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Part III-1 World comparison of karst ecosystem 
 
 
III-1-1 The reasons of high biodiversity in karstic landscapes and the influence of 
karst on natural zonality.  
 
Goryachkin S.1, Zakharchenko J.2, Semikolennykh A.l, Tuyukina T.1, Spiridonova I.1, 
Puchnina, E.3, Ryukov A.3, Shavrina E.3, Glasov M.1; 
l Institute of Geography, Moscow, Russia; 2 Altaisky Natural Reservation, Russia; 3 
Pinezhsky Natural Reservation, Russia. Emails: semik @ biolith.rusk. ru; pedology @ 
igras.geonet.ru 

 
The zonal (regional) landscape is greatly impacted by the karst rock, and the 

tundra karst drainage may occur in some forestry. Karst areas in northern forestry 
zones may secure some relict species of the Arctic and Alps within sinkhole bottoms 
and oligotrophic plant groups of the rock outcrops as well; karst relief in steeps is the 
auxiliary water supply resource. In other words, occurrence of the karst type process 
& relief forms may promote establishment of more sophisticated structures of 
landscapes and ecological systems. 

This phenomenon has been studied through some karst material influenced by 
taiga & tundra forest landscapes within the territory of 200 km to the east from the 
White Sea. Here the taiga zone of the Russian North European Area is the territory 
with domination of glacial and wetland plains. The landscapes were formed under 
cold & moisturizing climate along with slight drain processes. However, there are 
areas which are altered sufficiently, where gypsum & limestone are not deeply bedded 
underneath moraine deposits (or being exposed superficially). The widespread spruce 
forestry has been changed here to larch thin forest and natural meadows, open 
woodlands, and rock outputs where plants are unusual for the North habitats. The 
bogs may occur rarely, but some "disappearing" lakes, caves and other karst forms are 
rather abundant. This is a site where geodiversity and biodiversity is closely bound, 
where life and lifeless natures are developed together. 

The dynamic processes have been monitored on-site of a 900.00 sq. meter area by 
using three-dimensional methods. Thus, the environmental characteristics (i.e. 
temperature, moisture, soil solution contents etc.) and life values (i.e. microbiological 
activity, bird occurrence frequency, plant emergence etc.) have been rated along with 
their principal quantitative & qualitative differences in terms of the karst & moraine 
landscapes, respectively. 

The impact model may be re-established by way of such a principal layout as 
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follows: "rocks dissolving - relief- moisture, distribution of temperature & nutrition 
sources - influence upon organisms". As a rule, there is a pronounced limited factor 
per each ecological niche in karst landscape. The enhanced biological diversity of the 
ecosystem of a karst landscape has been obtained due to ecological niches of different 
sorts. 

This work was supported by the Russian Foundation of Basic Researches (project 
02-04-97502).  

 
 

III-1-2 Evolving Karst Management on the Tongass: What Twelve Years of 
Implementation and Development have Taught  
 
Baichtal, J., Forest Geologist, Tongass National Forest, Thorne Bay Ranger District, 
P.O. Box 19001, Thorne Bay Alaska 99919, Email: jbaichtal@fs.fed.us 
 

For the past 12 years the Tongass National Forest in Southeastern Alaska has 
worked to identify, inventory, explore, and manage the extensive karst resources 
found there. Fueled by the requirements of the Federal Cave Resources Protection Act 
of 1988 and the Tongass' interpretation of that Act, internal regulations, and 
recommendations of the 1993 Karst Panel, a strategy was developed intended to 
protect the karst resources found there. These standards were published in the Tongass 
Land Management Forest Plan in 1997, however, one form or another of these 
guidelines have been implemented from 1991 on. The Forest gathered ideas, 
boixowed concepts, and sought help from karst management specialists in the U.S., 
Tasmania, British Columbia, and Switzerland. Effectiveness monitoring of the 
implementation of these karst management standards have shown their strengths and 
weaknesses. In 2002, the Forest once again convened a panel of karst experts to 
independently evaluate the effectiveness of implementation of the current karst 
management standards and guidelines and to analyze the appropriateness of proposed 
changes to those guidelines. This paper focuses on the recommendations of the most 
recent karst panel's findings and the proposed changes to the karst management 
strategy on the Tongass National Forest. The proposed changes focus on clarification 
of the karst vulnerability assessment definitions, on the design and effectiveness of 
non-harvest buffers adjacent to karst features, sinking streams, etc., addresses wind 
throw salvage and secondgrowth timber management, catchment area management, 
qualifications of inventory and resource specialists, and establishment of long term 
monitoring sites. 
 
 
III-1-3 Karst in the Desert: Karsts and caves of Egypt, northern Libya and Saudi 
Arabia 
 
Halliday, W. R., IUS Commission on Volcanic Caves, Nashville, TN USA/Hilo, HI 
USA (615) 352-9204 /808) 969-9544, Email: bnawrh@webtv.net; Kosa, A., IUS 
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Commission on Informatics, Budapest, Hungary, Email: kosaatti@mail.matav.hu, Pint, 
J., Saudi Geological Survey, Jeddah, Saudi Arabia Email: thepints@ saudicaves.com; 
Ahmed Salama-Mohammed, Egyptian Environmental Affairs Agency, Cairo, Egypt, 
Email: pfsahmed@ hotmail.com 
 

At least potentially karstifiable rocks cover much of the surface of Egypt, north 
Libya, and eastern Saudi Arabia. Inventory and study of caves and other karstic 
features of this region have been hindered by rapid disintegration of friable, poorly 
consolidated limestones, mantling by packed gravel or wind-blown sand, and by 
assorted difficulties of field observation in arid to hyper-arid areas. Both calcareous 
and evaporite karsts are present, however, and their fossil and conduit waters locally 
are important albeit limited resources. Partially submerged karstic caves in the littoral 
of Cyrenaica (eastern Libya) have been known since Roman times. With an area of 
nearly 100,000m2, its Jabal al Akhdar karst may be one of the world's greatest. 

Here, huge sinkholes, active swallets and vertical caves still defy exploration, and 
enormous quantities of groundwater evidently are lost to submarine karstic springs. In 
western Libya, Tripolitania's Bir al Ghanam gypsum karst has caves up to 3.5 km long. 
In Egypt, the Mokattam, South Galala, Ma' aze, Siwa and Western Desert karsts and 
the remarkable "White Desert" karst of Farafra Depression are especially important. 
Qattara and other nearby depressions may be karstic rather than structural in origin. 
Unique Wadi Sannur Cavern is the world's largest gout and a potential World Heri- 
tage Site. Newly recognized lithified cave fills of the Mokattam karst may yield 
systematic information on successive post- karstification marine transgressions of the 
Cairo area. Under the aegis of the Saudi Geological Survey, increasing numbers of 
caves are being recognized in the Al Hasa, As Sulb, As Summan, Umm Ar Radhuma 
and Al Hamad karsts of eastern and northern Saudi Arabia. Some contain large 
chambers, complex mazes, and divable bodies of water. Significant mineralogical and 
paleoecological features have been found. 

Karstification reflects the complex hydrogeological and geomorphic regime of the 
region during the Tertiary and Quaternary. Major volcanic pseudokarsts are present in 
western Saudi Arabia, and little-known sandstone karsts or pseudokarsts in 
southwestern Egypt may contain analogues of features recently identified on Mars. 
 
 
 

Part III-2 Geology and karst ecosystem 
 
III-2-1 The Role of the Messinian Crisis in the Spatial Organization of the 
Mediterranean Karstic Aquifers  
 

Gilli, E., University Paris VIII, 2 rue de la Liberté, 93526 Paris, FRANCE & 
UMR 6012 Espace, Nice Email: gilli@karstology.com; Audra, P., (corresponding 
author), Équipe Gestion et valorisation de l’environnement (GVE), UMR 6012 
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"ESPACE" du CNRS, Nice Sophia-Antipolis University, 98 boulevard Édouard 
Herriot, BP 209, FRANCE - 06204 NICE Cédex Email: audra@unice.fr; Camus, H. 
CNRS / Montpellier 2 University, UMR 5573, cc 060, 34095 Montpellier cedex 05, 
FRANCE. Email: Hubert.camus@free.fr; Mocochain, L. CEREGE, BP 80, 13545 
Aix-en-Provence cedex 04, FRANCE, Email: mocochain@cerege.fr; Bigot, J., French 
Caving Association, Les 7 Portes, Place Mistral, 04400 Barcelonnette, FRANCE, 
Email: Jean-Yves. BIGOT2 @ wanadoo.fr 

 
The main karstic springs of southern France reveal geometry and behavior that are 

difficult to explain without a drop in the water table below the lower levels of the 
glacioeustatic fluctuations. The principal peri-mediterranean karstic features are 
probably inherited from the Messinian period when the sea level dropped dramatically 
due to the closing of the Straight of Gibraltar and the drying of the Mediterranean. 
The lowering of the regional water table and the deepening of the main valleys 
provoked the formation of very deep and important karstic systems. During the 
Pliocene, the rising of the sea level and sedimentation in the Messinian valleys forced 
the water to invade upper levels where loss of hydraulic head was very low. 

In the Calanques of Marseille and Cassis the submarine spring of Port Miou has 
been under exploration for more than a century. The mean annual discharge is close to 
8 m3/s and unsuccessful attempts have been made to trap the water and reduce its 
salinity by the construction of an underground dam. Recent explorations indicate that 
the main water flow comes from a vertical shaft that extends to a depth of more than 
147 m below the current sea level. At that depth the water is still brackish and the 
isotopic ratio C1/Br shows a marine origin for the salinity. In front of the spring, the 
bathymetry reveals the presence of a submarine karstic plateau cut by a deep canyon 
whose bottom is at a depth of 1000 m. This canyon looks like a karstic "reculée" and 
is not related to any important terrestrial valley. It is probable that the underground 
river of Port Miou that was flowing several hundred meters below its current level 
excavated the canyon. At the end of the Messinian crisis, the system was blocked by 
the intrusion of the sea into the karst. The karstic water now uses an upper gallery 
after mixing with the seawater. 

The crisis also affected inland karstic aquifers far from the sea. The famous spring 
of Fontaine de Vaucluse was explored by a ROV to a depth of 308 m, 224 m below 
current sea level. Underground karren observed on the wall of the shaft tend to prove 
that the spring was previously an aerial shaft in connection with a deep underground 
river flowing towards a deep valley. Seismic data confirm the presence of deep 
paleo-valleys filled with Pliocene sediments in the current Rhône and Durance 
valleys. 

In the Ardèche, several vauclusian springs also have abnormal positions and 
geometry that are probably related to the Messinian. 
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III-2-2 Faunal Associations with Karst Landscapes: The Example of Birds in 
Belize  
 
Mick Day, Department of Geography, University of Wisconsin-Milwaukee, P.O. Box 
413, Milwaukee, WI 53201. 
 

The ecological significance of karstlands is a recent focus of studies by karst 
scientists, and there is growing recognition of the need for an holistic approach to 
their geoecology. The existence of distinctive and significant karstland vegetation 
communities raises the question of whether there are similar associations between 
karstlands and their fauna. 

Karst covers about 5000km2, or 22% of Belize's land area. Prior research 
demonstrates significant relationships between the karst, its vegetation and ecology. 
The avifauna of Belize is diverse and bird records are readily available. Over 550 
species have been recorded and more than 350 species breed in the country. Over 300 
bird species have been identified in the karst, with at least 250 occurring on a regular 
basis. Thus, the karst and the forests associated with it represent an important 
avifaunal habitat whose conservation is warranted. 

Comparative studies in the region reinforce the evidence that the Belize karst 
represents a significant bird habitat. Other karst terrains may also represent significant 
faunal reservoirs and the associations between karstlands and their fauna merit future 
attention from karst scientists. 
 
 
III-2-3 Impacts of Karst Surface Characteristics upon Residential Radon Values  
 
All, J., Western Kentucky University Department of Geography and Geology, Email: 
john.all@wku.edu 
 

Karst landscapes frequently are associated with elevated residential radon 
measurements as the underlying geology can permit the radioactive gas to move 
quickly from Uranium-bearing strata to the surface. Radon is the second leading cause 
of lung cancer after smoking and of growing international concern. Residential radon 
values were correlated with proximity to surface and subsurface water flows, site 
elevation, aspect, and slope using ARCGIS. Surface flows were expected to be 
inversely proportional to radon values and subsurface to be proportional as these 
flows provide clues as to regolith fracturing. Aspect and slope influence weathering 
and permeability of the surface to radon diffusion. The results of this analysis inform 
residential site selection and site preparation in karst landscapes. 
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III-2-4 A Groundwater Geochemical and Isotopic Transect through Mullamullang 
Cave, Nullarbor Plain, Western Australia  
 
Turin, H., J., Los Alamos National Laboratory, Los Alamos, NM 87545, USA, ph:  
1-505-665-6339, Email: turin@lanl.gov and Webb J. A., La Trobe University, VIC 
3086, AUSTRALIA 
 

Mullamullang Cave is a long horizontal cave beneath the Nullarbor Plain, Western 
Australia, with approximately 11 km of surveyed passage. Average annual rainfall in 
the area is approximately 200 mm, and there are no known drips or seeps into the cave. 
There are no active calcite speleothems in the cave; one area is spectacularly 
decorated with halite speleothems. The cave intercepts the water table at a number of 
pools, which are dominated by sodium chloride with an average TDS of 9500 mg/L. 
In-cave pool samples were complemented by regional borehole groundwater samples 
spanning a 45km transect. The regional aquifer is similar in chemistry to the cave 
pools, ranging in TDS from 8500 to 13,400 mg/L. Geochemical analyses suggest that 
local rain contains sea- spray, plus a calcite/gypsum terrestrial dust component, plus 
atmospheric nitrate. Local groundwater geochemistry resembles rainfall that has been 
concentrated by evaporation, reprecipitated calcite and gypsum, and lost nitrate. 
Groundwater cropping out in cave pools degasses carbon dioxide, precipitating 
additional calcite. 

None of the samples collected on the Nullarbor Plain had elevated bomb-pulse 
chlorine-36 ratios, and the only detectable groundwater tritium was in pools near the 
entrance of Mullamullang Cave, probably affected by episodic flooding of the 
entrance doline. Stable-isotope ratios of cave pool water and regional groundwater are 
tightly clustered to the right of the present-day meteoric water line, and are lighter 
overall than average modern precipitation. Together, these observations suggest a 
late-Pleistocene groundwater age of between 10,000 and 100,000 years. 

 
 
 

Part III-3 Subterranean karst ecosystem 

 
III-3-1 Microorganisms in caves 
 

III-3-1-1 Supposed contribution of cave microorganisms to a karstic process in 
the limestone caves of Easten Siberia 
 
Khizhnuak S. , Tausheva I., Berezikova, A., 660133 Russia, Krasnoyarsk, Laso 4-261, 
Tel: (8-3912) 48-02-09, Email: khizhnyak@ ccnnp.ru, Email: vitaly@ccnnp.ru 
 

Eastern Siberian caves occur in the limestone and conglomerates. According to the 
geological data karstic processes on the territory were begun in the early Neogene. 
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Now the absolute majority of explored caves do not have constant or temporary water 
streams necessary for an active karstic process. Nevertheless, an analysis of the cave 
sediments demonstrates that cave elongation in consequence of the weathering of 
limestones takes place at present time even in the sites with no water circulation. This 
is due to dissolving of limestone in the water condensate containing carbonic acid 
with subsequent uptake of dissolved material via season circulation of water steam 
between subterranean cavities and land surface. The model describing this process im- 
plies a constant source of carbon dioxide. One of the sources of CO2 is respiration of 
cave microorganisms. Four years of research in thirteen Siberian caves demonstrated 
the presence of abundant specific microbiota consisting of bacteria, fungi and 
Protozoa. The density of microorganisms varies from 104 to 107 microbial cells per 1 
g of sediments for bacteria and from 0 to 106 colony-forming units for fungi. The 
density and activity of cave microorganisms as direct measurements of microbial CO2 
production demonstrates their essential contribution to a total amount of carbon 
dioxide in some of the subterranean sites and, consequently, their important role in the 
weathering of limestones. 
 
 
III-3-1-2 The Ecology of Microbial Communities in Soils and Gypsum Caves in 
Taiga Region (Russia) 
 
Semikolennykh A.1, Gorlenko M.2, Ivanova A.2, l Institute of Geography, Moscow, 2 
Moscow Lomonosov's University, Soil Faculty, Email: semik@biolith.msk 
 

The functional structures and population structures of microbial fungi & bacterial 
communities have been studied in the gypsum caves of Archangelsky Region (North 
European part of Russia, 64o32' n. lat., 43o15' e. lon.) within a natural sub-area of the 
north taiga zone. Some caves & soil samples have been selected for the 
microbiological investigation. The poor substrates and rich organic samples have been 
researched by way of incubation on media with different conditions, destructive tests 
within a field, multi-substrate testing, and model experiments. 

These soils and caves have approximately the same microbial biological mass and 
common taxonomic versions, though there are some strict differences within a 
microbial community's structure (relative taxonomic abundance & object frequency) 
and its functional activities as well. 

The cave fungi communities may be differed from soil types by way of their high 
degree of homogeneity (community uniformity ratings E=0.95~0.99), i.e. by their rare 
species, although the same taxonomic types have abundant rating terms (frequently> 
30%) under total absence of scanty species. In other words, one could see massive 
discrete cave substrate being emerged by its single monospecies’ population. 

The hydrolytic organisms are less active under low temperatures, therefore fast 
destruction of the complex organic cave material has not been observed. But the 
constant low temperatures may cause an adaptation process (the so-called 
psychrophilic pool appears) of the oligotrophic microorganisms. For an example, the 
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quota of microorganisms growing in 5oC from microorganisms growing in 25oC for 
mineral soil horizons is 0.05% and for mineral cave sediments is 20%, respectively. 

The process of substrate consummation by the microorganism communities from 
the cave sites proceeds in slow motion, along with less energy of reaction. 

Thus, the cave environment produces a rapid selection of the psychrophilic & 
oligotrophic forms (without any rivals), which may be observed in organisms within a 
cave that contains surface superficial water & other material types.  
 
III-3-1-3 Specific DNA Biomarkers for Two Bacterial Species Associated with 
Karst Aquifers and Corrosion Residues in Cave Microenvironments  

 
Fowler, R.., Roberson, E., Groves, C., Sahi, S., Biotechnology Center, Dept. of 
Biology, & Hoffman Environmental Research Institute, Western Kentucky University, 
One Big Red Way, Bowling Green, KY42101 
      

Environmental DNA extracted from cave sediments contains many DNA 
sequences, some of which encode bacterial 16S rDNA from the cave bacterial 
community. Prior efforts in our laboratory have led to the creation of a database of 
16S rDNA sequences from a clone library of bacterial DNA extracted from cave 
sediments or bacteria cultured from cave sediments. Cloned or cultured 16S rDNA 
sequences are aligned and compared with online software tools. Also in the database 
for each entry is an experimentally measured fluorescent fragment length that serves 
as convenient biomarker for that particular bacterium. Mixed bacterial 16S rDNA is 
amplified by PCR and labeled with fluorescent dyes, followed by restriction digestion 
to generate a profile with many fragments representing the bacterial community. The 
profile is interpreted with the aid of phylogenetic, sequence, and biomarker 
information afforded by the cave specific database and comprehensive online genetic 
depositories. Highly specific biomarkers have been developed to monitor both a 
cloned 16S gene from a possibly lithotrophic Nitrospira sp. found in cave streams as 
well as a cloned 16S gene from a Holophaga/Acidobacterium relative found in 
corrosion residues and travertine cave microenvironments. Both bacteria have been 
identified from the Mammoth Cave system and other caves elsewhere in Kentucky 
and Alabama.  
 
 
III-3-1-4 Effects of Temperature and Inorganic Ions on Carbonic Anhydrase 
Activity in Leaves of Typical Plant in the Karst Experimental Site, Guilin, China  
 
Long-jiang Yu , Wei Li, Xian-dong Zeng, Yuan-xi Wu, Yun Wu,  
School of Life Science and Technology, Huazhong University of Science and 
Technology, Wuhan 430074, China; Email: yulongjiang@hust.edu.cn, Tel.: +86-27- 
87543633, Fax: +86-27-87540184 
 

Carbonic anhydrase (CA) could act as an activator in carbonate rock dissolution. 
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To find the actual role of biological CA in weathering, it is necessary not only to 
examine in situ distribution and activity of CA in living organisms and their 
surrounding environment, but also to investigate the stability of CA in living 
organisms and their surrounding environment. In this paper, effects of temperature 
and inorganic ions, such as calcium, magnesium, zinc and cobalt ions, on carbonic 
anhydrase activity in leaves of typical plant in the Karst Experimental Site, Guilin, 
China, were studied. The results showed that temperature had an important effect 
upon expression of CA activity in leaves of typical plant. Calcium, magnesium, zinc 
and cobalt ions also had effects upon expression of CA activity in leaves of typical 
plant. These results provided the basis for studying the stability of CA in plants.  
 
 
III-3-1-5 Carbonic Anhydrase Activity in Soil and Its Microbes from Different 
Karst Ecosystems of Southwest China  
 
Wei Lil, Long-jiang Yul, Dao-xian Yuan2, Yun Wul, Xian dong Zeng1, 
1School of Life Science and Technology, Huazhong Univ. of Science and Technology, 
Wuhan 430074, China; 2Karst Dynamics Laboratory, Ministry of Land and Resources, 
Guilin 541004, China, Corresp. author Email: huliwei@hotmail.com, Tel.: +86-27- 
87543633, Fax: +86-27-87540184 
      

The origin and distribution of carbonic anhydrase (CA) which could accelerate 
karst processes were investigated in this paper. The soil samples used in the study 
were collected from 4 different kinds of karst ecosystems of southwest China. The 
results indicated that CA activity could be detected in surface layer soils, and that CA 
activity varied obviously among the soils in different karst ecosystems. Of the four 
kinds of karst area, the mean CA activity in the surface soil in Misuga of Liu Panshui, 
which had the lowest rate of covered vegetation, was the lowest of 0.02 U/(g dry soil). 
Nongla and Jinfu mountain, where there are abundant vegetable species diversity and 
well-growth vegetation, had higher mean CA activity in the surface soil with 3.83 
U/(g dry soil) and 3.13 U/ (g dry soil) respectively. Moreover, there was certain 
difference in CA activities of soils among different kinds of karst landscape in the 
same kind of karst ecosystem. On the other hand, the higher CA activity could be 
detected in the rhizosphere soils, and CA activity in soil exhibited both obvious 
seasonal and vertical changes. These facts manifested that plant roots and soil 
microorganisms serve as important sources of CA. Meanwhile, the soil microbes that 
can produce CA were screened. The results showed that CA activity could be found in 
bacteria, actinomycetes and fungi. Among the screened soil microbes, actinomycetes 
could produce the higher intracellular CA activity, while fungi could produce the 
higher extracellular CA activity.   
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III-3-2 Fauna and Flora in karst 
 
III-3-2-1 The Case Study on Soil Fauna Diversity in Different Ecological Systems 
in Shilin National Park, Yunnan, China  
 
Xiang Changguol, Song Linhua2, Zhang Pingjiul, Pan Genxingl,  
l Nanjing Agricultural University, Nanjing 210095,2 Institute of Geography, Chinese 
Academy of Sciences, Beijing 100101 
 

The distribution and diversity of soil fauna in a sequence of ecosystem 
degradation in the Shilin National Park, Yunnan, China has been preliminarily studied. 
The degraded ecologic system includes the 5 types of vegetation covers: (1) natural 
bush; (2) human planted cypress forest; (3) natural grass; (4) secondary grass and (5) 
bare red earth. A quadrate of 1m×1m in each eco-tessera was sampled for soil fauna 
collection. The animals were obtained either by picking up or by heat- removing. The 
soil fauna were dominated by acarina, collembola, nematode, coleoptera, and 
opistopora in these soils. However, enchytraeidae, araneida, lepidoptera and diptera 
were also common groups. The diversity index H turned out to be less than 1.5, 
drastically decreasing with the vegetation degradation trend. In the karst soils, 
parholaspidae was one of the most populated among the mites. The biomass of 
trhypochthoniidae and ologamasidae was very concentrated in the natural bush 
ecosystem, showing high sensitivity of mites to vegetation degradation. The biomass 
ratio of acarina to collembola in the studied soils ranged from 0.70 to 1.50, which was 
in great discrepancy to the results re- ported of the natural soils at similar latitude. The 
small soil fauna biomass and less diversity indicated that the studied soil was in a state 
of deterioration of soil fauna habitats and, in turn, the soil ecosystem health. The 
results also evidenced that the soil fauna in the karst soil was definitely vulnerable 
regarding the sustainable development of the Shilin Park. 

 
 

III-3-2-2 The Biogeomorphology of the Jamaican Cockpit Country  
 
Chenoweth, M., the University of Wisconsin - Milwaukee, Department of Geography, 
Milwaukee, WI 53211, (414) 229-4860, Email: cheno@uwm.edu 
      

The Jamaican Cockpit Country is the World's "type-ex- ample" of the cockpit style 
of polygonal karst. Although it has been the subject of extensive geomorphological, 
hydrological and biological studies, extensive interest in its future conservation status 
has only recently emerged with the suggestion that it be nominated as a U.N. Natural 
World Heritage Site and with the involvement of the World Bank in developing a 
management strategy. One critical element in the formulation of an appropriate 
management policy is the development of a reliable biogeomorphological database. In 
that context, this research aims to classify and quantify the cockpit karst landforms 
and identify associated vegetation patterns. A digital elevation model (DEM) and 
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cartographic modeling are used to delineate the karst landforms in a geographic 
information system (GIS). High-resolution satellite imagery (ASTER) is used to 
create a DEM of the study area and identify vegetation patterns by landform, slope 
and aspect. Reference data on landforms and vegetation type were collected in the 
field using a GPS and used is for accuracy assessment. The results of this project will 
facilitate planning by the Jamaican Government and the World Bank in the creation of 
the Cockpit Country National Park.  

 
 
 

Part III-4 Impacts of human activities on karst ecosystems 
 
III-4-1 Highway Stormwater Runoff Management in Karst Areas: Water Quality 
and Land Stability  
 
Wanfang Zhou, Barry E Beck, and Thomas Green 
      

In karst-rich regions, it is inevitable to construct high- ways on karst landscapes. 
Two major concerns are closely associated with highway construction in karst 
areas-the risk of sinkhole collapse under or near the roadway and the negative impacts 
on water quality from highway runoff. More importantly, these two groups of 
problems are interrelated and they both can be caused by poor management of 
stormwater runoff, especially in areas where highway runoff is transferred quickly 
into subsurface conduit networks through open sinkholes and/or sinking streams. 
Because roadbuilding across karst landscapes faces both environmental and 
engineering challenges, it is essential to conduct a systematic study of karst 
geology/hydrology and formulate a comprehensive stormwater runoff management 
plan before the highway construction. The commonly used "best management 
practices" can help manage the stormwater runoff effectively in some sites and in 
Some other sites, sitespecific management plan is needed to address these issues. A 
peat filtration system constructed at the I-40/I-640 interchange in eastern Knoxville, 
Tennessee was intended to remove highway runoff contaminants prior to being 
transported into the underlying karst aquifer while maintaining the stability of the site. 
Preliminary field tests indicate that the system can significantly decrease the 
concentrations of analyzed constituents including PAHs (polyaromatic hydrocarbons), 
Copper, and Zinc. The removal efficiency depends on the concentration of the 
contaminants in the runoff. 
  

 
III-4-2 Intrinsic Vulnerability mapping for the protection of Carbonate(Karstic) 
Aquifers: a pan-European Approach 
 
David Drew   Trinity College Dublin 
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Carbonate terrains comprise one third of the land area of Europe. Karst aquifers 
are important sources of groundwater supplying up to one half of public drinking 
water supplies in some countries. A pan-European COST Action (co-operation in 
science and technology), including delegates from 15 countries, worked from 1997 to 
2002 to develop an approach to vulnerability and risk mapping that took into account 
the particular characteristics and the known high vulnerability to contamination, of 
carbonate (karst) aquifers. The project was given addition impetus by the 
requirements of the European Water Framework Directive which is intended to 
provide a common framework for water resource policy and management. 

An earlier COST Action (1992-1995) dealing with karst groundwater protection 
had demonstrated the great diversity of karstic terrains existing in Europe ranging 
from alpine to coastal, Mediterranean to karsts overlain by Quaternary deposits. 
Equally conceptual, management and legislative approaches to karst and karst 
groundwater varied greatly between countries. Thus it was necessary to develop an 
approach which was broad enough to encompass all the European conditions but 
sufficiently flexible to be customized for individual karstic regions. 

The major task of the COST Action was to develop a general, non-prescriptive 
approach to intrinsic vulnerability mapping, which could be adapted into methods 
appropriate for use individual karst areas of Europe. 

The European Approach uses four factors in assessing intrinsic vulnerability: 
Overlying layers (O), Concentration of flow (C), Precipitation regime (P) and Karstic 
network development (K). The factors O, C and K represent the internal 
characteristics of the system, while the P factor is an external stress applied to the 
system. For resource vulnerability mapping, the factors O, C and P should be taken 
into consideration, while, in addition, the K factor should be taken into account for 
source vulnerability mapping. The European Approach has been applied, using locally 
adapted methodologies, at a variety of test sites in seven of the participating countries. 

A final aim in developing the European Approach was that the approach, though 
karst sensitive, should not be completely karst centered to the extent that it could not 
be used in other groundwater environments. This aim has been realized to the extent 
that the P and O factors have universal applicability in assessing vulnerability, whilst 
the C and K factors relate to the particular characteristics of karst aquifer systems. 
  

 

III-4-3 Vulnerability and Risk Mapping for the Protection of Carbonate 
(Karst)Aquifers: a pan-European Approach  
 
Goldscheide, N. & Zwahlen, F., Hydrogeology Centre (CHYN), University of 
Neuchâtel, 11 rue Emile-Argand CH-2007 Neuchatel Switzerland, Email: nico. 
goldscheider@unine.ch and / francois. zwahlen@unine.ch, Phone: 0041-32-718-2645/ 
0041-32-718-2689 
      

Carbonate terrains comprise one third of the land area of Europe. Karst aquifers 
hold important groundwater resources supplying up to 50% of drinking water in some 
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countries. The European COST Action 620 (Cooperation in Science and Technology), 
including delegates from 16 countries, worked from 1997 to 2002 to develop an 
approach to vulnerability and risk mapping, which takes into consideration the 
particular characteristics of carbonate (karst) aquifers, but which can, however, also 
be used for other aquifer types. The project was given impetus by the European Water 
Framework Directive, which is intended to provide a common framework for water 
resource policy and management. 

The approach comprises methods of intrinsic and specific vulnerability mapping, 
hazard and risk mapping, and validation. Vulnerability maps can be produced both for 
resource and source protection. The proposed method is based on an 
origin-pathway-target model. The origin is the point of release of a potential 
contaminant, mostly the land surface. The target may be the groundwater table 
(resource) or a spring/ well (source). The pathway comprises all compartments be- 
tween the origin and the target. Intrinsic vulnerability only takes into account the 
hydrogeological properties of the system, while specific vulnerability additionally 
considers the specific interactions with particular contaminants. Hazards are defined 
as potential sources of groundwater contamination resulting from human activities, 
and overlaying vulnerability and hazard maps creates risk maps. Different techniques 
to validating vulnerability maps are proposed, comprising tracer tests, hydrograph and 
chemograph analyses, and modeling. The new approach was successfully tested in 11 
European test sites. 
  
 
III-4-4 Application of the Pan-European Approach for the Protection of 
Carbonate Aquifer in the Pilot Site of Sierra de Libar (South Spain)  
 
Bartolome, Andreo., N. Goldscheider, I. Vadillo, J.M. Vías, C. Neukum, J. 
Brechenmacher, F. Carrasco, H. Hö tzl, P. Jiménez, M.J. Perles & M. Sinreich 
 

The Sierra de Líbar, a karst system in Southern Spain, was used as a test site to 
apply methods of intrinsic and specific vulnerability mapping, hazard and risk 
mapping that were developed within the framework of the European COST Action 
620. 

The intrinsic vulnerability maps that were prepared using two methods (PI and 
COP) show a high to very high vulnerability in the catchments of swallow holes and 
on highly developed epikarst, and lower vulnerability on outcrops of marl and Flysch 
that do not belong to the catchment of a swallow hole. Specific vulnerability maps 
were prepared for bacteria and aromatic hydrocarbons. The map for bacteria reflects 
the travel time distribution and the capacity of the system to remove bacteria by 
filtration and sorption processes. It shows a similar distribution of vulnerability zones 
as the intrinsic vulnerability map. The specific vulnerability for aromatic 
hydrocarbons is relatively low in almost the whole area due to degradation by 
volatilisation. 

The Sierra de Líar is a strongly karstified and thus vulnerable area. However, the 
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number of hazards is limited and most hazards represent relatively small and harmless 
contamination sources (villages and agriculture in the poljes). The risk map was 
obtained by overlying the vulnerability and hazard maps. It shows that the risk of 
groundwater to be contaminated is relatively low in most parts of the area, due to the 
absent of hazards. However, high risk is present in some poljes, where houses without 
sewer system are located directly next to swallow holes. 
  

 
 
III-4-5 Risk Assessment of Karst Aquifers: a Pan-European Approach  
 
Heinz Hoetzl, University of Karlsruhe, 76128 Karlsruhe, Germany 
 

The protection of our natural karst groundwater re- sources requires a sustainable 
groundwater management which should be based on a comprehensive risk analysis. 
Within the EU-COST Action 620"Vulnerability and Risk map- ping for the protection 
of carbonate (karst) aquifers" several approaches for risk assessment were discussed. 
Following the concept of the COST 620, total risk assessment comprises two steps in 
the analysis. On one hand the risk intensity assessment and on the other hand the risk 
sensitivity assessment. Risk intensity assessment results from the endangering 
potential of hazards and the vulnerability of the geologic system. In practice it will 
assessed by superpositioning of vulnerability and hazard maps. The result is a risk 
intensity map that indicates the impact of each hazard to the groundwater under 
consideration of the vulnerability of the substratum between the land surface and the 
groundwater table. Whereas risk sensitivity assessment combines the aquifer 
characteristics like fiowrate, flow velocity, flow direction, hydrodynamic dispersion 
and the analysis of the resulting damage of a contamination. The analysis of the 
resulting damage considers the ecological as well as the economical value of the 
groundwater. The total risk as- sessment is achieved by combining the risk intensity 
and the risk sensitivity whether by an mathematical relationship or by an simple 
matrix related aggregation. 

In past groundwater studies risk assessment is dealing mainly with the risk 
intensity analysis only. For land use planning or other tasks of groundwater 
management, like decisions on protection or remediation measures, it is essential to 
include also risk sensitivity analysis and to consider the total risk assessment. 
Especially for non-hydrogeological orientated decision makers, shareholders and 
utilities managers it is important to go beyond the vulnerability analysis and to come 
up with a comprehensive risk assessment. Using GIS technology certain strategies and 
concepts for presenting risk maps are recommended, which were partially also 
transposed in the different COST test sites. 
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III-4-6 Analysis on the Short-term Scale Variation of Typical Epikarst Spring: 
case study of Landiantang spring and Dongwang spring at Nongla village, 
Mashan County, Guangxi Province  
 
Zhang Cheng, Yuan Daoxian, Cao Jianhua , Institute of Karst Geology, CAGS, Karst 
Dynamics Laboratory, MLR, Guilin, 541004 
 

Nongla, a typical karst dynamic system monitoring site, is located at Nongla 
Village, Mashan County, Guangxi Province. The data from the site automatic records 
indicates that the karst dynamic system is highly sensitive to environment. Multi-day 
and diurnal physico-chemical variation of epikarst spring water is quite different 
under the different climatic condition. In normal day (no rainfall), water temperature 
and air temperature have about the same variation. Conductivity has a good negative 
correlativity with pH value of spring, and its peak zone lagged behind top temperature 
for about 4-5 hours. It may be caused by content gradient of CO2 in atmosphere 
resulted from the change between photosynthesis and respiration of vegetation, which 
is proved favor for improving karst processes. 

At the beginning of rainstorm, physico-chemical variation of spring is mainly 
controlled by dilution effect and it can last for the entire rainfall process, but 1-2 hours 
later, hydrodynamic effect and CO2 effect will occupy the dominant position due to 
the high fissure rate and permeability in epikarst zone, whereas, dilution effect only 
acts on the earliest period of light rain. So it is necessary to take water-rock- CO2 as a 
whole (system) for explanation of hydrochemical behavior of epikarst processes. 

Multi-day and diurnal physico-chemical variations of epikarst springs are quite 
different under the different vegetation conditions. In secondary forest 
physico-chemical variation of spring is relatively stable with high conductivity 
ranging 599-603µs/cm and high [Ca2+] content ranging from 73 to 90mg/L. Whereas 
it is very unstable and varies with multiple-day and diurnality in bushwood, with 
lower con- ductivity and [Ca2+] content ranging from 435 to 460µs/cm, from 52 to 
83mg/L respectively. The result showed that epikarst spring in secondary forest is 
more sensitive to the environment than that in bushwood. It also proved that karst pro- 
cesses in secondary forest is much more active than that in bushwood. 
 
 
III-4-7 Characteristics of Karst Hydrodynamical and Hydrochecmical Zone of 
Ordos Basin  
 
Han Xingrui, Wang Zhuoning, Institute of Karst Geology, CAGS, Karst Dynamics 
Laboratory, MLR, Guilin, 541004, China 
 

The Ordos basin is a large inland basin with area 280,000 km2 located in the east 
part of Northwest China. The annual rainfall ranges from 600mm to 100mm and 
decreases from southeast to northwest, classifying semiarid and arid climate. Lower 
Palaeozoic carbonate rocks rises to the edge of the basin and forms karst mountains 
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with elevation of over 2000m. The central part of the basin is loess and desert plateau. 
The area is an important energy base for world famous coal mining area and gas field. 

Lower Palaeozoic carbonate rocks formed the main karst aquifer in the shallow 
part of the basin. In the deep part of the basin, the same carbonate rocks serve as a 
heat-storage reservoir and gas-bearing reservoir.  
 
 
 

Part III-5 Paleoenvironmental reconstruction with karst records 
 
III-5-1 Karst development potential and base level changes in Mediterranean 
regions: a unique reference model  
 
Bakalowicz, M.,l, Aunay, B. 2, Le Strat, P2, Dorfliger, N.3, Fluery, P.4 
1Hydrosciences, Université Montpellier II, cc MSE, 34095 MONTPELLIER CEDEX 
5 (France),Tel 00 34 467 143 933, Fax 00 34 467 144 774, E-mail: baka 
@msem.univ-montp2.fr 2Service Géologique Régional, BRGM, 1039 rue de Pinville, 
34000 MONTPELLIER (France) 3Unité RMD, BRGM Eau, 1039, rue de Pinville, 
34000 MONTPELLIER (France) 4Nymphea Water, Les Dauphins, 520 av. de Jouques, 
13685 AUBAGNE CEDEX (France)  
 

Karst develops only when necessary conditions occur, named the karstification 
potential, KP. KP includes a "solvent", generally water and dissolved CO2, and an 
"engine" driving the ground water flow. The main "engine" is the difference in altitude 
between the recharge area and the discharge point, the base level, BL. BL fixes up the 
position of the karst network. When BL drops down, the karst network is abandoned 
and a new one is created. In a reverse way, after a rising up of BL, the karst structure 
becomes flooded and non-functional. 

The Mediterranean karst regions have been subjected to a major event at the end 
of Miocene, the Messinian crisis, 5.5 My ago. The sea level dropped down to 
1000-1200 m below the present day level. In their lower part, the main rivers deeply 
embanked, very often in carbonate rock formations. The new KP organized karst 
structures related to a very deep BL. Pliocene began with a very rapid rising up sea 
level and the flooding of the Messinian karst structure. Since Upper Pliocene, BL 
changed several times, related to glacial periods. These changes were only in the 
range 100~150 m, i.e. without significant consequences on karst development and 
functioning. The main consequence on present day karst aquifers is a very complex 
functioning, with the existence of huge karst reservoirs, the presence of vaucluse-type 
springs, i.e. vertical phreatic conduit discharging at the main springs, natural sea water 
intrusion deeply in the aquifers and submarine springs along the coast.  
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III-5-2 High resolution paleoclimatic environment records from a stalagmite of 
Dongge cave since 15000 years in Libo, (Guizhou) China  
 
Zhang Meiliangl, Yuan DaoXianl, Cheng Hai2, Lin Yushi1, Qin Jiamingl, Tu Linlingl, 
Wang Hual, Feng Yumei1,  
l Karst Dynamics Laboratory, Institute of Karst Geology, CAGS, Guilin, 541004 
Email:mlzh@karst.edu.cn, 2Geographics Department, Minnesota University, 
MN55455, USA 
      

The time sequence of high resolution paleoclimatic change since 15473a B.P. has 
been reconstructed by dating ages of the high precision TIMS-U series and the 
analysis of the carbon and oxygen isotopes from a stalagmite of Dongge cave in the 
area of Libo, Guizhou. The study results showed that the record of the warm and cold 
events from the stalagmite since 15437a B.P. in the area of Libo reflected the 
paleoclimatic change which can be divided into four stages: (1)the late stage of the 
late Pleistocene Epoch-Heinrich event HI and Younger Drays (Y.D) event during 
15437 a B.P. to 11352a B.P., which indicated that the East Asian winter monsoon was 
very strong, the air temperature was lower, the available rainfall relatively reduced in 
summer and they represented the dry and cold climate environment. (2) the early 
Holocene Epoch-the dry and hot stage from 11352 a B.P. to 9193a B.P., which 
reflected that the East Asian summer monsoon was very strong, the air temperature 
rose sharply, the available rainfall relatively reduced in summer and they represented 
the dry and hot climate environment. (3) the middle Holocene Epoch-Climatic 
optimum time from 9193 a B.P to 3324a B.P, which reflected that the East Asian 
summer monsoon was more strength, the air temperature rose, the available rainfall 
relatively increased in summer and they represented the warm and humid climate 
environment. (4) the late Holocene Epoch-falling temperature time from 3324 a B.P. 
to 128a B.P., which showed that the East Asian summer monsoon became weakly and 
winter monsoon became strongly, the air temperature gradually reduced, the available 
rainfall was very rich in winter, and the frequency of climate undulation increased fast, 
the interval time of the recently cold phase and the warm or hot phase became the 
more short tendency. 

The records of the carbon and oxygen isotopes from the stalagmite have revealed 
the last two cold or cool events during the late stage of the last glacial period, which 
their ages of the coldest deep valley are 15437±129a B.P.(H1) and 11910±74a 
B.P.(YD) respectively, at the same time it has been also confirmed that the borderline 
age of the termination II during the last glacial period is 11352+74a B.P. through the 
precisely dating ages of TIMS-U series from the stalagmite in Dongge cave of Libo, 
Guizhou. And it has been confirmed that there also existed the cold events in the 
Eastern Asian monsoon climate region of the South China during the last glacial 
period. These cold events could correspond with the Heinrich cold event H 1 and 
Younger Drays event in the North Atlantic Ocean. The paleo-monsoon circulating 
current changes in the area of Libo reflected that the East Asian summer monsoon 
changed from the weak to strength trend and then from strength to weak trend again, 

110 

mailto:mlzh@karst.edu.cn


the avail- able rainfall was from less to much more and then from more to less and 
from less to more trend again, and the air temperature was from the low (or cold) to 
high (or hot) and from high to low trend again. The paleo-monsoon circulating current 
changes in this area were clearly affected by the climate oscillation of the North 
Atlantic Ocean, and indicated that they had well teleconnection with the paleoclimate 
change occurred in the North pole region. 
 
 
 
III-5-3 A New Method for Improved Dating of Sedimental Paleoclimatic Records 
Using Evolutive Spectral Analysis of Orbital Variations  
 
Shopov, Y.l, Tasev, S.2, Stoykova, D.1, Garbeva, D.1, Georgiev, L. N.1, Sanabria, M.1, 
Ford, D.3, Lundberg, J. 4, 
l Faculty of Physics, University of Sofia, James Bouchier, 5, Sofia 1164, Bulgaria, 
YYShopov@phys.uni-sofia.bg, phone + +35998448132, 2 Massachusetts Institute of 
Technology, Physics Dept., Boston, MA, USA, 3 Geography Dept., McMaster Univ., 
Hamilton, Ontario, L8S 1K4, Canada, 4Geography Dept., Carleton University, 1125 
Colonel By Drive, Ottawa, Ontario, Canada 
 

Spectral time series analysis of luminescent records in speleothems shows that it 
contains cycles of variations of orbital elements and many shorter solar cycles. 
Luminescence of organic matter in speleothems depends on solar visible and infrared 
radiation so it can be used as a proxy index of Solar Insolation (SI). The theoretical 
calculations of Milankovitch cycles determined that the variations of precession are 
with period of 23 and 19 ka, and obliquity with period of 41 ka. The most intensive 
solar insolation cycle is with duration of 11.5 ka. Orbital cycles have duration stable 
in time. So their pseudo- variations derived by evolutive spectral analysis of sediment 
records are in fact due only to variations of the sedimentation rate of the sediment. 
The ratio between the real and pseudo-duration of the orbital cycles gives the 
sedimentation rate deviation from the mean sedimentation rate of the dated sequence 
of the sediment. We used it to establish "solid" time scale of sediment records.  
 
 
III-5-4 Influence of the Solar Luminosity on the Glaciations, Earthquakes and 
Sea Level Changes as Derived from Paleoluminescence of Speleothems.  
 
Shopov, Y.l, Stoykova, D.1, Garbeva, D.1, Tsankov, L.l, Sanabria, M.1, Ford, D.2, 
Georgiev, L. N.l  
1Faculty of Physics, University of Sofia, James Bouchier 5, Sofia 1164, Bulgaria; 
2Geography Dept., McMaster Univ., Hamilton, Ontario, L8S 1K4, Canada, E-Mail: 
YYShopov @ Phys. Uni- Sofia. BG, phone,+ +35998448132 
 

Glaciations were attributed to variations of the Earth's orbit (Milankovitch cycles). 
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But the best ever dated paleoclimatic record (from a speleothem from Devil's Hole, 
Nevada) demonstrated that the end of the last glacial period (termination II) happened 
10,000 years before the one suggested by the orbital variations, i.e. the result appeared 
before the reason. This fact suggests that there is something wrong in the theory. 
Glaciations and deglaciations drive changes of the sea level. They are extremely 
important for human life in coastal regions, because rise of the sea level with few 
meters will cause flooding of very large regions of land and will reduce significantly 
arable land of several countries. We need to know the detailed mechanisms of the 
deglaciations in order to develop proper sustainable management policy and actions to 
secure sustainable development of these regions. These actions are important not only 
for sustainable management of the caves (which provide the data for coming 
disasters), but for survival of large regions of land and its population. 

We obtained luminescence solar insolation proxy records in speleothems (from 
Jewel Cave, South Dakota, US and Duhlata cave, Bulgaria). These records exhibit 
very rapid increasing of the solar insolation at 139 kyrs BP responsible for the 
termination II (the end of the last glaciation) and demonstrate that solar luminosity 
variations contribute to Earth's heating almost as much as the orbital variations of the 
Earth's orbit (Milankovitch cycles). The most powerful cycle of the solar luminosity 
(11,500 yrs) is responsible for almost 1/2 of the variations in solar insolation 
experimental records. Solar luminosity and orbital variations both cause variations of 
the solar insolation affecting the climate by the same mechanism. 

Changes in the speed of Earth's rotation during glacial-interglacial transitions 
produce fracturing of the Earth's crust and major earthquakes along the fractures. The 
intensity of this process is as higher as faster is the change of the sea level and as 
higher is its amplitude. 
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