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Guidelines for cave and karst protection

* First edition in 1997, funded by IUCN

Guidelines for Cave

* The primary aim was "to Increase and Karst Protection
awareness Of Cave and karSt | IUCN World Commission on Protected Areas
protection issues primarily within the o

IUCN, WCPA and associated
management and conservation
agencies and with an emphasis on
national parks and other protected
areas”

 But what about karst outside
National Parks?

IUCN - The World Conservation Union



Guidelines for cave and karst protection 2"? ed.
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Guidelines for Cave and Karst Protection

Second Edition

Safeguarding natural processes, especially the
hydrological system, is fundamental to the
protection and management of karst landscapes.

Pre-eminent amongst karst processes is the
cascade of carbon dioxide (CO,) from low
concentrations in the atmosphere through high
concentrations in the soil and reduced
concentrations in cave passages.

The need for total catchment management is more
vital for karst landscapes than on many other rock

types.

https://uis-speleo.org/wp-content/uploads/2022/09/UIS-
Guidelines-for-Cave-and-Karst-Protection-2nd-ed-electronic.pdf




Some values of caves...

for water supply

for ecosystem services

for endangered flora and
fauna

for rare minerals

for palaeontology

for past climate records

for spiritual and religious
values

Xe Bang Fai, Laos. Photo StBoeirne
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ered flora and fauna

Cavernotettix sp.

Monophyllaea sp.

Cave adapted fauna known as
troglobionts or troglobites

May show adaptations such as
loss of pigment or loss of eyes,
but sometimes not at all

Some species use caves at times
of stress (floods, fires) or may
use as breeding sites (bats)

High degree of endemism

Plants adapted to cave entrance
zones, reduced light conditions
May have cell structures to
concentrate light or may have
chloroplasts in parts of plant
closest to sunlight



Aqguatic fauna

Psammanaspides sp., Jenolan caves, NSW

Termed stygofauna or stygobionts,
aguatic species adapted to living
underground

Many new crustaceans recorded in
caves

Often in groundwater, linked to caves
by mesocavities

Very vulnerable to pollution and are
useful indicators of water quality
Unusual adaptations

* Loss of pigments

* Loss of eyes

* Enlarged antennae

* Longer breeding cycles



Rich biodiversity in tropical caves
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Deer Cavaylulu. Photo Philippe Crochet



For their spiritual and religious values

e Caves are used as shrines or temples — as sacred
spaces that engender feelings of awe and
veneration

* They facilitate religious observances by being
places set apart from daily living

* Widespread use as temples in Asia eg. Amarnath,
Ajanta, Sanbang, Ipoh, Batu Caves, Okinawa

* European sites such as Mount Ida, Delphi,
Lourdes ~

SamPohTong temple, Ipoh, Malaysia




ecosystem values and sevices

surface
vegetation biodiversity

the karst ecosystem

carbonate
rock

agricultural
production




What are some other values of caves?
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Diffuse autogenic _
recharge Concentrated allogenic

(Infiltration water) recharge from stream-sink
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Water supply from karst

Cirque de®NavacellesFrance.

One quarter of world’s population
dependent on limestone groundwater
supplies.

Renowned for clarity and purity since
ancient times.

Increasing pressure on groundwater in
Southeast Asia, issues with rates of
recharge and increased climatic variability.
World Karst Aquifer Map (WOKAM)
estimates that 15.2% of the global
continental surface is karst rocks. As of
2020, there were 1.2 billion people (16.5%
of global population) living on karst and
around 700 million people were
consuming karst water.

In South China more than 100 million
people rely on karst water resources.



Water supply protection
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Marble Arch cave, Ireland. Photo John Gunn

Must define protection buffers for karst
water sources, such as springs, wells and
caves.

Educational initiatives should promote
the awareness of both landowners and
citizens to avoid improper disposal of
solid, sanitary and hazardous waste.

Karst water is a fragile and finite resource,
with appropriate laws to control and
discipline water extraction.

Hazardous materials, be they fuels or
solvents, sewage or other hazardous
wastes, should never be flushed into the
karst.



Pollution of groundwater

* Pollution of groundwater poses special
problems in karst and should always be
minimised and monitored.

Vs,

* Monitoring should be event-based
rather than at regular intervals, as the
greatest load of pollutants is
transported through the karst during
floods

* Avoid high frequency monitoring in
fragile areas, unless absolutely
necessary, because this generates
impacts of its own.

* Automated monitoring should be
prioritised if possible.
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KriznaJama, Slovenia. Photo Csdbgru



Monitoring springs and wells

Nt 0 * A robust monitoring system should be
i R 1 -’ established at major springs and

A% 2! ‘ selected wells in susceptible and
heavily used groundwater systems.

* Long term, high resolution remote
monitoring is now a possibility for
many springs and should be
implemented more widely.

2 ]

e Because little is known about the
behaviour of many contaminants in
karst environments, proper funding for
research should be made available to
increase scientific understanding.

Buna Sprig, Portugal. Photo John Gunn



Non-karstic — (B) Karstic
catchment _ / . catchment
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Comparison of the spatial organisation of Aarst and karst
catchments. Key: 4 sub-catchment; 2- stream reach; 3-drainage
basin outlet; 4- unroofed cave; 5 relict cave; 6-active sink; 7

hypogene cave; 8palaeokarst 9— cave passage; lBkarst spring.
Diagram by MaridLauraT 7 r | a



* The frequency and magnitude of

energy inputs into the cave ecosystem
become very important for the
maintenance of populations of animals
Cave fauna in tropical areas is less
restricted and may be active
throughout the year, though
reproduction may be phased to reduce
resource competition

Karst system Connectivity with the

component surface

Active stream sink

Other source of
concentrated
recharge, primarily
closeddepressions

Active stream
passage

Inactive stream Medium
passage (higher
level)

SEIMREVENERWEERS  Medium
stream passage)

Meso-cavities or Medium
shallow

subterranean

habitats

Hypogene cave Low
Palaeokarst Low

Energy levels and flux

High, regular flooding bringing coarse woody debris,
particulates and dissolved organic carbon (DOC)

High, water volumes are commonly lower than those of
sinking streams but transport vegetal debris, particulates and
DOC

High, regular flooding bringing some particulates and DOC

High, regular outputs of DOC and common particulates

Medium, periodic flooding bringing dissolved organic carbon

Percolation water brings in DOC in humid areas; carbon flux is
limited in drier areas with limited percolation. Guano may be
significant

Connectivity with stream passages, important refuge

Sulphur and Iron based ecosystems, localised carbon flux

Very low, flux absent



What water related issues do you face?

Deer caveMulu.
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Agriculture and forestry

Guizhouenglinkarst, China. Photo John Gunn

Agricultural activity has the potential to cause significant
adverse impacts on karst geoecosystems.

Karst farmland needs careful soil management to
minimise erosive loss and alteration of soil properties
such as aeration, aggregate stability and organic matter
content.

Establish buffer zones around areas of concentrated
recharge, such as sinking streams, dolines or other natural
openings, where contaminants and pollutants can move
into the karst.

Develop guidelines and controls on the amounts of
groundwater extracted for irrigation.

Pesticide and herbicide use should be minimised unless
absolutely necessary to control pests and weeds. Fertiliser
usage should also be reduced and natural fertilisers
should be used if possible.



Forestry on karst

Doline in forestry area, Vancouver Island, Canada. Photo Paul Griffiths

Ideally natural forests on karst terrains should
not be clear cut or logged. These forests should
be managed for conservation and maintenance
of ecosystem services.

If logging is inevitable, the area should be
mapped and an inventory created to assess it
for sensitivity and/or vulnerability, and suitable
management options developed.

In areas where native forest has been cleared
and replaced by introduced species, managers
should plan for the replacement of the non-
native species by forest best adapted to the
ecological conditions.



Extractive industries

Limestone quarry, Khao Ngu Stone Park, Thailand Photo John Gunn

We should try to limit new mines or quarries in
karst areas, unless it can be shown that there is
no alternative source for a mineral that is in short
supply and of high economic or strategic value.

Any proposal for a new mine or quarry should be
subject to a detailed environmental assessment
that considers both features inside and outside
the boundary of the area.

The environmental assessment should describe
and assess the value of cave and karst landforms
and ecosystems.



More extractive industries

" * Any proposal should assess whether

there are alternative sites for
extraction where impacts would be
less.

* Where there are no alternative sites,
then there should be a carefully
designed buffer protection zone
around significant caves and karst
features.

Mount Etna, Queensland .
before and after 1968979 : e There should also be a detailed

closure plan that includes appropriate
restoration and long-term monitoring,
with funding provided.




Development and infrastructure

Lagoa del Santa cave, Brazirban runoff. Photo Luciana Alt

Feasibility studies for construction projects in
karst should include a detailed environmental
assessment and a protective buffer zone.

If it’s possible to move a project or urban
development away from a karst area, this can
be an economic and environmentally positive
decision.

Plans need to be developed and applied to deal
with the disposal of liquid and solid wastes.

Building codes for karst must be enforced in the
same ways as for earthquake or flood prone
areas.

In protected areas, infrastructure should be
kept to @ minimum and be located away from
caves and karst features.



Hazardous materials and pollution

Hazardous materials (HazMat) are commonly released into karst, resulting in significant impacts to caves and
groundwater resources.

Light non-aqueous phase liquids (LNAPL) derived from petroleum and benzene float on aquifers (kaboom)

Heavy non-aqueous phase liquids (HNAPL) are the result of chlorinated hydrocarbons, organic acids and
phenols combining (toxic cocktails) and may persist at the base of an aquifer for many years

The detection, monitoring and remediation of HazMat incidents is very difficult because of the following
issues:

1 Karst soils commonly provide little if any absorption of contaminants

Rapid groundwater velocities (>1 km/day) in karst can transmit contamination over long distances

Flow paths are poorly defined, so relationships between input and output are often not known

Monitoring systems are difficult and expensive to install and maintain

= =2 =4 =2

Remediation methods may be difficult to install, are costly and may have limited effectiveness



Impacts of scientific research

* All protected areas with caves and
karst should develop policies for the
management of research.

e Research should only be allowed
under a permit following approval of
an application.

* People wishing to undertake
research in caves should be able to
demonstrate they will follow a
Minimal Impact Code.

* For caves with a management plan,
there should be a section on
research activities.

, = 8 : | * Researchers should engage with local
- : PN L staff and include them in projects,
{ <0 N il ot~ L . N ) i . .
5 including publications.
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Coring stalagmite, Peak Cavern UK. Photo John Gunn



Developing effective monitoring

* Monitoring is an essential tool in managing and
protecting caves and karst resources.

e Results can be used to inform adaptive
management and to reduce impacts.

* Monitoring efforts should be focused on natural
resources based on their value or significance, their
fragility and the severity of threats.

* As far as possible, natural systems and processes in
karst areas should be maintained or restored.

* If restoration is required, the use of nature-based
solutions is preferred, rather than engineering
solutions.
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Vietnamese

Chinese Hindi Indonesian Malay

Translated into 31 languages so far!
https://uis-speleo.org/index.php/listing-of-76-recommendations-for-cave-and-

karst-protection/



Your guestions please?
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Deer Cave upper entranddulu. Photo Philippe Crochet
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