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This paper deals with various issues related to the
development of a suitable framework for managing the
cave and karst resources in the project area. The project
database includes a remarkable number of significant
but vulnerable sites. More than half of the recorded
caves contains pre-historic artifacts with important
rescarch and heritage value.  Rare and fragile
speleothem types, not found elsewhere in Thailand,
occur in some sites. Seven known caves are the habitat
of troglobitic fish endemic to the region.

The values that local communities place on caves
it the region have changed over time. In pre-historic
times, many caves were important habitation and burial
sites. For most of the historical period cave use is less
evident. Recently, new values are being placed on the
caves with some communities actively promoting local
caves as tourist attractions.

Current activities in the caves and cave
catchments are threatening the integrity of the natural
and cultural attributes of the region. Noticcable
changes have already occurred in the condition of some
catchments and features in caves and the level of threat
to the relatively undisturbed sites is increasing.

Most of the caves in the project area are within
the Nam Pai Wildlife Sanctuary boundary (Fig. 1)
where the managing authority is the Royal Forestry
Department (RFD}.  Existing legislation protecting the
natural resources within the Wiidlife Sanctuary is
difficult to enforce primarily due to the number of
permanent villages in the area. The underground
resources have received little attention or specific
protection.

Management will require the formulation of cave-
specific plans. A cave classification scheme that groups
caves according to their management requirements is

proposed as an important fiest step in this process. The
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scheme provides a framework for identifying the style
and level of management response required for
maintaining the values of a particular site. An
important initial management objective is to give
priority protection to patticularly significant and
vulnerable features.

Understanding and co-operation from local
communities and other concerned parties is essential for
the implementation and maintenance of management
strategies, Education is fundamental for achicving
long-term protection and conservation of the region’s
natural and cultural resources. The establishment of a
Cave Advisory Committee to co-ordinate education and
oversee planning and developments, could lead to more
consistent, effective and sustainable management of the

project area.

CURRENT CAVE AND CATCHMENT VALUES
AND USE

Communities in Pang Mapa have traditionally
considered it their right to use or exploit local natural
resources in the region. The local villagers use caves as
temporary shelters, water sources, and as good places to
catch fish, hunt (especially mountain goats) or collect
guanc and cliff bee honey. The cave catchments
provide valuable land for growing wet and dry rice,
corn and other crops and the forests provide wood and
bamboo and other forest products including wild food
and medicines. Until recent times, the dolines (closed
depressions) in the karst arcas were particularly valued
by Lisu and Lahu people for cultivating opium poppy
and this was one major reason for their migration to the
arca over the past 100 years. This view has been

challenged since the establishment of the Nam Pai
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Wildlife Sanctuary in 1972, and the increasing
involvement of Government agencies in the
modernisation and development of the region. Controls
have been placed on forest clearing, logging and the
cultivation of opium poppy. Development projects,
particularly the Thai-German Highland Development
Project, have introduced new crops, farming methods,
and infrastructure such as roads, schools, irrigation and
water systems.

During the past twenty years, ‘outsiders’, both
Thais and foreigners, have been exploring and
researching the caves in the region. Their discoveries
have led to new values being placed on caves, from a
more ‘Western® and scientific perspective. Previous
information from mainly Australian and French
speleological investigations in the region “and the
detailed research being undertaken by the Nam Khong
and Nam Lang Cave Project has identified many caves
of interest to scientists and speleologisis for study and
research. Some sifes have been discovered in a pristine
state and this has helped create awareness of the
intrinsic natural values of the caves and karst as a vital
part of functioning ecosystems and ongoing cave
formation processes {Kieman, 1999). The recreational,
exploration and educational opportunitics as well as the
aesthetic beauty of the caves in the Nam Khong and
Nam Lang catchiment were, and continue to be, highly
valued. Recently some locals, recognising the potential
of a new source of income, have begun guiding visitors

to caves. Tham Lod, the major tourist attraction in the

area, was previously used mainly for fishing and guano

collection. Tourists are guided by both locals and
outsiders to many caves in the region, including
significant and sensitive sites such as Tham STD-034.
Cave resources, especially guano and cave streams

continue to be used without restriction.
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The list of caves being used by local communities
is long and growing. Villagers from Ban Mae Lana
have chosen five local caves in the nearby Wildlife
Sanctuary - Tham STD-624, Tham Pi Man, Tham
STD-622, Tham STD-621 and Tham Mae Lana- to be
promoted as tourist attractions. The natural and cultural
features in these caves are totally unprotected. Ban
Muang Paem has three nearby caves - Tham STD-637,
Tham STD-638 and Tham STD-634 where tourists arc
taken. The local guides sometimes bum pine wood for
light introducing a major source of heat and air
pollution into otherwise stable atmospheres. The people
of Ban Tham Lod have asserted their ‘custodianship® of
Tham Lod by only allowing fellow villagers to act as
guides or operate rafis or foodstalls. In spite of a
dramatic increase in unregulated exploifation, cave
management in the region continues to be neglected by
the authorities. Only three caves- Tham Lod, Tham
STD-657 and Tham STD-601 have had any

‘management’ intervention by government sources.

THE CAVE DATA BASE

A new database, of 176 caves in the Nam Khong
and Nam Lang catchment includes name, map co-
ordinates, a brief description, a summary of known
significant features and a checklist of other data. Each
cave has also been allocated to a preliminary
classification czﬁegory and a brief statement gives the
reason(s) for the classification. Cave classification will
be discussed later in the paper. The database on the
recorded caves is far from complete and information
from many more known caves has yet to be included.

The database is useful for identifying caves with
patticular attributes and providing easy access to

information for research and management purposes. For



example, it can be quickly found that 80 of the caves
contain wood from pre-historic coffins or support posts
{Tham Pi Man), 37 caves have perennial strearns, 52
sites have been mapped by the project, etc.
MANAGEMENT CONCERNS [N THE NAM
KHONG AND NAM LANG CATCHMENT

In the project area, several particular issues may
complicate the implementation of effective cave and

cave calchment management. They are as follows:

1. Database accessibility.

The present database has deliberately omitted
cave access details, but eventually the project’s
complete database, included in a Geographical
Information System, will identify all known significant
features and include detailed maps of caves and their
locations.  Restricting public access 1o sensitive cave
database informﬁtion 15 a sensible option while no
protective measures are in place for the many
vulnerable features in the region. Deciding how access
can be controlled and who should be allowed free
access to the complete database will not be easy.

Further discussion on this issue is required hetween the

R.F.D, the researchers and other relevant authorities.

2. Scientific values.

More than half of the 176 recorded sites contains
pre-historic cultural  deposits and/or artifacts that are
susceptible to human and naturai disturbance. Today the
area is inhabited by Tai Yai, Lahu, Lisu and Karen
people who claim no cultural connection with the pre-
historic inhabitants and place little value on the
significant archaeological remains found in more than
80 caves. Many sites are the habitats of either sensitive

troglobitic species or other cave fauna that can be easily

disturbed. Uniike Thung Yai Wildlife Sanctuary, which
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has a larpely pristine environment and very few
inhabitants, the project area is relatively heavily
populated and extensively farmed.

Providing adequate protection for every
vulnerable site is presently not feasible. The relative
significance of each site and the perceived level of
threat to its integrity need to be determined to establish

priority for management.

3. Human impacts.

The impacts that human activity in cave
catchments can have on cave ecosystems and formation
processes have been well documented (see Gillieson
1996, ; Watson et al. 1997). The condition of some cave
catchiments appears to have seriously deteriorated over
the past 20 years., Development projecis and
government policies, encouraging the establishment of
permanent villages, and the regions rapidly growing
population have led to more intensive use of the limited
natural resources and available arable land. The threats
to the environment are compounded by infrastructure
developments that cause hydrological changes such as
roads, dams, irigation schemes, village water systems
and fishponds. Other threats include: the increasing
amount of commercial vegetable farming that involves
tilling of the land and the use of fertilisers and pest
controls, particularly in the karst areas south of the 1095
Highway; the growing numbers of domesticated
animals, especially free roaming cows and buffaloes, in
the area; extensive forest plantations of pine and
eucalyptus in the Nam Lang catchment; and the removal
of forest products for sale, especially teak wood,

bamboo shoots and chestnut tree bark.

Investigation of over 100 of the 176 caves in the
project area has found that many sites are highly

sensitive and vulnerable to disturbance. Current human

-



activities in caves and cave caichments has already

caused considerable deterioration to the condition of

some sites and/or seriously threatened their values.

These include:

® The buming or looting and/or digging that has
occurred in most Tham Pi Man, particularly caves
with easy access.

® The damage to spelecthems and compacting of
sediments in tourist caves such as Tham Lod and
Tham STD-637.

® The observed change in the quality of water, with
increased sediments, organic matter and pollutants,
entering most stream caves. The stream entering
Tham Mae Lana north tributary and the sfream in
Tham Nong Pha Cham are of particular concern as
both sites are troglobitic fish habitats.

® The development of some caves for religious
purposes has dramatically changed their natural
state. Examples include a small cave near Tham
Lod sealed off by a concrete wall, Tham STD-642
and Tham STD-634.

® The collecting of cave pearls by visitors to Tham
Mae Lana.

® The damage to a rare pre-historic painting that has

been virtually rubbed out in Tham Lod.

4. Implementing management,

One hundred and eleven cave entrances recorded
in the darabase are within the Nam Pai Wildlife
Sanctuary and the RFD is the managing authority.
However, cave management is an arca in which the
RFD has littie expertise or experience. Managing these
caves through the enforcement of existing legislation
that prohibits unauthorised access to protected areas is
presently not feasible, for several reasons. Within the

Sanctuary boundary exist many communities with a
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long history of unrestricted use of the areas natural
resources. The RFD has insufficient manpower and
authority to effectively manage and protect the forests,
wildlife and the caves in the Sanctuary area. A large
increase in the available resources would be required to
achieve effective management of all the region’s natural
and cultural attributes. Expert advice and international
liaison and co-operation should be sought in order to
help formulate education and training programs for
forestry officials to develop their expertise and capacity
for karst management (Watson ef al, 1997). The idea
of creating a Cave Advisory Committee to help with
management decision making will be introduced later in
this paper.

In the project area there are a number of official
bodies involved in management and development.
Implementation of appropriate cave management
strategies will require co-operation between the local
communities and these authorities, which in Pang Mapa
may include; the RFD; Tambon, Amphoe and
Changwat officials; iocal and national politicians; the
3" Army and Border Patrol Police; TAT and other

tourism bodies; and the Fine Arts Department.

5. Multiple perspectives.

The different perceptions of values have created
opposing viewpoints on the most suitable use for some
sites. Some communities are promoting local caves as
tourist atiractions, Some of these caves have other
values that ma;(be endangered by inappropriate use.
For example, the troglobitic fish in Tham Mae Lana are
considered to be of international significance (Roberts,
1993 and Berowsky, 1996). Their habitats may be
disturbed by regular visitation. Similarly, a Lahu
farmer growing dry rice in a doline above Tham Mae

Lana will consider his family’s welfare more important



than the potential impact his farming methods may have
on the cave environment and ecology.

Devising a cave and catchment management plan
that is compatible with the aspirations of local
communities is a difficult task and may not always be
possible if the protection of other values is considered

more important,

DEVELOPING A MANAGEMENT
FRAMEWORK

The region needs to be managed in a systematic,
consistent and appropriate way that recognises the need
for protecting the broader values of the caves and karst.
Developing an appropriate management framework,
which includes all of the cultural, political and [aw
enforcement issues pertaining to the region, is beyond
the scope of this paper. Eventually, these issues will
have to be dealt with on a ‘cave-by-cave’ basis. The
complexities of the region should not detract from the
long-term goals of protection and conservation of all of
its natural and cultural attributes. Hard decisions and
judgements conceming cave and karst values and their

relative importance need to be made.

Cave Management classificafion for the Nam

Khong and Nam Lang Catchment

Cave management classification schemes have
been used successfully in several countries to provide a
broad framework for establishing guidelines for
managers. A review has been made of several cave and
karst management approaches.

The New Zealand Department of Conservation

has adopted an access control methed to manage caves
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and parts of caves (Millar and Wilde, 1989). Caves in
New Zealand are classified into categories that allow for
open access, limited access or restricted access. The
Australian cave classification scheme varies slightly and
has primarily grouped caves according to their current
or intended use and the levels of manaéement
intervention needed to protect the values of the site
(Davey, 1987). Caves are broadly grouped as either
open access sites, special purpose sites or wild and
unclassified sites.

Cave classification schemes are not management
plans. They do not group caves accotding to their
special features or attributes; the cave database can be
used to do this. Rather, they are frameworks with
which managers can identify the type and level of
intervention, including protection and monitoring,
required.

Caves in the region have been preliminarily
assigned to management categories that are based on the
Australian Cave Management Classification Scheme
(Davey, 1987). Slight changes have been made to adapt
it for use in Thailand (D. Smart, 1999). Two new sub

categories, Religious Sites and Human Industry Sites,

have been created.

The management categories are as follows:
1. Public access caves
1.1. ADVENTURE CAVES
1.2 TOURIST €AVES
1.3 RELIGIOUS SITES
2. Special purpose sites
2.1. REFERENCE SITES
2.2, SITES OF SPECIAL NATURAL AND/OR
CULTURAL VALUE
2.3. DANGEROLUS SITES

2.4. HUMAN INDUSTRY SITES
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3. Wild and unclassified
3.1. WILD CAVES
3.2. UNCLASSIFIED CAVES

Specific definitions for each category and criteria for
allocating sites (o particular categories are listed in

Appendix 1.

This cave management classification scheme for the

Nam Khong and Nam Lang catchment offers the

following advantages:

® Specific ecriteria are set for allocating caves to
appropriate categories.

® The scheme is flexible. As more information
becomes available, particularly concemning new
values or vulnerability, then caves can be re-
classified.

® The scheme is consistent. [t provides appropriate
gui(ielines for each category that will help regulate
management in the region.

® Potential exists to standardise cave and karst
management throughout Thailand.

® Caves promoted for public visitation are identified
and criteria are set for determining whether sites
are suitable.

® Sites of high natural and/or cultural vaiue that
require special protection and management are
identified and specific management gnidelines can
be customised in line with reasons for
significance.

®  Siles that arc dangerous and need protective
measures in place are identified.

®  Sites that are used by local communities for guano
collection and as water sources are identified.

® The scheme allows for continued research,

exploration and appropriate recreational use,

® The scheme distinguishes between caves that
require active management and caves that are
considered, at present, best managed without
human interference.

®  The scheme allows for a selection of specially
protected sites that can be used to monitor the

condition of other caves.

ALLOCATING CAVES TO MANAGEMENT
CATEGORIES

1t must be stressed that the classifications given in
the database arc preliminary. Detailed investigation of
each site is needed to help determine its vulnerability,
most suitable use, and the measures needed to achieve
cffective protection of its nawral and/or cultural
attributes. The variables considered when allocating
caves to management category might include the

following:

1. Cave use: Current use by humans and/or other
fauna. Potential future use may be considered. Current
use alone may establish the management style required
for a cave (D.Smart, 1999). Tham Lod, for example,
should be manaped as a 1.2 Tourist Cave. Tham
STD-653 is a village water source and should be
managed as specified in the guidelines for 2.4 Human
Industry Sites. Tham STD-663 and Tham STD-662 are
remote, rarely visited sites and at present should be

included in the 3.1 Wild Caves category.

2.Significance of the site: Determining the
significance of a cave or a feature in a cave is difficult
because significance is relative o a particular
community viewpoint or management philosophy
(Gillieson, 1996). Criteria used for determining

significance in Ausiralia {Davey and White, 1986) and



the U.8. (National Speleological Society, n.d.) have
been used in the project area. These can be found in
Appendix 2. The eriteria used by the N.8.S. were found
simple to use and helpful in determining the
significance of known attributes in the region’s caves.
Caves are considered significant if they meet one or
more of the N.8.§. criterta. Tham Lod, for example,
meets all of the criteria on the list while Tham Mae
Lana and Tham STD-650 meet five out of the six
critetia.  Development of criteria for determining
significance, suitable for use throughout Thailand,
would help the formulation of management plans and
identify sites of regional, natipnal, and international

importance.

3.State of preservation: Includes any natural
and/or cultural features at each site. Higher value tends
to be placed on cave features that are pristine or
relatively undistuibed. This may help determine the
type of management needed. For example, caves with
pristine speleothems, such as Tham STD-657 and caves
that contain coffins in a very good state of preservation,

such as Tham STD-034, may need extra protection.

4 Threats to the site: Includes all perceived and
potential threats to the integrity of the site. The
vulnerability of significant features to disturbance is the
prime reason for special management intervention and
protection usually within the 1.1 and 2.2 Public Access
categories and the 2.2 Sites of Special Natural and/or
Cuitural Value. Most Tham Pi Man sites are considered
vulnerable and some management intervention s
advisable. These caves are included in the 2.2 category
and depending upon the level of significance and
vulnerability for each site, management options may
include: explanatory signs, education of local villagers

and the construction of barriers and gates. Vulnerability
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is determined by the level and type of threat, which are

defined as follows.

The level of threat: Features considered highly
vulnerable are usually easily accessible and/or well
known, fragile, casily destroyed, removed or disturbed.
Features are less vulnerable if access is difficult, their
location is relatively unknown or they are not easily

damaged or disturbed.

The type of threat: In the Nam Khong and Nam
Lang Catchment potential threats can be subdivided into
three types:

I. Immediate threats: Typically human
disturbance instde caves, which could directly threaten
irreplaceable features. Examples include the removal of
spelecthems, the breaking or damaging of features
through vandalism or carelessness, the disturbing or
collecting of cave biota and the vandalism and looting
of archaeological sites. Other immediate threats may
come from outside the cave, such as the sudden release
of pollutants or toxic materials into cave streams.

2. Intermediate to long-term threats and
potential threats: These are threats that produce
impacts that may not be immediately noticeable. Inside
caves, long term visitation can impacl in many ways
including compacting floors, spreading dust, lint, hair
and skin particles, changing the cave air composition,
disturbing biota etc. (Gillieson, 1996).” In the
catchments of active stream caves mest human activity
has a potential adverse impact on cave formation
processes and the diversity of cave fauna (Watson ef o/,
1997},

3. Associated threats: These constitute a wide

range of potential threats from diverse sources such as;

the promoting of undeveloped caves for tourism; the



creating of easier access to the region and to individual
caves; the developing of infrastructure inside and
outside caves to cater for visitation; the growing interest
by the general public and the media in the region’s
caves; the availability of information on vulnerable
sites; and the inadequacies of present management and

rotective measures.

APPLYING MANAGEMENT

Once caves have been allocated to management
categories, then broad management guidelines can be
used to develop strategies considered appropriate for
each site. The management options, concerns and
strategies contained in Appendix 3 are considered
suitable for use in the project area. Many of these have
been adapted from international sources (Kiernan, 1988;

Millar and Wilde, 1989; and Watson et af., 1997).

Jurisdiction

One of the issues raised earlier was the sense of
jurisdiction that local communities have over some
caves apd catchment areas. This may complicate the
implementation of some management strategies that
conflict with local aspirations. At Tham Lod however,
community involvement is seen as desirable and
essential. Caves in some remote areas, such as Tham
STD-669 and Tham STD-006, could be managed
without direct community involvement. Very few cave
catchments could be similarly managed. For the

majority of caves, community co-opetation on differing

levels will be required to achieve sustainable protection.

Education
One of the ways 10 gain community co-operation
and understanding, is through education of cave and

cave catchment users. This long-term, ongoing project
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should begin at the primary school level in Pang Mapa.
As an initial step, a letter that encourages communities
to help protect their local caves could be drafied and
sent to all villages and schools. An example of such a
letter appears in Appendix 4. The Nature Education
Centre in Tham Lod could devise and implement a
program that encourages awareness of cave and karst
values and the necessity for protection and
conservation. An effective management approach could
be on-site explanation of the specific ways that people
can damage cave features and how they can help protect
them. The potential impacts on caves from activities in
the catchment areas should be fully explained to

encourage sympathetic land use in the region.

Establishing a Cave Advisory Committee

Applying management requires making difficult
decisions regarding cave use and management options.
Expert input, and discussion with all concerned parties
is needed before the most suitable decisions can be
made. The impacts that may arise from promoting an
unsuitable site for tourism, for example, could be severe

and cause irrevocable damage to the caves features.

To help standardise appropriate cave tmanagement
it is recommended that a Cave Advisory Committee be
established. The committee should consist of people
with a knowledge of, and interest in, natural and
cultural resowrce management, as well as scientists,
cavers, concerned officials and local community
members. The committee should review any
development projects in caves or cave catchments and
they should oversee and give recomnendations on all
matters concerning cave and karst management,
protection and conservation. Ideally, the RFD should

co-ordinate the establishment of this committee.



Priority Management, the first step

It is envisaged that initially very few sites will
receive any special protection or management due to a
number of factors that may inctude the limited resources
and expertise available for cave management and
difficulties encountered in establishing authority. To
make the most of whatever resources for cave
management become available, priority should be given
to particularly outstanding features, especially those in a
relatively pristing condition, where the threats to its
integrity are considered potentially immediate and high
level. If possible, a broad selection of diverse features
that need priority management should be chosen. Initial
protection may vary from constructing a gate to restrict
access, to erecting signs and barriers. Every decision on
constructing a gate should be accompanied by detailed
plans that include a thorough study of the adverse
impacts any developments may have on the cave and its
biota (Hunt and Stitt, 1975). The overall management
goals for the broader cave and karst resources, however,
should not be overshadowed by the priority

management features,

DISCUSSION

The logical next step after the creation of a
database of information on the cave and karst resources
in the Nam Khong and Nam Lang caichment is the
development of suitable strategies for their protection
and conservation. Threats to the integrity of many
significant sites have been identified and decisive and
effective management is needed to maintain the current
condition of the caves and catchments, Inaction by the
concerned authorities or delaying action is a threat in

itself,
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The potential misuse of the project’s database is
of concern. ‘Collectors’ of antiques or exotic fish for
example, could use the defailed maps to locate sites and
cause irrevocable damage. Legally, restricting access to
sensitive information once it is recorded, may not be an
option.

At present, only one cave, Tham Lod, has any
active on-sitc management. The deterioration in the
condition of the cave is obvious after 15 years of use as
a tourist cave and some features have been irreparably
damaged. The Tham Lod experience has demonstrated
the need for the on-site implementation of protective
measures and management plans before any new caves
are promoted for tourism. The co-operation that has
occurred between the RFD and the local community at
Tham Lod is commendable. During the past 10 years
there has been a growing awarensss of the benefits of
conserving the values of the cave and plans are being
formulated to minimise the impacts from visitors and
inappropriate management techniques. The income
earned from tourism has reduced the need by the locals
to clear forests for agriculture.

Many villages in Pang Mapa would like io
develop local caves for touristn. The selection of
suitable sites should only occur after the careful
consideration of all of the sites values, not just the
potential for economic gain. Decisions regarding the
use of sites of national and international significance are
particularly important. Fhe rarity, fragility, and
uniqueness of some cave features warrants the
implementation of strategies that protect the primary
intrinsic, scientific and aesthetic values of some caves,
regardless of any local aspirations. The proposed cave
management classification scheme is a useful
framework for making decisions on cave use. There are

more than 200 known caves in the area, most of which
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are unsuitable for tourist development. To limit the
damage caused by cave tourism, only a very few
suitable sites that can be effectively managed should be
promoted.

Maintenance of the present condition of the cave
carchments is one of the most difficult and important
tasks for the management authoritics.  Shifting
agriculture, using slash and bum techniques, has been
practiced in the region for thousands of years and it can
be assumed that cave formation processes and
ecosystems have adapted to the impacis from these
activities. The greatest threats to the underground
environinent come from the increasing intensity of land
use and the modernisation of the region. Traditional
agricultural methods, that involve rotational farming,
minimal tilling of the land and the use of no fertilisers
or pest conirols, are preferable in the area. Cave
catchments need delineation and more research to
assess their condition and susceptibility to disturbance.
The management of the dolines directly above stream
caves such as Tham STD-650 and Tham Mae Lana
should be given special attention to ensure that the
quality and quantity of water, air and sediments entering
the caves is maintained at present levels.

Attention needs o be given to the problems
associated with population expansion and settlement
Cave and catchment

patterns in the project area.

management planning should be integrated with other

planning in the region, particularly concerning
population, settlement patterns, land use and
development.

There will never be a better time to begin
management of the regions caves and karst.  The
opportunity exists now to protect and conserve sites of
national and international significance, while they are

still in a relatively pristine state, The resources needed
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o begin the immediate protection of priority sites are
small, compared to the heritage values that would be
lost through inaction, indecision, or insensitivity.
Making these resources available is largely a political
decision, Future generations would certainly appreciate
the foresight of our decision-makers if the caves and
karst were given sustainable protection before their

condition deteriorated.

CONCLUSION

Research by the current project has established
the need for a suitable management framework for the
protection and conservation of the cave and karst
resources in the region. The cave management
classification scheme, which this paper has chosen to be
the basis of this framework, has been presented in
detail. The options, concerns and strategies outlined in
the appendix need expanding and rcfining to dcal with
all the issues relevant to the region. The establishment
of a cave advisory committee is strongly recommended.
The necessity for involvement of the local communities
in cave and catchment management has been
demonstrated,

Applying management in the region will be a
difficult task faced with many obstacles and a range of
diverse viewpoints. The RFD should seek the resources
necessary fto begin the formulation of suitable
management plaps for the entire region and specific
sites. Input and understanding from all cave and
catchment users, managing authorities and concerned
parties will facilitate the implementation of
management strategies. Inaction and indecision will

make it more difficult to achieve the level of protection

that these valuable resources deserve.
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ABSTRACT

Tham Mae Lana is the longest known cave in Thailand. Tt is located in Amphoe Pang Mapa, Changwai Mae Hong
Son, north-west Thailand. The cave’s catchment is approximately 38km’ and has several villages, roads, dams and other
developments. Agriculture is the main land use activity. Tham Mae Lana has a range of scientific, aesthetic, recreational,
intrinsic, educational and economic values that are distinctive, important and vulnerable, Human activities, in the cave
and the cave catchment, threaten the natural integrity of Tham Mae Lana. The cave currently lacks specific protection and

management, feaving it vulnerable to disturbance.

INTRODUCTION

Tham Mae Lana. The paper then examines the current

and potential impacts resulting from activities in the

Previous studies of Tham Mae Lana have focused cave, activities in the cave catchment; and the lack of

primarily on exploration and mapping of the cave specific protection and management for the cave.
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system. Tham Mae Lana is part of a larger cave system
that includes upstream Mae Lana Cave, or Tham
STD-615, and Tham STD-624. Australian
speleological expeditions from 1986 to 1992 surveyed
14,600 i of passage in the Mae Lana system. Tham
Mae Lana has a surveyed length of 12,600 m and is the
longest known cave in Thailand. Minimal research has
been undertaken on the caves values or the potential and
current threats to the cave.

This paper gives a brief description of the
location of Tham Mae Lana and its catchment. This is

followed by an identification of the various values of

Regional issues and problems related to the protection
and conservation of Tham Mae Lana are discussed.
Recommendations for developing and implementing
management prescriptions are outlined and conclusions
are drawn. Throughout the paper, ‘the cave’ is used
interchangeably with Tham Mac Lana.

It should be emphasised, that due to the lack of
scientific research and investigation in the cave and
cave catchment, this paper is primarily based on
observations and theoretical considerations. This paper
is not a management plan but rather the initial step

towards encouraging the instigation of such a plan.
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DESCRIPTION OF THAM MAE LANA

AND CATCHMENT

Location of Tham Mae Lana

Tham Mae Lana is focated in Tambon Mae Lana,
Amphoe Pang Mapa, Changwat Mae Hong Son. The
entire cave is within the boundaries of the Lum Nam Pai
Wildlife Sanctuary and the Royal Forestry Department
(RFD) is the managing authority. The Nam Mae Lana
flows into the cave at the 1:30,000 co-ordinates
63.75/17.75 and flows out of the cave at 64.15/13.10.
Figure 1 identifies the location of Tham Mae Lana, the
approximate cave catchment and major sweams and

villages in the area.

Description of Tham Mae Lana System

The Nam Mae Lana drains a catchment area that
begins at the Myanmar border. Approximately 500 m
south of Ban Mae Lana, the stream sinks into one of
several impenetrable holes in the polje. For the next
few kilometres the stream passes under the limestone
ridge south of Ban Mae Lana, before resurging again in
a karst window 2.4k m south of Ban Mae Lana. The
stream flows on the surface for 300 m before finally
plunging info the inflow entrance of Tham Mae Lana.
Upstrearn from the karst window the Mae Lana system
can be accessed from two places. “Upstream Mae
Lana” including Tham STD-615, can be entered from
a small karst window a few hundred metres from the
Nam' Mae lana resurgence. At a higher elevation on
the hill, a 60 m vertical drop in Tham STD-624 or an
80 m drop in Hoo Yai (Big Hole) is needed to reach the
Nam Mae Lana.

Tham Mac Lana is a through cave. The distance
from the cave inflow to the outflow, east of Huai Pong

Sacn Pik, is 4.6 km in a straight line. The underground

traverse is 7.2 km, most of which is active river passage
{Dunkley and Brush, 1986). The underground stream
has two major surveyed tributaries; one, approximately
2.4 km from the inflow entrance, flows into the Nam
Mae Lana from the south and the other, approximately
3.6 km from the entrance, flows from the north. Many
other smali tributaries drain into the Nam Mae Lana
inside the cave. The Nam Mae Lana sumps in two
sections of the cave; after some waterfalls,
approximately 3.2 km from the entrance; and at Green
Lake, a deep, 30 m wide lake, approximately 4.16 km
inside the cave. Both these sumps are bypassed by
higher level breakdown sections of the cave that contain
the largest caverns. From the re-emergence of the
stream after the second sump, the distance to the
outflow is another 3 km. This section of the cave is
active river passage with some deep pools and many

active flowstone formations and stalactites.

Catchment Description

The total catchment area of Tham Mae Lana is
approximately 38 km’.  The catchment boundary is
difficult to determine within the karst area and is not a
single line that can be represented on a map. Within
karst areas, surface topography may not necessarily
indicate underground drainage patterns (Watson et al.,
1997}, Most of the water in the Nam Mae Lana north of
Ban Mae Lana flows from non-karst areas. However, it
is assumed that all of the water entering the cave via
tributaries and active formations has its source in the
karst areas above, north and south of the cave.

Within the catchment area there are five villages:
Ban Mae Lana, a Tai Yai village; Ban Jabo and a sub-
village of Ban Jabo, Ban Gair Batu, both black Lahu
villages; and Ban Pha Jaroen and Ban Yappanair, both

Red Lahu villages. Ban Bor Krai, Ban Huoi Hea, Ban
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Pha Puak, Ban Louk Kow Larm and Ban Pang Kham
Noi, all Black Lahu villages and Ban Mai Hung, a Tai
Yai village, are all located outside the assumed cave
(Fig 1).

catchment, people from all of these 11 villages:

catchment boundary Within the cave
cultivate land; raise animals; hunt and gather forests
products; cut trees for construction and firewood; and

light forest fires, mainly for clearing fields. The primary
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land use of the Nam Mae Lana Valley is for irrigated
fields, mainly wet rice, and slash and bumn fields of
mainly dry rice and corn. The dalines in the karst arcas
of the cave catchment have been extensively cleared for
cultivating dry rice and corn and, in the past, opium
poppy. Most of the large teak trees in the entire cave
catchment have been felled by local communities to

construct houses and fences.
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Several roads exist within the cave catchment including
a 65 km section of Highway 1093, a six kilemetre read
from the Highway to Ban Mae Lana and smaller dirt
roads to Ban Mai Hung, Ban Yappanair and Tham Mae
Lana. Other infrastructure developments in the cave
catchment include: bridges in Ban Mae Lana; water
supply systems and electricity for Ban Mae Lana and
Ban Jabo; dams and canals for irrigation in the Mae

Lana valley; and some government buildings.

VALUES OF THAM MAE LANA

Tham Mae Lana has a range of scientific,
aesthetic, recreational, intrinsic, educational and
economic values that are distinctive, important and
vulnerable, While the relative importance of these
values depends largely on the value perspective from
which they are considered, all should be recognized and
managed for their protection and preservation.

The values presently recognised are based on
limited research and personal observations of the more
ouistanding features in the cave. Some of the cave
features may have several values. For example,
speleothems are of great interest to geomorphologists
for study and research but their aesthetic value is
recognised by most people as their primary value. The
following list attempts to identify the primary, known

values of the caves attributes. They are not ranked as to

importance.

Scientific values

Tham Mae Lana has many different features of
interest to scientists for study and research. Further
appropriate research has the potential to improve the

current inventory and understanding of the scientific
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values of the cave and may assist with future
managetnent.

The cave’s values and potential value for
scientific research, in the fields of geomeorphology,
biology, palacontology and geology, are presented

below.

Geomorphological value

Significant deposits of various sediments occur in
several locations in the cave. Geomorphologists have
the ability to derive insights into landform evolution and
climate changes over broad areas, from the study of
cave sediments (Watson, er al. 1997; Wildberger and
Preiswerk, 1997). The deep, well layered, mud and silt
sediment banks in the southern tributary are particularly
significant and may contain not only climatic records
but a history of land use by humans over 1,000’s of
ycars. Sub fossil bat bones, cemented into flowstone on
these sediment banks, have also been observed.

The massive spelecthems in Tham Mae Lana are
typical of tropical environments. Their size suggests
that deposition of secondary carbonate has occurred
over a long period, although not necessarily
continuously (Kiernan, 1991). The following list
identifies a large variety of the more significant
speleothems in Tham Mae Lana;

- Massive flowstone deposits, up to 40m in
width and 30m in height, occur in several places
in the cave. Some deposits have been stained
brown and orange by fluvic and humic acids (Hill
and Forti, 1997). Subaqueous flowstone also
pccurs in a few places. An excellent example of
bell canopy flowstone is located in the upper level
chamber.

. Cave pearls have been observed in 10

separate localitiecs in the cave. The largest

B
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collection consists of thousands of pearls
measuring up to 3 cm in diameter. Rare varieties
include; cube shaped pearls, and the locally named
‘bottle’ and ‘custard apple’ pearls.
- Clusters of calcite spar crystals, 2-3 cm
across, spread across a fossil, cracked mud floor
occur in the upper level chamber. This is the only
known location of this formation type in Thailand.
- Coralloids are commonly found throughout
the cave.
- Rare orange spathites up to 30 cm long
oceur in one section of the cave. Hundreds of
white and clear aragonmite stalactites, profuse
frostwork and some stalagmites are also in the
same part of the cave.
- The longest soda straws in the region, up to
2 m long, can be found in a higher section of the
cave, while 1000°s of shorter examples oceur in the
southern tributary.
- Pendulites can be found in the upper level
chamber.
- Anthodites, approximately, 10 cm long, are
known to occur in one higher chamber.
- Drapery is found on the inclined cave walls
and ceilings, and is particularly prominent in the
upper level chamber. Two varieties can be found -
bacon and sawtooth.
- The best known cave shields in the region
occur in the upper level chamber.
- Volcanoe cones are located in one higher
chamber, In the region, better examples can only
be found in Tham STD-657.
- Birdbath conulifes have been observed in
the main stream passage. Mud conulites are

common in the upper level section.
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- Colurmns 15-20m tall oceur in the middle of
the upper level section and in many places in the
main stream passage.

- Pool spar in rim pools can be seen
throughout the cave with excellent examples
occurring in higher sections of the main passage
downstream from the upper leve! chamber.

- Stalactites, typically seasonally active,
oceur throughout the cave. Massive stalagmites, up
to 15 m tall occur in several Jocations, “Dish plate
stalagmites’ are common in caverns with high
ceilings. Deflected and ‘corkscrew” stalactites
oceur in the southern tributary.

- Helictites of the vermiform variety, ocecur
on many flowstone and dripstone draperies and
stalactites. They are particularly profuse in the
southern tributary.

- Cave rings occur in at least one locality in
the upper level section.

- Rimstone dams occur in many places in the
cave often associated with flowstone. The most
impressive rim pools occur on the flowstone at the
southern tributary junction and in several places in
the downstream passage of the cave. Lotus

rimstone occurs near the outflow entrance of the

cave,

A detailed description of the above mentiocned

speleothem types can be found in Hill and Forti (1997).

Biological value

Cave biota is accustomed to a relatively constant
environment and is often more specialised and sensitive
to impacts than biota outside caves (Gillieson, 1996).
The study of cave flora and fauna can help unravel
biological history. Tham Mae Lana provides a habitat

for a range of species, some of which are troglobitic.



Apart from the intrinsic interest of these species, they
can display a range of ecological processes not readily
studied elsewhere and offer insights into the
evolutionary process (DCE, 1991). Little research has
been undertaken in relation to the cave’s biota and the
potential exists for the discovery of many new species.

There are currently two known species of
troglobitic cave fish (Kottelat, 1988) endemic to the
caves of Pang Mapa, Cryptofora thamicola and
Schistura ocedipus. C. thamicola is known from only
ong other cave in Pang Mapa and has no eyes,
pigmentation or scales (Kottelat, 1998). The obligue
orientation and shape of its pecioral fins is probably
related to its mode of life as it has been observed
climbing up waterfalls, using its fins to “walk™ &§.
oedipus has been observed in five other caves in Pang
Mapa (Spies, J. pers. comm., 1999). It has no colour
pattern and no externally visible eye but has a pit in the
centre of the skin covering the orbit (Kottelat, 1988).
Both species are known only to co-occur in Tham Mae
Lana. Tham Mae Lana is one of the few known cave
systems in the world where two different species of
blind fish share the same subterranean sireamn (Yang
and Chen, date unknown).

Preliminary studies of bats and tiny cave adapted
snails have been undertaken in Tham Mae Lana but the

results of the research are yet to be published.

Geological and Palaeontological value

There has been minimal research undertaken in
refation to the geology and palacontology of the cave
and most of the recorded information is the observations
of speleologists. Karst offers geologists clear exposure
of lithilogical units. geological structures and minerals.
Tham Mae Lana could potentially contain important

palacontelogical materials, which arc well preserved
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only in this environment (Watson, et al., 1997). The
length and size of the cave are indicators of the

opportunities for research in these fields.

Aesthetic value

Tham Mae Lana has a variety of aesthetically
pleasing speleothems. These have been listed in detail
in Geomorphological values. Speleothems are ofien a
cave’s best known attributes as they figure prominently
in cave scenery. The vast majority of speleothems in
Tham Mae Lana are presently in an excellent state of
preservation and the variety, size, fragility and rarity of
some of these formations make Tham Mae Lana the
best decorated cave in the region. Impressive features
in the cave include huge active flowstones and rim pool
dams; delicate and fragile speleothems in the tributaries;
an impressive 30 m wide lake; numerous waterfalls; and
spleothems of great variety and diversity in the upper
level chamber. Some of the cave vistas, in the upper

level sections, are particularly impressive.

Recreational value

Tham Mae Lana has potential to be used for a
range of recreational activities. The caves length, and
the variety of experiences the cave can offer visitors, is
remarkable for the region. Some high-energy sections
of the cave, particularly in the main stream passage,
may be suitable for adventure tourism. However, any
visitation to the cave, particularly by recreational users,
may have serious consequences for the cave biota and
fragile speleothems. The benefits derived from the
recreational use of the cave must be carefully weighed

against the potential threats to the caves other values.
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Intrinsic value

Tham Mae Lana aand its catchment are an
intrinsically important part of the ecosystem and on
going cave formation processes including cave and
speleothem development. The cave and cave catchment
have their own right to exist irrespective of any
scientific objective, current or potential use, and/or
aspirations placed on the cave by humans. The caves
intrinsic value is akin to the notion that the cave has the
right to exist as part of the cosmos, which includes all
animate as well as inanimate things (Kiernan,K. pers.
comm., 1999). The intrinsic value of the cave is
inestimable in human terms and an important value that
should not be overlooked when developing management

prescriptions.

Educational value

Tham Mae Lana offers opportunities for future
educational use because c;f the variety of natural
processes operating in the cave. Cave fauna, and
different stages of geomorphological and speleothem
development, can be easily observed in some sections

of the cave.

Economic value

An economic value has been placed on Tham
Mae Lana by local villagers who perceive the potential
for deriving income from people visiting the cave. For
some vitlagers the cave’s potential for tourism is the
most important value of the cave, They have instigated
the construction of a dirt road to the cave to provide
gasier access. Signs in English and Thai identify the
location of the cave. There are also signs on Highway
1095, placed by local guesthouse operators io promote

tourism, identifying the location and iength of Tham
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Mae Lana. The economic value of Tham Mae Lana is
likely to remain high while it is in a relatively pristine

state,

IDENTIFICATION OF POTENTIAL

THREATS TO THAM MAE LANA AND
CATCHMENT

Current and potential threats to the natural
integrity of Tham Mae Lana are either human activity
inside the cave or in the cave catchment, Natural
changes in the caves condition, such as the recent
collapse of part of the caves entrance chamber and
cementing of cave pearls by flowstone, are not
considered threats. The following section will identify
some of the impacts on the caves values that have
occurred and the potential impacts that may occur. The
lack of management and specific protection of Tham
Mae Lana will also be discussed. The limited hard data
and previous little monitoring of the cave’s condition

make identification of impacts difficult.

Human activities in the cave catchment

There is a range of human activities in the cave
catchment that may impact on Tham Mae Lana
including development, deforestation, and agriculture.
Many other activities such as fishing, collecting bamboo
shoots and husbandry may cause small but cumutative
impacts but it is beyond the scope of this report to detail

them all.

1) Development activities

Development activities may be injurious to the
amenity and heritage values of karst landscapes, often
via a complex chain of cause and affect that may not be

evident at first glance (Keirnan, 1988). Within the cave



catchment, two main development activities may affect

the integrity of the cave.

a}  Road construction — An Austratian study (DCE,
1991) reports that road construction and

maintenance may physically damage surface karst

features, or may lead to increased silting of caves

through surface erosion. It may also cause
hydrological changes of various sorts (Parizek,
1971 in Keirman, [988).

Past and present road construction within
the cave catchrment may have adverse impacts on
some cave formation processes and the cave
ecosystem. Currently a 10-15 m wide bitumen
road is being constructed directly over the top of
the cave. When completed, this road will connect
the villages of Jabo and Mae Lana with Highway
1095, Major changes to the environment above
the cave have taken place during construction of
this road including: the removal of vegetation and
soil; the filling of a small doline; the compaction
of the road surface; the extensive blasting of
surface and subsurface limestone; the introduction
of bitumen and other potential pollutants; and the
re-directing of the natural flow of water in the
area. It has been noted by Watson ef al. (1997)
that surfacing of land above caves renders it
nearly impermeable, in contrast to the high natural
porosity of karst.

b}  Construction of dams and irigation canals —
North of Ban Mae Lana the Nam Mae Lana has
been diverted to irrigate fields. The construction
of irrigation canals and four dams has resulted in
an observed diversion of approximately half the
Nam Mae Lana flow at the beginning of the 1999
monsoon season.

Changes to surface drainage

resulting from irrigation or river regulation may
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interrupt or drastically reduce the supply of water
to the cave {Gillieson, 1996). The presence of
upstream dams may lead to reduced allogenic
recharge and water table lowering. Lowering
water fable levels or altering water accession into
or through caves may affect the rates of
geomorphic processes, accelerate collapse and

subsidence and seriously effect biotic systems

(Gillieson, 1996; Kiernan, 1988).

2) Deforestation

Slash and bum agriculture is the main forest
clearing activity in the cave catchment. Before the
monsoon rains, vegetation is cleared and then burnt in
preparation for cultivation of mainly rice and com.
During the past 20 years there has been more intensive
use of the limited amounts of agricultural land. This has
been largely the result of rapid population growth,
including illegal immigrants from Myanmar; the
permanency of villages; and restrictions on clearing
enforced by the RFD. Aside from slash and bumn
agriculture, deforestation has also resulted from the use
of local timber by communities to construct houses and
fences and for firewood.

“A stable natural vegetation cover should be
maintained as this is pivotal to the prevention of erosion
and maintenance of critical soil properties” (Watson ef
al., 1997). In the region, Kiernan (1991) has observed
erosion, including slopewash, bought about by exposure
of the soil due to forest fires and to slash and bum
agricultural practices. Active erosion was evident from
soil surface lowering and from accumulation of fine
caliber materials in sediment sinks. Gillieson (1996)
has reported that erosion of surface soils following
clearance, may accelerate silting of caves and resulting
changes to the hydrological regime may also accelerate

coflapse and subsidence and influence karst solution
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processes.  Changes in the vegetation structure,
especially the projected foliage cover, will directly
affect both the quantity and quality of water available as
feed water for speleothem growth in underiying caves
(Gillieson, 1996). Therefore the removal of vegetation
in the catchment could have a profound effect on cave

decoration and development (Kiernan, 1988).

consolidation of sediments, trampling of mineral crusts
and guano and marking of walls and floors. There will
also be changes in cave temperature, humidity and
carbon dioxide levels due to human respiration and
these can adversely effect the growth of spelecothems as
well as disrupting or ecliminating cave faunal

communities.

. Visitors have noticeably affected the condition of
3) Agriculture

o the Tharn Mae Lana. Since the discovery of the cave in
The main impacts of slash and burn farming,

. . 1986, John Spies has observed the following changes:
which occurs mainly on the valley slopes and in the

i - The disappearance of cave pearls. Approximately
catchment dolines, have already been discussed. The

. . ) 30-40 cave pearis have been taken by wisitors
other major agricultural activity is farming in irrigated

passing the upper level section of the cave.
fields that make up a large area of the Nam Mae Lana

] - The presence of litter, candle wax, and batteries
valley. Dams and irrigation channels divert water from

. discarded in the cave.
S the Nam Mae Lana into these fields. Some of this

. - Disturbance of sediment banks and the stream bed
diverted water is then re-directed back to the stream,

) ) in the southern tributary, including compaction of
before it enters the cave. Cultivation of wet rice

, sediments by visitors. This may also have caused
involves hoeing or ploughing of the soil. Occasionally,
o the infilling of rim pools with mud on the
fertiliser and pest controls are applied. Buffalo dung is
flowstone, at the junction of the southern tributary
an important traditional fertiliser. These activities may
and the Mae Lana stream.
lead to: decreased quantity of water flow; changes in the
- Mud from visitors boots cemented into flowstone.
waler’s temperature, oxygen levels, pH and algae
- Inadvertent damage to floor formations during
i content; and increased amounts of sediments, nutrients
' exploration of low energy section of the cave.
and toxic substances entering the cave. All of these
- Mud and prints from visitors boots have made a
changes can impact upon the cave’s ecosystem and

O

permanent trail through the upper level section and
processes. Gillieson (1996) has noted that cave biota

areas of fossii mud cracked floor.
are usually disadvantaged by quite minor disturbances.

-~ Fewer C thamicola have been observed on the

R

Human activities inside Tham Mae Lana southern tributary flowstone. Six years ago 15-20
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fish could be seen on every visit. During the past

itive nature of caves, any human .
Due to the sensilive nature of caves, any few years, approximately four or five fish have

activity inside a cave will have some impact (Watson et . ..
v pact ( been seen. It is unsure whether visitors have

. .. b
al, 1997). The impacts caused by visitors to caves has caused the decline in observable mumbers of fish.
been well documented (see, Gillieson, 1996; DCE,
1991; DELM, 1994). Human presence in cave
environments leads to accumulation of dust, skin

particles, hair and clothing fibers on speleothems,




Different user groups may impact on the cave in

different ways:

a) Cave Tourists - Tourists to Tham Mae Lana are
generally taken by local guides but in the past
occasional adventure tours, led by experienced
guides and other trips with government officials
have taken place. These visitors are more likely
to concentrate jmpacts in more accessible and
aesthetically pleasing sections of the cave and to
be less knowledgeable about the vulnerability of
the cave’s teatures.

b} Recreational

Cavers/Speleologists -

Recreational cavers and speleologists are
equipped for and skilled in cave exploration and
generally knowledgeable in minimal impact
caving techniques. This user group can cause
accidenta_] and careless damage to speleothems,
which Kiernan (1988) has noted is widespread
in some other caves. Damage is more likely to
occur in low energy areas of the cave, which
other user groups visit less frequently.

c) Local Inhabitants — Most local villagers who
visit the cave place little importance on the
cave's scientific and intrinsic values and this

sometimes [eads to inappropriate use of the

cave. The cave is generally perceived as a
resource for use and exploitation. The
cumulative effects of their actions may

adversely impact upon the cave features and
ecosystem. For example, in the past, locals have
been seen using home made bombs and DDT to
stun and catch fish near the downstream
entrance of the cave (Spies, J. pers. comm.,
1999). The local villagers have taken the onus

upon themselves to guide tourists into Tham
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Mae Lana. These locals have no training in

cave guiding. They often use primitive lighting

methods, such as candles and pine wood, or

when using torches, sometimes discard batteries

inside the cave. Some formations have been
soited and broken by insensitive use of the cave
by locals.

d) Researchers — Scientific research in Tham Mae
Lana should be conducted in a wﬁy that
recognises the complex inter-relationships

existing in the cave environment. The Victorian

Department of Conservation and the

Environment (1991) recognises that “disruptive

research has the potential to cause irreparable

damage to a cave’s physical, biological or
cultural features,” To date, little research has
been undertaken in Tham Mae Lana but studies
on the caves troglobitic fish, including the
remmoval of specimens, may have already
violated the cave’s integrity and had an
irreversible impact on the population dynamics.

P. M® Quilan (P. M® Quilan, pers. comm in

Kiernan, 1988) commented that the loss of even

a few individuals in a small population may be

sufficient to cause genetic drift, or even

extinction.

Lack of Management and Protection

A major threat to the values of Tham Mae Lana is
the lack of any specific protection for its significant
features. The impacts resulting from activities in the
cave and cave catchment are only likely to magnify

without intervention.

appropriate  management
Currentdy there is no monitoring or regulation of
activities inside the cave. In the cave catchment,

existing management plans are not concerned with
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protecting the sub-terranean environment.  Ideally,
caves should be protected by Total Catchment
Management (DCE, 1991). The RFD has the legal
authority to restrict access to the cave; place restrictions
on forest clearing; refuse development applications; and
become actively involved in the managementi of the
cave (Somsak Laoleepa, pers. comm., 1999). Presently,
insufficient human and financial resources, previous
human settlement, and demand for natural resources
inside the Sanctuary boundary are making it difficult for

the RFD to enforce existing legislation.

DISCUSSION AND

RECOMMENDATIONS

The significance of the combined values
identified in Tham Mae Lana extends beyond the
region. Tham Mae Lana is one of Thailand’s most
important caves and has atiributes, such as the
troglobitic fish, that are of international significance.
These values deserve and requirc protection and
conservation. Proper cave management depends
largely on scientific research which identifies
significant features and assesses and monitors changes
in the cave environment (DCE, 1991). Such an
information base is in tum, dependent upon research
and investigation. More research and monitoring, both
regular and event based are needed to synthesise the
most effective and appropriate conservation and
protection for Tham Mae Lana,

Ideally, effective management of the cave should
include the total catchment area and recognise that
activities on the surface can influence the quality and

quantity of water and air movement through the

subterranean environment. The management of the
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entire Tham Mae Lana catchment is difficult due to a
number of reasons:

1. There is a long established use of the
catchment land Consequently, local comrnunities who
refy on the land to cultivate agricultural products for
sale and consumption have placed high economic
values on these areas.

2. Villages are now becoming more
permanent due to government policies and increased
infrastructure  developments. This permanency
increases the pressures on, and the demand for, the
limited natural resources

3. Only part of the cave catchment is within
the boundary of the Lum Nam Pai Wildlife Sanctuary,
comsequently, problems with comsistency in
management may arise,

4. The diversity of soil, vegetation and rock
types and land use methods in the cave catchment will
require that different management strategies are needed
for different parts of the catchment.

5. Presently the RFD does not have sufficient
staff and other resources to effectively implement

existing legislation inside the Wildlife Sanctuary

boundary.

Ideally the RFD should endeavor o negotiate
appropriate land use and conservation practices in the
adjoining lands outside the Sanctuary boundary and
exercise its authority and enforce the existing legislation
relevant to proteétion of Tham Mae Lana. The removal
of villages and prohibition of land use within the cave
catchment is a difficult, if not impossible, task.
Reducing the level of the potential impacts resulting
from activities within the cave catchment may be a
mote achievable goal. One of the first steps towards
protection and preservation of Tham Mae Lana could be

the introduction of public education programs. These



programs should be directed towards land users and
create awareness of the caves values. Emphasis shouid
be placed on the link between surface land use and
potential impacts in the subterranean environment.
Ecologically sustainable land use practices should be
encouragea.

Regional bodies involved with infrastructure and
development activities within the cave catchment
appear unaware of the impacts their actions may have
on the cave system. The benefits of the project and not
the potential impacts are only acknowledged. The
construction of the 10-15 m wide road from Highway
1095 to Ban Jabo is a prime example of a
developmental activity within the catchment, where the
potential threats to the underground environment were
not considered. The road will make access to the
highway easier for a2 number of villages, but at the same
time may be adversely affecting cave biota and
formnation processes. Regional bodies in charge of
decisions involved with development infrastructure
should also receive education on the potential impacts
resulting from development activities. Methods for
more sensitive development should be investigated and
encouraged. The road, for example, could have been
constructed similarly to the 4 m wide road from
Highway 1095 to Tham [.od and caused comparatively
minimal change to the environment.

No access conirols are in place for Tham Mae
Lana despite its location in the Wildlife Sanctuary.
Anybody who wishes to visit the cave may do so.
There is a variety of user groups visiting Tham Mae
Lana, all of whom will impact upon the cave to varying
degrees. Noticeable changes, particularly to upper level
and tributary passages, have already been observed.

Access o caves can become a contentious issue

particularly if it is denied to local communities. The
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observable changes and documented impacts resulting
from cave visitation indicate that some access controls
should be placed on Tham Mae Lana. Any conirols
placed on the cave should be discussed with local
communities and the benefits of the controls explained.
Signs at the cave explaining the reason for the controls
should also be erected.

The community of Ban Mae Lana has placed an
economic value on Tham Mae Lana based on the
potential income that may be earned from tourism. If
an economic value is placed on a natral resource, then,
through education, local communities, can often see the
benefits of preservation and protection. In Ban Tham
Lod, the villagers are acutely aware of the economic
values of Tham Lod and the need for mazintaining or
imptoving the caves condition to preserve theses values.
Placing an economic value on natural resources, may
not be the best method of conservation. However, in the
case of Tham Mae Lana, community recognition of the
cave’s economic value may encourage, or lead to, an
increased awareness of the cave’s broader values and
vulnerability.

Development and tmplementation of a suitable
management plan is needed to protect and conserve the
diverse values of Tham Mae Lana. Listed below are
some recommendations that are ranked in no particular

order or level of importance.

® The management plan should be based on
Total Catchment Management principles. It
should involve all relevant government
bodies, interesied parties and local

commmunities in all stages of its development

and application,
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Some of the caves features need immediate
protection to ensure their continued
existence.

The significant values of the cave, threats to
its integrity and other concerns relevant to
the cave’s management need further
identification and consideration.

A community education programme 10 create
awareness of the values and threats to the
cave needs developing.

The cave catchmeni needs delineating using
water-tracing methods that do not effect the
cave’s biota.

The cave system needs; re-surveying as
accurately as possible; a thorough inventory
of the caves contents and their state of

preservation.

" Potential of the cave for World Heritage

nominafion should be investigaied.
Appropriate research and regular and event
based monitoring of the cave and cave
catchment condition should be encouraged.
All researchers should obtain permission
from the relevani authorities and the results
and conclusions made available to the
managing authority.

Effective and suitable access controls and
methods need formulating. Construction of a
gate inside the cave is an issue that needs
more discussion and consideration.

The human and financial resources required
to effectively develop and implement the
management plan need identifying.

A training programme for cave and karst
managers needs developing.  Managers

should recognise the importance and
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availability of inter- agency and international
expertise.

® Depending on access controls, local guides
may require thorough training on all aspects
of cave guiding and conservation. All
visitors should be required to follow a
‘minimal impact caving code’, such as those
used by The Australian Speleological
Federation and The Nationa! Speleological

Society in the U.S.A.

CONCLUSION

Tham Mae Lana has a number of significant
scieptific, recreational, educational, economic and
intrinsic values that are potentially under threat from
activities in the cave and cave catchment. Tt is apparent,
that unless specific management prescriptions are
initiated, these threats will escalate. Community
education that emphasises the values and vulnerability
of Tham Mae Lana may reduce current and potential
impacts. Effective protection and conservation of the
cave’s various values can only be achieved through co-
operation between the managing authority, local
communities and other interested parties. The Royal
Forestry  Department should  co-ordinate  the
development of a suitable management plan. Urgent
action is required to maintain the relatively pristine
condition of the cave. More appropriate research is
required to improve the current inventory and
understanding of the scientific values of Tham Mae

Lana.
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INTRODUCTION

Karst in Thailand comprises many rock types.
Limestones of Ordovician and Permian ages are the
most prominent and well known, but there are also
extensive gypsum and rocksalt deposits.  Karst
represents around 18% of the total land surface area of
Thailand (author's unpublished data).

The greatest list yet compiled for caves in
Thailand comprises some 3,500 sites (Dunkley, 1995).
Information for many more is available in the author's
personal archives and is in the process of being
compiled. Around 5,000 sites are now 'known'. Many
more are waiting to be discovered by science and it is
believed that somewhere between 10,000 and 20,000
sites will be the final total.

Present day cave and karst management tends
more towards destruction of these valuable and
frreplaceable resources than protection. Even well
intentioned management is often misguided and
inadequate. Can improvements be made to this

situation?

PRESENT MANAGEMENT

The importance of caves and karst in Thailand is
only now being realised. In terms of biology, no less
than 123 species have been discovered living on

limestone karst, mountains and in caves. All of these

The Future of Caves and Karst in Thailand

Dean Smart

species ar¢c endemic to these habitats and Thailand.
They have not been found anywhere else in the world.

The knowledge we have of ancient people in
Thailand and of Thai history and cuiture has been
improved vastly from evidence found in caves,
Artifacts inside caves are protected from deterioration
by the stable conditions.

Caves and karst are continuing to play an
important role in Thai Society. Nearly 10% of all the
caves in the list of Dunkley are temple caves.
Limestone exiraction has been instrumental in the
development of the Thai economy. In 1997, a total of
90,000,000 tons {(worth 7 billion Baht) was extracted for
use in concrete, acidity regulaton in fertiliser,
decorative marble and toothpaste to list just a few
examples (DMR. 1998). Due to the poor economy of
recent times this figure has dropped by 50% for 1998
(DMR. 1999). Karst soils are rich and fertile and
provide excellent crop production.

Virtually everybody, knowingly or not, makes use
of products made of limestone. We use electricity
produced by datns built in karst areas and eat food
grown on karst. Many people use karst springs for
water supplies. It could be said that everybody has a
dependence on and a responsibility for caves and karst.

Many people take a direct responsibility for the
management of caves and karst. These people range
from local viliagers to provincial governors, from

NGO's to government organisations, from tourists to
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tour operators, from Buddhist worshippers to temples
and from academics to industry. Are these 'managers’
doing a good job? The answer is unfortunately "NO".

Most Naticnal Parks have several caves open for
tourists. Sai Yok N.P. has a total of 5 ‘developed' caves
(Smart, 1995), Erewan N.P. has another 5 and Khao
Sam Roi Yot N.P. also has 5 (Smart, 1996). One of the
caves at Erewan is Tham Wang Badan. This cave is the
unigue habitat for two species of troglobitic fish, a
troglobitic scorpion and a troglobitic springtail
{Deharveng, et al, 1987). They live nowhere else on
Earth and the cave is subjected to uncontrolled tourists
who write graffitt on the walls, drop litter and walk all
over the floor sediments. Tham Kaeo in Khao Sam Roi
Yol has been described as one of the most important
sites for troglobitic spiders in SE Asia (Deecleman-
Reinteld, 1993). It too is subjected to many visitors
who drop litter, walk everywhere and leave the cave
having iearnt nothing. These problems also apply to
specifically developed tourist caves like Tham Khao
Bin, Ratburi. A budget of 22 million Baht was spent on
developing the cave (Dunkley, 1993) including a
massive lighting system totaling 145,000 waits instalfed
in 1983 (Author's data). Today the cave is dead.
Inadequate conirol over tourists, use of lamps that are
too powerfu] and lack of interpretation have been the
main causes (Author's data). The Tourism Authority of
Thailand is now considering spending more money on
an air ducting system (o correct the problem they
caused. Tham Khao Bin and most other tourist caves
were unsuitable for development in the first place, being
dry, single entrance caves with little or no exchange
with the surface.

Temple caves dig out much of the criginal floor
sediments of caves and lay down concrete. This action
habitats,

destroys  cave archaeological  and
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pataeontological material and cannot be removed easily
without damaging the cave further.

Industrial uses of karst tend to be totally
destructive. Flooding due to dams and obliteration by
quarrying leaves nothing behind. Pollution to
groundwater and water table changes can have dramatic
effects over wide areas. Agriculture places severe
pressure on karst soils. Over production leeches the soil
of nutrients and clearance of undergrowth exposes the
soil to erosion. Villages in mountain karst areas often
have inadequate waste disposal systems. Sewage and
leechates from garbage are simply left to soak into the
ground. Water flows underground very quickly through
karst and often does not give enough time for the
poisons and bacteria to be cleaned out. The deadly
Salmonella and E. coli bacteria can survive over 100
days in groundwater (Kaddu-Mulindwa e al, 1983).
They then emerge at a spring where the water is used
for drinking purposes.

Present day management of caves and karst in
Thailand is poorly organised and carried out by people
with little or no background knowledge. Sufficient
knowledge and expertise is available although little use

is being made of it

FUTURE PROSPECTS FOR CAVES AND
KARST IN THAILAND

Without major changes to the current situation,
the caves and karst of Thailand are going to suffer very
badly. The majority of caves currently used by visitors
will continue to suffer from aesthetic destruction,
habitat impacts, theft of artifacts and speleothems and
loss of significant scientific data.

Without good

interpretation, this damage will spread quickly to other
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caves and sites not currently developed where 'eco-
tourists' visit.
Improvements in cave management are needed in

the following areas:

1) Developing fewer caves and only those caves that
are suitable for the intended purpose.

2) In cave development including designated
pathways, sensitive lighting and trained guides.

3) TInterpretation of caves to visitors needs to begin,
not only at tourist caves, but also at temple caves.

4)  Avoid permanent development such as conerete
floors and enlarging of caves through explosives.

5} Train cave managers to understand caves in terms
of geology, biology, environment, hydrology,

significance and vulnerability.

Caves must start to be thought of as just a very
small part of the larger, overall karst system. [f the
surrounding karst is managed properly then the caves
within it are automatically protected. This requires land
managers to preserve natural forests in catchment areas.
Pollution controls over human and livestock sewage,
garbage, industrial wastes and agricultural chemicals
need to strictly adhered to. Adequate waste treatment
systems are more essential to remote villages than roads
and electricity, Use of fertiliser and pesticides should
be kept to a minimum or better still, not used atall, The
full impacts of dams and quarrying need to be carefully
studied long before they reach a stage of realisation.
This applies not just to the immediate area, but also to
arcas where relocated people are moved to, eg. the
North Eastern people of Lam Khlong Ngu.  Other
construction such as roads and pipelines should be
aware of potential hydrological changes.

Conservation ethics and appropriate laws are

already in place in Thailand. It is relatively easy to
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apply good manhagement to the caves and karst of
Thailand and improvements should be seen within a

short space of time.

THAILAND CAVE AND KARST GROUP

Improved management and conservation of
Thailand's caves and karst is the TCK group's objective.
The group was created to act as an information source
for anybody with an interest in caves and karst. A large
library of textbooks, journals and articles has been
collected already and continues to expand. The group
also actively undertakes exploration, surveying and
study of caves and karst in Thailand. A journal is
published four times a year.

The TCK. Group can provide knowledgeable and
experienced advice on all aspects of caves and karst,
The group intends to become the central depository for
data concerning caves and karst in Thailand. A
database for all caves and karst in Thailand has been set
and in rapidly increasing in size.

Members are now being requested. Please contact

the author for details or visit our website.
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Cave Air Temperatures and Altitude for North & Central Thailand.
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Temperature, Degrees Celsius.

Note: The temperature of Tham Khao Bin (diamond) is thought to be artificialty high due to excessive use of electric
,. lighting.
| Most other, natural plots are consistent with the best [ine fit. Plots deviating from the line can be explained by local
conditions. For example, the two plots at lower lefi probably reflect locally depressed temperatures in the bottom of
the 500m deep river gorge where they are situated.

(© - Thailand Cave and Karst Group, 1999. Data from many sources.
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APPENDIX 1

DEFINING CATEGORIES AND CLASSIFYING
CAVES

CATEGORY |. PUBLIC ACCESS CAVES — Caves
where the public is encouraged to visit for aesthetic
appreciation, education and recreation.

1.1 ADVENTURE CAVES:

—> The most suitable sites are high-encrgy
systerns where visitors have very low
impact on cave formations and life. Caves
that flood annually or caves with little
inherent value other than their morphology
may be considered. Other issues that need
consideration include lecation and ease of
access and the availability of guides and
resources for management and monitoring
of impacts. It is recommended that only a
very few robust sites be promoted for
adventure tourism.

> Caves in this category are used by
experienced, properly equipped cavers or
inexperienced but properly equipped
groups led by guides. The main

distinction between adventure caves and
some wild caves used for the same activity
is that adventure caves are actively
promoted. The main distinction between
adventure caves and tourist caves are 1)
visjtors to tourist caves require no special
equipment, and 2) adventure caves are
usually more challenging with minimal or

no infrastructure developments.

1.2 TOURIST CAVES:

=> Tourist caves can be identified by their
current use or their potential for
development. In general, caves that have
been developed with infrastructure in
place to protect the cave and provide safe
access are inciuded in this category.
Development may include pathways,
lighting, barriers, gates, signs, bridges and
ladders. Guides are usually available.

—> Caves that are suitable for tourist
development should meet the following
criteria.

a) The cave is a high-energy system
where visitors have a very low impact
on cave processes and the ecosystem.

b) Adequate protection can be provided
for the caves ;specia! natural or cultural
attributes.

c} The cave is aesthetically impressive.

d) Potential exisis for recreational and/or
educational opportunities with casy
access to a vartety of natural and/or
cultural features.

e} Enough msoﬂrces are available to

effectively manage the site.

1.3 RELIGICUS SITES:

> Caves and rock shelters that have been

developed for religious purposes.

CATEGORY 2. SPECIAL PURPOSE SITES: This
category includes caves that require restrictions on
access or other management intervention to either
protect visitors from extreme danger or to protect apd
conserve the special natural, cultural and economic

values of the site.
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2.1 REFERENCE SITES:

= Reference sites are caves that can provide

a baseline for monitoring and comparison
with sites in other categories.

Suitable sites are — relatively undisturbed
and contain a wvariety of features or
representational features  suitable  for
comparison purposes.

— capable of being effectively managed
to strictly protect the features related to
the reference function(s) of the siie.

— considered to be relatively
unthreaiened by any  potential
disturbance to their present condition.
This criterion is important when long
term monitoring and comparison is

needed.

SITES OF SPECIAL NATURAL AND/OR
CUTURAL VALUE

==> Caves considered suitable for this category

have features or attributes where special
protection is necessary to maintain the
value of the site for research, aesthetic
appreciation, education, recreation, nature
and heritage conservation.

Careful consideration of a sites relative
significance, vulnerability to disturbance,
state of preservation and the availability of
resources to effectively protect the site,
should be made before caves are included
in this category. This category includes
both caves and rock shelter sites that are
threatened by human disturbance and
contain one or more of the following

atiributes:

a) Rare or endangered troglobites,
troglophiles or trogloxenes.

b) Cultural deposits indicating that they
were used historically or as pre-
historic cemeteries, living or camping
sites.

¢) Pre-historic rock art, stencils or
engravings.

d}  Particularly outstanding features of

scientific interest,

2.3 DANGEROUS SITES

—> Caves or paris of caves that are potentially

dangerous or life threatening for visitors.
This category includes all caves that
contain particularly low levels of oxygen
and/or high levels of carbon dioxide either
all the time, or at particular times of the
day, or seasonally. ~ Caves that are
extremely dangerous due to instability or

flooding may also be included.

2.4 HUMAN INDUSTRY SITES

= Includes caves currently being used as a

village water source and sites where
guano, limestone, bird nests, chliff bee
honey or other natural cave resources are

coliected.

CATEGORY 3. WILD AND UNCLASSIFIED

3.1 WILD CAVES

— Remote and/or rarely visited caves where

the level of human disturbance has
minimal impact on the caves natural
and/or cultural features. Remote is

defined as being more than one hours walk



from a road or a village. The main users of 3.2 UNCLASSIFIED CAVES

wild caves are experienced cavers. Caves —> All caves not yet classified or documented

suitable for this category are considered are  included in this category.
managed best without human interference.
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APPENDIX 2

CRITERIA FOR DETERMINING

SIGNIFICANCE

TABLE 1. Criteria for determining cave significance
in Australia,

The most significant caves rate highly on any one
criterion or on a combination of two or more of the
following criteria:

GEOLOGICAL: Diversity and complexity of the
geological record.

GEOMORPHOLOGICAL.: Range of ages and types of
sediments, multiple levels and variety of speleothems.
PALAEONTOLOGICAL: Size of deposits, integrity of
the site and rarity of deposits.

MINERALOGICAL: Quality, variety, quantity and
rarity of minerais.

HYDROLOGICAL: Quantity of flow, importance to
humans and ecosystem.

BIOLOGICAL: Number, rarity and diversity of species
and potential for future research. Importance of the site
as a habitat.

ARCHAEQLOGICAL: Quantity and diversity of
material, integrity of the site and value for research.
AESTHETIC: Quantity, quality, varicty and state of
preservation of speleothems; grandeur of cave vistas.
RECREATIONAL: Length and depth of cave, variety
of existing or potential recreational opportunities.
EDUCATIONAL: Variety of features, ease of access
and clarity of expression.

CULTURAL: Importance of the site for cultural and/or

religious activities.

TABLE 2: Criteria for determining cave significance,
used by The National Speleological Society, Inc.,
USA.

A cave is considered significant if it meets one or more
of the following criteria:

BIOTA: The cave provides seasonal or yearlong habitat
for organisms or animals, or contains species or
subspecies of flora or fauna native to caves that are
sensitive to disruption, or are endangered..

CULTURAL: The cave contains, historical and/or
cultural properties or archaeological resources or other
features important for research, historical associations
or other historical or traditional significance.
GEOLOGICAL/MINERALOGICAL/PALAEONTOL
OGICAL: The cave possesses one or more of the
following features-

1} Geologic or mineralogic features that are particularly
outstanding, or are fragile, or that exhibit interesting
formation processes, or that are otherwise useful for
study.

2}  Deposits of sediments, or features useful for
evaluating past events.

3) Palacontological resources with potential to
contribute useful educational and scientific information.
HYDROLOGICAL: The cave is part of a hydrological
system or contains water that is important to humans,
biota or development of cave resources.
RECREATIOMNAL: The cave provides or could provide
recreational opporttunities or scenic values.
EDUCATIONAL/SCIENTIFIC: The cave offers
opportunities for educational or scientific use; or the
cave is virtually in a pristine state, lacking evidence of
contemporary human disturbance or impact; or, the
length, volume, total depth, height, or similar

measurements are notable.



APPENDIX 3

MANAGEMENT STRATEGIES, CONCERNS
AND OPTIONS FOR DIFFERENT CATEGORIES

CATEGORY 1. PUBLIC ACCESS CAVES
1.1 ADVENTURE CAVES

* The principal management aim is to
provide recreational opportunities while
preserving the cave’s natural features.

¥ Some monitoring of use may be needed
with restrictions on party size and
frequency. In some sites, gating may be
desirable for monitoring and restricting
entry.

* All caves promoted as adveniure caves
require obvious signs in Thai and English,
instructing visitors how to avoid damaging
the cave and themselves. Passive on-site
interpretation of the cave's atiributes is
recommended.

* Adventure caving guides should ideally be
locals who have received thorough
training on all aspects of cave guiding
including cave conservation, caving
techniques and etiquette, and safety.

* [mpact monitoring of frequently used site
is desirable. Caves with unacceptable
impact levels may require re-classification

and/or further protective measures.

1.2 TOURIST CAVES
* Caves where tourists are encouraged to
visit require  defailed, ecologicaily
sustainable management plans, constant
supervision and, when necessary, cleaning

and restoration.

Due to the lack of ideal sites, the high
level of effort and financial investment of
money and effort needed, and the
difficulty in providing adequate protection
for the natural attributes of the caves, only
a minimal number of caves should be
develeped for tourism. Protective
measures for the caves’ features should be
in place before tourists are encouraged to
visit.

Sustainability is the key. With enough
comtrols, deterioration in the condition of
the cave or in the cave life can be
prevented.

Any developments outside the cave must
not adversely affect the underground
environment.

Any developments inside caves should be
designed for minimal impact on the
environment.  , Structures should be
constructed from suitable materials and
built in such a way that they can be
removed without damaging the cave.
Before ‘developments’ are introduced, the
potential adverse impact on the cave
should be assessed.

Interpretation services should be provided
to  enhance  visilor  experiences.
Managément controls should seek levels
of visitor use that are sustainable.

Regular monitoring of the condition of the
cave is important for developing the best
management strategies and responses.
Involvement of thre local people is
important in the protection of caves.

Educational  seminars and  direct
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involvement of local people as guides and
caretakers is recommended.

* Trained local guides who can help
maiotain the condition of the cave should

accompany visitors to tourist caves,

1.3 RELIGIOUS SITES

* Some caves already developed for
religious purposes have been changed
radically. Any developments need close
moenitoring, Due to religious and social
constraints, options for managers are
limited. Consultation and sensitive
persuasion on the benefits of protecting
the natural features of the site is

recommended.

CATEGORY 2. SPECIAL PURPOSE SITES:
Special purpose sites each require their own specifically

defined management policy and prescriptions based on

" the reasons for their classification and the vulnerability

of the site to human disturbance. Strategies for the most
sensitive sites should be formulated as soon as possible.
The broad guidelines given for each category need to be
refined according to the particular requirements for

protecting each site.

2.1 REFERENCE CAVES

* The principal management aim is to
preserve these caves in their natural state
s0 that a reference set of caves and cave
life is available for perpetuity.

* Access is strictly limited to legitimate
scientific research and monitoring related
to reference functions of the site
Permission for access should only be

granted by relevant authorities.

* To control access, gating may sometimes
be necessary.  Gates should only be
constructed when - they are effective, can
be maintained and don’t disturb the fauna
or conflict with other values of the site.

* Remote, largely unknown and rarely .
visited sites require less management
intervention than more vulnerable sites.
Management priority is given to reference
caves that require immediate protection.

¥ Threats to the natural integrity of reference
sites are both internal and external. In
some sites, the environmental quality of
the cave’s catchment is cmciﬂ to the
continued existence of the reference
features.

* Education of the local mhabitants on the
significance and vulnerability of each site
is recommended. Local participation in
the protection of the caves and cave
catchments is the ultimate goal.

« Itis important that resources are made
available to effectively manage reference

sites.

2.2 SITES OF SPECIAL NATURAL AND/OR
CULTURAL VALUE

The protection of the sites significant features
and ecosystem is the major management concern. Some
caves have a wide range of significant and vulnerable
features that require protection. Management strategies
may vary according to the reasons for a sites
significance. Listed below are more detailed
management prescriptions for special value sites, based
on the primary values that need protection. Managers of
the caves and other concerned authorities should be

made aware of the importance of protecting sites that



may be of regional, national or international

significance.

MANAGING SITES OF SIGNIFICANT
GEOLOGICAL/GEOMORPHOLOGICAL AND/OR
PALAEONTOLOGICAL VALUE

* The main concern for managers is
maintzining the special attributes of
individual caves in their natural state.

These may  include  outstanding

speleothems, fossils and sediments,

Priority is given to the most significant

sites that are vulnerable to disturbance.

* Development in these caves is kept to a
minimqm, access may need to be
controlled and management programs
include  monitoring, protection and
restoration when necessary.

¥ Depending on the particular site, options
for controlling access tnay include- issuing
permits; allowing access only when
escorted by trained, responsible guides;
erecting signs to explain the significance
of the site and necessary controls; erecting
barriers to protect vulnerable features; and,
constructing a lockable gate. Ideally no
modification to the cave should occur.

% Legitimate research should be allowed ifit
has no impact on the special attributes of
the cave or if the benefits of the research
are percetved to outweigh the potential
impacts.

* The maintenance of the guality of active
spelecthems is dependent upon how well

the forest cover and soil quality is

managed outside and above the cave in the
catchment area.

Education of locals and visitors on the
importance and fragility of cave
formations and sediments is needed.
Involvement of locals in reducing their

impact on the caves and cave caichments

and encouraging conservation awareness

is important for long term protection.

Land use activities that alter the quality
and quantity of the natural flow of air,
water or sediments underground should be
identified and, when possible, remedial
action taken. Management options
include- encouraging  more
environmentally sensitive farming
methods;  reducing  impacts  from
developments already in place; appropriate
reforestation and regeneration of degraded
catchments; and, in some cases,
prohibiting any human activity in specific
areas.

Particularly vulnerable sites should not be
advertised and access details should not be
made available to the public. Only tourist
and adventure caves should be promoted

for recreational purposes.

MANAGING SITES OF SIGNIFICANT
BIOLOGICAL VALUE

% Principal management aims are to

maintain the natural integrity of the
ecosystem both inside the cave and in the
catchment area above the cave.

Caves in this category are particularly
sensitive to human disturbance. Managers

must ensure visitors to the caves, and the

4
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local inhabitants lifestyles outside the
caves, do mot impact upon cave life.
Human activities inside caves that may
adversely impact cave life need to be
controlied and monitored. These activities
include- scientific collection of specimens;
collection of bat guano and water, and
disturbance by other visitors.

Options for mangers inside the caves
include- controlling and limiting cave
access; erecting explanatory signs in Thai
and English; and construction barriers,

walkways and gates when necessary.

Cave fauna surveys studying species
diversity, numbers, uniqueness and
habitats are needed for effective
management planning, Surveys should be
allowed and encouraged after the relevant
authorities have considered the value of
the research and whether research
techniques in any way endanger the
species being studied.

To preserve aquatic life, monitoring of
water quality and quantity is needed and
appropriate management decisions should
be implemented to ensure the cave
catchment is maintained in a state as close
to natural as possible. Disturbance to
catchment areas through deforestation,
reforestation, afforestation, agriculture,
husbandry, quarrying and hydrology
changes due to road building, car park
development, building dams etc., should
be monitored. When possible all

developments that may impact on the cave

ecosystem should be reconsidered and
appropriate remedial action taken where
such impacts occur.

Education of cave visitors and the local
inhabitants on how they can help preserve
the unique cave fauna and flora is
advisable.  Emphasis should be on
developing long term solutions to
minimise the impact from activities that
adversely affect the environment, such as
clearing the forest in dolines and
catchment basins and using pesticides,
fertilizers and other potential pollutants
that may enter the underground water
systems. ldeally, local inhabitants will
become caretakers of the special cave
fauna and flora in their area.

Other management options include not
making the access details of sensitive sites
generally available and avoiding the
construction of roads or paths that make

access easier.”

MANAGING SITES OF SIGNIFCANT
ARCHAEOLOGICAL AND/OR CULTURAL VALUE

* Determining relative signiticance of

archaeological sites is very subjective and
their future potential for research may be
underestimated.  Therefore, all known
archacological sites should be included in
this category.

Varying  levels of  management
intervention will be required depending on
the vulnerability of each site to

disturbance.



#* |n most cases, the archaeological remains
exist omly because of their sheltered
environment.
Archaeological sites in Pang Mapa are
vulnerable to  human  disturbance
including: looting and digging for
artifacts; chopping and buming coffin
wood; erasing rock art and moving
archacological  material. Natural
disturbances and degradation include-
forest fires; animals and insects (especially
termites) digging infe the cave floor or
eating coffin wood or other ariifacts; and
the impact of light and moisture.

* A selection of sites should receive special

protection as Reference Sites.

*  Management options inctude!
—Restricting ~ access  to particularly
significant and vulnerable sites by erecting
barriers, signs in Thai and English and,
when the cave warrants it, erecting gates or
fences.

—Not making the location and access details
of archaeological sites generally available to
the public.

—Producing educational material for local
communities encouraging the preservation
of archaeological sites. This material should
be made available to every school and
village headman in the region. Local
villagers should be encouraged to feel
responsible for protecting the sites in their
area and to act as caretakers. School groups
could be taken on tours of local caves to
help the children understand how valuable

archaeological sites are for research into the

region’s prehistory and how they can help
protect them,

—Clearing  firebreaks and removing
flammable materials from near coffins in
some sites.

— Returmning, wherever possible, coffins
removed from caves (to villages, nearby
forests etc.) to their original location.

— Promoting one or two suitaﬁlc sites for
public access, for the purpose of education
and satiating tourist curiosity. Any site that
receives  visitors ' must have protective
measures in  place  (barriers, signs,
walkways, guides etc) to adequately
safeguard the archaeological and cultural
remains. In Pang Mapa the most suitable
sites are Tham Lod and Tham Pi Man Nam
Lang Jum, which already receive visitors.

— Encouraging ‘non-invasive’ research to
learn more about' the values of the site.
Permission for any research, by Thai or
foreign archacologists 7in Pang Mapa, must
be given by the Fine Arts Department and
other management authorities.

— Developing the Nature Education Centre
at Tham Lod as almuseum and information
centre on the prehistory of the area. Any
artifacts removed from the caves by
archaeologists should be kept there
Artifacts should only be removed from
caves when it is necessary for research or
when their continued existence would not be
possible without their removal. Artifacts
taken from caves need special maintenance
to ensure their condition does not

deteriorate.
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—Regular monitoring (as often as possible)
of all significant and/or vulnerable sites.

Photo or video monitoring is a desirable

importance of hydrological reseurces is

needed.

* Appropriate scientific research on aquatic

method for comparison studies and impact species in caves should be encouraged.

assessment  studies, and for refining

management methods. 23 DANGEROUS SITES
% — Erecting official signs from the Fine Arts * Caves that are considered dangerous for
Department, in Thai and English, at each human entry should have  appropriate
m:' archaeological site, instructing visitors on signs, which can be easily understood by

i
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the importance of the site and how they can
kelp to preserve it.

— Providing special protection for some
rock art sites when necessary. Measures
may include fencing with wire mesh and
placing a thin line of silicone above the art
to prevent water flowing across the rock

face.

MANAGING SITES OF SIGNIFICANT
HYDOLOGICAL VALUE

* The maintenance of the quantity and

quality of the water is the primary
management CONcern.

[dentification of the entire catchment is
essential for effeciive management.
Current and potential threats to the
condition of catchments need to be
recognised. Regular monitoring of water
quantity and quality is needed to establish
priorities and development responses.
Long-term plans for rehabilitating and
protecting catchments need to be
developed.

Education of local villagers and district

and provincial authorities on  the

everyone, warning of the dangers.
Barriers should be erected when

n e ¢ e 8§ 5 a r Yy

24 HUMAN INDUSTRY SITES AND WATER

* The collection of bat guano can have a

major impact on cave life. The economic
advantages should be carefully weighed
against the potential threat to a cave’s
ecosystemn before permission is given to
collect bat guano.

CULff bee honey gathering is an ancient
activity. Very few local inhabitants stifl
collect this honey and the impact of people
using traditional methods is probably
minimal. However, monitoring of the
extent of this activity is still

recommended.

* Collection of speleothems or limestone

from caves should be strictly prohibited.
Managers of village water sources should

follow the guidelines for managing

hydrological sites.

Regular monitoring of flow rate and water

quality is recommended. Other



monitoring  could  include  water
temperature and pH measurements.

¥ Confrols of the unrestricted use of
underground water sources may be needed
if such use adversely impacts on the

ccosystem.

CATEGORY 3. WILD AND UNCLASSIFIED

CAVES
* The best protection for these sites is
education of the pgeneral public,

particularly local inhabitants, on the

importance of caves and cave
conservation.

Generally, there are no restrictions on
access but location and access details
should not be made available to the public.
Speleological investigation should be
encouraged and the results of such work
made available through the appropriate
authorities.

Unclassified caves should be investigated

and classified as soon as possible.

v e



&

APPENDIX 4

Draft letter for every headman and head teacher in
Pang Mapa.

This lefter is to be read out at village meetings
and at school assemblies.

Amphur Pang Mapa has more than 200 caves,
These caves may be millions of years old and have been
formed by water flowing through cracks in limestone.
Some caves are more than 10km long. Most caves have
stalagmites and stalactites that grow very stowly with
dripping water. They can take 100,000 years to grow.
They are very fragile and are easily damaged if people
touch or walk on them.

Some caves have tiny fish with no eyes. These
fish are very special and can be found nowhere else in
the world. It is important that we do everything we can
to protect these fish in the caves in Pang Mapa. Don’t
let anyone take any of these fish from the caves.

We must try to keep the streams cléan too. If
people throw rubbish in the sireams or use pesticides on
fields where the water flows into streams, the blind fish
may die. If any more forest is cleared, some streams

may stop flowing.

% In Pang Mapa there are many other special caves.

These caves are called Tham Pi Man and can be found
near most villages in Pang Mapa. There arec more than
80 Tham Pi Man in Pang Mapa.

These caves are the cemeteries of people who
lived in Pang Mapa almost 2,000 years ago. The wood

in the caves is from coffins, This wood has lasted for

1,700 years — possibly some of the oldest standing
wooden structures in the world,

Some people in Pang Mapa have gone info caves and
then chopped and burned this ancient wood. They have
dug into the cave floor to look for treasure but the
ancient people left nothing of value with their dead.

Scientists want to study these caves to find out
about the people who lived in Pang Mapa a long time
ago.

Please help look after the Pi Man caves near your.
village. Don’t let anyone touch any old wood, pottery
or bonés, take anything out of the caves or damage them
in any way. The caves are much more valuable if they
are left in their naturaj condition.

If everyone in Pang Mapa helps look after the
caves then our children and grandchildren will be able
to see them in their present condition.

Government officials can’t look after everything.
This is the reason why everyone - Lisu, Lahu, Karen
and Tai Yai is needed to help preserve our caves. In
some caves, Government officials will place signs and

fences, to keep people away from things that need

. protection. Please respect these.

If anybody has any information about caves near
their village or knows of anyone who has damaged or
taken anything from a cave, please contact the Forestry

at Tham Lod.

ACKNOWLEDGEMENTS
I wish to thank Sittipong Dilokwanich, Dean
Smart, Kevin Kiernen and Peter Grave for reviewing

earlier versions of this paper.



THE ENDEMIC BIODIVERSITY OF
LIMESTONE CAVES AND KARST IN
THAILAND

(Total> 123 species)

The accompanying table lists some of the
animals and plants that are found only in limestone
areas of Thailand and nowhere else in the world,
Information is taken from many sources.

A very broad diversity has been discovercd
including most major biological groups: mammals,
birds, reptiles, insects, arachnids, crustaceans, molluscs
and plants, This tist is not exhaustive of curent
literature and more species could be added with further
searching. Consequently, it is biased towards the most
available information and certain species or areas, e.g.
springtails and Chiang Mai Province.

Undoubtedly, many more species remain to be
discovered by science in the limestone karst of

Thailand. Areas of research that are distinctly Jacking

in Thailand include algae, bacteria, protozoa, mosses,
ferns, lichens, fungi and many groups of arthropod.

Possibly, to avoid problems of competition by
similar creatures living in the same habitat, tropical
cavernicoles tend to differ from each other at generic
level rather than species level. This ensures greater
differences between each animal type and improves the
energy efficiency of the ecosystem. It also increases the
likelihood that any new discovery will be a new genus.
Qut of the above 62 cave restricted species no less than
I5 of them are the type representative of the genus as
well,

Where one genus is represented by many
species, e.g. the springtail Troglopedetes, the animals
are not restricted to one cave or locality rather they are
spread all over Thailand. The 12 known species of
Troglopedetes are found in 11 different caves separated
in some cases by distances of several hundred
kilometres. This 15 a fine example of the endemic
biodiversity often displayedl by cave and karst

OFganisms.
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Latin c

Koenenioides spiniger

Chiang Mai/Kanchanaburi

morphic? Genus?
Palms Maxburretia furtadoana Surat Thani
Trachycarpus oreophilus Chiang Mai
Cycads Cycas nongnoochii Nakhon Sawan
Cycas pranburiensis Prachuab Khiri Khan
Cycas tansacha Saraburi
Flowering Clematis wittii Chiang Mai
Plants Gentiana leptoclada Chiang Mai
Gerantum lamberti ssp.sigmensis | Chiang Mai
Impatiens kerriae Chiang Mai
Luculia gratissima var.glabra Chiang Mai
Pedicularis siamensis Chiang Mai
Scabiosa siamensis Chiang Mai
Flatworms Dugesia deharvengi Khon Kaen v v
‘Y Snails Alyecaeus pratatensis Kanchanaburi
Boysidia chiangmaiensis Chiang Mai
Boysidia tholus ?
Diplommatina akron ?
Diplommatina doichiangdao Chiang Mai
Diplommatina hidagi ?
Diplommating naiyanetri ?
Diplommating prakayangensis ?
Diplommatina pupaformis ?
Diplommatina umpangensis Tak
Discartemon khaosokensis Surat Thani
Gyliotrackela khaochongensis Trang
Hypselostoma khaowongensis Rayong
Opisthostama klongsangensis Surat Thani
Spiders Bacillemma leclerci Prachuab Khiri Khan v v v
Liphistius tham Saraburi v
Ochyroceratidae (gen. sp.) Prachuab Khiri Khan v v v
Pholcidae (gen. sp.) Prachuab Khiri Khan v v v
Telemidae (gen. sp.) Prachuab Khiri Khan v v v
Pygmy Eukoenenia deleta Phangnga v v
Whipscorpions | Eukoenenia lyrifer Chiang Rai v
Eukoenenia thais Chiang Mai v v
Koenenioides leclerci Prachuab Khiri Khan v




.
Harvestmen  |Bandona palpalis Chiang Mai/Saraburi 1
Fomgensis leclerci Chiang Mai/Kanchanaburi v -
Neopygopus siamensis Chiang Mai
_YParatakola minima Saraburi :
Mites S'iamaoarus dalgeri Yala v v v
Siamacarus withi Phangnga v v/ v
.
Crabs Phaibulamon stitipes Kanchanaburi v v 4 k
Phrricotelphusa deharvengi Phangnpga v é
Potamon namilang Mae Hong Son - i
Shrimp Macrobrachium sivindhorn Mae Honé Son
Amphipods Aequigidiella aquilifera Khon Kaen/Chaiyaphum v v v
Bogidiella thai Phangnga v v
Isopods Anning fustis Phangnga v
Exalloniscus thailandensis Mae Hong Son
Indoniscus deharvengi Mae Hong Son v v
Stenasellus bedosae Surat Thani v v
Stenasellus deharvengi Khon Kaen v v
Stenasellus rigali Chaiyaphum v v
Thailandoniscus annae Phangnga v v v
Syncarida Parabathynellidae (gen. sp.) Chiang Mai v v v
Millipedes Cerastelachys cavernicola Yala (7) v v -
Dyomerothrix gremialis Chiang Mai v v )
Springtails Acherontiella thai Lampang v
Arrhopalites anulifer Chiang Mai
Arrhopalites chiangdacensis Chiang Mai v
Blasconurella arcuata Chiang Mai
Blasconurella intermedia Chiang Mai ) v
Cephalachorutes pestilentiae Chiang Mai
Ceratophysefla morula Chiang Mai
Chirolavia gabaudei Chiang Mai v
Coecobrya guancphila Chiang Mai v
Coecobrya similis Chiang Mai v _
Digitanura quadrilobata Mae Hong Son/Kanchanaburi v &.
Friesea chiangdaoensis Chiang Mai 3
Friesea kanchanaburiensis Kanchanaburi )
Friesea lisu Chiang Mai
Frieseq microphthalma Surat Thani : :
Frieseq rubeni Chiang Rai
Paranura bisetosa Chiang Maj *
Paranura chiongdaocensis Chiang Mai
Paranura dalgeri Kanchanaburi
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B Paranura globulifer Phangnga
Paranura lecleres Phangnga
Paranura tibiotarsalis Chiang Mai
Pseudosinella chiangdaoensis Chiang Mai v v
Traglopedetes calvus Kanchanabusi v
Troglopedetes centralis Chiang Mai v
Troglopedetes convergens Ratburi v
Troglopedeies dispersus Kanchanaburi v v
Troglopedetes fredstonei Chiang Mai v v
Troglopedetes leclerct Chiang Mai v v
Troglopedetes longicornis Mae Hong Son v v
Troglopedetes maffrei Mae Hong Son v v
Troglopedetes maungonensis Chiang Mai v v
Troglopedetes microps Chiang Mai v
Troglopedetes multispinosus Chiang Rai v v
Traglopedertes paucisetosus Prachuab Khiri Khan v

Trplura Apistocampa leclerci Chiang Mai

Eutrichocampa inchoata Kanchanaburi
Japygidae (gen. sp.) Chiang Mai v v
Lepidocampa armata Krabi

Cockroaches Spelaeoblatta thamfaranga Kanchanaburi v

Crickets Diestrammena annandalei ? v
Diestrammena gravelyi nigricauda | Yala () v

Beetles Dichillus kuschstaberi Ratburi v
Eustra lebretoni Chiang Mai v
Eustra troglophila Mac Hong Son v
Ozaenaphaencps deharvengi Mae Hong Son v v/
Ozaenaphaenops leclerci Chiang Rai v v
Promaphaginus leclerci Phangnga v
Stamaporus deharvengi Khon Kaen v v
Trechiama siamensis Chaiyaphum v v

Fish Cryptotara thamicola Mae Hong Son v v
Nemacheilus troglocataractus Kanchanaburi v ‘/
Neolissochilus sp. Phitsanulok v 4
Poropuntius speleops Chaiyaphum v v
Pteracryptis buccata Kanchanaburi v v
Schistura farutaning Kanchanaburi v v
Schistura oedipus Mae Hong Son v v
Schistura sp. Phitsanulok v v




Lizards Lygosoma Khoratense Saraburi

Birds Napothera crispifrons calcicola Saraburi

Bats Craseonycieris thonglongyat Kanchanaburi
Hipposideros halophyllus Lopburi/Uthai Thani

Rats Leopaldamys neilli Saraburi/Kanchanaburi
Niviventor hinpoon Saraburi
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