DIKTAEON ANDRON: ENVIRONMENTAL IMPACTS AS A RESULT OF HUMAN ACTIVITIES AND TOURIST EXPLOITATION OF THE CAVE (CRETE-GREECE)
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ABSTRACT

The thousand year’s use of the cave “Diktaeon Andron”, initially as a worship place during the last Minoan times and as a tourist attraction during the contemporary times and especially from the decade of 1960 until today, led to the change of the non biotic characteristics of the cave and resulted in the change of its biotic coefficients as well. The existing natural environment conditions of the inside of the cave have been affected by the fall of part of its roof as well as from the means used for the lighting of the cave, while they have been significantly deranged because of its use as a tourist attraction which was done without the prior suitable protection measures being taken. Also significant were the damages caused in the beginning of the twentieth century from the archaeological excavation works in order to reveal the hefty archaeological material it contained. This work describes the environmental condition of the cave “Diktaeon Andron” as it is today, while estimating the impacts in the ecosystem of the inside of the cave as a result of human activity and especially from its tourist exploitation that was carried out without any plan.
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ΠΕΡΙΛΗΨΗ

H υπερχιλιετής χρήση του σπηλαίου “Δικταίον Άντρον”, ως τόπου λατρείας αρχικά κατά την υστερομινωϊκή εποχή και ως τουριστικού αξιοθέατου κατά τη σύγχρονη εποχή και ιδιαίτερα από τη δεκαετία του ΄60 μέχρι σήμερα, είχαν σαν αποτέλεσμα τη μεταβολή των μη βιοτικών (αβιοτικών) χαρακτηριστικών του σπηλαίου και κατά συνέπεια και των βιοτικών του συντελεστών. Η υφιστάμενη κατάσταση του φυσικού περιβάλλοντος εντός του σπηλαίου έχει διαμορφωθεί από την κατάπτωση τμήματος της οροφής του και από τα μέσα που χρησιμοποιήθηκαν για το φωτισμό του σπηλαίου, ενώ υποβαθμίστηκε έντονα από την «τουριστική εκμετάλλευση» χωρίς τη λήψη κατάλληλων μέτρων προστασίας. Επίσης σημαντικές είναι οι ζημιές που προκλήθηκαν στις αρχές του 20ου αιώνα, από τις ανασκαφικές εργασίες, για την ανακάλυψη του πλούσιου αρχαιολογικού υλικού που εμπεριείχε. Στην εργασία αυτή καταγράφεται η υφιστάμενη κατάσταση περιβάλλοντος του σπηλαίου “Δικταίον Άντρον”, ενώ γίνεται εκτίμηση των πιέσεων που έχει υποστεί το οικοσύστημά του, από την ανθρώπινη δραστηριότητα και ιδιαίτερα από την χωρίς σχεδιασμό τουριστική εκμετάλλευσή του.

1. INTRODUCTION
The protection and the showing off of the environment of the caves constitute, in combination with their rationally planned development, the basis for the preservation of these important ecological, geomorphological and cultural deposits. In many cases, the unplanned “tourist exploitation” of the caves, was seen as an appealing means for the short term economic development, with significant however effects on this “tourist asset” itself.

The cave of Psychro or “Diktaeon Andron”, in the northern side of the Dikti Mountain, is according to mythology Zeus’s birth place. According to mythology, Rea found shelter in the “Diktaeon Andron” cave and gave birth to Zeus because his father Kronos has vowed that he would swallow all his children in order to keep his kingdom to himself forever. 
Human presence in this cave is known from the late Minoan era, during which it was used as a place of worship, while the environment of the cave has degraded significantly during the near past and especially in the last 40 years where it was touristically exploited without any prior suitable protection measures taken. Most serious were the damages due to the use of candles for lighting purposes until the year 1999 when it was electrically lighted. Also serious were the damages to the cave in the beginning of the previous century, when there were excavation works in order to reveal the rich archaeological material it contained. The excavation works that were carried out mainly by foreign archaeological missions such as Fr. Halbherr-I. Hatzidakis, J. L. Myres, J. Demargue, D. Hogarth, contributed to the destruction of the chamber which constituted a distinctive level in the interior of the cave. In this part, which is referred to as the Upper Cave were located most of the archaeological findings which were also amongst the most important ones, of the late Minoan era (altar, cyclopean wall, temple, libation places, copper statuettes, weapons, etc). It is noted that the Upper Cave did not have stalactites. The fall of the Upper Cave which was helped by the use of explosives, had as a result, apart from the change in the morphology of the cave, the fall of rock volumes and fragments which covered a large part of the Lower Cave where the stalactites were found (Platakis 1973, Watrous 1996).

These relatively recent human interventions in the morphology of the cave and the pollution that resulted from its use as a tourist attraction, interfered with the environmental conditions and the fauna naturally occurring in the cave and caused serious but reversible effects in the cave’s ecosystem. In order to deal with these effects there is a need for elimination of the burden to the environment, as well as the implementation of suitable environmental protection and restoration measures.

2. MATERIALS AND METHODS  
2.1 Research site location  

“Diktaeon Andron”, which consists the object of this study, is located in eastern Crete in the Lassithi Prefecture, in the geographical area of the community of Psychro. It is a cave with a width of 14.8 m which extends in the northern side of mountain Dikti (or Lassithiotika) in an altitude of 1,025 m uphill the plateau of Lassithi (altitude 820 m) and in a distance of 800 m from the community of Psychro. The entrance to the cave is connected, via a poor quality stone footpath, to the main road leading to the Psychro dwelling area, which is in turn accessible to all the villages of the Lassithi plateau and to the road network of Crete. The Psychro community is 12 km away from Tzermiado community which is the largest village in the Lassithi plateau and it is 31 km from Mallia, 64 km from Agios Nikolaos and 70 km from Heraklion.

2.2 Climatic-Bioclimatic conditions  

The climate of the area according to data from the Meteorological Station of Tzermiado village is mild continental and is characterized by high temperatures and dryness in summer and by low temperatures and heavy rainfall in winter. The relative humidity in the area is kept in high levels throughout the year and lies from 66% in July to 84% in January. More specifically: (a) the average yearly rainfall is 1,489.5 mm and has an average height of over 100 mm from October to April, which is when approximately 94% of the rainfall is recorded in the area. The average monthly rainfall shows a high in January (309 mm) and a low in July (2.9 mm). (b) Snowfall has been recorded from November to April, period during which the snow remains on the ground. (c) The average monthly temperatures in the area range from 5.5 οC in January to 20.1 οC in July. The average high is in July (25.1 οC) and the average low in January (2.5 οC). The absolute low is in January and the absolute high is in July. (d) the prevailing wind direction is N by NW throughout the year, while in December prevail humid and warm NW winds. The force of the winds is weak or medium. (e) According to Emberger classification, the bio-climatic vegetation level corresponds to a wet type, with cold winters and (f) According to the UNESCO-FAO classification of the bio-climatic levels, the area is classified in the intense medium-Mediterranean bio-climatic vegetation level, with a number of biologically dry days of 93.7.

2.3 Ecology - Flora - Fauna
2.3.1 Flora – Fauna of the area around the cave
The vegetation in the area around the cave and more specifically in the perimeter of the existing archaeological site, is characterised by the presence of types of bushes such as the Quercus coccifera, which has developed into a tree form. While we have the appearance of individual specimens of Quercus perbescens and Cretan maple tree (Acer creticum). The lower level consists of Euphorbia acanthothamnos, Arum macubatum and Urginea maritima. We also observe quite a few species of Origanum dictammus, Primula vulgaris and Cyclamen creticum. It is not known if in the past there were any rare or endemic species of vegetation in the area, but the intense pastoral stockbreeding in the area around the cave does not rule out the disappearance of rare or endemic species which possibly existed there previously. 

More generally the area is characterised by intense degradation of the vegetation. The main cause of this degradation is on one hand the intensive grazing and on the other hand the repeated fires some out of negligence and others deliberate aiming at creation of more graze land (Zacharis, 1977). According to information from the community of Psychro, in the area there are approximately 1,000 goats and lamb. Over-grazing and fires have repeatedly destroyed the vegetation in the greater part of the wider area of the cave and this resulted in the erosion of the land the revelation of the mother rock in a percentage of about 80% of the surface. The remaining 20% consists either the fenced area around the cave, or the place of cracks and karstic limestone cavities which are covered by shallow depositions of terra rossa and exhibit poor and degraded vegetation. This land degradation resulted in increased dryness and caused the backward evolution of vegetation which can be seen by the substitution of the original species of the plant-community group “climax” with other species that were able to adapt to the new deteriorated conditions and thus changed the character of the area.

In the greater area that surrounds the cave nowadays we do not come across Cupressus serpevirens, V. horizontalis, a species that according to the bioclimatic conditions in the area should have been the typical species in the area. This species has disappeared ever since ancient times, as its wood was initially used in ancient shipyards (Zacharis 1977). In the bare land and here and there we see Quercus coccifera, in a bush form as well as kinds of  firewood such as Euphorbia aranthothamnos, Coridathymus capitatus and Urginea maritima.

The land fauna of the greater area consists of the kinds: Lepus europaeus, small rodents of the Mouridae family, Erinaceus europaus, while there are also a few reptiles. The poultry species in the greater area includes apart from the usual kinds, predatory with the most important representative of its kind the  Gypaetus barbatus which is an endangered species, as well as the kinds Hieraetus pennatus and Falco sp.

2.3.2 Ecological niches of the cave
The most significant niches which exist in the cave today are:

(a) Ecological niches chiroptera of the Vespertilionidae and Rhinolophidae families are located near the entrance of the cave in the blind corners to the left and to the right of the alleys going up and down respectively. The chiropteran kinds that have been recorded in “Diktaeon Andron” are: Plecotus austriacus, Rhinolophus ferrumequinum and Rhinolophus hipposideros. The presence of the endangered species Plecotus austriacus in the “Diktaeon Andron” cave is confirmed in relevant references (Paragamian 1991, H.Z.S.-H.O.S. 1992). Additionally, chiroptera were found from the research team on the remainings of the Upper Cave, in its outer part, which was not disturbed from the excavation works.The residence period inside the cave of the above kinds of chiroptera coincides with the hibernation season and possibly with the nesting season. In Greece these specific kinds hibernate from November to March. In May, they give birth to 1-2 young which they nurse for 21-28 days and the young ones become independent after 45-50 days. In the summer they can be found in trees or buildings. They prefer agricultural and forest areas and low altitudes and feed on insects. The kinds found in the cave form small colonies which do not exceed 5-10 individuals during wintertime. 
(b) Ecological niches of poultry species are located in dents and cavities near the entrance of the Lower Cave and in the ruins of Upper Cave. In these areas is located a limited number of species of the following kinds: Pyrrhocorax graculus, Hirundo rustica, Μοnticola saxatilis, while previously the ruins of Upper Cave was a nesting place of the kind of  Alectoris graeca.

(c) Ecological niches of cave-dwelling invertebrate arthropods are located in the interior of the cave in dents of the geological formations.

2.4 Geomorphology - Geology - Surface and underground waters

“Diktaeon Andron” cave is located at the southwestern boundaries of the Lassithi polje which is directly connected to the morphological characteristics and the geomorphological evolution of the cave. This polje is the result of the tectonic reactions of the Quarternary Era, while its present morphology as well as the evolution of its peripheral karstic phenomena (Diktaeon Andron cave, etc), were differentiated later as a result of the dissolving action of water (Psarianos 1961, Theodoropoulos and Zamani 1972, Mariolakos et al. 1987, Papapetrou-Zamani 1990, Papadopoulou-Vrynioti 1996, Castiglioni 1997).

2.4.1 Geomorphology – Characteristics of the Cave
The altitude of the plane part of the Lassithi polje which extends to an area of approximately 45 km2, is between 814-870 m, while over the village Psychro, at an altitude of approximately 1,025 m and inside the limestone formation is located the cave “Diktaeon Andron”. The morphological surface slopes have values which in their greater percentage range from 0-10% in the plane part of the polje, they extend to the south from 10-35% and are then evened out again in the intensely in the karstic top Moutsouna Toumba (altitude 1,537 m).

Morphologically, the cave “Diktaeon Andron” consists of two main parts: (a) the western part with a length of about 40 m, width 19 m and maximum height of 6.50 m and (b) the northern part with a length 20 m, width 10 m, and height that ranges between 1.30–4.00 m. The entrance area with a width of 18 m and height of 14 m is covered from a calcareous volume that has fallen of the ceiling and from large volumes of stalagmites. The main chamber has a north-south direction and a high slope, while its floor is covered with a clay layer and is slippery due to the increased humidity and the clay substrate. At the back and to the eastern side there is an opening of a small chamber, while in the western side there is a bigger chamber partitioned into two parts by a group of columns. In the first part there is a small lake and the area surrounding the lake is lavishly and spectacularly decorated by large columns, stalactites and stalagmites.

2.4.2 Geology
From a geological point of view, the near and the greater area of the cave mainly consist of: (a) Quaternary depositions which cover the bottom of the Lassithi polje and consist of mud, clay, sand and gravel, (b) Limestones of the Tripolis zone and (c) The Series of phyllite-quartzite, which includes rocks of different ages, origin and degree of transformation. The main part consists of clay slates, phyllites, quartz phyllites and quartzites of the Permian-Upper Triassic era (Creutzburg 1977, I.G.M.E. 1977, I.G.M.E. 1987).

More specifically the limestones of the Tripolis zone, which consist the main formation from which the “Diktaeon Andron” cave is formed, are of Jurassic until Eocene age and are usually found on top of the layer of «phyllites-quartzites». These are limestones and dolomites found in thick layers up to compact rocks and locally breccie or micro crystaline, which include in their mass the “Diktaeon Andron” and other caves. They are heavily fragmented and have large intervals due to cracks, fragments and karstic phenomena and come to dimensions of the cave under study, the Tzermiado cave etc.

2.4.3 Surface and underground waters
The superficial hydrographic network of the greater study area is represented by the stream Havgas which gets its water supply from the basin of the polje of Katharo which is situated at the southeastern side of the basin. Of secondary importance are the streams Kloros and Poros as well as some unnamed streams which direct the rain water to a lower area. Parts of the Lassithi plateau are periodically flooded from rain water until the water finally flows through the sinkholes formed at the boundaries of the polje and especially in its northwestern end (sinkhole Honos) as well as in the part between Honos and the dwelling area Pinakianos. The drainage of the polje is achieved through a network constructed by the Countryside Development Service of the Ministry of Agriculture and the volume of the water that falls into the sink and feeds the karstic tunnels of the carbon rocks is estimated to be 17.5 x 106 m3 annually.

As far as the underground water supply is concerned, the most important hydrogeological entity in the area is the formation of the limestones of the Tripolis zone which in combination with the underneath “phyllites-quartzites” has created the spring of Psychro downhill from the “Diktaeon Andron” cave. This spring is estimated to supply around 40 m3/hour. The Psychro spring as well as most of the springs (Perganti, etc) which are found in the boundaries of the plateau, constitute the karstic contact springs which collect and give out part of the water of the hydrogeological basins which are found uphill (Κourmoulis 1979, Knithakis and Kalogiannakis 1987, Kallergis 1999). In the low alluvion the water supply is satisfactory and is used by approximately 8,000 shallow wells which yield around of 5 m3/hour. There are two main water tables which are found the first in a depth 8-10 m and the second in a depth of 14-22 m, while deeper water supplies can also be found in the sandstone layers of the alluvium formation.
2.5 Method of research 

In order to record the existing environmental situation in the near and the greater area of the “Diktaeon Andron” cave, topographic, geological and vegetation maps were used, while the area was visited in order to make in situ observations and verify the recorded data. In order to estimate and evaluate the burden to the environment an important role was played by the in situ observations as well as the data from the “Environmental Study” and the “Study for the showing off of “Diktaeon Andron” cave which were conducted for the Archaeological Receipts Fund of the Greek Ministry of Culture.

3. RESULTS - DISCUSSION   
3.1 Human activities and their impacts to the environment of the cave
The most important burden on the environment of the “Diktaeon Andron” cave which resulted in changes of the non-biotic characteristics of the cave and therefore also caused changes in the biotic characteristics are:

(a) Its use over a time period of more than one thousand years as a place of worship, initially during the late Minoan era and later during the Hellenistic era, a fact that can be proven amongst other things from the findings that are kept in the museum of Heraklion. It is worth noting that the “Diktaeon Andron”, during the Prepalatial Period (2000 - 1700 b.C.), was more important than the Trapeza cave which can also be found in the plateau of Lassithi. It remained famous during the Hellenistic era (around 700 b.C.) when it lost importance due to the showing-off of the Idaion Andron in Rethimno (Platakis 1973, Watrous 1996). 
(b) The excavation works and other activities necessary to reveal the immense archaeological material that it contained. These interventions happened in the beginning of the previous century and helped bringing about the destruction of the chamber which formed a distinct level in the interior of the cave. In this chamber which is known as the Upper Cave were located most of the findings and the most important ones of the late Minoan era (altar, cyclopean wall, temple, libation places, copper statuettes, weapons, etc). 

· These interventions and especially the fall of the Upper Cave which was assisted with the use of explosives, resulted, apart from the alteration of the morphology of the cave, in the fall of rocks and rock fragments which covered a large area in the Lower Cave, where we have the presence of stalactites. From the Upper Cave remains only one part which sits on solid ground and its greater part consists of rock fragments.

· The fragments from the fall of the floor of the Upper Cave have altered the morphology of the central part of the Lower Cave. The change of the morphology resulted in the destruction of certain natural biotopes of the fauna.
· The fall of the roof resulted in an increase of the area where there is prominent presence of bryophytes. The fall of the roof abolished the different micro-environments that existed in the interior of the cave and disrupted the conditions on its floor.

(c) Its use as a tourist attraction without any prior measures taken for the protection of the cave which happened in contemporary times and especially during the sixties and further until the end of the previous century. The burden to the environment of the cave from its use as a tourist attraction in combination with the pollution caused as a result of this, disrupted the environmental conditions and the flora habitats and caused serious but reversible effects in the ecosystem of the cave. The uncontrolled number of visitors inside the cave, have in the past caused serious damage to the flora and fauna, due to movement, noise, lighting and the emission of CO2 from the breathing of the visitors, from the transportation of organic matter as well as micro-organisms that the visitors bring in the cave with their shoes. This burden to the environment of the cave leads in complete degradation of the ecosystem of the cave and the evacuation of all the higher organisms (chiroptera), especially from the parts of the cave that are directly affected from the burden of the movement of visitors and which are found near the nesting areas of the chiroptera. An important consideration for the ecological equilibrium of the environment of the cave, is the creation of suitable conditions in the interior of the cave, which will allow the protection of the fauna and the flora, the preservation of biodiversity in the area but most importantly safe nesting and feeding places for the chiroptera. The fact alone that there are chiroptera present even today in the interior of the cave, is by itself an indication that the biotope of this kind as well as their numbers is possible to be reinstated provided that it is possible to cancel out the burden.

· The environmental damages to the interior of the cave were significant, caused by the use of the candles used for lighting purposes until 1999 when the cave was electrically lighted. The use of candles caused the covering of the stalagmites with wax and the covering of stalactites with fume, whereas the lake inside the cave was also seriously polluted as its bottom was covered with wax. 

· The layer of wax that rots and decays in combination with the slow rates of biological decomposition, due to the low temperature of water around 5-7 οC, contributed to the formation of a deposit layer of wax in the bottom of the lake. 

· Due to the pollution of the lake the fauna specimens of the area have migrated. Also in order to construct a passage part of the lake was filled with ruble and this resulted in shrinkage of its area and its volume as well as its rate of water replenishment. It is noted here that the lake constitutes an implicitly ecological niche, since the pollution has caused the migration of all the living organisms that used to inhabit the lake earlier. (Paragamian 1991). If the conditions in the lake return to normal, it is possible that the original habitats will return.

· The existing great amounts of organic matter in the form of wax creates a stress in the environment due to the products from its anaerobic decomposition. 

· The large number of visitors in the near past and the lighting of the interior of the cave with candles, disrupted the evolution conditions of the organisms and created deposits of fumes and wax in the geological formations. The deposition of fumes and wax on the geological formations complicates the movement of the natural inhabitants of the cave inside the cave. 
· The expansion of the entrance area of the cave resulted in more light entering the area and thus making this part of the cave more lighted. These lighting conditions brought about the further evolution of the low growing vegetation (bryophytes, ivy, etc) of the geological formations and the typical terrestrial micro-fauna (gasteropodes of the species of Bulimus and Helix, micro arthropods, etc) in the interior of the cave. 

· The great opening of the entrance to the cave allows the pollution of the species of flora and fauna that are usually found inside the cave with dust and mainly with micro-flora and micro-fauna from outside the cave.
· The great opening of the entrance of the cave affects the temperature of the interior of the cave which changes depending on the season from around 6 to 13 οC. This fluctuation of the temperature interferes with the living conditions of the natural inhabitants of the cave.
Another impact to the caves which is a result of their intense tourist exploitation, of which typical examples are the caves of Perama (Ioannina-Epirus) and the cave of Diros (Mani-Peloponnesus), is the creation of micro-flora of natural origin (fungi and algae) which is formed as a result of the long time micro-climatic changes in the interior of the cave (electrical lighting, temperature increases, wind drafts from the man-made entrances and exits as well as the transport of microorganisms and fungi from the visitors) and on the surface of the lit stalactite formations and generally from the internal geomorphological decoration of the cave.

4. CONCLUSION
The uncontrolled tourist exploitation of the caves is an important but short term asset of the local economic development in an area, which nevertheless in all cases leads to serious self destruction of this “tourist asset”. The case of the “Diktaeon Andron” cave is a characteristic example in Greece, of the use for over thousand of years of a cave by man, initially as a worship place and more recently as tourist attraction.  
The destructions in the environment of the cave as a result of the human activities are in direct correlation with the way they operated: (a) the excavation works and interference in the beginning of the previous century in order to reveal the rich archaeological material present, which led to the fall of the Upper Cave and resulted in the alteration of the morphology of the cave, the fall of rocks and rock fragments, the covering of a large part of the Lower Cave as well as the destruction of certain of the natural biotopes and the fauna and (b) its tourist exploitation without prior protection measures taken which happened in contemporary times and especially from the decade of the sixties until the end of the previous century. From the unplanned and uncontrolled tourist exploitation of the cave, there was pollution and derangement of the environmental conditions and of the fauna of the cave as well as serious but reversible effects to its ecosystem. To deal effectively with these effects there is a need for eliminating the burden to the environment as well as taking suitable protection and restoration measures.
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