the seashores due to the construction of the fishermen’s shelters. In these areas birds are reproduced and find their food and occasionally they are transformed into roads and rubbish dump. Also, the fishermen’s different kinds of nets along the rivers have influenced not only the nests of the sea gulls but also the fishes, which are very sensitive to fishery (Καζαντζίδης 1998).
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                                                                    this way of fishing is prohibited when it 

                                                                        occupies the whole flow of the water 
                                                                                        (Μουσείο Γουλανδρή Φυσικής                                                                                                                                                                

                                                                                            Ιστορίας, Ε.Κ.Β.Υ. 1996)      

Water abstraction 

Intensive water pumping during the summer months for irrigating purposes in the delta area as well as in former Yugoslavia reduces the freshwater flow in the lower parts of the Axios river, while the consumption of water by the industries makes the situation more serious. Rice fields require much irrigated water, which is provided by the river through a system of irrigated channels. A problem that results from this situation is that, the water is usurped by many users, who plan and carry out construction without taking into consideration the needs and perspectives of the others (Ελληνική Δημοκρατία, Υ.ΠΕ.ΧΩ.ΔΕ. 1996).  The increased salinity of the water and, occasionally, the complete drying up of the delta have unknown impacts on the fish populations upon which many birds depend (Καζαντζίδης 1998).

A recent, project of   Ε.Κ.Β.Υ., has shown that the problem can become less worse if we make the irrigated system more effective, so that not only  more water will remain in Axios bed but the natural functions of the delta will be less disturbed as well (Μουσείο Γουλανδρή Φυσικής Ιστορίας, Ε.Κ.Β.Υ., 1996).

Flood controls

Water-regulating works does not accompany the flood controls in the Greek rivers on the mountains (reforestation, diversion of the mountain torrents). As a result, the solid-supply of materials at Axios increases, so the level of the bottom is lifted. Thus, there is always the danger of destroying floods, especially in case it rains, just like the one that happened in the central Macedonia in November 1979 (Γαιόραμα 1999).

Dredging

Sand abstraction was legally permitted in well-defined areas in the Axios River (Dimitriou et al. 1986) but illegal dredging occurred regularly. In 1988 and 1989, the vegetation was burned and sand was subsequently extracted from two islands in the riverbed, thus causing their total destruction (Pyrovetsi 1990). The event was reported and the authorities decided to forbid sand extraction in the Axios River in summer 1989. In 1/1/1992 the restriction was extended for the entire Prefecture of Thessalonica. Unfortunately, all these decisions and restrictions did not prevent the complete destruction of another island in the Axios River in July 1992. 

If continued, this activity will result in the total degradation (functional and aesthetic) of birds’ habitats, as it makes corrosion and flood more probable. (The royal society for the protection of birds 1993, Γαιόραμα 1999).

Hunting

Hunting in the Axios delta is very intensive even within the non-hunting zone (zone A) (Pyrovetsi 1990, Kazantzidis & Athanassiou 1992) thus threatening directly roosting and foraging birds species such as pelicans. Hunting activity often occurs at night with boats and many endangered species have been found shot in the area (Kazantzidis & Athanassiou 1992).

In order to protect the fauna a great part of the area has been regarded as Game Refuge (Μουσείο Γουλανδρή Φυσικής Ιστορίας Ε.Κ.Β.Υ.,1996). This game refuge exists in the Axios delta is occasionally enriched with Phasianus spp. (Καζαντζίδης 1998). However, despite this existence, there are still poachers especially at the delta (Ελληνική δημοκρατία Υ.ΠΕ.ΧΩ.ΔΕ, 1999).

Disturbance

The construction of illegal settlements was initially linked with the development of mussel cultures along the eastern coast of Axios delta and the installation of stables in the delta area. However, lately, there is an increasing construction of summerhouses and taverns (RED ALERT Project 1992a). If this trend continues, the area (which in fact lies within the zone A of the 1986 delineation study of the Ministry of Environment, and within the non-hunting zone) will soon be transformed in a major tourist resort. The disturbance and pollution that are inevitably linked with tourist development will most certainly cause the abandonment of this formerly natural site of many species (The royal society for the protection of birds, 1993). 

Pollution

The Axios river is the recipient of agricultural run-off from adjacent cultivations, while unknown quantities of pollutants are discharged by industrial units and urban centers based along its course in former Yugoslavia (Dimitriou et al.1986). The Axios River is heavily polluted by fertilizer and pesticide residues (Albanis 1991), which lead to eutrophication, while heavy metal concentrations in the delta have also reached high levels. This contamination may induce a reduction in birds breeding performance through eggshell thinning. It therefore becomes apparent why pollution of the Axios River can have direct impacts on the species (The royal society for the protection of birds, 1993). This pollution load bears direct effects on the wetland ecosystem and especially the fish, upon which many birds depend (Hellenic Ornithological Society 1992).

Moreover, the contamination of the sea by the producing petroleum ships can’t se omitted, which affects the quality of the waters (Μελέτη καθορισμού ορίων και μελέτη διαχείρισης του Δέλτα Αξιού-Λουδία-Αλιάκμονα και Αλυκών Κίτρους 1992).

Last but not least, the dung must be considered as a cause of pollution to the delta. 

The flowing of the rivers depends on many factors, such as sinking and underground flow. The seasonal differences of these factors affect both the flowing rhythm and the concentration of the polluted factors in the waters of the rivers. The pollution of the chemical factors rifles on the human activities, while BOD shows high levels during the summer months (Γανίδου 1999).

As for the sewage treatment system of the town of Thessalonica, the original idea of discharging the untreated liquid wastes into the Axios River has been postponed (Hellenic Ornithological Society 1992). Instead, 30% of the liquid wastes of the town are partially treated to a satisfactory level of purification and the effluents are discharged into Thermaikos gulf. In the nearly future, it has been proposed, 100% of sewage wastes to be biologically treated, and afterwards dispersed, into the sea (Ελληνική δημοκρατία Υ.ΠΕ.ΧΩ.ΔΕ, 1999).

As far as the cultivations and fertilization are concerned, an appropriate management study has been proposed. One of its aims will be the definition of the type and the intensity of cultivations so that both the minimization of the negative effects and the maintenance of the fields’ productivity will be achieved.

WATCHING THE POLLUTION ON THE SURFACE
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                                                            the points that samples are taken in Greece

                                                                                          (www.minenv.gr/frame.html)

In the whole Greece samples are taken every month from 150 different points of rivers and lakes and analyzed at the laboratories of Υ.ΠΕ.ΧΩ.ΔΕ. The results are assessed and the proper improvement measurements are put into practice. Moreover, a station of constantly watching the quality of waters of Axios has been constructed at the border with former Yugoslavia. The parameters counted are pH, temperature, conductivity, oxygen, and muddiness and there is an immediate informing of the Prefecture and Υ.ΠΕ.ΧΩ.ΔΕ., when these factors are over the normal levels. 
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                     the station at Axioupoli that measures the quality of Axios’ waters                                                                                                                               

                                                         (www.minenv.gr/frame.html
                                                      ?20&0&6&/5/51/5101/g5101.html)

THE PRODUCTIVE PROCEDURE IN KITROS SALT-PAN

The saltpans are rare semi-artificial ecosystems, unique as far as their architecture is concerned. Their function is based on the simultaneous use of four natural factors:  the sea-water as the most important factor, the impenetrable clay soil, the solar energy in addition to the energy from the wind, which increase the evaporation and crystallization of the salt. 

The construction of a productive saltpan presupposes the following natural factors:

a) A beach of great extension and proper soil of low penetration

b) Proper meteorological conditions for salt production, such as the water evaporation, rainfall, temperature, atmosphere’s moisture and diversion of the wind

 Kitros saltpan has been fully mechanized. The seawater constantly offers water to the saltpan during the cultivated period by pump-houses. The annual salt production is 15-20000 tons (Μουσείο Γουλανδρή Φυσικής Ιστορίας Ε.Κ.Β.Υ., 1996).

PROTECTION STATUS

Due to the variety and priceless value of the delta Axiou-Loudias-Aliakmona, it has been considered in 1974 as one of the 11 Greek wetlands, which are protected on international level by the Ramsar Convention. The great importance of these areas combats with the avifauna.

On National and Regional the Game refuge protects level the delta. 

The Bern Convention protects many amphibians, reptiles, mammals and bird species, which live in delta. 

Of the species that are observed in the delta, 65 species populations are gradually decreased in Europe and included in the Directive 92/43 of European Community and the Red Book of the Threatened Species. The symbols that are used by the Red Book for the species are the following

E= Endangered

R= Rare

V= Vulnerable

T= Threatened

In addition, in delta there are threatened species. So, the delta is one of the most important habitats in Europe for the birds and for several other species and it has been included into the scientific catalogue, Natura 2000 (Ελληνική Δημοκρατία, Νομαρχιακή Αυτοδιοίκηση Θεσσαλονίκης).

This protection status aims at

1. The protection of the nature in the delta

2. The exhibition of the area

3. The informing and the sensitivity of the authorities and public about the ecological values and functions of the delta in addition to the necessary actions in favor of its protection

The benefits of these actions are to be

1. The good management of the area

2. The capability of the local habitats to involve actively with the protection of the nature

3. Informing both of the public and the authorities about any resultant problem and the improvement of the presuppositions in order to protect the area

The aims of this protection status are about to cost of 191.500.000 dr. (ΥΠΕΧΩΔΕ, Ελληνική Εταιρεία Τοπικής Ανάπτυξης και Αυτοδιοίκησης, Ε.Κ.Β.Υ.)

When Yugoslavia still existed as a whole state, there was a Convention with Greece about the minimum amount of the water that was to flow into Greece. Unfortunately, this convention is no longer in valid. The disagreement between the two countries about the use of the name of ‘Macedonia’ resulted in the supply of tributaries of Axios in FYROM with water and electricity, without informing Greece. In the years follow, irrigated locks have planned to be constructed, which will store billions of cubic meters of water. In addition to this fact, irrigated constructions in Axios plain are under discussion in Greece, the most important of which is the construction of the lock in Megalo Rema. All these activities will cause the disturbance of the ecological equivalence of the Ramsar deltas and the impossibility of Axios to be a river afterwards. Therefore, Axios is in danger to be no longer existed in few years time (Γαιόραμα 1999).

It must also be mentioned, that the areas around the estuaries are of great importance for avifauna. Thus, these areas are under serious protection and there are the strictest restrictions on the use of land (Ελληνική δημοκρατία Υ.ΠΕ.ΧΩ.ΔΕ, 1999).

SUMMARY
 Axios River is among the largest in Balkan Peninsula embanked with retaining dykes along its whole length. Strips and islands of reverie forests are interspersed with reed beds. Very important for the wetland, especially for the avifauna, are the reed beds with Phragmites australis occupying stagnant or slowly flowing waters of fluctuating depths and fringing lagoons and artificial ditches. Reed beds also grow along the banks of Loudias River. In canals, rice fields and fresh water bodies of natural origin or man-made a particularly important for the wetland rooted, submerged aquatic vegetation (Myriophyllum spicatum, Ceratophyllum spp.) is growing. Rich communities of mussel beds colonize seawaters of depth 1-10 m. 

Reverie forests and to some extent poplar plantations are very important as a breeding, feeding and resting ground for birds. The fish fauna of this ecosystem includes some interesting endemic taxa. The habitat diversity is one of the main characteristics of the delta formed by the rivers Axios, Loudias and Aliakmonas. Though of reduced significance now, it still supports a diverse bird population including endangered and rare species. The delta is important for migratory birds as a wintering and resting station. Also, it is a breeding site for a significant number of bird species. Rice fields occurring in the delta are used as feeding places by birds. Parts of the delta and the rivers, as well as sea water of depth less than 6 m serve as spawning ground for fish populations of Thermaikos gulf and N.Aegean Sea. The abundance of nutrients and small depths of waters favor shell aquacultures.

Water flow in Axios has decreased due to abstraction of water in FYROM. Water quality is also seriously threatened by the use of fertilizers and industrial wastes mainly from industrial activities in the neighboring country. Among the human activities in the site, sand extraction is included. In 1988 one of the most important heronries was completely destroyed by local people. There are several villages in the vicinity of the river and land reclamation for agriculture becomes a serious threat. Drainage for agriculture, livestock farming, and illegal hunting have some serious impacts on the wetland. Industrial wastes and the use of fertilizers, leading to eutrophication, seriously threaten water quality. The over pumping of underground waters for irrigation purposes causes salinity problems to the soils. The delta is also seriously threatened by Thessalonica’s sewage system that ends there. The construction of a motor-racing circuit must be also mentioned.

All these activities have resulted in the wetland’s extension now being 70% smaller of its former extension and the natural function of the rivers has deteriorated. The future of the wetland depends on human will from now on.
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