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KERKINI

Kerkini, one of the most important wetlands in Europe, is a large artificial lake, situated in central Macedonia and fed by the Stymon river. Kerkini is used for irrigation and flood control, while well forest mountains ( Beles, Krousia ) surround it. These wetland and mountain ecosystems are of great national and international importance. It supports rich bird populations in terms of both species and diversity, including rare and endangered species. The wetland is very important as a feeding ground for birds of prey nesting in the nearby forests, as a wintering and intermediate station for migratory birds, as well as a breeding area for a large number of other birds. The increased biological productivity, the existence of rare plant species and also rare and diverse fauna (fish, mammals, amphibians, reptiles) increase even more the ecological value of the site.

Kerkini through time
24 millions ago, intense tectonic activity gave rise to the surface topography of that later to be called the Northern Aegean area. The slow unceasing uplift of rock eventually gave birth to the major features of the area, where Kerkini is now placed. Among them, two mountain chains stretched from the northwest to southeast, separated by a large depression. Along with the mountains a river was born called into being to carry rainwater and melting snow, fed by countless rivulets, small streams and torrents. Millions of years later humans would give the river the name Strymon.

Since then, through the action of many forces, the topographic features of the area assumed the forms with which we are familiar today and the ecosystems therein acquired their basic configuration. However, the morphogenesis and evolution of habitats in the northern corner of the basin, where lake Kerkini is located today, is a gift of the river.

After many geological and climatic changes, in the end of the last European glacial episode that marked the beginning of the Holocene or Recent epoch, 20,000 years ago, a vast lake, fed by the melting glaciers that had covered the higher elevations of the Rhodopi mountains, occupied the lower parts of the Serres/ Strymon basin.

During Classical and Hellenistic times, the huge interglacial lake had been reduced to two smaller, separate ones. Historians of that era first mention the name Kerkini, calling the large lake to the South «Kerkinitis»(although this name was known in mythology, Bartzoudis,1993). The much smaller one in the northwestern corner of the basin, they called Prassias.

Several Thracian tribes inhabited the wild lands of the Serres/Strymon basin, until they were subjugated or displaced by the expanding Macedonians in the 5th century BC. Among them the Visalds abode in the valleys of Mount Dysoron, the  Edones to the east of Strymon and several clans of the Peones in the interior, around Siris (later day Serres), lake Prassias and the upper Strymon basin (Petrou, 1995).

Since then, many historians and writers have referred to this area and its rich flora and fauna. The lakes and marches of the Strymon were fabled for their wildfowl. A coin of  the Visaltes depicting a crane has been found and the wild goose was a common emblem of Edonian coinage. Fish were so plentiful that the locals «...gave them for fodder to their horses and beasts of burden». Herodotus mentions two kinds of fish in lake Prassias «paprakes» and «tilones», both so abundant that «... if a man lets an empty basket down by a line into the lake, it is no long time before he draws it up full of fish...».

For long ages the people lived in harmony with the wetland. The lake and the river provided fish and wildfowl, various raw materials and water for cropirrigation. Human intervention was always small-scale and the lack of technical knowledge meant that their influence on the landscape and habitats was negligible.

Continuing active deposition by the Strymon further reduced the size of the lakes, creating large expanses of marshes and occasionally flooded areas. The northern one was quite small, occasionally drying-out completely. During the years of Ottoman occupation it became known as lake Butkove and was later renamed Kerkini; the southern lake was named Achinos.

By the turn of the 20th century a complex unstable system of small lakes and extensive freshwater marshes covered most of the lower parts of the Serres basin. The river Strymon entered the basin from the north through the narrow ravine of Klidi (Ruppel). Upon exiting the defile, it formed a large alluvial fan, covering an area of 180km2. There it spread out, with several channels meandering towards the southeast, supplying water to lake Kerkini. Downstream from Kerkini, the river turned to the east, forming a permanent bed, until finally, it emptied into the shallow lake of Achinos.

Both lakes, but mainly the larger Achinos, trapped the flood waters and almost all of the suspended materials carried by the river. This explains the inability of the Strymon to form a delta at its mouth in the bay of Orphanos, in marked contrast to all other rivers in eastern Greece.

The river served as a virile, undisciplined, sometimes violent artery of life to the ecosystem, causing constant habitat modification in accordance to changes in its water level. During flood periods the lakes increased in size and the marshes often extended to the foot of the hills. Surrounding meadows and forests were flooded, the water found or cut new channels and aquatic vegetation spread and grew in profusion. During periods of drought the lakes diminished in size, water flow was restricted to few beds and the marshes dried out, leaving behind fertile soils.

Constructions to improve the agriculture in the Serres/Strymon basin

The wide variation in the water level described above urged the dwellers to intervene and change the physiognomy of the area. The first structures were small barriers (dykes) that were reinforced with plantation of willow and combined with trenches.

One more ambitious attempt during the Ottoman occupation was that of the clever and efficacious landowner Chatzi-Tachir Bey, who after consulting European engineers formed a plan that included the drying of the Achinos lake and the  encasement of the Strymon. This plan, although very enterprising, didn’t become real, because of the sudden death of its inspirer.

Another attempt was made after the end of the Balkan and the 1st World War, when the Greek State charged the British engineer S.J. Kenry with the realisation of a study concerning the making worthy of the East Macedonia. This plan was approved by the Greek State, but the economical chaos of the time didn’t allow its realization. (Bartzoudis,1993)

In the early 1920s dramatic events occurred in the greater area of the Balkans, events that would bring about direct and far reaching changes for the Strymon/Kerkini ecosystem.

After the liberation of Macedonia and Thrace from the Ottoman Empire came the dramatic aftermath of the 1922 debacle in Asia Minor, as a result of which more than one and a half million refugees flocked into Greece. Of these, approximately 85,000 refugees settled in the Serres area between 1922 and 1928, some in the city of Serres but most in the villages of the basin.

Living conditions in the marshy areas were minimal. The river, lacking a natural reservoir upstream of Lake Achinos to contain its floods, wreaked havoc on crops and property and diseases were rampant. Between 1923-1924, almost 20% of the refugees settled in the Serres plain died, mostly from malaria, the scourge of rural Greece during the first part of the twentieth century. Taking into account all the above, it wouldn’t be an exaggeration to say that the refugees and the malaria were the main factors that led to the realization of all the great structures that improved the life and the agriculture in this area (Bartzoudis,1993), in other words, drainage and land reclamation schemes were rapidly put into effect.

In 1928, the New York  firm of John Monks-Ulen & Co was contracted to plan and execute the works that would turn the Serres plain «... from desolated, an unhygenic region... into thousands of acres of fertile fields... ».

The project pivoted on the creation of an artificial reservoir in the area of the small lake Kerkini that would contain and control the floodwaters of the Strymon, thus facilitating the drainage of Lake Achinos and its peripheral marshlands. It also included alignment and diking on the Strymon bed, both upstream and downstream from Lake Kerkini, and extensive canalization, drainage and flood control works in the rest of the basin.

Using the finest technical means available at the time, including pull-shovels, drag lines, huge winches, floating dredges and a small locomotive to transport excavated material, Monk-Ulen managed to complete the works within an amazing six years.

The dam was built across the Strymon near the village of Lithotopos and was complete in 1932. A 7,5km long embankment, built to a height of 33m above sea level (a.s.l.), formed the eastern boundary of the lake-to-be. In effect, the creation of the new, man-made Lake Kerkini and drainage of Lake Achinos transferred the hydrological functions of the fluviolacustrine system from the southern part of the basin to the northern. The lake now absorbed flood discharges of the river and retained all the suspended material. Water level fluctuated between 25m a.s.l., with a corresponding surface area of 3km2, and a maximum of 32m asl, at which level the lake covered 85km2.

In the decades that followed, heavy sedimentation reduced the capacity of the lake, while subsidence threatened both the dam and the eastern dike. In 1952 the dike was raised to 34m a.s.l. and the dam foundations were strengthened.

In the following years many greek organisations undertook the completion and maintanance of the dam. Each one of them contributed positively or negatively to the creation of the present situation.(Bartzoudis,1993)

The dramatic transformation of the Lake Kerkini ecosystem by human intervention between 1930 and 1970 caused a serious negative impact on the wetlands and the wildlife they supported. Fortunately remnants of previous habitats survived in the periphery of the lake and developed into a varied littoral zone. In addition the significant seasonal variation in water levels, water depth, extend and duration of the flooding along with nutrient inflow and continuing sedimentation by the river provided new niches that allowed considerable recovery.

The reservoir had proved unable to cope with the disastrous floods that struck the Serres plain in 1955, 1957 and again in 1962 and 1963. By the mid 1970s estimates showed that siltation had reduced its capacity by almost 50% since 1952.

At the same time water demands for irrigation increased drastically as the cultivated lands «exploded» from 6,000ha in 1950 to 58,000 ha by 1980. State planners started formulating the second set of works, designed to increase the lake’s capacity.

At that time, the world’s-wide trend was to exploit natural resources to the maximum, with little concern for future consequences. There was little thought spared for the possible impact of proposed changes on the habitat functions and wildlife of Kerkini, since the only goals was to meet the irrigation demands and achieve better flood control.

Construction of the new works during 1982 resulted in large scale damage to the habitats, mostly upstream of the lake, from several displacements of the river bed, diking and land reclamation. Wet meadows were drained and the precious forest was obliterated, converted into fields. The pitiful remnants left standing around the Strymon delta covered only some hundred hectares. 

Upon completion of the dam and the elevation of the dykes the mean and extreme water levels gradually increased over a period of few years. The minimum level increased up to 31,5m asl and stabilised. The maximum level on the other hand, kept creeping upwards, as the cultivated acreage in the plain increased. Even though it seemed to be stable around 35m asl for a few years, by 1990 it had reached 35,6m asl, only to jump to an unprecedented 36,4 in 1995, with disastrous consequences for birds and floating-leafed vegetation.

In practical terms, depth and duration of flooding increased and the annual water level range now exceeds 5m. All land up since 1986. Land lying above 33m asl that was ever flooded before 1982, now remains submerged for more than 5 months every year. Furthermore, the area of shallow water in the winter has increased from 2,100 to over 2,800ha, as the former mudflats are now permanently under water. During the summer, shallow areas have been reduced from 2,400 to less than 600ha. After 1991 the water at peak level floods some of the reclaimed fields around the former course of the Strymon.

Those radical changes in habitats, caused by the new hydrological regime, severely impacted plant and animal communities (Petrou,1995).

Protection of Lake Kerkini

The rich biodiversity (see below) of the lake and especially the bird populations have contributed to its recognition of the Ramsar Convention. Specifically, Lake Kerkini is protected by the following Conventions and  EEC directives:

· The Ramsar Convention: Kerkini is one of the 11 wetlands that Greece had declared with the deposition of the document of this convention’s confirmation

· The Bern Convention: almost every species found in Kerkini are contained in the Annexes I and II of the Convention

· The Bonn Convention: many of the migratory birds that are found in the lake are contained in this Convention, that is not confirmed by Greece, but is a part of the EEC law

· The Barcelona Convention: the lake is considered Special Protection Mediterranean Area(SPA), but its boundaries are not yet defined.

· The Council directive 79/409/EEC: In 1988 the Greek government declared the 11 Ramsar wetlands as SPA, even if an important number of birds that are found in the lake are contained in the protected species of the directive

· The Council directive 92/43/EEC: Lake Kerkini is contained in the national list for Natura2000, without the matter of its acceptance by the Committee as European interest  biotope, since it’s already recognised as SPA and Ramsar wetland

· The ΝΔ 86/1969 and the ΝΔ 86/1969 for forbidden and harmful preys, and the ΝΔ 1335/83 that covers the wildlife species under severe protection.

· The articles 18-22 of the Ν.1650/1986 (Stambologlu, 1998)

 On 7 July 1993, a Joint Ministerial Decree was issued, establishing the delineation of the wetland and the zoning of activities.(Papayiannis and Montemaggiori, 1996)

Present Situation and climate

At present Lake Kerkini is roughly pear shaped with its apex at the dam near Lithotopos. It is approximately 15km long and its maximum width, when full, reaches 8,5km. A rather deep (5 to 10m), permanent pelagic zone occupies the southern part, while the northern part, including the Strymon delta is seasonally flooded.

Each year, as the water is used to irrigate crops and the flow of the Strymon is reduced, its level falls to a minimum in late summer or fall. The physiognomy of the lake changes completely as the whole of the delta area is exposed. It is indeed very strange to be able to walk among the bare trees of the forest, seeing last year nests high up in the branches and knowing that, come spring, only the very tops of the trees will be visible, approachable solely by boat. In recent years siltation is beginning to re-establish an area of mud-flats around the mouth of the river that are exposed at low levels. In late fall of 1994 it was possible to drive a vehicle well beyond the last trees of the forest in a solid ground.

During the winter the gates at the dam remain open and the river merely flows through the reservoir. At that time water is present only in the pelagic zone. The gates are usually closed some time in February and the water gradually rises until it reaches its maximum level, between late may and June. It has been estimated that water is completely renewed 13 times each year.

It is clear that the hydrological functions of Lake Kerkini changed considerably after the completion of the new works. Until 1982 the wetland assumed the functions of a fluvial system with its floodplain during the winter, and those of a lacustrine system more or less throughout the year, since the pelagic zone retains deep water during the winter.

The water is turbid and has a high alkalinity (pH 9 at the surface and 7,5 at the bottom). Because of the high concentration of phyto- and zooplankton and water «blooming» during the summer months, the lake is considered eutrophic. However, this happens only when the water level is low, the gates are still closed and water flow from the Strymon is minimal. The continuous renewal of the water probably prevents the establishment of permanent eutrophic conditions that would be damaging to the wildlife.

The climate of the region is intermediate between mediterranean and continental, with warm summers and cold winters. The maximum difference between mean monthly temperatures, between seasons, is greater than 20oC. The warmest period (May-June) is also the driest one. Precipitation during the year is not large, ranging from 300-500mm. Rainfall over the lake is mostly intense and of short duration. Sudden squalls are quite common and most of the fishermen have stories to tell about the abrupt weather changes and the treacherous moods of the lake. Mist and fog are fairly common around the lake from late October to early March, shrouding everything in a pale cocoon.

Freezing temperatures occur from November till March, on an average of 48 days per year. Snowfall occurs mostly in January and February and may reach 40cm. During severe cold weather fronts with prolonged low temperatures, the lake may freeze partially, or even completely, as it did in January 1992, forcing most of the birds to move elsewhere.

Late snowfall and melting snow determine the discharge of the Strymon and the torrents on the surrounding mountains, and are mostly responsible for the unexpected spring floods.

Biodiversity of Lake Kerkini 

The natural vegetation of the Kerkini watershed belongs to para-mediterranean and mountainous mediterranean zone. Kerkini lake supports a very interesting aquatic vegetation including formations of rooted plants with floating leaves (Trapa natans, Nymphae alba, Nymphoides peltata, Potamogeton gramineus) or rooted submerged, rooted species (Ceratophyllum demersum, Myriophyllum spicatum, Ranunculus fluitans). Reed bed formations dominated by Phragmites australis, Typha angustifolia, Scirpus lacustris fringe the lake and canals. Several trees isolated or in small groups of Tamarix spp. grow sporadically around the lake.

Generally, 49 important taxa occur in this area. Among them, 2 taxa are greek, 3 taxa are protected by the EC Environment Legislation (1992), 6 taxa (Festuca koritnicensis, Minuartia saxifraga, Salvinia natans, Sempervivum marmoreum, Trapa natans, Viola stojanowii) are included in the WCMC and/ or European Red Data list, 11 taxa (Atropa belladonna, Convolvulus boissieri ssp parnassicus, Dactylorhiza incarnata, Dianthus petraeus ssp. orbelicus, Gentiana verna ssp. balcanica, Himantoglossum hircinum, Jovibarba heuffelii, Lilium carniolicum ssp. albanicum, Lilium martagon, Orchis palens, Viola tricolor ssp. macedonica) are protected by the Greek Presidental Decree (67/1981), 5 taxa (Crepis conyzifolia, Ornithogalum bucheanum, Peucedanum aequiradium, Peucedanum officinale, Stachys officinalis) are rare in Greece and/or reach their extreme distribution limits in Northern Greece, 18 taxa (Alchemilla lanuginosa, Asperula aristata ssp. condensata, Bruckenthalia spiculifolia, Centayrea napulifera ssp. napulifera, Cerastium decalvans, Cirsium appendiculatum, Erysimum drenowskii, Galium hellenicum, Cenista tinctoria, Knautia macedonica, Pedicularis brachyodonta ssp. moesiaca, Scrophularia aestivalis, Silene asterias, Silene balcanica, Silene waldsteinii, Stachys plumosa, Thymus degenii, Veronica barrelieri) are Balkan endemics and 4 taxa (Centaurea affinis ssp. affinis, Silene roemeri, Stachys cretica ssp. cassia, Thymus thracicus) find their main distribution area in the Balkan Peninsula extending also to Turkey of Italy.

About fauna, different information exist for each group of animals(see Annex-Table 1). 

Kerkini’s fish harvest has been mentioned as rich and varied since ancient times. In modern years, local fishermen still reminisce about huge Catfish or Wels (Silurus glanis) measuring one or even two meters and weighing over 100kg. Such fish were often caught in the lake till the late 1970s. Until then, people from the nearby villages used to fish in the Strymon by merely walking into the river and holding wicker baskets against the flow, much like the ancient lake-dwellers of lake Prassias.

Over 30 species of fish have been recorded in the wider Strymon/ Kerkini system. The subspecies of Bleak (Alburnus alburnus strumicae) and Chub (Leuciscus cephalus macedonicus) are endemic.

The  Pike (Esox lucius) disappeared from the lake in the 1940s. Since 1983 the Wels is completely absent from the catches in the lake, observed only in the river downstream of the dam. Eels (Anguilla anguilla) were also excluded from the lake by the new dam that prevents elvers from reaching it; now they are caught only occasionally in the Strymon.

The yield of fish increased immediately after completion of the new dam, reaching a peak in 1984 but then dropped abruptly before stabilising at 25-35 kg/ha/year, among the lowest values ever recorded at Kerkini.

The formation of the pelagic zone, favourable temperatures, the initial increase in macrophytic vegetation and the elimination of predatory species (Esox lucius, Perca fluviatilis, Silurus glanis) favoured the rapid proliferation of coarse species such as Bleak, Asp (Aspius aspius) and Roach (Rutilus sutilus). Goldfish (Carassius auratus) and Pumpkinseed (lepomis gibbosus) are introduced species, the former from Italy, the later having colonised the lake through the Strymon from Bulgaria. Lacking predators, both species have multiplied explosively.

There has been a strong decrease in Carp (Cyprinus carpio) since 1988-89, attributed mainly to over-fishing. However, this is a species that spawns in shallow water among thick vegetation, therefore may be affected by the reduction of shallow areas and diminishing aquatic vegetation. there has also been a proportional increase of lower market value Cyprinidae species in the catches.

All indications point to a continuing decrease of commercial fish species, with a concurrent increase of coarse, non-marketable fish, that will eventually threaten the future of professional fishery in Lake Kerkini.

Close to 300 species of birds have been recorded in the lake basin and the surrounding mountains. Over 140 species breed in the area, 170 have been observed during migration and 134 species are present in winter.

The changes recorded in the status of breeding and wintering birds directly reflect the major habitat modifications that occurred after 1982. Some of these changes were immediate and spectacular and others-detected over longer periods- still continue, as habitats continue to evolve in response to the ever rising water levels. Overall there has been an increase of piscivorous birds, or those preferring deeper, open water habitats, at the expense of species typically found in marsh habitats.

Savi’s Warbler (Locustella luscinioides) and Marsh Harrier (Circus aeruginosus), both exclusive reed bed breeders, ceased nesting at Kerkini almost immediately, when reed covered areas vanished. As the wet meadows were progressively covered by deeper and deeper water, Black-winged Stilts (Himantopus himantopus) and Pratincoles (Glareola pratincola) also stopped nesting. Occasionally, isolated pairs of young Stilts may manage to find suitable locations and rear their young. The few pairs of Stone Curlews (Burhinus oedicnemus) that bred in the drier areas around the river bed disappeared as well, when their habitat was destroyed during the diking of the river. One pair has been sporadically sighted and may possibly still nest.

The breeding population of Mallards (Anas platyrhynchos), birds that require extensive shallow feeding grounds, has severely dropped. Squacco Herons (Ardeola ralloides), Spoonbills (Platalea leucorodia) and Glossy Ibises (Plegades falcinellus) feed mainly on invertebrates and much less on fish, and are, therefore,  dependent on shallow, muddy areas where they can easily find their prey. All three species have declined. Indeed Plegades falcinellus has been reduced to less than 10 pairs. In 1991 they did not breed at all - even in passage their numbers were small and they spent little time around the lake.

Greylag Geese (Anser anser) have also been negatively affected, because they nest early in the season and the rising water destroys their nests. By 1985 there were only 10 pairs that have now been reduced to only 3-5, but there has been no evidence of successful breeding in the last few years.

In contrast the almost exclusively piscivorous herons, Little Egrets (Egretta garzetta), Night Herons (Nycticorax nycticorax) and Grey Herons (Ardea cinerea) have greatly benefited from the increase in fish biomass and populations of these species are far larger than prior to 1982. The same is true for diving fish-eating birds such as Great Crested Grebes (Podiceps cristatus), Little Grebes (Tachybaptus ruficollis) and Pygmy Cormorants (Phalacrocorax pygmeus). Cormorants (Phalacrocorax carbo) nested for the first time in Kerkini in 1986 on dead trees at the periphery of the forest. In the intervening decade their population has literally exploded to almost 1,800 pairs.

The marsh terns (Chlidonias niger, Chlidonias hybridus) increased in numbers - reaching a total of aver 250 pairs in 1990- when Nymphaea bed developed, since the water-lilies provided much better support for their nests than the smaller macrophytes where they formerly nested. Small numbers of Common Terns (Sterna hirundo), Black-headed Gulls ( Larus ridibundus) and Herring Gulls (Larus cacchinans) occasionally nest in suitable spots.

Several pairs of Black Storks (Ciconia nigra) nest in the wooded ravines of mount Kerkini. In summer the families are regularly observed feeding in the pools and shallows of the Vironia bed, always wary, ready to fly away at the slightest disturbance.

The last confirmed successful reproduction of White-tailed Eagle (Haliaaetus albicilla) was recorded in 1989. Since then, the pair- one of the last four remaining in Greece- has been regularly observed over the lake, in the forest and in the vicinity of the nest, but no chicks have been reared. In 1991 only one adult bird was seen in the area. Black Kites (Milvus migrans) and 5-6 pairs of Lesser Spotted Eagles (Aquila pomarina) breed in several places, mostly in the undulating foothills of Mavrovouni and Kerkini and they are often seen soaring over the edges of the lake in search of prey.

White Storks (Ciconia ciconia) nest in all the villages around the lake, their large, untidy nests adorning utility poles, church cupolas and barn roofs. The largest concentration, over 30 nests, occurs in the village of Kerkini; there are well over 200 pairs in the wider area. It is interesting to note that nowadays they nest almost exclusively on buildings and utility poles, while Chasen mentions that «... they breed almost always on trees...»

Little Ringed Plovers (Charadrius dubius), Beeaters (Merops apiaster), the occasional Roller (Coracias garrulus), Little Owls (Athene noctua) and Corvids also nest around the lake and the river bed and many more species in the wide area.

Lake Kerkini still remains the most important wetland in Greece, despite human intervention. It is the only place in Greece where 12 species breed together in mixed-species colonies(See Annex-Table 20. It is the most important breeding area for Archeid heron, the two cormorant species and marsh terns and the only breeding location for Glossy Ibises. Kerkini supports the second largest breeding colony of Pygmy Cormorants in southern Europe, after the Danube delta. It is also a site of prime importance in the Balkans for Spoonbills and Ibises, species that have severely declined all over our continent.

Sadly, the continuing acceleration in the decline of the forest and macrophytic vegetation augurs a bleak future for breeding bird populations, unless some specific conversation measures are enforced.

The changes in the numbers of wildfowl and shorebirds over-wintering at Kerkini after 1982 are quite different from changes registered in other Greek wetlands over the same period, and are thus related to habitat changes.

Prior to 1984, Lake Kerkini was the most important wintering site for Black-tailed Godwits (Limosa limosa) in Greece, with a mean population of 3,000 individuals. After the permanent submersion of the former littoral zone, in 1984, their number fell to less than 200 individuals. Incidentally, the birds that vanished from Kerkini have not since reappeared in any other wetland. Similarly Dunlins (Calidris alpina) have declined, from a mean of 500 individuals to less than 50 and Avocets (Recurvirostra avosetta) decreased from a mean of 1,500, down to less than 100 birds. All three species feed mostly on invertebrates living in or on mud-flats. Other shorebirds appeared in very small numbers and have not been significantly affected.

The area of mud-flats presently exposed at low water levels appears to be slowly increasing because of siltation, but they are not attractive to shorebirds. Sampling has shown them almost devoid of invertebrates, probably because they lie under 4m of turbid, anoxic water during the spring and summer.

Dabbling’ ducks generally showed a negative response to the new conditions. Gadwall (Anas strepera) and Widgeon (Anas penelope) practically disappeared from the lake for a few years but returned to their pre-1982 numbers by 1990. Shovellers (Anas clypeata) and Pintalis (Anas acuta) also slightly decreased initially and then recovered.

Mallard and Teal (Anas crecca), declined dramatically after 1988, from a mean of 20,000 individuals for each species, to a mean of less than 5,000 birds. Both species prefer to forage in depths of 15-25cm, and were affected by the elimination of shallow water areas. The decrease in the areas of aquatic grasses and submerged rhizophytic vegetation also reduced the quantity of food available for them. Their numbers started to increase again after 1992. White-fronted Geese (Anser albifrons) and Shelducks (Tadorna tadorna) followed a similar pattern of delayed decline up to 1991-1992 and then regained their former numbers.

Until 1992, the total wintering wildfowl population was not greater than 30,000-40,000 birds. After 1992 winter water levels increased, to 32 m asl in 1993 and close to 33m asl in 1994. The area of shallow water increased accordingly and tremendous concentrations of ducks gathered in the shallows, exceeding 80,000 birds. In 1993 and 1994, over 2,000 Anser albifrons over-wintered in Kerkini, forming huge V-formations as they moved back and forth from the shallows near the forest to the meadows opposite Mandraki. Small numbers of Lesser White-fronted Geese (Anser erythropus) and Bean Geese (Anser fabalis) have been observed with them.

Diving ducks, like Pochard (Aythya ferina) and grebes Tachybaptus ruficollis, Podiceps nigricollis and Podiceps cristatus) increased significantly as did Coot (Fulica atra), populations of the latter jumped from a mean of 500 birds to more than 4,500 individuals after 1982.

Fish-eating species benefited from the formation of the pelagic zone. Approximately 3,000-4,000 Cormorants and similar numbers of Pygmy Cormorants now remain around the lake in winter. This is one of the most import and wintering sites for Great White Egret (Egretta alba) in eastern Europe. Until 1982, some 500-1,000 individuals gathered there, constituting 40-50% of the total population of the nominate race. In recent years their numbers have been somewhat reduced to 200-300 individuals.

Mute Swan (Cygnus olor) are common winter visitors in small numbers and Whooper Swans (Cygnus cygnus) have also been recorded. The arctic wanderers, Bewick’s Swan (Cygnus columbianus), among the rarest visitors of visitors of southern Europe, have been present in the lake every year since 1992.

The prodigious numbers of waterbirds attract numerous raptors in the winter, mostly immature birds. Spotted Eagles (Aquila clanga) are regular visitors -up to 12 have been recorded - roosting on bare branches in the forest. White-tailed Eagles also appear, often hunting over the shallows, terrifying the wildfowl into flight, or soaring in lazy circles over the edges of the lake. Imperial Eagles (Aquila heliaca), Peregrine Falcons (Falco peregrinus), Merlins (Falco columbarius), afew Hen Harriers (Circus cyaneus) and the occasional Lanner (Falco biarmicus) and Eagle Owls (Budo budo) appear around the forest; Buzzards (Buteo buteo) gather in large numbers and recently, one or two Lesser Spotted Eagles have taken to spending the winter there (seen in 1993 and 1994).

Kerkini is also the most important winter roosting site in the whole of Europe for Dalmatian Pelicans (Pelecanus crispus). Over 600 individuals were recorded there, along with smaller numbers of White Pelicans (Pelecanus onocrotalus) until 1990. Since then their numbers have risen and the birds tend to stay longer, well into the spring and for non-breeders, even throughout the summer, taking advantage of the abundance of fish. In early October 1994, when the water level was especially low, 800 white and 1,200 Dalmatian Pelicans were recorded in the lake, a fact that underlines its great importance when one considers that the total world population of Pelicanus crispus is estimated at 4,000 pairs.

Flamingos (Phoenicopterus ruber) appear in late summer, a few of them occasionally remaining through the winter. During migration Ospreys (Pandion haliaetus), Cranes (Grus grus), Cattle Egrets (Bubulcus ibis) and countless waders, storks, raptors and wildfowl pass through the area, often stopping to rest and feed.

The herpetofauna of Lake Kerkini is far from completely studied, but the available information indicates a considerable diversity of species. In lake area and the surrounding mountains, 14 species of reptiles have been recorded, while another 4 occur in the general region. Undocumented information also exists for 8 more species. Seven species of amphibians have been registered in the lake basin and three more in the mountainous zone, while the presence of Crested Newt (Triturus cristatus) has not been confirmed.

The numbers of Grass Snakes (Natrix natrix) and Dice Snakes (Natrix tessellata) in the lake were enormous until the mid 1980s but then started to decline. Presently they are less often seen, mostly around the water-lily beds or basking on the rocks of the embankment and very seldom in large groups. The rich aquatic vegetation and the high water levels have benefited Marsh Frogs (Rana ridibunda), by far the most abundant species, and Agile Frogs (Rana dalmatina). The latter occupy the riparian forest, irrigation canals, drainage ditches and all wet habitats in the cultivated areas as well as on the lower elevations of the mountain.

Green Lizards (Lacerta viridis), Tree Frogs (Hyla arborea), Pond Terrapins (Emys orbicularis) and Stripe-necked Terrapins (Mauremys  caspica) are widespread and commonly observed.

Very little information is available about the mammals of the area. Foxes (Vulpes vulpes) are probably the most common carnivore, nesting amidst the tangled undergrowth in many places around the lake. Wild cats (Felis silvestris) are often seen at night and the signs of Otters (Lutra lutra) are frequently found, even though the animals are elusive and difficult to locate. Otters are also present along many of the small streams in the mountains, however there are indications that their population is declining. Roe Deer (Capreolus capreolus) and Wild Boar (Sus scrofa) are present in the mountains and Wolves (Canis lupus) occasionally appear in the winter, rarely venturing down to the lake. Jackals (Canis aureus), once common in the bottomland forests, have vanished since the common mid-1980s, when the reed-beds disappeared and the forests were cut. Studies on mammal population sizes and ecology urgently needed so that their conservation requirements can be properly assessed.

Problems that the wetland faces

The wetland of Kerkini and its wildlife are under constant pressure from many different factors. The most damaging are the wide amplitude of water levels and the high maximum levels during spring and early summer.

The riparian forest, a habitat of paramount importance for the birds of Kerkini, is unlikely to survive even in the medium-term future, if  the present hydrological regime is maintained. There has been no natural regeneration since 1987 and many live trees have fallen down because their short roots cannot stabilise them in the soft, damp soil.

Shallow areas, essential spawning grounds for fish and amphibians and feeding grounds for birds, become progressively fewer. The hydrophytic stands are also rapidly declining. As the water covers more and more land, the pastures available next to the lake are reduced and grazing pressure intensifies, preventing the re-establishment of reeds and other emergent vegetation. Grazing problems become even more acute for short period at the end of summer every year, when the meadows around the northern and western shores have to support an additional 4,000-5,000 sheep and goats that move down from their summer pastures on the Kerkini range.

Nesting birds suffer considerable losses in eggs and nestling as a result of the late increase in water levels. They have also been forced to relocate the colony several times as the trees die. After the reedbeds vanished, the birds nested in trees, between the old and the new beds of the river, until 1988. In 1989 there was a major movement to another location, near the western edge of the forest. After 1992, that site was also opening up and an additional spot, where the trees were still dense, was used. By 1991 most of the birds nested in this new location.

High water levels affect the human, as well as the avian, inhabitants of the area. Some of the villages, namely Kerkini, Chrysochorafa, Limnochori and Megalochori, lie below the surface of the lake when the water exceeds 36m asl. Water seepage turns the ground into mud, house cellars are flooded and fields are inundated. In Limnochori they even had to move the cemetery because the graves filled up with water.

In addition, should a sudden, high volume flood occur when the reservoir is full to capacity, it would not be contained with potentially disastrous consequences for the villages around the lake of along the river course downstream of the dam.

The logical, and obvious, solution to all these problems, would be to curb the volume of water stored in the reservoir and maintain a maximum level that would reduce the negative effects on flora and fauna and allow optimum flood control.

This, however, has been the focal point of a raging, bitter controversy between the farmers of the Serres plain and state agencies responsible for water management on one side and the local people and environmental groups, national and international, on the other side. The former consider the lake strictly as a water storage facility, paying no heed to its tremendous ecological value, and the latter would like to see conservation incorporated into an overall management scheme that would guarantee survival of this invaluable wetland.

A recent publication by the Land Reclamation Service of the Serres Prefecture provides some indications about the attitude of the technical services towards the serious problems the ecosystem faces. This publication presents an overview of the deficiencies and inadequacies of the irrigation system of the plain, including future works, and speculates on possible solutions, yet it completely ignores the environmental aspect and the impact of said works on the wetland. It even challenges the need for conservation.

When the works were completed in 1983, plans had already been laid out for a second phase, which would include further elevation of the dykes, along with modifications of the river bed downstream of the lake and improvement of the irrigation system in the plain. The technical studies were completed in 1989. They propose  elevation of the embankments to 41m asl and an increase of the maximum water for  the enlargement of cultivated areas on the plain to 100,000ha, a long-time ambition of local authorities.

The only foreseeable outcome if this is allowed to happen, will be complete habitat destruction. Shallow areas will be eliminated, aquatic vegetation will disappear, practically overnight, and most, possibly all of the forest will be submerged. Since even soft-wood trees cannot survive total immersion for more than 2-3 days, the trees will die within a year or two. Needless to say that the disappearance of the littoral zone and emergent vegetation will decimate the fauna of the lake. Kerkini will become a soulless, sterile reservoir like so many others in our country, truly man’s creation.

Even though wood-cutting in the protected zone is prohibited by law, villagers from around the lake still consider the forest a convenient source of wood, close by and easily accessible when the water retreats in fall and winter. They usually take the tallest, largest trees, the ones most likely to survive the stress of flooding, the ones that offer the most and best nesting sites for the waterbirds. Wood-cutting affects birds in the vinicity of the lake as well. In 1990 the owner of a poplar plantation near Limnochori decided to cut the trees, during the breeding season, despite the fact that Grey Herons had already nested on them. In 1987, during logging in the foothills of Mavrovouni, a tree supporting eyrie of the White-tailed Eagle pair was cut. Construction of new roads in the mountains increases accessibility and disturbance for breeding raptors, not to mention poaching.

Hunting has been prohibited in the northern part of the lake since 1972. In 1982, long before the zoning regulations were put into effect, the prohibition was extended to cover all of the lake and its surroundings. Poaching for ducks and geese, however, still persists and hardly a winter day goes by without shots being head. constant pressure is applied on the Forestry Service to reduce in size the no-hunting zones.

During the spring, frogs, mostly Rana ridibunda, are collected in very large numbers using strong lights at night. They are packed and exported, mainly to France.

The numbers of fishermen, professionals and amateurs have increased considerably and over-fishing is to blame, in part, for the small catches of recent years. Illegal fishing during the closed season, or by prohibited means (such as harpoons and electro-fishing), is quite common. Local fishermen are also worried about the decline of commercial fish populations.

Fishermen often disturb the breeding birds. Early in the fishing seasons, when the water is still rising - and incubating birds are more vulnerable to disturbance - the shallowest waters around the forest attract fish in large numbers and fishermen are swift to follow, spreading their nets and long-lines among the trees. Many cormorants and grebes, usually juveniles, perish every year, drowned when they are caught in nets.

In recent years the large and growing numbers of visitors that are ferried by local boatmen to the colony «to see the birds», have become a major cause of disturbance. Gaudily dressed, shouting, gesticulating visitors, snapping away with their pocket cameras, literally touching the nests, oblivious of the frightened birds taking flight, trampling or breaking eggs in the process, abandoning their chicks to the mercy of the sun and predators.

Lack of education and awareness is partly responsible for illegal human activities, they are, however, encouraged by the lack of overall management and clear-cut legislation and by the very lax enforcement of existing regulations.

Very little is known about the presence of pollutants in the water and their possible impact on physio-chemical conditions affecting the fauna of the lake. Traces of detergents and fertilizers have been detected, originating in the surrounding villages and cultivated areas. Very toxic agricultural pesticides, such as Aldrin, which have been banned by the Greek Ministry of Agriculture years ago, are transported by the Strymon to the lake from Bulgaria. That is also the likely source of the higher than normal concentrations of radioactive elements measured in bottom silt. In 1987, fishing was banned for several weeks in Kerkini, because of an unidentified pollution accident in the neighboring country. Further study on the problem of pollution is necessary, as well as an agreement between the Greek and Bulgarian governments to control the wastes that are released into the Strymon. The issue of water flows is likely to arise between the two counties if the rumored plans to divert the Strymon in order to augment the water supply of Sofia are realised.

The list of Ramsar sites, including Lake Kerkini, was ratified in 1974, but the zoning and protection proposal was not completed until 1986 and it became effective only in 1993. Joint Ministerial Decree 66272/93 designated a protected area covering 820 km2, divided into three zones, and regulates human activities and land use within them. The strict protection zone(zone A) covers all of the lake, the Strymon bed to the Bulgarian border and a narrow strip of Mavrovouni. All of the intermittently flooded areas in the northern part of the lake, including the Strymon delta, and part of the Mavrovouni foothills and the wet meadows along the southern shore, constitute the absolute protection cores, within zone A.(See Annex for the activities allowed in each zone). 

  A final decision concerning the future of Kerkini has become imperative. Will the lake continue to function as an ecosystem of extraordinary importance and a very productive fishery resource, providing also optimum flood control and water for the irrigation of some 60,000ha, or will it function merely as water reservoir for the maximum acreage of irrigated land in the Serres plain?

To be able to maintain the integrity of habitat and restore the equilibrium that has been disrupted, sensible water management is critical. The maximum level must be attained early on, preferably by mid April, and should not exceed 35m asl. In this way, loss of nests could be minimised, grazing space would increase, as well as shallow areas for spawning fish and feeding birds, parts of the meadows would not be flooded and cold possibly attract wading birds to nest, the floating-leaved aquatic plants would have ample time to grow and the depth and duration of flooding at the forest would also decrease.

However, in the absence of natural regeneration, additional management measures would be needed to guarantee survival of the forest. Planting of willows in open areas would restore its structure and pollarding of the trees at a height of 2m above ground would allow regrowth. Sediments from the river could be used to build islands of sufficient height for the trees to regenerate. The location of such islands should be carefully selected, to prevent damage from floods and to enable the water to completely surround them after mid March so that they can serve as alternative nesting sites for waterbirds. Reedbeds could also be re- established if the amplitude of water levels is reduced and they are protected from grazing.

Maximum levels not exceeding 35m asl would also greatly improve the flood containment capability of the reservoir, thus negating the major argument for increasing the height of the dykes.

The reduction in the volume of water available for crop irrigation could easily be balanced from alternative sources. Studies point out that repairs and modernisation of the outdated, older parts of the irrigation system would tremendously curtail water loss, saving some 60 millions m3 every year. Estimate show  that over  1,5 m3 of  water  seep through the embankments every second. With the construction of  appropriate pumping station, it could easily be collected and fed to the peripheral canals, providing an additional 15 million m3 yearly. Underground waters are yet another source that could be utilised  in the areas adjacent to the river and the rechargeable groundwater potential is estimated at 950 million m3 per year, far greater than the total needs of the Serres plain.

Siltation remains a major obstacle as it will continue to reduce the volume of the reservoir. Feasible solution include entrapment of suspended materials upstream of the lake, whence they could be removed and conceivably used in land fills and improvement of  fields, and the construction of a new channel bypassing the lake to divert flood waters downstream of the dam. The latter solution would totally eliminate the problem of siltation, but also habitat damage around the inflow of the Strymon and along the Vironia bed.

The Environmental Impact Assessment Study for the proposed new works describes in great detail the threats to the ecosystem of Kerkini, offering a variety of solutions. It also states that «...Kerkini has served, and will continue to serve for a mutual benefit, flood control, irrigation needs and the preservation of the environment in the Serres Prefecture ...» and repeatedly proclaims -in bold letters- that «... if certain works are completed in the irrigation system... the needs, not only of present day cultivated lands (75,000ha), but even of 102,000ha, can be met without raising the water level at Kerkini above 36m asl in the foreseeable future...»

In view of all that, it is certainly surprising that the final recommendation gives the green light for the elevation of the embankments, for the sole reason of guaranteeing protection from floods. Reduction of the maximum irrigation level down  to 35, or even 34m asl, would have the same effect and would also minimise the negative impact on the wetland, expediting its recovery through proper management.

The terms of the Impact Assessment Study - approved on 23/8/1995 by Joint Ministerial Decree 81457- specify that maximum water levels may not be raised above 36m asl, even with increased height of the dykes. With no single administrative organ to undertake management of the lake, unclear legal status and guidelines, jurisdictional disputes, cumbersome and inefficient bureaucracy and conflicting interests of local and government agencies, such a provision is meaningless.

If the embankments are elevated, it is certain that, within a very short period, water levels will also begin to rise, spelling death for the wetland. Even if water levels not to exceed 36m asl, spring and summer floods will push them much higher, inflicting irreparable damage to the birds and vegetation, as was the case in 1991.

Along-term management plan must be completed, taking into account all functions of the lake, and a single managing agency must be formed to implement it. The pertinent legislation must also be strengthened, hopefully by a Presidential Decree that will declare Lake Kerkini a «Protected Area of Nature and Landscape»

Perhaps the time has come to pause and consider what is happening to the wetlands of our country. Before 1930, 19 inland wetlands and 6 lagoons existed in Macedonia, covering a total surface of 286km2, while fresh-, and salt- water marshes covered 986km2. Eight of the inland lakes have been completely drained, others have been redused in size and most of the marshlands have been dried out. Today less than 364km2 of lakes and 56km2 of marshes survive. Within 60 years, man has destroyed well over three quarters of the total area of Macedonia and most of the remaining sites, as well as the large rivers, have been degraded to varying degrees. The loss of wetlands has resulted in an appalling decline of associated flora and fauna species.

If we focus on the immediate vicinity of Kerkini, statistics are even more grim and depressing. Some 448km2 of marshes and 56km2 of lakes existed in eastern Macedonia prior to 1930, mostly along the drainage area of the Strymon and its tributaries in the Serres and Drama plains. Less than 5% of those wetlands survive to this day.

Despite continuous human intervention, the wetland of the Strymon/Kerkini area has survived the accumulated negative impact of the past decades and has emerged as a virtually unique ecosystem of unparalleled importance, not only for Macedonia  and Greece, but for the whole of Europe. However, natural functions have been vastly altered and the existing equilibrium is extremely vulnerable.( Petrou, 1995).

The wise management of the water of Lake must address the preservation of all major values of the wetland. This can be achieved through the preparation and implementation of an integrated management plan for the entire system of river Strymon-lake Kerkini. The real challenge, however, is not the elaboration of this plan, but the establishment of the appropriate management authority (Papayiannis and Montemaggiori, 1996).                                                                                                                     

For long years, man has failed to realise that the real gift of the river was not water but Life itself, in all its vivacious manifestations, from the tiny tadpole to the majestic spoonbill, reflected in the still waters as it soars on brilliant white wings.

Dare we once again close our eyes and cast this precious gift away?
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Annex
Zoning of the biotope: The zoning includes three different zones that are:

· The zone of absolute protection. The following activities are allowed:
1. Agriculture within the limitation concerning the fertilizers and the herbicides.
2. Fishery ( the fast sailing vessels, the use of equipment that are dragged or work by electrisity, the dragnets and the harpoons, the fishing in areas where birds burrow are not allowed.
3. The realisation of construction to improve the allowed fishery, except for burrowing places, after these works are approved
4. The selective and sanitary lumbering
5. The conservation of the existing constructions, only unless areas are depilated, new roads are created and, generally, only if the ecosystem is not degraded.
6. The construction of new or the expanding of the old works, without the degradation of the ecosystem.
7. The free pasturing of cows and sheep outside the burrowing areas, while any attempt to expand or intensify this activity is forbidden.
8. The re-introduction of extinct or in danger of extinction endemic species of wild flora and fauna in the aquatic and land environment (an environmental study must be realised first).
9. The deviation of water, the increase of the lake’s depth, the construction of irrigatory systems and the small works that are essential for the improvement of the efficiency and productivity of the ecosystem
10. The pisciculture during which the natural basins are used, without any intervention that alters the physiognomy and the function of the ecosystem.
11. The scientific research (the researchers should inform the proper service with details of the research, that would be approved or rejected)
12. The visit with purpose the environmental education or the observance of nature and the gentle holiday, and only in specific areas.
13. The construction within the plan  of the already existing habitations. The expanding of the constructions is forbidden.
· In the zone of severe protection (zone B) the following activities are allowed:

1.  Agriculture in the already cultivated areas and the conservation of the existing irrigatory works without their expanding.

2.  The distribution of cultivated land, only after the approval of the terms for the protection of environment

3.  The free pasturing of cows and sheep outside the burrowing areas, while any attempt to expand or intensify this activity is forbidden.
4.  The conservancy of the existing cattle-raising and aviary units (any attempt to expand or intensify these activities is forbidden). The renovation of these units is allowed only after the approval of suitable environment terms. The estalbishment of new units is forbidden.

5.  The apiculture, only if there aren’t problems in the protection of the biotope.

6.  The establishment of aelian stations that produce electricity and, generally, stations that take advantage of mild forms of energy.

7.  The scientific research (as above)
8.  The visit with purpose the environmental education or the observance of nature and the gentle holiday, and only in specific areas.
9.  The improvement of the old and the construction of new irrigatory works (after they are approved).
10.  The creation of roads, etc. within the legal frame.
11.  The conservation of the existing industrial units, while any attempt to expand or intensify this activity is forbidden.
12.  The existing excavator activities. The establishment of new units is forbidden.
13.  The construction within the plan  of the already existing habitations. The expanding of the constructions is forbidden.
14.  The construction and the function of hotels (below 25 beds), that have a system of biological cleaning of their liquid litter.
· In zone C, the allowed activities are:

1.  Agriculture, without basic restrictions, only if the irrigatory works, the fertilizers and every     other activity don’t have impacts to the neighboring zones.

2.  The cattle-raising and aviary as they are practised until today, but cannot be renovated only after approval, while new units cannot be established.

3.  The hunting, only on the west side of zone C

4.  The scientific research.

5.  The visit with purpose the environmental education or the observance of nature and the gentle holiday, and only in specific areas.
6.  The existing excavator activity and the creation of roads and similar constructions.

7.  The disposal of solid litter by communities(only when they are in organisations) in proportion to the existing laws and only if problems to zones A and B are not created. In the eastern part of this zone no disposal can take place

8.  The construction of buildings according to the existing laws. Hotel can also function (below 50 beds).(  Υπουργειο ΠΕ.ΧΩ.ΔΕ.,1992)
Table 1.Species number of different groups in Kerkini

	
	Species Number
	Red Data List
	Species Number in Greece

	Mammals
	16(only the large mammals
	7
	116

	Amphibians
	10
	2
	16

	Reptiles
	22
	9
	58

	Fishes
	31
	7
	111

	Birds
	>300
	51
	407


Table 2. Birds that breed in mixed- type colonies

	
	
	

	Latin Name
	English/ Greek Name
	Red Data List

	Phalacrocorax carbo
	Cormorant/Κορμοράνος
	

	Phalacrocorax pygmaeus
	Pygmy cormorant/Λαγγόνα
	Endangered

	Ardea cinerea
	Grey Heron/Σταχτοτσικνιάς
	

	Ardea purpurea
	Red Heron/ Πορφυροτσικνιάς
	Vulnerable

	Egretta garzetta
	Little Egret/Λευκοτσικνιάς
	

	Egretta alba
	Great White Egret/Αργυροτσικνιάς
	Endangered

	Ardeolla ralloides
	Squacco Heron/Κρυπτοτσικνιάς
	

	Nycticorax nycticorax
	Night Heron/Νυχτοκόρακας
	Insufficiently known

	Platalea leucorodia
	Spoonbill/Χουλιαρομύτα
	Endangered

	Plegalis falcinellus
	Glossy Ibise/ Χαλκόκοτα
	Endangered

	Podiceps cristatus
	Great Crested Grebe/Σκουφοβουτηχτάρα
	

	Tachybaptus ruficollis
	Little Crebe/Νανοβουτηχτάρα
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