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Abstract
Environments in Thailand have been badly threatened but few of the ecological consequences

have been determined. Impact assessments have mostly concentrated on chemical analyses of
pollutant residues in the environment. Biological data, however, are limited, with 2-3 approaches
being used. In this paper, the advantages and limitations of monitoring approaches and the potential
of fluctuating asymmetry as an indicator of environmental disturbances in Thailand are discussed.

l. Introduction: the situation of
environments in Thailand
Environments in Thailand have been

subjected to a range of anthropogenic distur-
bances for over twenty years. Such disturbances
have caused widespread deterioration of the
environments over various areas in Thailand.
Extensive destruction of the habitats by illegally
cutting down trees and deforestation for agricul-
ture has reduced the Thai forest area from
273,628.5 km2^or 5333% of total area in l96l
to 136,698 km'or 26.64% of total areain 1992
[]. Even though the ecological impact from
such destruction can not be clearly determined
because the ecosystem is complex, twelves
animal species have been reported to be extinct
with 129 animal and 100 plant species being
endangered [2]. In addition, the severe erosion
of soilrecorded in Thailand in 1984 was as high
as 5,020,021.60 hectares or 31.8%o of the total
area [3].

Mangrove forest, an important nursery and
culture area for marine and shoreline products,
has also been badly threatened by aquaculture
ponds and charcoal production. The mangrove
forest area in Thailand has decreased 46.6%
over the past l5 years, from 367,900 hectares in
1961 to 19,642.24 hectares in 1986 [4,5].

A wide range of environmental impacts have
been detected from mining in the sea and the
shoreline along the lower western coast of
Thailand. These include the reduction ofspecies
composition, density and biomass of marine
benthic faunas, the destruction of coral reefs
and mangrove forests and the erosion and
collapse of shorelines [6].

The most significant impact detected over
the past twenty years, perhaps, is the
widespread contamination by pollutants in the
environment. A remarkable increase in the
number of factories (over 90,000 as estimated in
1985 [7]) and the heavy use of ferti l izers and
pesticides are the greatest sources of pollutants
distributed in soil and water. These finally
passed to various trophic levels through the
food chains. Various kinds of pesticide residues
have been widely detected in vegetables, fruits
and food [8]. In addition, the concentrations of
DDT detected in human milk, blood and fat in
1981 were 3:12, 0.5 and 14.29 ppm, respec-
tively [8]. In the aquatic ecosystem, rivers
running through industrial and agricultural areas
are polluted with various kinds of toxicants, and
finally discharge into the Gulf of Thailand. It
was estimated tfat heavy metals and pesticides
running into the Gulf of Thailand in 1985 were
as high as 9,000 and 2,700 ton/year, respec-
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tively [9]. Bamrungrajhirun et al. [0] and
Jarach I l] have also noted an increasing trend
in the concentrations of heavy metals in the sea
water and sediments sampled from the upper
gulfand eastern coast ofThailand.

A remarkable decline in marine faunas
caught in the Gulf of Thailand has also been
observed. Such reduction was claimed to be the
result of over exploitation and pollution [2,12J.

Even though the severity of environmental
problems in Thailand has been widely recog-
nized by both the government and private agen-
cies, few of these impact damages have been
determined. Monitoring and assessment of the
detrimental impacts, therefore, are urgently
needed in Thailandr The use of sensitive indica-
tors in monitoring programs is undoubtedly a
great advantage. Rapid detection allows early
remedial action to take place, consequently
preventing serious or irreversible damage of the
systems.

2. Monitoring approaches in Thailand
Chemical analysis is a popular method and

most used in environmental monitoring in Thai-
land. In the aquatic ecosystem, environmental
impacts reported by the government mainly
were the pollutant residues in soils, water and
various trophic levels in the ecosystems. A
small number of impacts have been detected by
biological monitoring, mainly the results of
short term toxicity (LCso) tests, biodiversity
surveys and monitoring.

One of the reasons why chemical analysis is
widely used is probably its simplicity and ease
of interpretation. Ecological impacts of various
pollutants, however, are often difficult to pre-
dict from a knowledge of instaneous concen-
trations. The toxicity of pollutants can be
strongly influenced by various environmental
factors and may vary between ecosystems [3].
Chemical analyses of water and sediments alone
are not enough to provide quantitative informa-
tion on the amount, history and ecological
effects of pollutants. An organism responds to
stress not only during the period in which it is
exposed but continuously throughout its life

I I 4]. Also it may show effects of concentrations
below analytical detection I imits.Even when
continuous monitoring of chemical and physical
characteristics is conducted. such data alone are

unreliable predictors of biological responses
l l s l .

In addition, chemical residues in organisms
may not correspond with the chemical analyses
of the environments. For example, Millington
and Walker [6] found that the concentration of
zinc, iron and manganese in freshwater mussels
V. ambiguus raised in cages in the metal
polluted Molonglo River, New South Wales,
Australia, did not accurately reflect the temporal
fluctuation of concentrations of these metals in
the river. Futhermore, the amounts of residues
in different species in the same environment
may differ depending on their rates of uptake
and retention [7]. Substances may be quickly
taken up and retained in some organisms, whilst
in others they may be rapidly broken down and
eliminated [8]. Moreover, the accumulation of
residues in organisms may also depend on other
chemical characteristics such as adsorption onto
sediment particles [9] and synergistic or
antagonistic relations with other chemical sub-
stances [20]. Different uptake rates may also be
the result of other factors such as sex, transfor-
mation and season [20]. As a result, information
both from chemical and biological data are
essential for the determination of impacts.

Biological approaches, however, have their
limitations. Toxicity tolerance tests carried out
in the laboratory may not provide adequate
assessment of an organism's response within
the ecosystem because it lacks ecological com-
plexity such as inter and intraspecific com-
petition, predator-prey relationships,and energy
exchange. Hence there is a high risk of drawing
erroneous conclusions from the results of short
term toxicity tests, which may lead to adequate
or excessive environmental protection measures

t  l8 l
Even though biodiversity surveys and moni-

toring can detect changes both in species levels
and community structures, this approach is time
consuming and requires very high taxonomic
efforts. The lack of skilled taionomists in Thai-
land [21] is a crucial limitation of this approach.
Experience of serious damage occurring over
various areas has revealed that biodiversity
monitoring may not be appropriate to all
situations in the Thai environment. The time
when damage is detected by this method may be
too late for remedial action. In this case. other
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short term approaches are likely to be more
advantageous.

3. Fluctuating asymmetry: another choice

for monitoring programs in Thailand
Fluctuating asymmetry (FA) is a minor mor-

phological deviation from normal symmetry.
For paired bilateral characters, FA is non
directional differences between left and right
sides [22] which can be detected by examining
the normal distribution of sign differences of
left minus right around a mean of zero [23]. The
assumption underlying this analysis is under
normal conditions, the development in the two
sides of bilateral characters is expected to be
identical because they are controlled by the
same genomes. Under stressful conditions, how-
ever, the buffering efficiency by homeostatic
mechanisms is reduced, resulting in decreased
levels of symmetry 1241. FA, therefore, can
reflect the degree of stress imposed on develop-
mental stabil ity in individuals [25]. The bio-
chemical and physiological processes under-
lying this mechanism are not fully understood
but negative feed back control is thought to play
a part in these processes [26,27].

A number of studies have recommended FA
as a sensitive indicator for detecting environ-
mental disturbances 123, 25, 28, 29, 30]. The
major advantage of FA is its increased sensi-
tivity over other approaches that rely on life
parameters such as survival, fecundity, growth

[25]. As a result, FA can detect low levels of
changes before levels high enough to cause
widespread morbidity or changes in community
structure are reached. Evidence supporting this
hypothesis is the study of Clarke and Ridsdil l-
Smith [3 I ] on the dung breeding bush fly Musca
vetustissima. Reduced survival and increased
levels of FA were detected in flies bred in dung
containing antiparasitic drug-Avermectin. How-
ever, flies exposed to Avermectin residues in
dung 8 and I I weeks after treatments, had
increased levels of FA, indicating develop-
mental stress by these residues, despite no
response of survival being detected.

FA has been widely used as measure of
developmental stability in the field of genetics
and population biology. It was not until the
early 1970s that FA was acknowledged as a
potential indicator for detecting environmental

disturbances in natural populations [25]. The
relationships between FA and a number of
environmental stressors have been revealed in
various species. Increase in levels of FA of
mandibular molar teeth of laboratory rats Rattus
norvegicus albinicus was detected when the rats
were prenatally and postnatally exposed to
audiogenic stress [32, 33] and stresses from
heat, cold, noise and protein deprivation [34].
Positive correlations between FA and stressors
were also detected in bristle characters of
Drosophila melanogaster and the sheep blow
flie Lucilla cuprina exposed to lead and
benzene concentrations [35] and stresses from
crowding and temperature [36], respectively. In
addition, increase in FA of stenopleural num-
bers were found in D. melanogaster raised at
high temperature [37] and fluctuating tem-
peratures [38]. Similarly, Pankakoski [39] found
negative correlations between FA in numbers of
foramina in the skull of muskrat Ondatra
zibethicus and suitability of the habitats. In
aquatic studies, positive correlations were
detected between FA of meristic characters and
pollutant levels in the barred sand bass
Parqlqbra)c nebulifer, the grunion Leuresthes
tenius and the barred surperch Amphistichus
argenteus [28, 29]. Ames el al. [40] have also
reported the relationships between FA of meris-
tic characters and mercury in the largemouth
bass Micropterus salmoides, the bluegill.
sunfish Lepomis macrochirus and the redbreast
sunfish Lepomis auritus.ln addition, Leary et al

[41] demonstrated that the rainbow trout
Oncorlrynchus mykiss raised in warmer and
cooler temperature displayed a higher average
number of asymmetric characters per individual
than those raised at normal temperature. High
levels of FA of meristic characters were also
detected in rainbow trout raised at high densities

[41]. Levels of FA related to the El Niflo-
Southern-Oscil lation event of 1982-1983 has
been observed in the Pacific hake Marluccius
productus. Alados et al. l42l found that FA of
otolith weights and shape of the El Nifio fish
were higher than those sampled in other years.
Similarly, Clarke [43] demonstrated that levels
of FA of shrimp Palaemon elegans and
bloodworm Chironomous salinarius collected
from aquatic systems surrounding a chemical
factory were significantly greater than in con-



trols. Significant increase in FA of skull
morphological characters of the grey-seal
Halichoerus grypus in the Baltic sea after
severe pollution with DDT and PCB in 1960 has
also been observed by Zakharov and Yoblokov

t441.
FA has also been recommended for detecting

environmental stress in conservation biology

[23,301. One theory suggested by Clarke [30] is
a measure of developmental stability as an
indirect estimate of the fitness of individuals in
a population. Individuals with reduced fitness
should reveal lower developmental stability,
resulting in greater asymmetry than the fitter. In
addition, changes in developmental stability
may also predict subsequent changes in fitness.
The assumption underlying this is changes in
developmental stability will be manifest in the
phenotype before changes in the more direct
components of fitness such as fecundity will be
detected.

The significant advantage of FA over other
approaches, however, is this method is simple,
cheap and needs only unskilled labour to carry
out. These features are highly appropriate to the
monitoring programs in Thailand, where finan-
cial and scientific skills are typically con-
strained. The measurement of FA is easily
carried out and does not need highly sophis-
ticated equipment. Only simple equipment such
as vernier calipers or a microscope are needed
for measurement of FA. In addition, FA can be
applied to a wide. range of organisms including
plant and animal species in both natural and
laboratory populations [25].

4. Limitations
FA is a relative estimated value for which

there is no standard or reference value of
asymmetry. Any conclusion in a given popula-
tion is the result of comparison with control or
reference populations [25].However, reference
populations are becoming difficult to find
because of increased habitat destruction and
perturbation [30]. In addition, asymmetry res-
ponses are complicated and varied among
locations due to genetic adaptation to differing
habitats [a5]. The sensitivity of various trends
of stresses may not be the same in each
location. As a result, comparison of the effects
of the same stress from differing locations using

FA may not be practical or valid. However, FA
can be possibly used for detecting changes in
populations over time. For example, FA
examined before and after dam building may
allow any pattern of temporal changes . from
such building to be detected quickly. This will
allow rapid remedial actions, and consequently
effective protection of the habitat.

The need for large sample size to prevent
statistical robustness is the other limitation of
FA. In some cases such as the studies of FA in
endangered or threatened species, large sample
sizes may not be available and the measure of
FA may not be applicable. However, Clarke

[30] argued that when the reduction of popula-
tions occurred through decreased fecundity or
survival, sensitive indicators such as FA may
not be needed because the effects of stress have
already been shown.

The choice of species is also an important
factor for measure of FA. Sensitive species
seem to disappear from the disturbed habitats
quickly. It is regretful that collection of samples
before an impact occurs is rarely obtained
because biomonitoring and conservation pro-
grams typically commence too late t30].
Skeleton or preserved specimens in museums
may be good sources, however, large sample
sizes may not be available. In addition, impacts
detected by FA in high tolerance species may
provide inadequate sensitivity. For example, the
Swan River goby Pseudogobius olorum
collected from Perth wetlands, appeared to be a
more sensitive indicator than the mosquito fish
Gambusia holbrooki collected from the same
locations. This is revealed by the significant
higher levels of FA of meristic characters in P.
olorum than those of G. holbrooki. However,
the distribution of P. olorum in Perth wetlands
is limited, partly it is believed to be a result of
low tolerance to stress in this species [45]. On
the other hand, G. holbrooki, a famous species
for high stress tolerance and found widely
distributed around the world, seems not to be a
good species indicator because its FA is
rhsensitive. Evidense supporting this is the lack
of significant difference detected in levels of FA
in G. holbroo&i collected from low polluted
wetlands in Perth and G. afinis collected from
heavily polluted water bodies in Thailand [45].
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5. Conclusions
The fact that FA is simple, cheap and needs

only unskilled labour to carry out may allow
this method to be a potential tool for monitoring
programs in Thailand. The sensitivity of FA
also fulfills the requirement of an early waniing
indicator for detecting detrimental effects in the
Thai environment. However, all monitoring
approaches have their limitations. As a result,
the use of integrated programs, in which
impacts are monitored by various approaches,
probably has a greater advantage over long
term monitoring. FA may be useful as an initial
stage of the investigation. The assessments
following by a number of methods wil l allow all
aspects of ecosystem to be detected. This will
lead to effective protection of the ecosystem.
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