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Abstract

This paper examines the fluctuating asymmetry (FA) in three species of fish: the flying barb
(Esomus metallicus), the striped croaking gourami (Trichopsis vittatus) and the three-spot gourami
(Trichogaster trichopterus) from polluted and unpolluted bodies of water in Thailand. Highest mean
asymmetries were recorded in E. metallicus collected from the most polluted water in almost all
characters. Similarly, the highest mean asymmetries were also detected in T. vittatus from the most
polluted site in almost all characters but significant differences in FA were detected in ventral ribs
and premaxilla length in which mean asymmetry ranked most highly changed from site to site. No
conclusion could be drawn in FA of T. trichopterus. Significant differences in FA were detected in
dorsal ribs and number of spines on the preopercle bone. However, mean asymmetry ranked most
highly varied among locations. Results from comparisons of FA among three species revealed that
mean asymmetry of E. metallicus was most highly ranked in almost all characters. The relationship
between FA and pollutants observed in E. metallicus was suggested to result from its feeding

behavior and high metabolic rate.
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1. Introduction

Due to the rapid growth of agriculture and
industry in Thailand, aquatic ecosystems have
been, and continue to be, subjected to a range of
anthropogenic disturbances including altered
hydrological ~ regimes, eutrophication and
pollution with pesticides and heavy metals.
While high levels of pollutants can have lethal
effects, toxic residues stored in sediments may
produce sublethal or chronic effects which are
often difficult to detect. This raises a need for
sensitive and reliable indicators to assess the
impacts of pollutants on organisms in
ecosystems.

Fluctuating asymmetry (FA) has been
recommended by a number of studies as a
sensitive indicator for detecting environmental
disturbances [1.2.3,4.5]. FA is a morphological
deviation from normal symmetry which can be
quickly detected at low levels of stress before
levels high enough 1o cause widespread
morbidity or changes in community structure

are reached [6]. Positive correlations between
FA and environmental stresses have also been
observed in various aquatic studies [1,2,7,8.9].
The objective of this study, is therefore, to
compare the FA of fish from polluted and
unpolluted bodies of water and determine the
possibility of using FA as an indicator of
environmental stress in aquatic ecosystems in
Thailand.

2. Materials and Methods
2.1 Sample sites
Fish were collected from unpolluted and
polluted bodies of water; the latter containing
high levels of organic substances. Fish from the
polluted bodies of water were expected to show
signs of stress due to eutrophication caused by
low oxygen tension. The bodies of water chosen
as sampling sites were as follows.
Site One - Pond 1 and Pond 2 opposite
Baossompornchai Temple,
Ayuthaya Province.
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These ponds are located near a large
cement pad used for drying cassava and
residues from a beer factory. Two ponds were
sampled. Pond 1 is 20 m long,10 m wide, 3.5 m
deep and approximately 5 m distance from the
pad. Pond 2 is 15 m long, 5 m wide, 4 m deep
and approximately 1 m distance from the pad.
The water in these ponds was highly
contaminated with organic substances leached
from the pad. These leaches resulted in a large
number of fish dying after rain, about 1 week
before sampling (Utid Pangkum, per. comm.).
Site Two - Rice field in Nongkayang

District, Uthaithani Province.

The field has a total area of approximately
32,000 m® in which the water is 0.5 m deep.
Organic substances contaminating in the water
were expected to be the result of eutrophication
arising from fertilizers applied in this field.

Site Three - Canal in Thammasat
University, Rangsit Campus,
Prathumthani Province.

The canal is approximately 2 m wide, 3
km long and 3 m deep. It was contaminated
by domestic wastes drained from the camp of
workers during the 13" Asian Games.

Site Four - Water mimosa (Neptunia oleracea
Lour.) field, Rangsit District,
Prathumthani Province.

The field is an open water area used for
growing the water mimosa (Neptunia oleracea
Lour.)) with a total area of approximately
32,000 m® and is 1.5m deep. The fish in this
field were subjected to stress from insecticide
(Cypermethrin), fertilizers, nutrients and plant
hormones (Gibberellin and Auxin) which were
applied 3 times per 2 weeks. Insecticide
together with other substances may, therefore,
directly be toxic to the fish or indirectly
produce stress via low oxygen tension arising
from eutrophication.

Site Five - Pond around and underneath the
Predi Pranomyong Library,
Thammasat University, Rangsit
Campus, Prathumthani Province.

The pond has a total area of 2765.92 m’
and is 249.6 m long, 11.80 m wide and 2.10 m
deep [10]. It is located underneath the library
building in which its marginal area, about 1.5 m
wide, extended outside and surrounded the
building. This area was exposed to the sun light
and covered by Nelumbo nucifera Gaerth. for

about 90 % of the area. This pond was

considered as an abundant ecosystem without

disturbance from human activities. Therefore it

represented the control site for this study.

Site Six - Canal near Nongkae Temple,
Uthaithani Province.

This canal runs along the road about 300 m
from Nongkae Temple. It is 4 m wide, 20 m
long and 1 m deep. This canal is a natural
ecosystem and was used as an additional
control site because T. trichopterus could not be
collected from the pond around the Predi
Pranomyong Library.

The physico-chemical characteristics of
sampling sites are given in Table 1.

2.2 Species examined

Three species of fish, the flying barb
(Esomus metallicus), the striped croaking
gourami (Trichopsis vittatus) and the three-spot
gourami  (Irichogaster trichopterus) were
chosen for the study because they are abundant
and widespread

Since T. trichopterus was not found in the
water mimosa field, the snakeskin ~gourami
(Trichogaster pectoralis) was alternatively
sampled from this field. In addition, only a
small number of T trichopterus, 7 and 16 fish,
were collected from pond 1 and pond 2,
respectively. Therefore to prevent an error
resulting from small sample sizes, T.
trichopterus collected from pond 1 and pond 2
were pooled and used as a sample to compare
FA among locations.

Fish were collected during February-
November 1998 from the littoral zone using a
long handled sweep net (40 cm x 55 cm with a
0.5 mm mesh). The fish were cleared by the
enzyme Trypsin and stained with Alizarin red
according to the method of Potthoff [11]. Left
and right sides of all meristic and morphometric
characters were counted and measured under
the dissecting microscope at X4 magnification.
2.3 Characters examined

Six meristic characters and three
morphometric characters were chosen for this
study as follows:
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Meristic characters Code
Number of dorsal ribs DR
Number of ventral ribs VR
Number of rays of pectoral fins PC
Number of rays of pelvic fins PV
Number of brachiostegal rays BR
Number of spines on preopercle bone | PB
Morphometric characters
The length of saccular otolith oL
The width of saccular otolith (0)%
The widest width of premaxilla bone PM

Characters were chosen on the basis
that they had been used in other studies of FA in
fish and/or because they were easy to measure.

To estimate the error associated with
the measurement process, all meristic and
morphometric characters of these samples were
counted and measured twice. The replicated
data sets were subjected to tested using a two
way mixed model analysis of variance (sides
fixed, individuals randomised), by following the
modified approach of Palmer and Strobeck [12].
The measurement errors were obtained as the
variance contributable to the error.

2.4 Preliminary analyses

To ensure that the asymmetry present
was truly fluctuating asymmetry, it was
necessary to eliminate other alternative
possibilities such as directional asymmetry and
antisymmetry [13]. T tests were performed to
detect directional asymmetry by testing the
differences between left and right sides in each
character. Significances of kurtosis and
skewness were tested using moment statistics by
following the method of Sokal and Rohlf [14].

To determine whether asymmetry
increased with size, regression analyses between
absolute (L-R) differences and mean character
values [I[Li-R|| vs (LitR;)/2] were performed on
characters for each sampling site and all
sampling sites in each species. To prevent a
misleading interpretation due to rejection of the
hypothesis when it was true (Type [ error) [15],
significances resulting from all the tests above
were adjusted by sequential Bonferroni
correction, according to Rice [16], before
accepting or rejecting the hypotheses.

Directional  asymmetry,  significant
deviations from normal distribution and size
dependencies of FA were detected in asymmetry
of characters of all species among sampling

sites. Data, therefore, were transformed into log
and normalised using Box-Cox transformation
recommended by Swaddle et al. [17] before
being used to compare FA among locations. The
transformation performed followed the formula
recommended by Cowert et al. [18] which was
d* = (|d] + 0,00005)"%, where d' was equal to
log L-log R.
2.5 Comparisons of fluctuating asymmetry
Comparisons of asymmetry among
sampling sites were determined using one way
analysis of variance performed on absolute (L-
R) value of each character, for each species
separately. Comparisons of FA of three species
among samples were performed using Nested
ANOVA. Multiple comparison tests were
performed on characters where significant
differences were detected using the Student-
Newman-Keuls test.

3. Results

Significant measurement  errors  were
detected in the width of succular otolith, the
length of succular otolith and the length of
premaxilla bone of 7. trichopterus collected
from pond 1 and pond 2. These traits of T.
trichopterus , therefore, were not used in
comparisons of FA among sampling sites.

Although mean asymmetry of 7. wvittatus
from the most polluted site (water mimosa field)
ranked most highly in almost all characters
(Table 2), significant differences (P < 0.01 and
0.001) among sampling sites were detected only
in asymmetry of ventral ribs and the premaxilla
length. Moreover, the greater asymmetry in
these two characters varied among locations. FA
of ventral ribs of T. vittatus collected from the
water mimosa field was significantly higher
than those from the other sites whereas
asymmetry of premaxilla length of T. vittatus
from the water mimosa field was significantly
lower than those of the other locations.

Similarly, no conclusion could be drawn in
the relationship between stress and FA of T.
trichopterus and T. pectoralis as the place
producing higher mean ranks changed from
character to character (Table 3). Significant
differences in FA among locations, at the level
of P < 0.01, after Bonferroni correction, were
detected in dorsal ribs and number of spines on
the preopercle bone. However, the greater
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asymmetry in these two characters varied
among sampling sites. FA of number of spines
on the preopercle bone of T. pectoralis collected
from the water mimosa field was significantly
higher than those from the other locations
whereas asymmetry of dorsal ribs of T.
trichopterus from pond 1 and pond 2 was
significantly lower than those of the other sites.

Mean asymmetry of E. metallicus from the
most polluted bodies of water (pond 1 and pond
2) were ranked most highly in almost all
characters (Table 4). In addition, significant
differences at the level of P < 0.05, 0.01 and
0.001, after Bonferroni correction, were
detected in FA of E. metallicus of all characters
except pectoral fin rays and the number of
spines on the preopercle bone. However,
significantly higher FA of E. metallicus from
pond 1 and pond 2 than those of other locations
were detected in asymmetry of otolith length,
otolith width, and premaxilla length. Moreover,
asymmetry of brachiostegal rays was not found
in all species of all sampling sites, except in E.
metallicus collected from pond 1.

Comparisons of FA of three species among
sampling  sites resulting in significant
differences at the level of P < 0.01 and 0.001
were detected in almost all characters except the
pectoral fin rays and dorsal ribs (Table 5). No
interactions of variations between species and
sites were detected in all characters except
dorsal ribs and the otolith length. FA of E.
metallicus were ranked most highly in almost all
characters, particularly in brachiostegal rays,
number of spines on the preopercle bone, and
the width and length of succular otolith where
significances were found.

4. Discussion

Relationship between asymmetry and stress
seemed to be clearly evident in E. metallicus.
This result is suggested to correspond to feeding
behavior and the high metabolic rate of this fish.
E. metallicus is an active fish. This kind of fish
usually swims together in a school and moves
around the water for feeding. The other two
species, I. vittatus and T. trichopterus, on the
other hand, like to swim quietly and ambush
food near the aquatic plants [19]. The way that
E. metallicus moves around the water may
provide them more opportunity to be exposed to

13

stress than the other two species. Alternatively,
E. metallicus is an active fish, this fish may be
subjected to greater energy demands. The
energy is needed both for their development
needs and environmental stress. Some energy is
needed to be allocated for maintaining
homeostasis {20]. If available energy is not
sufficient to buffer the stress effects,
homeostasis may be impaired, resulting in
abnormal development [20,21,22,23,24],
Consequently, higher levels of asymmetry were
evident in E. metallicus.

In almost all characters, mean asymmetry
of E. metallicus from pond 1 were higher than
that of pond 2. It was expected that asymmetry
of the fish from pond 2 should have been higher
than that of pond 1, as pond 2 is closer to the
cement pad than pond 1. Therefore greater
amounts of organic substances were expected to
be leached into pond 2 than pond 1. As a result,
the fish in pond 2 were subjected to higher
levels of stress and higher levels of asymmetry
should have been observed in the fish from pond
2. Evidence supporting this hypothesis is that
the water in pond 2 was still gray in color whilst
the color of water in Pond 1 was like the water
found in natural ponds. Higher levels of
asymmetry detected in fish from pond 1 may be
the result of natural selection performed on the
fish in these two ponds. Since the death.of fish
was reported in the two ponds after rain (Utid
Pangkum, per. comm.), natural selection
probably occurred in both ponds which stronger
selection resulting in Pond 2. Fewer fish, but
better able to tolerate environmental stress,
survived in pond 2. As a result, lower levels of
asymmetry were detected in the surviving fish in
pond 2. This result is in concordance with those
of Vllestad er al. {25] and Campbell et al. [26]
who reported that the use of FA in an ecosystem
where stress was so high that death was evident
among organisms, may lead to
misinterpretation. Lower levels of FA may be
detected in an ecosystem with higher level of
stress.

In contrast, results from comparisons of FA
among locations have revealed that mean
asymmetry of T. pectoralis collected from the
water mimosa field were most highly ranked
whilst mean asymmetry of T. trichopterus
collected from pond 1 and pond 2 were ranked
the lowest in almost all characters. This may be
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explained in that fish from pond 1 and pond 2
were recently exposed to high levels of stress
whereas fish from the water mimosa field may
have experienced stress for a long time, at least
2 months. The fish in the water mimosa field,
therefore, were probably in the process of
adaptation to a changing environment. Since
adaptation can cause stress to fish [27], high
levels of asymmetry were manifested in T.
pectoralis collected from the water mimosa
field. Evidence supporting this hypothesis is the
study of Clarke and McKenzie {28] who found
that the Australian sheep blowfly (Lucilia
cupring) resistant to the insecticide diazinon,
when first evolved, possessed a high level of FA
of stenopleural bristles. After 20 years of
selection and adaptation, the FA of stenopleural
bristles of the resistant flies decreased to the
same level as those without insecticide resistant
genes.

Another explanation for high levels of FA
detected in asymmetry of T. pectoralis from the
water mimosa field may arise from the
differences in genetic compositions between the
two species, resulting in different tolerance to
the stress. Even though 7. trichopterus and T.
pectoralis are in the same genus, they are
different in species. T. pectoralis may be better
able than T. trichopterus to tolerate to stress and
survive while T. trichopterus were gradually
disappearing from this field. However, stress in
this field was still clearly manifested as high
levels of asymmetry were revealed in T.
pectoralis collected from this field. On the other
hand, low levels of FA detected in T
trichopterus collected from pond 1 and pond 2
may be the result of the death of fish after rain.
Few fish, but superior in genetic compositions
survived. Very small samples were taken at this
site, resulting in low levels of FA detected in 7.
trichopterus.

Fish from the rice field and the canal in
Thammasat University seemed to be subjected
to lower levels of stress than expected. A
possible explanation is that the water in the rice
field was shallow. Dissolved oxygen at the
water surface may provide a certain amount of
oxygen. which could reduce stress tension from
low oxygen. In the case of the canal, the canal is
rather long, about 3 kg long, organic substances
drained from the camp may probably be quickly
diluted by the large amount of water so that a
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low oxygen condition did not result in this
canal.

Asymmetry of brachiostegal rays tended to
be limited only in E. metallicus from the most
polluted site (pond 1). This is probably due to
high canalization of this trait. This result,
therefore, suggested that brachiostegal rays may
be one of the characters suitable for the study of
FA as its asymmetry was revealed only in high
levels of stress, making it easily and clearly
interpreted.
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