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แปลกปลอม มีน้ำหนักตับแตกต่างกันอย่างมีนัยสำคัญแสดงถึงการได้รับสารแปลกปลอม และมีน้ำหนักตัว
แตกต่างกันอย่างมีนัยสำคัญ เมื่อศึกษาพารามิเตอร์ระดับประชากร พบว่ามีความแตกต่างอย่างมีนัยสำคัญ
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ABSTRACT (ENGLISH) 

# # 6272022623 : MAJOR ZOOLOGY 
KEYWORD: agrochemicals, amphibian, sentinel species, size-frequency distribution, fluctuating 

asymmetry, gravimetry, morphometry 
 Luhur Septiadi : INFLUENCES OF HERBICIDES ON HEALTH OF RICE FROG  Fejervarya 

limnocharis POPULATIONS IN NAN PROVINCE, THAILAND. Advisor: Asst. Prof. NOPPADON 
KITANA, Ph.D. Co-advisor: PANUPONG THAMMACHOTI, Ph.D.,Maître de conférences Julien 
Claude, Ph.D. 

  
Intensive and continuous herbicide use in agriculture may pose a risk to health of 

environment and non-target organisms, including amphibian. Prior research conducted between 2010-
2011 using the rice frog, Fejervarya limnocharis, as a sentinel revealed an accumulation of herbicides 
(atrazine, glyphosate, and paraquat) in environmental samples and frog tissue, as well as adverse 
effects on the health status. This study aims to determine the potential influence of herbicides on 
population health of the rice frog. Between July 2020 and February 2021, frogs were collected from 
two paddy fields with varying degrees of herbicide use in Nan province, Thailand. The results of the 
herbicide residue analysis in water samples indicated that detectable amounts of atrazine were found 
only in the contaminated site. These three herbicides were detected in frog tissues from both sites, 
with the contaminated site exhibiting a higher level of paraquat residue. The results on organismal 
parameters indicated that frogs from the contaminated sites had a greater ovarian weight, indicating a 
possible effect of xenoestrogen exposure, a significant difference in liver weight, possibly due to 
xenobiotic exposure, and a significant difference in body weight. The results on population parameters 
indicated significant differences in growth patterns, fluctuating asymmetry on five appendage bones of 
frogs, and size-frequency distribution with disproportionate distribution of the contaminated site 
population, indicating a possible herbicide effect on growth, development and population structure. 
Site-related differences in herbicide residue, organismal and population parameters indicate that 
herbicide use may have adverse effects on the health of the rice frog F. limnocharis population, 
resulting in subtle and persistent changes to paddy field ecosystems. The findings of this study may 
serve as a warning about potential environmental health hazards for vertebrates that live near 
herbicide utilization areas, including human. 
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CHAPTER I 
INTRODUCTION 

 
Environmental contamination continues to be a significant issue, posing a 

serious threat to the health of communities worldwide. Contamination occurred as a 
result of a variety of factors, including industrial pollution and agrochemical 
pollution. In agricultural sectors, intensive agrochemical use has impacted many 
people, particularly in rural areas, due to the persistency of the chemicals, which 
cannot degrade rapidly in nature (Roberts, 1996). The use of agrochemicals may 
leave residues that are harmful to environment, as well as to organisms and humans 
living in the vicinity. 

Southeast Asia, as one of the world's most populous regions (Worldometers, 
2018) and agriculturally productive regions (Liu et al., 2020), is vulnerable to health 
and environmental hazards as a result of increased use of agrochemicals (Lam et al., 
2017). Agrochemicals have the potential to accumulate in the environment, posing a 
risk to non-target organisms and humans living in the area. These factors may 
contribute to the adverse effects of environmental contamination observed in a 
variety of sentinel animals, both invertebrates (Won et al., 2005; Barus et al., 2007) 
and vertebrates (Golden and Rattner, 2003; Bossart, 2011; Tavalieri et al., 2020). 

Sentinel species may provide valuable information about the potential 
impact of agrochemical contamination. The sentinel species should have a home 
range in an area that will be monitored, be easily counted, have a stable and large 
population size, and show measurable responses to the contaminant of concern 
(National Research Council, 1991). According to these criteria, amphibians serve as 
excellent sentinel species for agrochemical contamination because xenobiotics can 
enter their systems via a variety of routes (Rollins-Smith et al., 2006), most notably 
through their semi-permeable skin (Roy, 2002). Additionally, amphibians are 
vulnerable and sensitive to environmental change and stressors (Venturino et al., 
2003), as they have evolved to live in both terrestrial and aquatic habitats (Duellman 
and Trueb, 1994). Due to their detectable response to environmental changes (Roy, 
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2002), numerous studies on amphibians have been conducted using a variety of 
parameters, including biological response, morphology, and population. 

It was previously assumed that environmental contamination contributed to 
the global decline of amphibians (Blaustein and Wake, 1990; Mann et al., 2009). This 
claim is supported by studies demonstrating morphological changes caused by 
herbicide contamination, such as abnormal lengths at metamorphosis and gonad 
(Osano et al., 2002; Howe et al., 2004), as well as liver damage (Riaño et al., 2020). 
Additionally, agrochemical contamination may result in increased environmental 
stressors in the ecosystem, which may have a significant negative impact on the 
population's growth and survival (Gahl et al., 2011). Previous studies have shown that 
agrochemical contamination has an effect on growth patterns (Thammachoti et al., 
2012; Hegde and Krishnamurthy, 2014), population structure disruption (Lambert et 
al., 2015), and developmental instability in a variety of amphibian species 
(Thammachoti, 2012; Zhelev et al., 2015b; Costa and Nomura, 2016; Zhelev et al., 
2019). Thus, there are compelling evidences that the intensive agrochemical use may 
have a detrimental effect on amphibians, as evidenced by organismal to population-
level parameters. 

Agriculture is a critical sector of the Thai economy, resulting in a high demand 
for imported pesticides (Laohaudomchok et al., 2020), the majority of which are 
herbicides. Nan province, located in northern Thailand, is a major agricultural area 
where imported pesticides were primarily herbicides, such as atrazine, glyphosate, 
and paraquat (Chanpong, 2008). Atrazine and glyphosate have been detected in 
environmental samples and frog tissues from contaminated paddy fields in previous 
studies (Thammachoti, 2012; Jantawongsri et al., 2015). Atrazine is a well-known 
endocrine disrupting chemical that has been shown to have an effect on the 
reproductive system of amphibians (Hayes et al., 2006), whereas glyphosate and 
paraquat have been shown to have an effect on amphibian growth and overall 
health (Osano et al., 2002; Babalola et al., 2019). It is critical to monitor herbicide 
contamination and its adverse effect on amphibians that live in these areas. This may 
also serve as an early warning for the dangers associated with continuous and 
intensive herbicide use. 
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Scope of the study 
Herbicides (i.e., atrazine, glyphosate, and paraquat) may contaminate paddy 

fields in Nan Province, Thailand, and may have an adverse effect on non-target 
organisms that live in these areas. The rice frog, Fejervarya limnocharis, was used as 
a sentinel species in this study because it is abundant in paddy fields and has a 
stable population, making it susceptible to long-term herbicide contamination 
exposure. To assess the health of rice frogs, sampling was conducted in paddy fields 
with different degree of pesticide use during July and October 2020 and February 
2021, spanning the seasonal period (wet-dry season) and agricultural cultivation 
cycle. Multiple analyses were performed on the samples, including herbicide 
contamination, organismal parameter, and population parameter (Figure 1.1). To 
determine the extent of herbicide contamination, herbicide residues were analyzed 
in water and frog tissue samples. To investigate the adverse effects on morphology, 
gonad weight, liver weight, and body weight were compared between sites. To 
examine the effect of environmental stressors on populations, the growth pattern, 
size-frequency distribution, and fluctuating asymmetry of the population were 
compared between sites. 

 
Hypothesis 

There are significant differences in 1) herbicide residues, 2) organismal 
parameters, and 3) population parameters between rice frogs F. limnocharis living in 
contaminated agricultural area with those from reference agricultural area. 
 
Objectives 
1. To examine herbicide residues in water and tissues of rice frogs F. limnocharis 

populations living in agricultural areas of Nan Province, Thailand 
2. To examine health of rice frogs F. limnocharis populations living in agricultural 

areas of Nan Province, Thailand based on organismal parameters 
3. To examine health of rice frogs F. limnocharis populations living in agricultural 

areas of Nan Province, Thailand based on population parameters 
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CHAPTER II 
LITERATURE REVIEW 

 
A. Agricultural activity and agrochemical in Nan Province, Thailand 

The agricultural sector in Thailand is considered as the foundation of its 
economy which 30% of the country’s population is employed, and up to 70% of the 
population from rural areas relied on it (Laohaudomchok et al., 2020). Based on the 
land areas and agricultural activities, a large number of pesticides (e.g., insecticides, 
fungicides, and herbicides) were used. The most common herbicides that were used 
are paraquat, glyphosate, 2,4-D, ametrine, and atrazine (Laohaudomchok et al., 2020). 
Along with the other 2 pesticides (i.e., fungicides and insecticides), the trends of 
imported pesticides have increased significantly over the past decades. In the 
northern part of Thailand, one major area that utilizing a different degree of pesticide 
is Nan province (Figure 2.1). With a total area of 11.472.026 km2, the province 
approximately uses 35.23% (404,211.2 hectare) of its total  area for the agricultural 
purposes (Land Development Department, 2018b). Various agricultural activities in 
these areas include paddy fields, field crops, woody plants, fruit trees, horticulture, 
swidden, pasture, and livestock (Land Development Department, 2018a). 

Majority of the people in Nan province are working as a farmer, particularly in 
a paddy field. Therefore, they are vulnerable to be exposed to chemical 
contaminants (Chanpong, 2008). A previous 2008 report showed that the amount of 
total imported chemicals (i.e., herbicides, insecticides, and chemicals for plant 
diseases) was 1,274,100 kg with a total valuation of 232.1 million Baht (6.9 million 
USD) (Chanpong, 2008). Prior studies from 2011–2012 confirmed that the amount of 
atrazine and paraquat were detected in the water and tissues of animals collected in 
the paddy field of Nan province (Maneein, 2012; Thammachoti, 2012; Thitiphuree, 
2012). Additionally, a recent report in 2016 revealed that out of 21 insecticides, 15 
herbicides, and 12 chemicals listed and used for plant diseases by Nan farmers, 12 of 
those found to contaminated both the soil, water, and plant (Patarasiriwong, 2016). 
In December 2019, it was decided that the use of paraquat is prohibited (along with 
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tightening restrictions on several pesticides) due to its potential effect on health 
hazards (Government of Thailand, 2020; Laohaudomchok et al., 2020). 

 

 
 
Figure 2.1 Diagram showing agricultural areas in Nan Province, Thailand, modified 
from Land Development Department (2018b) 

 
Agricultural communities in Nan Province face short growing seasons, high 

labor costs, and difficult topography (Mambro, 2015). These factors limit the variety 
of crops that can be grown in Nan Province, resulting in farmers preferring 
monoculture—repeated planting of a single crop in the same field during the 
growing season, over polyculture—repeated planting of two or more crops in the 
same field during the growing season, where corn and rice were the predominant 
crops planted (Sakchai Korkerd, interview, 1 November 2021; Appendix A).  
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The agricultural cultivation cycle in Nan Province is highly dependent on the 
availability of water, which is obtained and channeled from the province's adjacent 
major river or from a smaller stream that originates from the adjacent mountain 
(Panupong Thammachoti, interview, 1 November 2021). Here, weather and seasonal 
factors play a significant role in agricultural yield success. In Nan Province, Thailand, 
the weather and seasonal period can be generally divided as early wet season (April 
to June), late wet season (July to September), early dry season (October to 
December), and late dry season (January to March) (Appendix B). The intensive 
utilization of herbicides was usually started before planting season in December–
January (late dry season) and and June–July (late wet season) (Appendix A–B). 
 
B. Common herbicides property, environmental fate, and its effect on 
amphibians 
1. Atrazine 

Atrazine (IUPAC name: 6-chloro-4-N-ethyl-2-N-propan-2-yl-1,3,5-triazine-2,4-
diamine) is systemic triazine herbicide (Figure 2.2; Table 2.2) (U.S. Environmental 
Protection Agency, 2003a). It is a common herbicide used to control the pre-
emergence of broadleaf weed by inhibiting photosynthesis of target plants through 
competition with plastoquinone II at its binding sites in the electron transport 
process in photosystem II (Devine et al., 1992; Singh and Jauhari, 2017). It is also 
known as the endocrine-disrupting chemicals (EDCs), capable of interrupting the 
hormonal sex regulations in frogs (Hayes et al., 2006). As the most generally used 
herbicide in the USA, atrazine has received a critical review for its toxicity, maximum 
contamination level, degradation, and potential effect on many vertebrates including 
amphibians (U.S. Environmental Protection Agency, 2003b). 
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Figure 2.2 Chemical structure of atrazine (National Center for Biotechnology 
Information, 2021a) 
 

Atrazine does not occur naturally in the environment, it is odorless, colorless, 
and commonly present in surface water and groundwater (Laohaudomchok et al., 
2020). In soil, atrazine is strongly assimilated to sediment and could be degraded by 
microbial decomposition in oxygenated conditions, thereby, susceptible to 
degradation in soil, with a half-life of 330 days in anaerobic condition and 3–4 
months in aerobic condition (U.S. Environmental Protection Agency, 2003a). It is not 
rapidly degraded on the plant due to its resistance to abiotic hydrolysis. However, 
the low adsorption of atrazine in the soil indicates that it can leach to ground or 
surface water. In water, atrazine is more persistent to direct aqueous photolysis and 
abiotic hydrolysis both in surface and groundwater due to the s-triazine ring that 
resulting in resistance to microbial degradation (Howard, 1991; Solomon et al., 2008). 
In contrast, atrazine has a relatively long half-life up to 578 days in anaerobic 
conditions (U.S. Environmental Protection Agency, 2003a). Atrazine can be degraded 
in the environment to various degradation products: hydroxyatrazine (2-hydroxy-4-
ethylamino-6-isopropylamino-1,3,5-triazine, HA); deethylatrazine (2-chloro-4-amino-6-
ethylamino-1,3,5-triazine, DEA); deisopropylatrazine (2-chloro-4-ethylamino-6-amino-
1,3,5-triazine, DIA) and desethyldesisopropylatrazine (2-chloro4,6-diamino-1,3,5-
triazine, DEDIA) (Barchanska et al., 2017), which are also considerably persistent and 
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toxic (Hu and Cheng, 2013). Inhalation was the most common route of exposure to 
atrazine, both in the general population and in occupational exposures. In 
agricultural areas where atrazine has been applied to crops, the most common route 
of exposure for the general population is through ingestion of contaminated well 
water. For dermal exposure, it was deemed to be a minor route of exposure (Agency 
for Toxic Substances and Diseases Registry, 2003). 

There is conflicting evidence of atrazine potential toxicity to amphibians. 
Studies from Hayes et al. (2002) reveal that atrazine can alter the development and 
reproduction of Xenopus laevis even at the relatively low ecologically relevant dose. 
Further studies showed that the exposure of herbicides induces complete 
feminization and chemical castration in male X. laevis (Hayes et al., 2010). Recently, 
a study found the shifted sex ratios of Acris blanchardi suggesting that amphibians 
are sensitive to the exposure of atrazine (Hoskins and Boone, 2018). Previous studies 
concluded that atrazine causes significant mortality in tadpoles and affecting 
reproductive health of adult X. laevis (Rimayi et al., 2018). It was proposed that 
atrazine is responsible for inducing the aromatase activity, an enzyme that is 
responsible to convert testosterone to estrogen in the vertebrates, and may as well 
be regarded as endocrine-disrupting chemicals (EDCs) (Hayes et al., 2006; Fan et al., 
2007). In contrast, a study from Carr et al. (2003) showed that relevant 
concentrations of atrazine do not affect the metamorphosis, sex ratio, and larynx 
growth in X. laevis. A study observing the gonadal gross morphology, histology, and 
morphology in Rana pipiens also showed that atrazine was not significantly 
correlated with the hermaphroditism, and they suggest that the caused effect is 
more to natural processes in development than atrazine exposure (Murphy et al., 
2006). Quantitative weight of evidence analysis on the adverse effect of atrazine 
across several vertebrates’ classes shows that atrazine does not adversely affect fish, 
amphibians, and reptiles (Hanson et al., 2019). 
 
2. Glyphosate 

Glyphosate (IUPAC name: N-(phosponomethyl) glycine) is an 
aminophosphonic analogue (Figure 2.3; Table 2.2) (U.S. Environmental Protection 
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Agency, 1993a) also known for its trademark names such as Round up®, Rodeo®, and 
Shackle®. It is commonly used to suppress annual and perennial weeds due to its 
broad-spectrum and non-selective properties (Govindarajulu, 2008). Glyphosate 
prevents the essential aromatic amino acids synthesis by inhibiting the 5-enolpyruvil 
shikimate-3-P synthetase enzyme in plants or microorganisms (Devine et al., 1992). 
Even though glyphosate has relatively low toxicity to non-target organisms, several 
studies have reported the adverse effect caused by glyphosate in aquatic animals 
including amphibians (de Brito Rodrigues et al., 2019; Thanomsit et al., 2020) 

 

 
 

Figure 2.3 Chemical structure of glyphosate (National Center for Biotechnology 
Information, 2021b) 
 

Glyphosate is tightly and immediately bound to the soil but highly soluble in 
water (Laohaudomchok et al., 2020). It even reported that it would not move below 
15 cm within the soil layer (U.S. Environmental Protection Agency, 1993a). Since 
glyphosate is an organophosphorus herbicide (carbon-phosphorus bond), 
consequently, it is resistant to hydrolysis, thermodecomposition, and photolysis 
degradation (Moore et al., 1983). However, glyphosate can be inactivated by 
adsorption in clay and degraded in soil by microorganisms to aminomethylphonic 
acid derivative which they utilized it as carbon, nitrogen, and phosphorus sources 
(Petit et al., 1995). Glyphosate is generally degraded in soil with a half-life of 7–14 
days, and in water with a longer half-life of 60 days (Petit et al., 1995). Nonetheless, 
glyphosate can contaminate the surface water and resistant to hydrolysis and 
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aqueous photolysis (U.S. Environmental Protection Agency, 1993a). On or near 
agricultural land, exposure to glyphosate released into the atmosphere may occur 
via inhalation. It is the primary route of exposure for those who live in close 
proximity to agricultural land. The general public may be exposed to low levels of 
glyphosate through consumption of foods containing glyphosate residues and/or 
contaminated water. For workers, dermal contact is a possible route of exposure. 
Glyphosate may also persist in soil, increasing the risk of dermal exposure (Agency for 
Toxic Substances and Diseases Registry, 2020). 

The adverse effect of glyphosate on amphibians has been reported based on 
morphology, genetic, and behavior parameters. In morphology, a study on R. pipiens 
tadpoles reveals a decrease in length at metamorphosis and abnormalities on tail 
and gonad under the glyphosate exposure (Howe et al., 2004). Glyphosate has been 
reported to significantly increases melanomacrophagic center in the liver of 
Leptodactylus latrans tadpole (Bach et al., 2018) and induces liver alteration in 
Dendropsophus molitor (Riaño et al., 2020), suggesting liver damages. Another study 
found that Roundup® can cause extremely high rates of mortality to amphibians 
(Relyea, 2005). Another study showed that glyphosate formulations could potentially 
interrupt physiological health, particularly in teratogenicity and growth disruption in 
X. laevis (Babalola et al., 2019). In addition, acute lethal and sublethal effects of 
glyphosate were performed on L. latrans and revealed a detrimental effect on 
growth, development, and induced morphological abnormalities (Bach et al., 2016). 
In cellular and genetic tests, it was reported that glyphosate formulation causes 
cytotoxic and genotoxic effects on neonates of Eleutherodactylus johnstonei (Meza-
Joya et al., 2013). Other studies found chromosomal aberrations observed on 
Sylvirana nigrovittata after the intramuscular injection with glyphosate (Ruksachat et 
al., 2021). The glyphosate-based herbicides also potentially alter the mRNA profile on 
Lithobates sylvaticus (Lanctot et al., 2014). In a behavioral context, a mesocosm 
experiment on R. dalmatina tadpoles showed increases hiding activity mimicking 
similar behavior to those induced by predators (Mikó et al., 2017). 
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3. Paraquat 
Paraquat (IUPAC name: 1,1’-diethyl-4,4’-bipyridinium dichloride) is a 

bipyridylium herbicide (Figure 2.4; Table 2.2) (U.S. Environmental Protection Agency, 
1993b) and one of the most extensively used herbicides in the world (Ronald, 1990). 
It is also known by several trademark names such as Gramoxone®, Destrone®, and 
Herboxone®. It is effectively destroying green plant tissues or cell membranes by 
inhibiting the photosynthesis and respiration process (Haley, 1979) for controlling 
aquatic weeds. This compound is considered highly toxic, with many reports on 
organ toxicities and developmental abnormalities in vertebrates, including human 
(Eftekhari et al., 2020; Kim and Kim, 2020) 

 

 
 

Figure 2.4 Chemical structure of paraquat (National Center for Biotechnology 
Information, 2021c) 
 

Paraquat is strongly bound to soil particles and sediments due to their 
cationic properties but less likely to transport to surface water (Laohaudomchok et 
al., 2020), and hardly decomposed within several years except in surface soils 
(Ronald, 1990). Paraquat is strongly adsorbed in the soil and tends to remain stable 
in an inactive state (Eisler, 1991), having a half-life of more than 20 years in soil 
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(Watts, 2011). It is primarily decomposed by soil microorganisms and mostly photo 
decomposed through UV light. In water, paraquat is also photodegraded by UV light 
and aquatic microorganisms. However, it has been reported that the half-life of 
paraquat in water was estimated to range between 2–820 years depending on the 
depth of the water and sunlight intensity (Watts, 2011). Paraquat can enter the body 
when swallowing, breathing, or by contact with the skin or eyes. The main route of 
exposure in agriculture is through the skin. It occurs through splashing during 
preparation of spray and its transport, or walking through sprayed vegetation (Watts, 
2011). 

The adverse effect of paraquat in amphibians has been observed based on 
toxicity, teratogenic, and reproductive effects. Embryotoxic effects of paraquat has 
been tested in X. laevis (Dial and Bauer, 1984; Vismara et al., 2000; Osano et al., 
2002) which reveals growth retardation, multiple tail malformations, reduced head 
development, and reduced motoric ability. A study on Scinax nasica tadpoles shows 
that corresponding lethal concentration can induce internal gill alteration 
(Lajmanovich et al., 1998). While the embryotoxic effect is ascertained, the 
teratogenic effect continues to be debated due to a lack of explanation for the 
underlying cause. However, the studies by Osano et al. (2002) reveal a drastic 
increase in mortality, malformation, and growth reduction in X. laevis tadpoles 
confirming the teratogenic effects of paraquat on amphibians. In contexts of 
reproductive effects, an in-vitro study discovered that paraquat affects 
steroidogenesis in the gonads of Rana esculenta (Quassinti et al., 2009). 
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Table 2.1 Summary of property and toxicity of common herbicides in Thailand 
Property and toxicity Atrazine Glyphosate Paraquat 
Empirical formula C8H14ClN5

(A) C3H8NO5P(C) C12H14Cl2N2
(B) 

CAS registry number 1912-24-9(A) 1071-83-6(C) 4685-14-7(B) 
Melting point 173 –175°C(A) 230°C (decomposes)(C) 300°C (decomposes)(B) 
Solubility in water 33 mg/L at 25°C(A) 10.5 g/L at pH 1.9 and 

20°C(C) 
6.2 x 105 mg/L at 20°C(B) 

Compound Triazines(A) Aminophosphonic 
analogue(C) 

Bipyridinium(B) 

Acute toxicity  • Amphibian: LC50 in 
Bufo americanus > 
48 mg/L (8 days)(D) 

 

• Fish: LC50 in 
Pimephales 
promelas > 6.000 
µg/L (7-day)(D) 

• Rat: LD50 in rats 
(oral) 1.869–2.080 
mg/kg(D) 

• Amphibian: LC50 in 
Crinia insignifera 
metamorph > 42.1 
mg/L (48 hours)(G) 

• Fish: LC50 in O. mykiss 
8.3 mg/L at 12 °C (24 
hours)(H)

 

 

• Rat: LD50 in rats (oral) 
4.320 mg/kg(I) 

• Amphibian: LC50 in 
Limondynastes peronii 
100 mg/L (96 hours)(F) 

 

• Fish: LC50 in 
Oncorhynchus mykiss 
15–32 mg/L(F) 

 

• Rat: LD50 in rats 95–
174 mg/kg(F) 

Half-lives in water 578 days (anaerobic 
aquatic study)(E) 

60 days (biodegradation 
in soil)(L) 
 

2–820 years (depending 
on sunlight and water 
depth)(J) 

Half-lives in soil 330 days (sediment, 
anaerobic aquatic 
study)(E) 

3–4 months (aerobic 
laboratory)(E) 

7–14 days(K)  > 20 years(J) 

 

Maximum contaminant 
level in drinking water 

0.003 mg/L(M) 0.7 mg/L(M) – 

Maximum residue limit 
in foods 

0.04 mg/kg (Poultry 
meat)(N) 

0.04 mg/kg (Milks)(N) 

0.04 mg/kg (Eggs)(N) 

0.05 mg/kg (Poultry 
meat)(O) 

0.05 mg/kg (Milks)(O) 
0.05 mg/kg (Eggs)(O) 

0.005 mg/kg (Poultry 
meat)(O) 
0.005 mg/kg (Milks)(O) 
0.005 mg/kg (Eggs)(O) 
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Remarks: 
References abbreviations as follows: (A) National Center for Biotechnology 
Information (2021a), (B) National Center for Biotechnology Information (2021c), (C) 
National Center for Biotechnology Information (2021b), (D) Solomon et al. (2008), (E) 
U.S. Environmental Protection Agency (2003a), (F) Ronald (1990), (G) Govindarajulu 
(2008), (H) Folmar et al. (1979), (I) Birch (1993), (J) Watts (2011), (K) Giesy et al. (2000), 
(L) Petit et al. (1995), (M) U.S. Environmental Protection Agency (2009), (N) Health 
Canada’s Pesticides & Pest Management (2011), (O) Codex Alimentarius (2006) 
 
4. Amphibian as a sentinel species 

Animal sentinels are defined (Stahl, 1997) as any non-human organism that 
can react to an environmental contaminant before it impacts humans. This definition 
has provided a much wider research venue to the concept and our response to 
environmental hazards. The sentinel species is often associated with the term such 
as indicator species and surrogate species. However, the terms were further 
delimited, and Stahl (1997) defined the indicator species as an organism that 
responds to contamination in the environment through scientifically justified 
methods, whereas surrogate species is defined as a tested organism to replace other 
organisms for particular reasons.  

Prior to the introduced concept of sentinel species, miners have already used 
canaries as a sentinel of potentially lethal poisonous gases (National Research 
Council, 1991). From this earliest example, the use of mammalian and (later) non-
mammalian sentinel species provides useful information to predicts the potential 
impact on human health. In general, sentinel species are required to have a 
measurable response to factor, observable home range in an area to be monitored, 
easily enumerated, have a stable population number, and occurs abundantly 
(National Research Council, 1991). As our understanding of the applicability of 
sentinel species from various animals has been expedited (Stahl, 1997; van der 
Schalie et al., 1999; Roy, 2002; Bossart, 2011) along with the imminent threat of 
agrochemicals hazards to the environment (Carvalho, 2017), it is recommended to 
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use a sensitive and susceptible group of animals to specific environmental stress, i.e., 
amphibians (Roy, 2002). 

Amphibians are reasonably ideal sentinel species based on the following 
evidence: enormous diversity, a wide range of habitats, tolerance to various 
temperature and oxygen, shared similarities to other vertebrates, and easier to 
manage (Burggren and Warburton, 2007). The most compelling features that make 
amphibians regarded as an excellent sentinel organism is their susceptibility and 
sensitivity to environmental change and stressor, especially chemical contaminants 
during their complex life cycles living in both aquatic and terrestrial habitats 
(Duellman and Trueb, 1994; Venturino et al., 2003). Agrochemicals can be absorbed 
into the body dermally due to their skin's high permeability. This is in addition to the 
more common routes of pollutant exposure, such as oral ingestion and inhalation. As 
a result, there are numerous significant routes for agrochemicals to enter the body. 
Amphibians have been used for study on environmental exposure (Roy, 2002), an 
animal model for endocrine disrupter study (Kloas and Lutz, 2006), a model organism 
for environmental genotoxicity (Burlibaşa and Gavrilă, 2011), and other physiological 
studies (Burggren and Warburton, 2007). In conclusion, the adverse effect on 
amphibians may occur in other vertebrates, including humans, because of the 
structure and shared functional similarity. Amphibians, as a non-target organism, may 
provide a forewarning of the dangerous impact of agrochemical contaminants (Kaiser, 
2001). 
 
5. Effect of pesticides on morphology and population of amphibians 

Pesticides have been linked to the amphibian population decline (Sparling et 
al., 2001; Davidson, 2004; Brühl et al., 2011) and considered as one of the major 
incriminated factors that cause detrimental effect to the survival and growth of 
amphibians in the world (Baker et al., 2013). Under the bioaccumulation (gradual 
accumulation of substance), and biomagnification (chemical build-up within the 
hierarchical food chain) processes (di Rosa et al., 2005; Wu et al., 2009), the impact of 
pesticides is reflected in various biomarkers, covering both in morphology and 
population levels. 
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On a morphological level, atrazine (herbicides) was reported to induce 
demasculinization-feminization (Hayes et al., 2006; Hayes et al., 2011) and chemical 
castration in male X. laevis (Hayes et al., 2010). While other herbicides (i.e., atrazine, 
glyphosate, paraquat) were also reported to reduce overall health and increase liver 
damage in Fejervarya limnocharis from Thailand (Thammachoti, 2012; Thammachoti 
et al., 2012). Similar to the observation of F. limnocharis (Hegde and Krishnamurthy, 
2014) and several species of common frogs from western Ghats, India (Hegde et al., 
2019), the adverse effect could potentially influenced by the presence of 
agrochemicals. Another study on Pelophylax ridibundus also reveals a lower health 
status probably linked to the intensive use of pesticides and fertilizer (Zhelev et al., 
2017). Some abnormalities in Euphlyctis cyanophlyctis, such as deformity 
(micromelia) and gas bubble disease, were observed from urban wetland that has 
been contaminated by agrochemicals (Jilani et al., 2018). The proximity to pollution 
sources also shows a significant increase of limb malformations in several amphibians 
species (Taylor et al., 2005). 

On a population level, the environmental stressors (i.e., agrochemicals) have 
been linked to the disruption of population structure and developmental instability 
in populations. For instance, common herbicides (i.e., atrazine, paraquat, glyphosate) 
could increase of fluctuating asymmetry—a proxy of developmental instability in the 
population, observed in the F. limnocharis populations from Nan Province, Thailand 
(Thammachoti, 2012) and the Western Ghats, India (Hegde and Krishnamurthy, 2014). 
A similar result in P. ridibundus population also reveals an increase of fluctuating 
asymmetry, potentially due to the intensive use of pesticides and fertilizers (Zhelev 
et al., 2017). The presence of endocrine-disrupting chemicals (EDCs) (e.g., atrazine) 
could induce demasculinization-feminization in frogs (Hayes et al., 2011), thereby, 
altering the structure and sex ratio in the populations. The structure of populations 
could become female-dominated as previously observed on R. clamitans along 
suburbanization gradient which is frequently contaminated by EDCs (Lambert et al., 
2015). 
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6. Fluctuating asymmetry as proxy of environmental stress on amphibians 
Constant internal homeostasis during ontogeny is necessary for an organism 

to be perfectly symmetrical, which is an ideal form for organism survival (Palmer and 
Strobeck, 1986). However during development, various internal (genetic) and external 
(environmental) conditions can negatively affect developmental homeostasis, which 
may lead to an altered form of phenotype (Palmer and Strobeck, 1986). These 
factors are known as developmental noise or stress (Figure 2.5) (Palmer and 
Strobeck, 2003).  Subsequently, the theoretical phrase perfect bilateral symmetry is 
inaccurate in practice as perfection hardly exists, and all developmental processes 
have some degree of randomness. A small but perpetual deviation from this perfect 
symmetry could lead to developmental instability also known as fluctuating 
asymmetry (FA) (Palmer and Strobeck, 2003). Fluctuating asymmetry, as a physical 
measure of developmental instability in bilateral traits (Palmer and Strobeck, 1986), 
provides an excellent tool to measure the environmental stress in populations. The 
key assumption, that is the subtle departure from bilateral symmetry must have not 
come from a genetic predisposition rather genetic or environmental stress (Palmer 
and Strobeck, 1992). 

 

 
 

Figure 2.5 Frequency distribution of bilateral symmetry (right and left) influenced by 
two developmental processes: developmental stability and developmental noise 
(Palmer, 1994). Abbreviations: (f) frequency, (R – L) right minus left distribution 
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The reliability of FA has been tested on a population of a variety of 
amphibians exposed to various degrees of environmental stress. Some researchers 
reported a weak correlation between environmental stress and FA, e.g., higher FA 
was not significantly observed on Physalaemus cuvieri from urbanized populations 
(Eisemberg and Bertoluci, 2016), FA was not significantly observed in Leptodactylus 
macrosternum and Scinax x-signatus from agricultural environment (Gondim et al., 
2020). However, the vast majority of asymmetry studies on amphibians indicate a 
strong correlation between environmental stress and FA, e.g., logging activity 
promote higher FA in Crinia signifera (Lauck, 2006), Rana arvalis shows a higher FA 
when exposed to an acid environment (Söderman et al., 2007), habitat loss is 
correlated with the increased of FA in Bokermannohyla saxicola (Eterovick et al., 
2016), Roundup® pesticides induce higher FA on the tadpole of P. cuvieri (Costa and 
Nomura, 2016), higher FA was observed on Pelophylax ridibundus exposed to 
anthropogenic pollution (Zhelev et al., 2015a) and polluted river (Zhelev et al., 
2019); higher FA was observed on F. limnocharis from the paddy field with intensive 
agrochemicals utilization (Thammachoti, 2012). Overall, weight of evidence suggests 
that fluctuating asymmetry analysis is an effective indicator of environmental stress. 

 
7. Rice Frog Fejervarya limnocharis  

Rice frog, Fejervarya limnocharis (Gravenhorst, 1829), is known by many 
names e.g., Asian grass frog, common pond frog, field frog, grass frog, and Indian rice 
frog. It can be found abundantly in paddy fields or wetlands (Iskandar, 1998). The 
species is currently listed as Least Concern by IUCN due to its very wide distribution, 
stable populations, and tolerance to a broad range of habitats (van Dijk et al., 2004; 
AmphibiaWeb, 2021). 
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Figure 2.6 The rice frog Fejervarya limnocharis (Gravenhorst, 1829) 
 
 The general characteristic of rice frogs is as follows: small-size (42–46 mm); 
dorsum covered by longitudinal fold and irregular bumps; ventrum smooth except 
on groin having granular; snout pointed; small tympanum, half to two-thirds of eye 
diameter with ridge above; fingers not webbed, first finger longer than second; 
subarticular tubercles small and prominent; toes fully webbed, tips slightly swollen; 
dorsum color varies from olive green to reddish-brown, dark V-shaped mark in 
interorbital, and light green/ yellow stripes crossing through the vertebrae; bumps 
and ridges often darker than base; ventrum color uniformly white, but yellow and 
marbled with black in groin. Sex is easily differentiated based on darker vocal sac 
present in males (absent in female) (Iskandar, 1998; Chan-ard, 2003; AmphibiaWeb, 
2021).  

The rice frog F. limnocharis has a broad range of distribution (Figure 2.7). It is 
considered to be known only from northern and central groups of Nicobar Islands 
(India), Indonesia, Malaysia, Laos, Myanmar, Thailand south of the Isthmus of Kra, 
Cambodia, and Vietnam (Frost, 2021). 
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Figure 2.7 The distribution range of rice frog Fejervarya limnocharis (van Dijk et al., 
2004) 

 
Almost all populations now considered to be members of Fejervarya were 

priorly treated as F. limnocharis, hence, the systematics of the rice frog is highly 
provisional. Toda et al. (1998) reported on sympatric cryptic species under this name 
from Java and noted the possibility of cryptic species in the Southeast Asia region. 
Sumida et al. (2007) reported that the F. limnocharis comprises of several species 
including the distinct species from Sri Lanka, India, Taiwan, Ryukus (Japan), and 
Thailand. Islam et al. (2008) and Hasan et al. (2014) suggested that there are (at least) 
three species previously referred to F. limnocharis occurs in Bangladesh and 
Myanmar. Several species have been recognized as distinct from their former (F. 
limnocharis) including F. iskandari, F. vittigera, Minervarya andamanensis, M. 
agricola, and M. nilagrica (Frost, 2021). The high crypticity of rice frog F. limnocharis 
and overlapping distribution to congenerics highlight that many distinct species 
remain to be described. 
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The classification of the rice frog is shown below: 

Kingdom: Animalia 
 Phylum: Chordata 
  Subphylum: Vertebrata 
   Class: Amphibia 
    Superorder: Salientia 
     Order: Anura 
      Family: Dicroglossidae 
    Species: Fejervarya limnocharis (Gravenhorst, 1829) 
 

In general, life cycles of rice frogs includes several stages, i.e., egg, tadpole, 
froglet, juvenile, sub-adult, and adult (Duellman and Trueb, 1994), where 
abundances may vary according to season and water availability. Based on previous 
skeletochronological studies, it was reported that the natural lifespan of F. 
limnocharis in Southern India can reached up to 4 years in both sexes (Pancharatna 
and Deshpande, 2003), slightly different from the subtropical F. limnocharis in China, 
which had a lifespan of 3 years old for males and 4 years old for females (Liao et al., 
2011), and slightly longer from tropical F. limnocharis from Indonesia, which reached 
maximum age of 3 years with maximum SVL of 52.37 mm (Phadmacanty et al., 2019). 
These differences are attributed to many factors such as habitat, altitude, and 
environmental condition. 

The rice frog F. limnocharis has been used as a food commodity in Southeast 
Asia including, Thailand, Laos, and Cambodia (Neang, 2010). It also has been used as 
sentinel species based on adverse effects on morphology, population, 
histopathology, and immune response (Othman et al., 2009; Othman et al., 2012; 
Thammachoti et al., 2012; Nataraj and Krishnamurthy, 2013; Hegde and 
Krishnamurthy, 2014; Jantawongsri et al., 2015). The rice frog also has been used to 
analyze the adverse impact of arsenic contamination (Intamat et al., 2016), and 
nitrate (Krishnamurthy et al., 2008). This further confirms that rice frog F. limnocharis 
is an excellent sentinel species for agrochemical contamination. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER III 
HERBICIDE RESIDUES IN WATER AND TISSUES OF RICE FROG 

Fejervarya limnocharis POPULATIONS LIVING IN AGRICULTURAL AREAS 
OF NAN PROVINCE, THAILAND 

 

Introduction 
Nan province (northern part of Thailand) is an area with major agricultural 

activities including paddy fields, maize, field crops, woody plants, fruit trees, 
horticulture, swidden, pasture, and livestock, where agrochemicals have been used. 
Previous reports showed that 92% of imported agrochemicals to Nan province were 
herbicides, i.e., atrazine (6-chloro-4-N-ethyl-2-N-propan-2-yl-1,3,5-triazine-2,4-diamine), 
glyphosate (N-(phosponomethyl) glycine), and paraquat (1,1’-diethyl-4,4’-bipyridinium 
dichloride) (Chanpong, 2008). The continuous utilization of agrochemicals may lead 
to accumulation in the environment which also poses a risk to the non-target 
organism and humans living in the vicinity. Hence, the extent of contamination in the 
environment and vertebrates are needed to be monitored. Using sentinel species 
may provide an early warning of potential adverse effects of agrochemicals 
contamination to humans.  

Amphibians are regarded as good sentinel species of agrochemical 
contamination since there are many routes that xenobiotics can enter their systems 
(Rollins-Smith et al., 2006) and due to their observable response to environmental 
changes (Roy, 2002). Moreover, the most compelling features is their susceptibility 
and sensitivity to environmental stressor, especially agrochemical contaminants 
during their complex life cycles living in terrestrial and aquatic habitats (Duellman 
and Trueb, 1994; Venturino et al., 2003). 

Previous studies in agricultural areas at Nan Province reported detectable 
amounts of atrazine and glyphosate in environmental samples (Jantawongsri et al., 
2015), and three herbicides (i.e., atrazine, glyphosate, and paraquat) were found in 
tissues of frogs (Thammachoti, 2012), rice field crab (Maneein, 2012) and freshwater 
mussel (Thitiphuree, 2012). Since these herbicides have been intensively used in 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 24 

paddy fields areas of Nan Province, the non-target organisms living in the areas were 
unavoidably exposed to herbicides. These herbicides are known to exert its adverse 
effect in amphibians, e.g., atrazine is known as an endocrine-disrupting chemical that 
can disrupt reproductive system (Hayes et al., 2002; Hayes et al., 2006; Hayes et al., 
2010); glyphosate can decrease the growth rate (Howe et al., 2004), damaging the 
liver (Riaño et al., 2020), and induces morphological abnormality (Bach et al., 2016); 
and paraquat can induce teratogenic effects (Osano et al., 2002). 

In the first segment of this study, herbicide residues were analyzed in 
composited water samples obtained from paddy fields to investigate the extent of 
environmental contamination. To investigate the extent of contamination in non-
target organisms, rice frog Fejervarya limnocharis was used as sentinel species since 
they are susceptible to long term exposure and accumulation of agrochemicals. 
 
Hypothesis 

There are significant differences in herbicide residue in tissues between rice 
frogs F. limnocharis living in contaminated agricultural area with those living in 
reference agricultural area. 
 
Objective 

To examine herbicide residues in water and tissues of rice frogs F. limnocharis 
populations living in agricultural areas of Nan Province, Thailand  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 25 

Materials and methods 
1. Study sites 

The study sites are in Wiang Sa District, Nan Province, Thailand. In this region, 
there are many agricultural areas where herbicides have been utilized for a long 
time. The potentially contaminated site is a paddy field with intensive herbicide 
utilization (Yupin Chairaja, personal communication, October 6, 2009) (San Sub-
district; 18°30’37.9297” to 18°30’25.6926”; 100°46’24.2638” to 100°46’04.9957”), 
while the reference site is a paddy field with no history of herbicide utilization for 
more than 10 years (Srinoon Kamsrikaew, personal communication, October 6, 2009) 
(Lai-Nan Sub-district; 18°34’35.4157” to 18°34’24.5818”; 100°46’27.5499” to 
100°46’12.0212”). The contaminated site locates downstream of the reference site. 
These sites have similar geographic and climatic conditions but are separated as far 
as 7 km apart by a major river of Nan province (Figure 3.1).  

 

 
 

Figure 3.1 Geographical map showing the study sites including contaminated site 
(San Sub-district) and reference site (Lai-nan Sub-district) in Nan Province, Thailand 
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For the agricultural practice in these areas, 2-crop cycle was used in the 
contaminated site, which involved harvesting rice twice a year or growing alternative 
crops such as corn/sesame during the dry season, and 1-crop cycle was used in the 
reference site, which involved harvesting rice once a year and leave the farmland 
undisturbed during the dry season (Sakchai Korkerd, interview, 1 November 2021). 
This agricultural cycle is highly dependent on water availability. The reference site's 
paddy field received its water from a small stream adjacent to a nearby mountain, 
whereas the contaminated site received its water from a nearby major river of Nan 
Province (Panupong Thammachoti, interview, 1 November 2021; Figure 3.1). It was 
reported that detectable amount of atrazine (0.15 mg/L) was found in water from 
the contaminated site, and detectable amount of glyphosate (0.01 mg/kg) was found 
in sediment from the contaminated site (Thammachoti, 2012). Also, the tissues of 
rice frogs from the contaminated site had higher residues of herbicides (i.e., atrazine, 
glyphosate, and paraquat) than those in the reference site (Jantawongsri et al., 2015). 

 
2. Sampling periods 

Field sampling was conducted in February 2021 during the late dry season 
(Appendix B) of the fallow period for the reference site, as well as during the second 
growing seasons of rice for the contaminated site. As a result, the environment and 
rice frog tissues should be expected to have a certain level of herbicide 
contamination. 
 
3. Sample collection 

The animal care and use protocol in this study has been approved by the 
institutional animal care and use committee of the Faculty of Science, Chulalongkorn 
University (CU-ACUP No. 2123002). Adult rice frog F. limnocharis were caught by hand 
at night during visual encounter survey, and water samples were taken from a series 
of 4 small patches of water at the paddy field from contaminated site and reference 
site. The water samples were immediately kept in acetone-rinsed 50 mL conical 
tube, covered with aluminum foil to avoid sunlight.  
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Upon arrival in the laboratory at Chulalongkorn University Forest and 
Research Station, Wiang Sa District, Nan Province, frogs were immediately euthanized 
by immersion in 0.5% tricaine methane sulfonate solution (Sigma-Aldrich, St. Louis, 
MO, USA) (Figure 3.2). Frog samples were measured for body weight (BW; g) and 
snout-vent length (SVL; mm) using Ohaus Pioneer Analytical Balances (accuracy 
0.0001 g) and Mitutoyo Absolute Digimatic Caliper (accuracy 0.01 mm), respectively. 
Samples of frogs were priorly stored in -20°C for herbicides contamination analysis (n 
= 20). Composited water samples were filtered (0.22-micron syringe filters) and 
placed in acetone-rinsed high density polyethylene plastic containers, wrapped in 
aluminum foil to avoid exposure to sunlight, and stored at -20°C until further 
analysis. 
 

 
 

Figure 3.2 Rice frogs were euthanized by immersion in 0.5% tricaine methane 
sulfonate solution. 
 

The frogs were freeze-dried (Epsilon 2-4 LSCplus) until complete dryness (up 
to 70% weight loss from its initial weight) and measured for the dry weight (g). The 
dried samples were homogenized with blender until powder-like frog tissue was 
obtained, then kept in plastic containers with desiccant, covered with aluminum foil 
to avoid sunlight, and kept at room temperature (25–35°C) until further analysis. 
Twenty frog tissues samples (contaminated site: n = 5 for male, n = 5 for female; 
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reference site: n = 5 for male, n = 5 for female) were extracted for atrazine, 
glyphosate, and paraquat residues. 
 
4. Herbicide residue analysis in water and frog tissue 

To determine the herbicide residue (i.e., atrazine, glyphosate, paraquat), the 
extraction protocol and enzyme-linked immunosorbent assay (ELISA) procedure were 
presented for each herbicide. These herbicide residues (ng/g) were also polated to 
their corresponding initial wet weight (ng/g) for further comparison with the 
maximum residue limits (Codex Alimentarius, 2006; Health Canada’s Pesticides & Pest 
Management, 2011). The extraction and ELISA protocol were carried out as follows. 

 
4.1. Atrazine 

The extraction of atrazine follows the modified protocol of Jacomini et al. 
(2003). Briefly, 100 mg of lyophilized tissues were mixed with 1 mL of ultrapure H2O 
(HPLC Grade; Merck), added with 4 mL of dichloromethane (HPLC Grade; Fisher®), 
and shaken thoroughly (Vortex-Genie 2). After centrifugation at 1,800 xg for 5 minutes 
(Wise spin®CF10), 3 mL of organic phase was transferred to a clean glass tube and 
evaporated under the stream of N2 gas (TurboVap® II). The residues were 
reconstituted with 100 µL of methanol and 900 µL of ultrapure H2O. To check for 
recovery of extraction, the 2.5 ng of standard atrazine (1 mL of 2.5 ng/mL atrazine 
solution) was added to a representative sample (as a spiked sample) before 
proceeding with the subsequent step. Finally, all of the samples were stored at -20°C 
until further analysis. 

ELISA kit for atrazine determination was obtained from Eurofins Abraxis 
(Warminster, PA), and the methods were followed the manufacturer's protocol. 
Briefly, 25 µL of assay buffer was added into the wells of a 96-microtiter plate coated 
with rabbit anti-triazine antibody. Then, duplicated addition of 25 µL of samples, 
spiked sample, and standard atrazine solution (atrazine standard 0–6; including: S0 = 
0 ng/mL, S1 = 0.05 ng/mL, S2 = 0.1 ng/mL, S3 = 0.25 ng/mL, S4 = 1.0 ng/mL, S5 = 2.5 
ng/mL, and S6 = 5.0 ng/mL) were added into the designated wells. The wells were 
added with 50 µL of triazine-horseradish peroxidase (HRP)-conjugate solution and 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 29 

incubated on orbital shaker (Mini-Rock shaker PSU-2T BIOSAN) at room temperature 
(25°C) for 30 minutes. Subsequently, the plate was washed 3 times using washing 
buffer solution, then blotted for the excess solution. The wells were added with 100 
µL of substrate/ color solution (hydrogen peroxide and a chromogen: 3,3’,5,5’-
tetramethylbenzidine; TMB), then incubated for another 20 minutes before 50 µL of 
stop solution (diluted sulfuric acid) was added to each well. The wells were 
measured for absorbance at 450 nm using microplate reader (Multiskan EX).  

To calculate for atrazine concentration, mean absorbance of the duplicated 
standards/ samples were estimated. Subsequently, %B/B0 was calculated by dividing 
the mean absorbance of each standard/ sample with the mean value of atrazine 
standard S0 (0 ng/mL). Standard curves were plotted using %B/B0 for each standard 
(S0–S6) on Y-axis and corresponding atrazine concentration on X-axis. Standard 
calibration curves were linear (r2 = 0.9944). Atrazine of each sample could be 
interpolated using an equation derived from the standard curve: Y = a ln(X) + b, 
where Y is %B/B0 of the sample and X is the corresponding atrazine concentration in 
ppb (ng/mL). After taking into consideration on extraction factor, the atrazine 
concentration in frog tissue was presented in µg/kg dry weight. The limit of detection 
was 0.96 ng/g dry weight, and the recovery of extraction (spike atrazine 2.5 ng) was 
68.00%. The coefficient of variation (CV) for intra-assay precision of atrazine ELISA was 
4.98%. 
 
4.2. Glyphosate 

The extraction of glyphosate follows the modified protocol of Alferness and 
Iwata (1994). Briefly, 100 mg of lyophilized tissues were mixed with 200 µL of 
ultrapure H2O (HPLC Grade; Merck), added with 100 µL of chloroform (Merck) and 
500 µL of 0.1 N HCL, and shaken thoroughly. After centrifugation at 1,000 xg for 10 
minutes, 350 µL of aqueous phase was transferred into a clean tube. To check for 
recovery of extraction, the 0.8 ng of standard glyphosate (200 µL of 4 ng/mL 
glyphosate solution) was added to a representative sample (as a spiked sample) 
before proceeding with the subsequent step. Finally, all of the samples were stored 
at -20°C until further analysis. 
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ELISA kit for glyphosate determination was obtained from Eurofins Abraxis 
(Warminster, PA), and the protocol was according to the manufacturer’s manual. 
Briefly, 250 µL of the samples, spiked sample, and standard glyphosate (glyphosate 
standard 0–5; including: S0 = 0 ng/mL, S1 = 0.075 ng/mL, S2 = 0.2 ng/mL, S3 = 0.5 
ng/mL, S4 = 1.0 ng/mL, and S5 = 4.0 ng/mL) were mixed with 1 mL of diluted 
derivatization reagent, shaken thoroughly, then incubated at room temperature 
(25°C) for 10 minutes. The duplicated addition of 50 µL derivatized samples, spiked 
sample, and standard glyphosate were added to designated wells of a 96-microtiter 
plate coated with goat anti-rabbit IgG antibody. The wells were added with 50 µL of 
rabbit anti-glyphosate antibody solution and incubated at room temperature (25°C) 
for 30 minutes. Subsequently, the wells were added with 50 µL of HRP-labeled 
glyphosate analog solution and incubated at room temperature (25°C) for another 60 
minutes. The plate was washed 3 times using washing buffer solution, then blotted 
for an excess solution. The wells were added with 150 µL of substrate/ color 
solution (hydrogen peroxide and a chromogen: 3,3’,5,5’-tetramethylbenzidine; TMB), 
then incubated for another 30 minutes before 100 µL of stop solution (diluted 
sulfuric acid) was added to each well. The wells were measured for absorbance at 
450 nm using microplate reader (Multiskan EX) within 15 minutes after the addition 
of stop solution.  

To calculate glyphosate concentration, mean absorbance of the duplicated 
standards/ samples were estimated. Subsequently, %B/B0 was calculated by dividing 
the mean absorbance of each standard/ sample with the mean value of glyphosate 
standard S0 (0 ng/mL). Standard curves were plotted using %B/B0 for each standard 
(S0–S5) on Y-axis and corresponding glyphosate concentration on X-axis. Standard 
calibration curves were linear (r2 = 0.9787). Glyphosate of each sample could be 
interpolated using an equation derived from the standard curve: Y = a ln(X) + b, 
where Y is %B/B0 of the sample and X is the corresponding glyphosate concentration 
in ppb (ng/mL). After taking into consideration on extraction factor, the glyphosate 
concentration in frog tissue was presented in µg/kg dry weight. The limit of detection 
was 0.564 ng/g dry weight, and the recovery of extraction (spike glyphosate 0.8 ng) 
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was 68.15–90.38%. The coefficient of variation for intra-assay precision of glyphosate 
ELISA kit were 11.48–20.31%. 
 
4.3. Paraquat 

The extraction of paraquat follows the modified protocol of Brown et al. 
(1996) and Quick et al. (1990). Briefly, 100 mg of lyophilized tissues were priorly 
mixed with 200 µL of ultrapure H2O (HPLC Grade; Merck), added with 100 µL of 
hexane (Merck) and 600 µL of 10% trichloroacetic acid (TCA), and shaken thoroughly. 
After centrifugation at 2,000 xg for 15 minutes, 500 µL of aqueous phase was 
transferred into a clean tube as a first extract. The remaining samples were added 
again with 250 µL of 10% trichloroacetic acid (TCA) and shaken thoroughly. After 
centrifugation at 2,000 xg for 15 minutes, 200 µL of aqueous phase was transferred 
into the first extract, thereby, a total extract of 700 µL of aqueous phase was 
collected. The extracts were added with 400 µL of hexane and shaken thoroughly. 
After centrifugation at 2,000 xg for 15 minutes, 600 µL of aqueous phase was 
collected. To adjust the pH to 7.0, extracts were added with 100 µL of 2M Tris-basic 
buffer and shaken thoroughly. After centrifugation at 2,000 xg for 5 minutes, a total 
extract of 500 µL of aqueous phase was transferred into a clean tube and labeled as 
an aqueous extract. The remaining precipitated samples were added with 200 µL of 
ultrapure H2O and labeled as a precipitated extract. To check for recovery of 
extraction, the 1.5 ng of standard paraquat (200 µL of 7.5 ng/mL paraquat solution) 
was added to a representative sample (as a spiked sample) before proceeding with 
the subsequent step. Finally, all of the samples were stored at -20°C until further 
analysis. 

ELISA kit for paraquat determination was obtained from Abnova (Thaoyuan 
City, Taiwan), and the methods were after the manufacturer’s protocol. Briefly, 
duplicated addition of 25 µL of samples, spiked sample, and standard paraquat 
(paraquat standard 0–5; including: S0 = 0 ng/mL, S1 = 0.075 ng/mL, S2 = 1.25 ng/mL, 
S3 = 2.5 ng/mL, S4 = 3.75 ng/mL, and S5 = 7.5 ng/mL) were added into the designated 
wells of a 96-microtiter plate coated with rabbit anti-paraquat antibody. Then, 100 
µL of paraquat-HRP conjugate was added to each well and incubated at room 
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temperature (25°C) for 30 minutes. Subsequently, the plate was washed 3 times 
using washing buffer solution, then blotted for an excess solution. The wells were 
added with 100 µL of substrate/ color solution (hydrogen peroxide and a chromogen: 
3,3’,5,5’-tetramethylbenzidine; TMB), then incubated for another 30 minutes before 
100 µL of stop solution (3M HCl) was added to each well. The well was measured for 
absorbance at 450 nm using microplate reader (Multiskan EX). 

To calculate paraquat concentration, mean absorbance of the duplicated 
standard/samples were firstly estimated. Then, % inhibition was calculated using the 
formula as follows. 

 
% inhibition = 100 – (mean absorbance of sample/ mean absorbance of S0) x 100 

 
Standard curves were plotted using % inhibition of each standard (S0–S5) on 

Y-axis and corresponding paraquat concentration on X-axis. Standard calibration 
curves were linear (r2 = 0.9669–0.9966). Paraquat of each sample could be 
interpolated using an equation derived from the standard curve: Y = a ln(X) + b, 
where Y is % inhibition of the sample and X is the corresponding paraquat 
concentration in ppb (ng/mL). After taking into consideration on extraction factor, the 
paraquat concentration in frog tissue was presented in µg/kg dry weight. The limit of 
detection was 0.10 ng/g dry weight, and the recovery of extraction was 93.31%. The 
coefficient of variation for intra-assay precision of the paraquat ELISA kit were 18.80–
20.21%. 
 
5. Statistical analysis 

All parameters were priorly tested for normality and homogeneity of variance. 
Herbicide residues in rice frogs were analyzed separately between male and female 
for each site, compared using Student’s t-test or Mann-Whitney rank-sum test, and 
power of the test analysis. Male and female data were pooled in the absence of a 
significant sex-related difference. Correlation between corresponding snout-vent 
length, body weight (initial wet weight), and herbicide residues (i.e., atrazine, 
glyphosate, paraquat) were determined using Pearson’s correlation and analyzed 
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separately between sexes. Statistical analysis was conducted using Sigma Plot 11.0 
and SPSS Stat 28 for MacOS. 
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Results 
1. Herbicide contamination on water 

During February 2021, there was a detectable amount of atrazine (1.39 ng/mL) 
present in the composited water sample from the contaminated site, while levels of 
atrazine at the reference site, and glyphosate and paraquat at both sites were below 
limit of detection (0.08 ng/mL for atrazine, 0.083 ng/mL for glyphosate, 0.819 ng/mL 
for paraquat). 
 
2. Herbicide contamination on frog tissue 

Based on February 2021 data, the results showed that there was no 
significant sex-related difference of herbicide residues between male and female 
frogs (Appendix C). Therefore, the male and female data were pooled for the 
analysis.  

The results of contamination analysis showed that atrazine, glyphosate, and 
paraquat was found in tissue of rice frogs in both contaminated site and reference 
site. There was a higher mean of atrazine residues in frogs from contaminated site 
than those in reference site, although not significantly. There was a higher mean of 
glyphosate residues in frogs from contaminated site than those in reference site, 
although not significantly. The paraquat residues showed a significant site-related 
difference showing higher mean of residues in frogs from contaminated site than 
those in reference site (Table 3.1, Figure 3.3). 
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Table 3.1 Herbicide residues in tissues of rice frogs F. limnocharis population from 
contaminated and reference sites in Nan Province, Thailand, collected during 
February 2021 

Herbicides 
(n Contaminated: Reference) 

Tissue residue in dry weight (ng/g) 
Power of test 

(α= 0.05) 
Contaminated site 
(Mean ± SEM) 

Reference site 
(Mean ± SEM) 

Atrazine (10:10)a 1.60 ± 0.26 1.27 ± 0.24ns 0.05 
Glyphosate (10:10)a 26.05 ± 5.83 6.19 ± 0.61ns 0.23 
Paraquat (10:10)a 115.89 ± 47.11 27.98 ± 8.91* 0.29 

Remarks: 
a Compared by Mann-Whitney rank-sum test 
* Significant difference between sites; p ≤ 0.05 
ns No significant difference between sites; p > 0.05 
 

 

 
Figure 3.3 Herbicide residues (Mean ± SEM) in tissues of rice frogs F. limnocharis 
population from contaminated and reference sites in Nan Province, Thailand, 
collected during February 2021  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 36 

3. Pearson’s correlation analysis between herbicide contamination, body weight, 
and snout-vent length 

Pearson’s correlation analysis between snout-vent length, body weight, and 
herbicides contamination in tissues of adult male frogs showed a positive significant 
correlation between body weight vs. glyphosate residue. There was no significant 
correlation between body weight vs. both atrazine and paraquat residues. There was 
no significant correlation between snout-vent length vs. both atrazine, glyphosate, 
and paraquat residues (Table 3.2).  

Pearson’s correlation analysis between snout-vent length, body weight, and 
herbicides contamination in tissues of adult female frogs showed no significant 
correlation between snout-vent length and body weight vs. both atrazine, 
glyphosate, and paraquat residues. There was a significant positive correlation 
between glyphosate residue vs. paraquat residue (Table 3.2). 
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Table 3.2 Pearson’s correlations coefficients between snout-vent length, body 
weight, and herbicide residues in tissues of adult rice frogs F. limnocharis population 
from contaminated and reference sites in Nan Province, Thailand, collected during 
February 2021 
Parameter 

(n = 10) 
Snout-vent length Body weight Atrazine Glyphosate Paraquat 

Male      

Snout-vent length  

 

0.937 

p ≤ 0.05 

0.368 

p > 0.05 

0.500 

p > 0.05 

-0.028 

p > 0.05 

Body weight   0.248 

p > 0.05 

0.717 

p ≤ 0.05 

-0.141 

p > 0.05 

Atrazine     -0.016 

p > 0.05 

0.442 

p > 0.05 

Glyphosate     -0.247 

p > 0.05 

Paraquat      

Female      

Snout-vent length  

 

0.948 

p ≤ 0.05 

-0.087 

p > 0.05 

0.157 

p > 0.05 

0.273 

p > 0.05 

Body weight   -0.045 

p > 0.05 

0.024 

p > 0.05 

0.265 

p > 0.05 

Atrazine     0.509 

p > 0.05 

0.228 

p > 0.05 

Glyphosate     0.737 

p ≤ 0.05 

Paraquat      
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Discussions 
This study found a detectable amount of atrazine in the composited water 

samples from the contaminated site. However, the level of atrazine was below the 
Maximum Contaminant Level (MCL) of US EPA in drinking water (0.003 mg/L or 3 
ppb) (U.S. Environmental Protection Agency, 2009). It was previously reported that 
the atrazine level in water from the contaminated site during late dry season in 2011 
was beyond the MCL (0.15 mg/L) (Thammachoti, 2012). Still, it cannot be ruled out 
that there was extensive utilization of atrazine at the paddy field and the relatively 
low detection of atrazine may be due to the short half-life as it was easily degraded 
by photolysis or other means of degradations (Wehtje et al., 1981; Scribner et al., 
2000), meaning that the herbicides were diluted in water and found in concentration 
below the detection limit. Even though detected at low concentration, it is 
noteworthy that atrazine could alter reproductive system of frogs at relatively low 
concentrations (Hayes et al., 2002). Glyphosate was not detected in the composited 
water samples possibly due to its degradability upon direct exposure to sunlight and 
high temperature (Moore et al., 1983; Petit et al., 1995). Paraquat was not detected 
in water as expected since it was adhered strongly to soil and sediment (Ronald, 
1990). As a result, there is still a possibility that these two herbicides contaminated 
the frogs' tissue via another route of exposure. 

There was a limited number of studies reporting herbicides contamination on 
amphibians, including previous studies on herbicide contamination (i.e., atrazine, 
glyphosate, and paraquat) on rice frog F. limnocharis from Thailand (Thammachoti, 
2012). Accumulation of these herbicides could be found on other aquatic 
vertebrates, including accumulation of glyphosate in carp and tilapia (lethal 
concentration 50; 5.5–7.9 ppm for 48 hours) (Wang et al., 1994), and accumulation of 
paraquat in neuromelanin of Rana temporaria based on autoradiography (Lindquist 
et al., 1988). Results from the current study further support that these herbicides 
could contaminate non-target organisms. 

The trend of atrazine and glyphosate concentration is similar to the previous 
studies during late dry season (January 2011) by having a higher mean of herbicides 
residues (i.e., atrazine, glyphosate, and paraquat) on frog tissues from contaminated 
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site (Thammachoti, 2012). Interestingly, paraquat residues in the contaminated site 
were strikingly higher than the reference site (Tables 3.1, Figure 3.3) which is more 
pronounced than the previous studies (Thammachoti, 2012). The results suggest that 
three herbicides (i.e., atrazine, glyphosate, paraquat) are, indeed, contaminated the 
tissue of rice frogs living in the paddy field. 

Results on Pearson’s correlation analysis (Table 3.2) showed that there was a 
significant positive correlation between body weight and glyphosate residue in adult 
male frogs, suggesting that glyphosate could accumulate differently depending on 
body weight and body condition of the frog. The significant positive correlation 
between glyphosate and paraquat residues in adult female frogs indicated that those 
herbicides were concurrently and intensively used during late dry season (February 
2021). During this period, it can be argued that the herbicides would be detected on 
their baseline level due to different agricultural cultivation cycles (Appendix A). 
Previous studies showed that the highest level of atrazine was found during late wet 
period of harvest period, whereas glyphosate and paraquat were found at high level 
during early dry season of post-harvest period (Thammachoti, 2012). Since there was 
a presence of different degrees of herbicide utilization, the adverse effects on health 
of rice frogs could be expected. 

Rice frog is regarded as delicacies for people, especially from Southeast Asia 
(Altherr et al., 2011), and the results on herbicides contamination in tissues of frogs 
raise concern over the consumption of the frogs. It was stated that Good Agricultural 
Practice (GAP) must conform to the allowed limit of agrochemical residues, thereby, 
the level of agrochemical residue must be below the maximum residue limit (MRL) 
allowed in food (Leong et al., 2020). The results showed that atrazine residues 
(0.193–1.158 ng/g wet weight) were below the ranges of the MRL allowed in food (40 
ng/g wet weight) (Health Canada’s Pesticides & Pest Management, 2011). Similarly, 
glyphosate residues (1.286–26.698 ng/g wet weight) were below the MRL allowed in 
food (50 ng/g wet weight) (Codex Alimentarius, 2006). However, paraquat residues 
(2.822–148.778 ng/g wet weight) were far beyond MRL allowed in food (5 ng/g wet 
weight) (Codex Alimentarius, 2006) meaning that the farmers in the areas continue to 
use banned pesticides (i.e., paraquat) extensively despite the official banned by Thai 
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Government. This implies that GAP was not followed in the areas, raising concerns 
about potential health and environmental hazards. 

Tightening of pesticide utilization has been a subject of debate in Thailand 
over the past several years. At present, both chlorpyrifos and paraquat have been 
officially banned effectively in June 2020 (Government of Thailand, 2020), after the 
collective movement by Thailand Pesticide Alert Network (Thai-PAN), group of 
academics from various universities and institutes, and collaborative partners 
(Rujivanarom, 2018; Wipatayotin, 2018). However, this decision has been opposed by 
agrochemical industries and several groups of farmers claiming that they will lose 
profit in agricultural sectors (Tanakasempipat, 2020), and government has not 
provided alternatives to the banned substances (Taylor, 2020). Nonetheless, any 
request to lift the ban has been refused by The National Hazardous Substances 
Committee (NHSC) (Wipatayotin, 2018; Taylor, 2020) and any banned product must 
be returned. This dispute could influence the seller's decision to reduce the price of 
the banned pesticides and provoke farmers to apply higher concentrations to empty 
the stock. Aggravated by the inefficient control of pesticides due to the divided 
regulatory functions among the governmental regulatory body (Laohaudomchok et 
al., 2020), consequently, herbicides was utilized indiscriminately. This may explain 
the high concentration of paraquat in the tissues of rice frogs found during this study 
(Tables 3.1). This current study identified a high level of paraquat residues, implying 
intensive utilization of agrochemicals was present. Attempts to reduce pesticide 
usage through mitigation campaigns such as organic farming, integrated pest 
management (IPM), good agricultural practice (GAP), and promotion of bio-pesticides 
must be widely encouraged. 
 
Conclusion 

The first part of this study found that atrazine contaminated the waters of 
paddy fields and that three herbicides (atrazine, glyphosate, and paraquat) 
contaminated the tissue of rice frogs. Rice frogs from the contaminated site had 
significantly higher mean herbicide residues than those from the reference site, with 
paraquat from the contaminated site found above the MRL in food, indicating that it 
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was one of the agrochemicals of concern. Due to the presence of varying degrees of 
herbicide contamination, detrimental effects on the health of rice frogs could be 
expected. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER IV 
HEALTH STATUS OF RICE FROGS Fejervarya limnocharis POPULATIONS 

LIVING IN AGRICULTURAL AREAS OF NAN PROVINCE, THAILAND 
BASED ON ORGANISMAL PARAMETERS 

 
Introduction 

Nan Province is one of the areas in Thailand which have been intensively 
utilizing agrochemicals for their agricultural activities. The previous study revealed 
that non-target organisms living in the paddy fields have been exposed to several 
herbicides, i.e., atrazine, glyphosate, and paraquat (Maneein, 2012; Thammachoti, 
2012; Thitiphuree, 2012; Jantawongsri et al., 2015). With the persistence of these 
agrochemicals, this may pose a risk of having adverse effects on morphology and 
populations of the non-target organism living nearby the contaminated area, 
including human. 

It is essential to monitor the impact of herbicide contamination by using non-
target organisms or sentinel species due to the shared similarities of metabolic 
process and susceptibility as to humans (Roy, 2002; Venturino et al., 2003). The 
observed adverse effect on sentinel species may provide forewarning to the danger 
of continuous and intensive utilization of agrochemicals (National Research Council, 
1991).  

Amphibians have been considered as the most suitable sentinel species for 
agrochemical contamination due to their susceptibility and sensitivity to 
environmental change and stressors (Venturino et al., 2003). Subsequently, studies 
were reporting the adverse effect of herbicides on the morphology of the 
amphibians, e.g., abnormality in length at metamorphosis and gonad (Osano et al., 
2002; Howe et al., 2004), and liver damage (Riaño et al., 2020), which can pose a 
threat to their survival. Thus, gonad and liver may be considered as the organs in 
concern and serves as biomarker of effects. Moreover, a concern was raised on the 
global decline of amphibians (Davidson, 2004) where one of the underlying factors 
was agrochemicals contaminations (Gahl et al., 2011), which indirectly affected 
amphibian survival in the population. 
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In this segment of the study, the adverse effects of herbicides utilization were 
investigated on rice frog Fejervarya limnocharis since it can be found abundantly in 
paddy fields, lived in a stable population, making it prone to long-term exposure to 
herbicide contamination. Using rice frogs as sentinel species, the health status of rice 
frogs living in paddy fields with different degrees of herbicides utilization were 
examined based on the gonad weight, liver weight, and body weight, as organismal 
parameters. 
 
Hypothesis 

There are significant differences in gonad weight, liver weight, and body 
weight between rice frogs F. limnocharis living in contaminated agricultural area with 
those living in reference agricultural area. 
 
Objective 

To examine health of rice frogs F. limnocharis populations living in agricultural 
areas of Nan Province, Thailand based on organismal parameters 
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Materials and Methods 
1. Study sites 

The study sites are in Wiang Sa District, Nan Province, Thailand. In this region, 
there are many agricultural areas where herbicides have been utilized for a long 
time. The potentially contaminated site is a paddy field with intensive herbicide 
utilization (Yupin Chairaja, personal communication, October 6, 2009) (San Sub-
district; 18°30’37.9297” to 18°30’25.6926”; 100°46’24.2638” to 100°46’04.9957”), 
while the reference site is a paddy field with no history of herbicide utilization for 
more than 10 years (Srinoon Kamsrikaew, personal communication, October 6, 2009) 
(Lai-Nan Sub-district; 18°34’35.4157” to 18°34’24.5818”; 100°46’27.5499” to 
100°46’12.0212”). The reference site practiced 1-crop cycle, repeated planting of a 
single crop in the same field throughout the growing season, whereas the 
contaminated site practiced 2-crop cycle, repeated planting of two or more crops in 
the same field throughout the growing season, with corn and rice being the most 
frequently planted crops (Appendix A). 
 
2. Sampling periods 

Samplings were conducted during July and October 2020, and February 2021 
covering the seasonal period of wet–dry seasons (Appendix B) and agricultural 
cultivation cycle (Appendix A). Life cycles of rice frogs includes several stages, 
including egg, tadpole, froglet, juvenile, sub-adult, and adult (Duellman and Trueb, 
1994), where abundances may vary according on season and water availability 
(Appendix B, Appendix D). Field samplings were conducted using purposive sampling 
method by visual encounter survey (Kusrini, 2019) where several stages of frogs (i.e., 
froglet, juvenile, sub-adult, adult) were caught by hand at night considering the 
active time of the species. Extra samples were collected from reference site beyond 
primary samplings as an additional data for analysis on organismal parameters. 

 
3. Sample collection 

The animal care and use protocol in this study has been approved by the 
institutional animal care and use committee of the Faculty of Science, Chulalongkorn 
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University (CU-ACUP No. 2123002). Upon arrival in the laboratory at Chulalongkorn 
University Forest and Research Station, Wiang Sa District, Nan Province, frogs were 
immediately euthanized by immersion in 0.5% tricaine methane sulfonate solution 
(Sigma-Aldrich, St. Louis, MO, USA). The samples were counted for the total 
individuals and corresponding stage for further analysis. 

 
4. Determination on gonad, liver, and body weights 

Frog samples were measured for body weight (BW; g) and snout-vent length 
(SVL; mm) using Ohaus Pioneer Analytical Balances (accuracy 0.0001 g) and Mitutoyo 
Absolute Digimatic Caliper (accuracy 0.01 mm), respectively. The frogs were dissected 
and measured for gonad and liver weights with the aid of stereomicroscope (Carl 
Zeiss) and Ohaus Pioneer Analytical Balances. Both adult male frogs and adult 
female frogs were separated into each sampling period (i.e., July 2020, October 2020, 
and February 2021). 
 
5. Statistical analysis 

All parameters were priorly tested for normality and homogeneity of variance. 
For gonad, liver, and body weights, rice frogs were analyzed separately between 
adult male and adult female for each site. For liver weight and body weight, male 
and female data were pooled in the absence of a significant sex-related difference. 
Differences in gonad and liver weights between sites were carried out by analysis of 
covariance (ANCOVA), by controlling the influence of body weight (body weight as a 
covariable) followed by Bonferroni tests and power of the tests analysis. Differences 
in body weight between sites was carried out by analysis of covariance (ANCOVA) by 
controlling the influence of snout-vent length (snout-vent length as a covariable) 
followed by Bonferroni tests and power of the tests analysis. All ANCOVA analyses 
were expressed as estimated marginal means, the mean response for each factor, 
adjusted for any other variables in the model. Statistical analysis was done using 
SPSS Stat 28 for MacOS.  
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Results 
1. Gonad weight 
1.1. Testicular weight 

After controlling the influence of body weight, the statistical analysis showed 
that there was no significant site-related difference in testicular weight during July 
2020, October 2020, and February 2021 (Table 4.1, Figure 4.1). 
 
Table 4.1 ANCOVA analysis of testicular weight of adult male frogs F. limnocharis 
population from contaminated and reference sites in Nan Province, Thailand, 
collected during July 2020–February 2021  
Period 
(n Contaminated: 
Reference) 

Contaminated site 
(Mean ± SEM) 

Reference site 
(Mean ± SEM) 

Statistical value 

July 2020 (20: 35)a 
Late wet season 

0.015 ± 0.001 0.014 ± 0.001ns F1,52 = 0.075, 
p = 0.785, 
Power of test 

(α = 0.05) = 0.058 
October 2020 (6: 4)a 
Early dry season 

0.002 ± 0.001 0.005 ± 0.001ns F1,7 = 1.499, 
p = 0.260, 
Power of test 

(α = 0.05) = 0.186 
February 2021 (10: 11)a 
Late dry season 

0.012 ± 0.001 0.011 ± 0.001ns F1,18 = 0.175, 
p = 0.680, 
Power of test 

(α = 0.05) = 0.068 
Remarks: 
a Compared by ANCOVA and expressed as estimated marginal means adjusted for 
body weight 
ns No significant difference between sites; p > 0.05 
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Figure 4.1 ANCOVA analysis of testicular weight (Mean ± SEM) of adult male frogs 
F. limnocharis population from contaminated and reference sites in Nan Province, 
Thailand, collected during July 2020–February 2021. Abbreviations: (EMM) estimated 
marginal means 
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1.2. Ovarian weight 
After controlling the influence of body weight, the statistical analysis showed 

that there was no significant site-related difference in ovarian weight during July 
2020, October 2020, and February 2021. There was an observably higher estimated 
marginal means of ovarian weight from contaminated site during July 2020 period, 
although not significantly (Table 4.2, Figure 4.2). 

 
Table 4.2 ANCOVA analysis of ovarian weight of adult female frogs F. limnocharis 
population from contaminated and reference sites in Nan Province, Thailand, 
collected during July 2020–February 2021 
Period 
(n Contaminated: 
Reference) 

Contaminated site 
(Mean ± SEM) 

Reference site 
(Mean ± SEM) 

Statistical value 

July 2020 (28: 14)a 

Late wet season 
0.879 ± 0.052 0.681 ± 0.082ns F1,39 = 3.234, 

p = 0.080, 
Power of test 

(α = 0.05) = 0.419 
October 2020 (2: 2)a 

Early dry season 
0.067 ± 0.003 0.072 ± 0.003ns F1,1 = 1.246,  

p = 0.465, 
Power of test 

(α = 0.05) = 0.078 
February 2021 (10: 10)a 

Late dry season 
0.443 ± 0.123 0.547 ± 0.123ns F1,17 = 0.355,  

p = 0.559, 
Power of test 

(α = 0.05) = 0.087 

Remarks: 
a Compared by ANCOVA and expressed as estimated marginal means adjusted for 
body weight 
ns No significant difference between sites; p > 0.05 
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Figure 4.2 ANCOVA analysis of ovarian weight (Mean ± SEM) of adult female frogs 
F. limnocharis population from contaminated and reference sites in Nan Province, 
Thailand, collected during July 2020–February 2021. Abbreviations: (EMM) estimated 
marginal means 
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2. Liver weight 
After controlling the influence of body weight, the statistical analysis showed 

that there was no significant sex-related difference in liver weight from contaminated 
site and reference site throughout sampling periods (Appendix E). Therefore, the 
male and female data were pooled. The statistical analysis showed that there was 
significant site-related difference in liver weight of adult rice frogs during February 
2021. There was no significant site-related difference in liver weight of adult rice frogs 
during July and October 2020. (Table 4.3, Figure 4.3). 
 
Table 4.3 ANCOVA analysis of liver weight of adult rice frogs F. limnocharis 
population from contaminated and reference sites in Nan Province, Thailand, 
collected during July 2020–February 2021 
Period 
(n Contaminated: 
Reference) 

Contaminated site 
(Mean ± SEM) 

Reference site 
(Mean ± SEM) 

Statistical value 

July 2020 (48: 49)a 

Late wet season 
0.177 ± 0.005 0.166 ± 0.005ns F1,94 = 1.719, 

p = 0.193, 
Power of test 

(α = 0.05) = 0.254 
October 2020 (8: 6)a 

Early dry season 
0.122 ± 0.013 0.136 ± 0.016ns F1,11 = 0.418, 

p = 0.531, 
Power of test 

(α = 0.05) = 0.091 
February 2021 (20: 21)a 

Late dry season 
0.096 ± 0.005 0.115 ± 0.005*  F1,38 = 7.214, 

p = 0.011, 
Power of test 

(α = 0.05) = 0.745 

Remarks: 
a Compared by ANCOVA and expressed as estimated marginal means adjusted for 
body weight 
* Significant difference between sites; p ≤ 0.05 
ns No significant difference between sites; p > 0.05  
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Figure 4.3 ANCOVA analysis of liver weight (Mean ± SEM) of adult rice frogs 
F. limnocharis population from contaminated and reference sites in Nan Province, 
Thailand, collected during July 2020–February 2021. Abbreviations: (EMM) estimated 
marginal means   
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3. Body weight 
After controlling the influence of snout-vent length, the statistical analysis 

showed that there was no significant sex-related difference in body weight from 
contaminated site and reference site throughout sampling periods (Appendix E). 
Therefore, the male and female data were pooled. The statistical analysis showed 
that there was significant site-related difference in body weight of adult rice frogs 
during July 2020. There was no significant site-related difference in body weight of 
adult rice frogs during October 2020 and February 2021 (Table 4.4, Figure 4.4). 
 
Table 4.4 ANCOVA analysis of body weight of adult rice frogs F. limnocharis 
population from contaminated and reference sites in Nan Province, Thailand, 
collected during July 2020–February 2021 
Period 
(n Contaminated: 
Reference) 

Contaminated site 
(Mean ± SEM) 

Reference site 
(Mean ± SEM) 

Statistical value 

July 2020 (54: 102)a 

Late wet season 
6.971 ± 0.182 6.382 ± 0.123* F1,153 = 5.898, 

p = 0.016, 
Power of test 

(α = 0.05) = 0.675 
October 2020 (14: 12)a 

Early dry season 
7.212 ± 0.227 7.390 ± 0.245ns F1,23 = 0.281, 

p = 0.601, 
Power of test 

(α = 0.05) = 0.080 
February 2021 (29: 64)a 

Late dry season 
5.596 ± 0.217 5.750 ± 0.145ns  F1,90 = 0.345, 

p = 0558, 
Power of test 

(α = 0.05) = 0.090 

Remarks: 
a Compared by ANCOVA and expressed as estimated marginal means adjusted for 
snout-vent length 
* Significant difference between sites; p ≤ 0.05 
ns No significant difference between sites; p > 0.05  
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Figure 4.4 ANCOVA analysis of body weight (Mean ± SEM) of adult rice frogs 
F. limnocharis population from contaminated and reference sites in Nan Province, 
Thailand, collected during July 2020–February 2021. Abbreviations: (EMM) estimated 
marginal means   
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Discussions 
Previous research utilizing the somatic index indicated that morphological 

alterations occurred in the gonad and liver (Thammachoti, 2012). However, such a 
direct approach (somatic index = organ weight x 100/ body weight) may not account 
for frog’s ontogeny factor since growth patterns may vary at different stages of life. 
To overcome these limitations, analysis of covariance (ANCOVA) may resolve this 
issue by taking into account the frogs' growth patterns, as ANCOVA analysis has been 
previously used to monitor the adverse effect on non-target organisms such as 
turtles (Rie et al., 2005; Kitana et al., 2007) 

The morphological alterations in F. limnocharis were evidenced, based on the 
results of several organismal parameters. Although there was no significant site-
related difference for both testicular and ovarian weights throughout periods (Tables 
4.1–4.2, Figures 4.1–4.2)—which may be due to high individual variation and small 
sample size of adult frogs, there was an observably higher estimated marginal means 
of ovarian weight from contaminated site during July 2020, which are similar to the 
prior studies (Thammachoti, 2012). Previous studies using relative gonad weight 
(gonadosomatic index) showed that there was significantly heavier ovarian weight 
from contaminated site, especially during late wet season (Thammachoti, 2012). The 
larger ovary is possibly due to the effects of xenoestrogen on ovarian growth. 
Atrazine is a known endocrine-disrupting chemical (Hayes et al., 2006; Fan et al., 
2007) that can exert its adverse effect, e.g., complete feminization and chemical 
castration in male Xenopus laevis (Hayes et al., 2010), hermaphroditism (Hayes et al., 
2002), and shifted sex ratios in Acris blanchardi (Hoskins and Boone, 2018).  

The results indicated a gradual decrease of gonad weight toward the early dry 
season (October 2020). It has been known that F. limnocharis is a seasonal breeder, 
having cyclic reproduction mode synchronized with rainfall (Othman et al., 2011), 
where two main waves of increases female gonadosomatic index occur just before 
the beginning of rainy season and the end of rainy season, also, gonadosomatic index 
would be significantly lower at dry season. However, previous investigation in 
contaminated site revealed that gravid female, containing fully-matured eggs, was 
found even in dry period, which is not beneficial to the frogs since they cannot lay 
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their eggs in dried-up water bodies (Thammachoti, 2012). Consequently, the effect of 
atrazine or other herbicides may lead to reduce amphibian fecundity living in 
contaminated site, as it was evidenced in the current study.  

The results on liver weight of adult frogs (Table 4.3) showed that there was a 
significant site-related difference during February 2021, where higher liver weight was 
observed from reference site. This may be due to the liver being used as the 
detoxification organ (Crawshaw and Weinkle, 2000), as it was reported that paraquat 
can reduce glutathione levels in liver of Channa punctata, thereby, the liver must 
work extensively to eliminate these contaminants (Parvez and Raisuddin, 2006). The 
possible explanation could be that xenobiotics induce reactive oxygen species 
formation (Hansen et al., 2006) which may lead to an increase in lipid peroxidation 
(Isani et al., 2009), resulting in cell death via apoptosis and/ or necrosis (Norris et al., 
2000). These have been observed in the previous studies from Tak province (Othman 
et al., 2016) showing a lower hepatosomatic index from the cadmium-contaminated 
site. The histopathological examination would address these discrepancies and 
further confirm the influence of herbicide on the liver of rice frogs.  

Similar to the trend of gonad weight throughout periods, the gradual increase 
of liver weight in late wet season (July 2020) on adult frogs may be synchronized 
with the rainfall and peak herbicide utilization during that period. Since herbicide 
contamination in tissue of rice frog during early dry season (February 2021) was 
evidenced in this study (Chapter III), it cannot be ruled out that the contamination 
would be much higher during peak herbicide utilization (late wet season). 

The results on body weight of adult frogs (Table 4.4) showed that there was a 
significant site-related difference in July 2020, where higher body weight was 
observed from contaminated site. These may be partly contributed by gonad and 
liver that showed an observably higher ovarian weight and liver weight, although not 
significantly (Tables 4.2–4.3, Figures 4.2–4.3). It is believed that the difference in body 
weight was influenced by environmental stressors (Söderman et al., 2007; 
Thammachoti, 2012) potentially caused by paraquat (Dial and Bauer, 1984; Vismara 
et al., 2000; Osano et al., 2002) and/ or glyphosate (Bach et al., 2016; Babalola et al., 
2019), which may lead to disruption on steroidogenesis and growth hormone 
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secretion (Hayes et al., 2006). The other possible explanation is simply due to the 
aestivation period when their food sources were unavailable (Hirai and Matsui, 2001). 
Nonetheless, previous studies by Thammachoti et al. (2012) revealed a lower 
condition factor (indicator of overall health) on adult frogs from contaminated site, 
meaning that if the SVL of frogs is equal, the lighter frogs may have lesser health 
fitness (Boone, 2005), which is not the case with the results of the current study. 

Of interest with regard to the reference site was a large number of froglet–
juvenile and adult frogs collected compared to the contaminated site (Appendix D). 
These may be due to the differences in population structure in these two sites. 
Information on age structure would allow one to determine if there is any difference 
in maturation from the contaminated and reference sites. 
 
Conclusion 

There was an observably higher estimated marginal means of ovarian weight 
from the contaminated site during July 2020, suggesting a negative impact of 
xenoestrogen exposure. The significant site-related difference in liver weight might be 
due to xenobiotic exposure. Therefore, when and if these two organismal 
approaches are used to monitor the rice frog's health status, the numbers of samples 
and seasonal period should be considered. The significant site-related difference in 
body weight of rice frogs during July 2020 may be contributed by liver and ovarian 
weights. Based on organismal parameters, it can be suggested that concurrent and 
intensive utilization of herbicides in paddy fields may induce morphological 
alterations in rice frogs. Further analysis for an impact of these contaminations on the 
rice frogs based on population parameters is recommended. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER V 
HEALTH STATUS OF RICE FROGS Fejervarya limnocharis POPULATIONS 

LIVING IN AGRICULTURAL AREAS OF NAN PROVINCE, THAILAND 
BASED ON POPULATION PARAMETERS 

 
Introduction 

Nan Province, located on the northern side of Thailand, is known as an area 
with high agricultural activities. In this region, herbicides were used intensively and 
continuously (Chanpong, 2008), resulting in contamination by several herbicides, i.e., 
glyphosate and atrazine, in paddy field environment (Thammachoti, 2012; 
Jantawongsri et al., 2015). In addition, it has been confirmed that herbicides residues 
were present in non-target organism tissues (Chapter III). Therefore, this agrochemical 
contamination may ultimately become an environmental stressor for their 
ecosystem. 

Sentinel species may reflect the adverse effect of environmental stressors 
from agrochemical contamination in the population since it shares similar features of 
their organs to humans (Venturino et al., 2003). Then, it is crucial to monitor the 
extent of herbicide contamination on sentinel species populations to provide an 
early warning of health risks and environmental hazards caused by agrochemical 
contamination. 

Amphibians have been regarded as excellent sentinel species for 
environmental change or stressors induced by herbicide contamination 
(Thammachoti, 2012). Since they lived both in terrestrial and aquatic habitats, they 
are most likely susceptible and sensitive to environmental stress (Venturino et al., 
2003), especially through their semi-permeable skin (Roy, 2002).  

The global decline of amphibians has been linked to environmental pollution 
(Mann et al., 2009). The unfavorable conditions and increased environmental 
stressors may greatly affect their growth and survival in the population (Gahl et al., 
2011). Previous studies have reported differences in growth pattern of amphibians 
living in areas with different degrees of agrochemical contamination (Thammachoti et 
al., 2012; Hegde and Krishnamurthy, 2014). Moreover, agrochemical contamination 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 58 

may lead to disruption on population structure—an indication of the reproductive 
capabilities and probability of the continuation of species, as previously reported 
that shift in sex ratios may be associated with endocrine-disrupting chemicals (EDCs) 
(Lambert et al., 2015). In addition, agrochemical contamination may lead to an 
increase of fluctuating asymmetry (FA)—organisms’ deviation from ideal bilateral 
symmetry traits (Palmer and Strobeck, 1986). It is believed that environmental 
stressor has contributed to higher developmental instability by showing a higher FA, 
as previously reported on various amphibians’ species (Lauck, 2006; Söderman et al., 
2007; Thammachoti, 2012; Zhelev et al., 2015a; Costa and Nomura, 2016; Eterovick 
et al., 2016; Zhelev et al., 2019). Therefore, these parameters on population levels 
could be used to monitor the impact of continuous and intensive herbicide 
utilization on amphibian population. 

In the last segment of this study, the influence of herbicides utilization was 
investigated on rice frogs Fejervarya limnocharis which can be found abundantly in 
paddy fields, making it susceptible to prolong exposure to herbicides. The health 
status of rice frogs living in paddy fields with different degrees of herbicides 
utilization was examined based on the population parameters, i.e., growth pattern, 
size-frequency distribution, and fluctuating asymmetry. 

 
Hypothesis 

There are significant differences in growth pattern, fluctuating asymmetry, and 
size-frequency distribution between rice frogs F. limnocharis living in contaminated 
agricultural area with those living in reference agricultural area. 
 
Objective 

To examine health of rice frogs F. limnocharis populations living in agricultural 
areas of Nan Province, Thailand based on population parameters  
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Materials and Methods 
1. Study sites 

The study sites are in Wiang Sa District, Nan Province, Thailand. In this region, 
there are many agricultural areas where herbicides have been utilized for a long 
time. The potentially contaminated site is a paddy field with intensive herbicide 
utilization (Yupin Chairaja, personal communication, October 6, 2009) (San Sub-
district; 18°30’37.9297” to 18°30’25.6926”; 100°46’24.2638” to 100°46’04.9957”), 
while the reference site is a paddy field with no history of herbicide utilization for 
more than 10 years (Srinoon Kamsrikaew, personal communication, October 6, 2009) 
(Lai-Nan Sub-district; 18°34’35.4157” 18°34’24.5818”; 100°46’27.5499” to 
100°46’12.0212”). The reference site practiced one crop cycle by planting a single 
crop in the same field throughout the growing season, whereas the contaminated 
site practiced two-crop cycle by planting two or more crops in the same field 
throughout the growing season, with corn and rice being the most frequently planted 
crops (Appendix A). 

 
2. Sampling periods 

Samplings were conducted during July and October 2020, and February 2021 
covering the seasonal period of wet–dry seasons (Appendix B) and agricultural 
cultivation cycle (Appendix A). Life cycles of rice frogs includes several stages, 
including egg, tadpole, froglet, juvenile, sub-adult, and adult (Duellman and Trueb, 
1994), where abundances may vary according on season and water availability 
(Appendix B, Appendix D). Field samplings were conducted using purposive sampling 
method by visual encounter survey (Kusrini, 2019) where several stages of frogs (i.e., 
froglet, juvenile, sub-adult, adult) were caught by hand at night considering the 
active time of the species. To get the best comparable data, the survey was limited 
to 4–6 surveyors and restricted to 45 minutes per site. The total sample of rice frogs 
collected from contaminated and reference sites is shown in Appendix D. 
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3. Sample collection 
The animal care and use protocol in this study has been approved by the 

institutional animal care and use committee of the Faculty of Science, Chulalongkorn 
University (CU-ACUP No. 2123002). Upon arrival in the laboratory at Chulalongkorn 
University Forest and Research Station, Wiang Sa district, Nan Province, frogs were 
immediately euthanized by immersion in 0.5% tricaine methane sulfonate solution 
(Sigma-Aldrich, St. Louis, MO, USA). The juvenile, sub-adult, and adult frogs were 
dissected to further confirms the sex of each individual with the aid of a 
stereomicroscope (Carl Zeiss). 

The appendage bones were used for the fluctuating asymmetry analysis. The 
carcass of each individual was boiled ad 100°C for 10–20 minutes. The tissue was 
removed using forceps and a small bristle brush leaving only the skeleton of the 
frogs. Subsequently, 2 appendage bones of forelimb (i.e., radio-ulna, humerus) and 3 
appendage bones of hindlimb (i.e., femur, tibio-fibula, astragalus-calcaneum) (Figure 
5.1) were individually and separately collected from the left and right side of each 
individual and marked. These bones were kept in a hot air oven at 60°C for 24 hours, 
until completely dry. The bone-dry samples were individually kept in small plastic 
containers with desiccant (Figure 5.2), placed in the covered storage to avoid 
sunlight, and kept at room temperature (25–35°C) until further analysis. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 61 

 
 

Figure 5.1 Appendage bones of frogs including forelimb (radio-ulna, humerus) and 
hindlimb (femur, tibio-fibula, astragalus-calcaneum) used for fluctuating asymmetry 
analysis in this study (University of South Florida, 2021).  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 62 

 
 

Figure 5.2 Bone-dry samples were individually kept in small plastic containers. 
 
4. Estimation on growth pattern 

The samples were measured for body weight (BW) (g) and snout-vent length 
(SVL) (mm) using Ohaus Pioneer Analytical Balances (accuracy 0.0001 g) and Mitutoyo 
Absolute Digimatic Caliper (accuracy 0.01 mm), respectively. For the growth pattern, 
regression analysis was calculated based on log-transformed data of body weight and 
snout-vent length of overall data represented in equation (1),  

 
logBW = blogSVL + loga…(1) 
 

where constant b is a scaling coefficient—indicating the growth pattern of the 
population (Othman, 2009).  
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5. Estimation on size-frequency distribution 
For the size-frequency distribution, the dissected frogs were determined for 

stage and sex then categorized into froglet, male, and female. Additional samples 
collected beyond the primary sampling from reference site (Appendix D), were 
omitted from the analysis (n = 31) to achieve representative results under similar 
effort. The frogs were categorized by snout-vent length (SVL) (mm) and compared as 
whole population (including froglet, male, and female) and separately by sex (male 
and female). The data from each site were represented in relative frequency in 
percentage using base in R v.3.4.1 (R Core Team, 2017). 

 
6. Estimation on fluctuating asymmetry 

The bone-dry sample was measured for length with Moore and Wright 
micrometer (accuracy 0.001 mm) and weight using Ohaus Pioneer Analytical Balances 
(accuracy 0.0001 g). The measurement for length and weight was repeated two times 
to avoid bias in measurement. 

 
7. Statistical analysis 

For growth pattern data of overall populations, general linear model was 
used for analysis, including power of the tests. Differences in size-frequency 
distribution of overall populations were compared by two-sample Kolmogorov-
Smirnov test. 

For the fluctuating asymmetry, the analyses were separated between weight 
and length, between sex, for each appendage bone. A step-by-step flow chart 
modified from Thammachoti (2012) was followed (Figure 5.3). To investigate the 
fluctuating asymmetry in each population, three factors contributing to trait 
difference must be priorly estimated (Palmer, 1994), i.e., i) side variation as 
directional asymmetry (DA), ii) individual variation as size/ shape variation, and iii) 
interaction between side variation and individual variation as non-directional 
asymmetry/ fluctuating asymmetry. The significance (p ≤ 0.05) of these three factors 
was analyzed using two-way analysis of variance (ANOVA) by using side variation (left 
and right) as the first factor, individual variation as the second factor, and bone 
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weight and bone length as the dependent variables. Typically, two-way ANOVA tests 
are two-tailed, however, FA analysis should include a priori assumptions about any 
direction of relationships, which is referred to as one-tailed testing, where the 
assumption is appropriate if the estimated value departs only in one way from the 
reference value (which is site-related difference on FA). By disregarding null 
hypothesis, the current study hypothesized that there exist site-related differences in 
FA. 
 

 
 
Figure 5.3 Step-by-step flowchart of fluctuating asymmetry analysis (Palmer, 1994; 
Palmer and Strobeck, 2003; Thammachoti, 2012) 
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In case two-way ANOVA indicates that DA is significant, additional analysis is 
needed to confirm that DA was not interfering with FA. Otherwise, the trait with 
significant DA cannot be determined for FA (Palmer, 1994). The interference was 
investigated by comparing the DA and FA4a of each population. The DA index of 
each population was calculated using the following equation (Palmer and Strobeck, 
2003) (2), 

 
Directional asymmetry (DA) = mean (R – L)…(2) 
 

where the mean value of difference between right side (R) and left side (L) was 
calculated. Moreover, the FA4a index of each population was calculated using the 
following formula (Palmer and Strobeck, 2003) (3), 
 

FA4a = 0.798 × √𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒 𝑅 − 𝐿…(3) 
 

If DA is less than FA4a, it means that DA does not interfere with FA interpretation, 
hence, the data were subjected to further FA10 index. However, if the DA is higher 
than FA4a, it means that DA is probably interfering with FA interpretation, and by 
inference, the DA was significant that FA cannot be determined. Upon meeting this 
requirement, FA10 analysis of each population was calculated using the following 
formula (Palmer, 1994) (4), 

 
FA10 = (mean square interaction [sid. x ind.] – mean square of residual)/ 2…(4) 

 
and to tests for significant site-related difference, analysis of Fisher-Snedecor 
distribution was performed by using the degree of freedom from FA10 analysis 
results (Palmer, 1994). All statistical analyses were carried out by SPSS Stat 28 for 
MacOS and R v.3.4.1 (R Core Team, 2017). 
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Results 
1. Growth pattern 

Growth patterns of rice frog F. limnocharis from contaminated site and 
reference site were shown as weight-length relationship curves. The scaling 
coefficient (slope of the line) of frogs from contaminated site (2.8371) was higher 
than those in reference site (2.6569). Moreover, comparison of the growth pattern 
carried out by the general linear model statistical analysis showed that there was a 

significant site-related difference (F1,377 = 4.838, p = 0.028, Power of test [α = 0.05] = 
0.593) (Figure 5.4).  

 

 
 

Figure 5.4 Weight-length relationship curves of rice frog F. limnocharis population 
from contaminated and reference sites in Nan Province, Thailand, collected during 
July 2020–February 2021 
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2. Fluctuating asymmetry 
2.1. Adult male bone length 
2.1.1. Two-way ANOVA to test for FA assumption 

Statistical analysis showed that side variation on length of 5 appendage 
bones was not significant in both sites, suggesting that directional asymmetry (DA) 
was not present. The individual variation was significant in both sites, meaning that 
size/shape variation was present. Lastly, the interaction between side and individual 
variations suggests a presence of FA (Table 5.1). Thereby, the FA on length of 5 
appendage bones of adult male frogs can be determined.  
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Table 5.1 Two-way ANOVA on bone length of adult male frogs F. limnocharis 
population from contaminated and reference sites in Nan Province, Thailand, 
collected during July 2020–February 2021 
Male bone length 
(n Contaminated: Reference) 

Contaminated site Reference site 
Mean square p-value Mean square p-value 

Radio-ulna (29: 76)     
Side variation 0.19 x 10-2 > 0.05 0.43 x 10-2 > 0.05 
Individual variation 2.18 ≤ 0.05 1.36 ≤ 0.05 
Interaction (sid. x ind.) 2.45 x 10-2 ≤ 0.05 6.99 x 10-2 ≤ 0.05 
residual 5.70 x 10-4 – 1.20 x 10-4 – 

Humerus (29: 72)     
Side variation 5.68 x 10-2 > 0.05 0.37 x 10-2 > 0.05 
Individual variation 4.92 ≤ 0.05 4.54 ≤ 0.05 
Interaction (sid. x ind.) 5.02 x 10-2 ≤ 0.05 6.87 x 10-2 ≤ 0.05 
residual 3.00 x 10-4 – 1.00 x 10-4 – 

Femur (29: 72)     
Side variation 28.92 x 10-2 > 0.05 0.70 x 10-2 > 0.05 
Individual variation 10.62 ≤ 0.05 9.07 ≤ 0.05 
Interaction (sid. x ind.) 14.50 x 10-2 ≤ 0.05 2.66 x 10-2 ≤ 0.05 
residual 1.00 x 10-4 – 0 – 

Tibio-fibula (29: 73)     
Side variation 2.33 x 10-2 > 0.05 11.22 x 10-2 > 0.05 
Individual variation 15.34 ≤ 0.05 13.09 ≤ 0.05 
Interaction (sid. x ind.) 5.49 x 10-2 ≤ 0.05 6.04 x 10-2 ≤ 0.05 
residual 3.00 x 10-4 – 0 – 

Astragalus-calcaneum (29: 73)     
Side variation 11.01 x 10-2 > 0.05 1.32 x 10-2 > 0.05 
Individual variation 4.42 ≤ 0.05 4.13 ≤ 0.05 
Interaction (sid. x ind.) 3.97 x 10-2 ≤ 0.05 2.07 x 10-2 ≤ 0.05 
residual 3.00 x 10-4 – 1.00 x 10-4 – 
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2.1.2. Comparison of FA in male bone length between sites 
Statistical analysis by comparing FA10 between sites using Fisher-Snedecor 

distribution revealed that there were significant site-related differences of FA in femur 
and astragalus-calcaneum lengths of adult male frogs, showing higher FA from 
contaminated site. However, there was no significant site-related difference of FA in 
radio-ulna, humerus, and tibio-fibula lengths of adult male frogs (Table 5.2, Figure 
5.5). 
 
Table 5.2 Fluctuating asymmetry of bone length of adult male frogs F. limnocharis 
population from contaminated and reference sites in Nan Province, Thailand, 
collected during July 2020–February 2021 
Male bone length 
(n Contaminated: Reference) 

Contaminated site Reference site Statistical 
value df FA df FA 

Radio-ulna 
(n 29: 76) 

26.70 1.20 x 10-2 74.75 3.49 x 10-2 p > 0.05 

Humerus 
(n 29: 72) 

27.66 2.45 x 10-2 70.80 3.43 x 10-2 p > 0.05 

Femur 
(n 29: 72) 

27.94 7.24 x 10-2 71.99 1.32 x 10-2 p ≤ 0.05 

Tibio-fibula 
(n 29: 73) 

27.67 2.72 x 10-2 71.90 3.01 x 10-2 p > 0.05 

Astragalus-calcaneum 
(n 29: 73) 

27.60 1.97 x 10-2 71.54 1.03 x 10-2 p ≤ 0.05 
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Figure 5.5 Fluctuating asymmetry of bone length of adult male frogs F. limnocharis 
population from contaminated and reference sites in Nan Province, Thailand, 
collected during July 2020–February 2021. Asterisk (*) indicates significant difference 
between sites, p ≤ 0.05  
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2.2. Adult male bone weight 
2.2.1. Two-way ANOVA to test for FA assumption 

Statistical analysis showed that side variation on weight of 5 appendage 
bones was not significant in both sites, suggesting that directional asymmetry (DA) 
was not present. The individual variation was significant in both sites, meaning that 
size/shape variation was present. Lastly, the interaction between side and individual 
variations suggests a presence of FA (Table 5.3). Thereby, the FA on weight of 5 
appendage bones of adult male frogs can be determined. 
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Table 5.3 Two-way ANOVA on bone weight of adult male frogs F. limnocharis 
population from contaminated and reference sites in Nan Province, Thailand, 
collected during July 2020–February 2021 
Male bone weight 
(n Contaminated: Reference) 

Contaminated site Reference site 
Mean square p-value Mean square p-value 

Radio-ulna (29: 75)     
Side variation 4.20 x 10-9 > 0.05 2.58 x 10-7 > 0.05 
Individual variation 1.76 x 10-5 ≤ 0.05 4.17 x 10-6 ≤ 0.05 
Interaction (sid. x ind.) 7.94 x 10-8 ≤ 0.05 1.39 x 10-7 ≤ 0.05 
residual 1.32 x 10-8 – 1.34 x 10-8 – 

Humerus (29: 71)     
Side variation 3.10 x 10-7 > 0.05 2.48 x 10-7 > 0.05 
Individual variation 7.57 x 10-5 ≤ 0.05 2.08 x 10-5 ≤ 0.05 
Interaction (sid. x ind.) 1.76 x 10-7 ≤ 0.05 2.05 x 10-7 ≤ 0.05 
residual 8.00 x 10-9 – 17.50 x 10-8 – 

Femur (29: 73)     
Side variation 1.57 x 10-6 > 0.05 0.29 x 10-6 > 0.05 
Individual variation 1.99 x 10-4 ≤ 0.05 0.62 x 10-4 ≤ 0.05 
Interaction (sid. x ind.) 1.67 x 10-6 ≤ 0.05 0.27 x 10-7 ≤ 0.05 
residual 1.00 x 10-8 – 1.80 x 10-8 – 

Tibio-fibula (29: 73)     
Side variation 1.46 x 10-6 > 0.05 1.07 x 10-6 > 0.05 
Individual variation 4.64 x 10-4 ≤ 0.05 1.26 x 10-4 ≤ 0.05 
Interaction (sid. x ind.) 1.67 x 10-5 ≤ 0.05 0.07 x 10-5 ≤ 0.05 
residual 1.00 x 10-8 – 1.90 x 10-8 – 

Astragalus-calcaneum (29: 71)     
Side variation 6.30 x 10-8 > 0.05 1.27 x 10-6 > 0.05 
Individual variation 7.61 x 10-5 ≤ 0.05 2.26 x 10-5 ≤ 0.05 
Interaction (sid. x ind.) 5.90 x 10-7 ≤ 0.05 2.32 x 10-7 ≤ 0.05 
residual 1.40 x 10-8 – 1.33 x 10-8 – 
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2.2.2. Comparison of FA in male bone weight between sites 
Statistical analysis by comparing FA10 between sites using Fisher-Snedecor 

distribution revealed that there were significant site-related differences of FA in 
femur, tibio-fibula, and astragalus-calcaneum weights of adult male frogs, showing 
higher FA from contaminated site. However, there was no significant site-related 
difference of FA in radio-ulna, and humerus of adult male frogs (Table 5.4, Figure 
5.6). 

 
Table 5.4 Fluctuating asymmetry of bone weight of adult male frogs F. limnocharis 
population from contaminated and reference sites in Nan Province, Thailand, 
collected during July 2020–February 2021 
Male bone weight 
(n Contaminated: Reference) 

Contaminated site Reference site Statistical 
value df FA df FA 

Radio-ulna 
(n 29: 75) 

19.21 0.33 x 10-7 60.13 0.62 x 10-7 p > 0.05 

Humerus 
(n 29: 71) 

25.45 0.84 x 10-7 58.35 9.39 x 10-7 p > 0.05 

Femur 
(n 29: 73) 

27.66 8.31 x 10-7 62.52 1.26 x 10-7 p ≤ 0.05 

Tibio-fibula 
(n 29: 73) 

27.96 83.40 x 10-7 68.40 3.75 x 10-7 p ≤ 0.05 

Astragalus-calcaneum 
(n 29: 71) 

27.67 2.88 x 10-7 62.14 1.09 x 10-7 p ≤ 0.05 
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Figure 5.6 Fluctuating asymmetry of bone weight of adult male frogs F. limnocharis 
population from contaminated and reference sites in Nan Province, Thailand, 
collected during July 2020–February 2021. Asterisk (*) indicates significant difference 
between sites, p ≤ 0.05  
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2.3. Adult female bone length 
2.3.1. Two-way ANOVA to test for FA assumption 

Statistical analysis showed that side variation on length of 5 appendage 
bones was not significant in both sites, suggesting that directional asymmetry (DA) 
was not present. The individual variation was significant in both sites, meaning that 
size/shape variation was present. Lastly, the interaction between side and individual 
variations suggests a presence of FA (Table 5.5). Thereby, the FA on length of 5 
appendage bones of adult female frogs can be determined. 
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Table 5.5 Two-way ANOVA on bone length of adult female frogs F. limnocharis 
population from contaminated and reference sites in Nan Province, Thailand, 
collected during July 2020–February 2021 
Female bone length 
(n Contaminated: Reference) 

Contaminated site Reference site 
Mean square p-value Mean square p-value 

Radio-ulna (44: 57)     
Side variation 1.20 x 10-3 > 0.05 1.04 x 10-2 > 0.05 
Individual variation 3.92 ≤ 0.05 3.67 ≤ 0.05 
Interaction (sid. x ind.) 2.60 x 10-2 ≤ 0.05 3.22 x 10-2 ≤ 0.05 
residual 3.00 x 10-4 – 1.00 x 10-4 – 

Humerus (43: 61)     
Side variation 1.42 x 10-2 > 0.05 1.90 x 10-2 > 0.05 
Individual variation 9.14 ≤ 0.05 9.86 ≤ 0.05 
Interaction (sid. x ind.) 4.83 x 10-2 ≤ 0.05 5.20 x 10-2 ≤ 0.05 
residual 4.00 x 10-4 – 1.00 x 10-4 – 

Femur (42: 61)     
Side variation 3.77 x 10-2 > 0.05 4.74 x 10-2 > 0.05 
Individual variation 22.55 ≤ 0.05 23.71 ≤ 0.05 
Interaction (sid. x ind.) 3.62 x 10-2 ≤ 0.05 1.87 x 10-2 ≤ 0.05 
residual 1.00 x 10-4 – 0 – 

Tibio-fibula (44: 58)     
Side variation 1.98 x 10-1 > 0.05 0.21 x 10-1 > 0.05 
Individual variation 35.04 ≤ 0.05 36.47 ≤ 0.05 
Interaction (sid. x ind.) 6.30 x 10-2 ≤ 0.05 1.90 x 10-2 ≤ 0.05 
residual 0 – 0 – 

Astragalus-calcaneum (43: 60)     
Side variation 15.83 x 10-2 > 0.05 0.21 x 10-2 > 0.05 
Individual variation 9.97 ≤ 0.05 10.18 ≤ 0.05 
Interaction (sid. x ind.) 4.40 x 10-2 ≤ 0.05 1.64 x 10-2 ≤ 0.05 
residual 2.00 x 10-4 – 0 – 
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2.3.2. Comparison of FA in female bone length between sites 
Statistical analysis by comparing FA10 between sites using Fisher-Snedecor 

distribution revealed that there were significant site-related differences of FA in femur 
tibio-fibula, and astragalus-calcaneum lengths of adult female frogs, showing higher 
FA from contaminated site. However, there was no significant site-related difference 
of FA in radio-ulna, and humerus on adult female frogs (Table 5.6, Figure 5.7). 
 
Table 5.6 Fluctuating asymmetry of bone length of adult female frogs 
F. limnocharis population from contaminated and reference sites in Nan Province, 
Thailand, collected during July 2020–February 2021 
Female bone length 
(n Contaminated: Reference) 

Contaminated site Reference site Statistical 
value df FA df FA 

Radio-ulna 
(n 44: 57) 

42.11 1.28 x 10-2 55.67 1.60 x 10-2 p > 0.05 

Humerus 
(n 43: 61) 

41.30 2.39 x 10-2 59.84 2.59 x 10-2 p > 0.05 

Femur 
(n 42: 61) 

40.67 1.80 x 10-2 59.70 0.93 x 10-2 p ≤ 0.05 

Tibio-fibula 
(n 44: 58) 

42.71 3.13 x 10-2 56.71 0.93 x 10-2 p ≤ 0.05 

Astragalus-calcaneum 
(n 43: 60) 

41.59 2.18 x 10-2 58.64 0.81 x 10-2 p ≤ 0.05 
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Figure 5.7 Fluctuating asymmetry of bone length of adult female frogs F. limnocharis 
population from contaminated and reference sites in Nan Province, Thailand, 
collected during July 2020–February 2021. Asterisk (*) indicates significant difference 
between sites, p ≤ 0.05  
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2.4. Adult female bone weight 
2.4.1. Two-way ANOVA to test for FA assumption 

Statistical analysis showed that side variation on weight of 4 appendage 
bones was not significant in both sites, suggesting that directional asymmetry (DA) 
was not present. Side variation on weight of humerus bone was significant in 
contaminated site, however, comparison of DA and FA4a suggesting that DA was not 
interfering with FA. The individual variation was significant in both sites, meaning that 
size/shape variation was present. Lastly, the interaction between side and individual 
variations suggests a presence of FA (Table 5.7). Thereby, the FA on weight of 5 
appendage bones of adult female frogs can be determined. 
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Table 5.7 Two-way ANOVA on bone weight of adult female frogs F. limnocharis 
population from contaminated and reference sites in Nan Province, Thailand, 
collected during July 2020–February 2021 
Female bone weight 
(n Contaminated: Reference) 

Contaminated site Reference site 
Mean square p-value Mean square p-value 

Radio-ulna (43: 57)     
Side variation 1.28 x 10-7 > 0.05 4.47 x 10-7 > 0.05 
Individual variation 3.44 x 10-5 ≤ 0.05 3.04 x 10-5 ≤ 0.05 
Interaction (sid. x ind.) 2.23 x 10-7 ≤ 0.05 1.40 x 10-7 ≤ 0.05 
residual 1.20 x 10-8 – 1.59 x 10-8 – 

Humerus (42: 61)     
Side variation 3.17 x 10-6 ≤ 0.05 2.02 x 10-6 > 0.05 
Individual variation 1.40 x 10-4 ≤ 0.05 1.59 x 10-4 ≤ 0.05 
Interaction (sid. x ind.) 6.29 x 10-7 ≤ 0.05 6.58 x 10-7 ≤ 0.05 
residual 1.00 x 10-8 – 1.50 x 10-8 – 

Femur (42: 55)     
Side variation 4.37 x 10-6 > 0.05 2.82 x 10-6 > 0.05 
Individual variation 5.93 x 10-4 ≤ 0.05 6.45 x 10-4 ≤ 0.05 
Interaction (sid. x ind.) 2.17 x 10-6 ≤ 0.05 1.97 x 10-6 ≤ 0.05 
residual 1.00 x 10-8 – 1.00 x 10-8 – 

Tibio-fibula (44: 55)     
Side variation 1.40 x 10-5 > 0.05 0.51 x 10-5 > 0.05 
Individual variation 1.05 x 10-3 ≤ 0.05 1.08 x 10-3 ≤ 0.05 
Interaction (sid. x ind.) 1.34 x 10-5 ≤ 0.05 0.37 x 10-5 ≤ 0.05 
residual 1.00 x 10-8 – 1.00 x 10-8 – 

Astragalus-calcaneum (42: 58)     
Side variation 4.82 x 10-7 > 0.05 0.18 x 10-7 > 0.05 
Individual variation 1.75 x 10-4 ≤ 0.05 1.84 x 10-4 ≤ 0.05 
Interaction (sid. x ind.) 8.90 x 10-7 ≤ 0.05 6.01 x 10-7 ≤ 0.05 
residual 1.20 x 10-8 – 1.40 x 10-8 – 
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2.4.2. Comparison of FA in female bone weight between sites 
Statistical analysis by comparing FA10 between sites using Fisher-Snedecor 

distribution revealed that there were significant site-related differences of FA in radio-
ulna and tibio-fibula weights of adult female frogs, showing higher FA from 
contaminated site. However, there was no significant site-related difference of FA in 
humerus, femur, and astragalus-calcaneum of adult female frogs (Table 5.8, Figure 
5.8). 

 
Table 5.8 Fluctuating asymmetry of bone weight of adult female frogs 
F. limnocharis population from contaminated and reference sites in Nan Province, 
Thailand, collected during July 2020–February 2021 
Female bone weight 
(n Contaminated: Reference) 

Contaminated site Reference site Statistical 
value df FA df FA 

Radio-ulna 
(n 43: 57) 

37.66 1.05 x 10-7 43.28 0.62 x 10-7 p ≤ 0.05 

Humerus 
(n 42: 61) 

39.66 3.04 x 10-7 57.20 3.21 x 10-7 p > 0.05 

Femur 
(n 42: 55) 

40.59 10.78 x 10-7 53.18 9.78 x 10-7 p > 0.05 

Tibio-fibula 
(n 44: 55) 

42.92 66.92 x 10-7 53.64 18.40 x 10-7 p ≤ 0.05 

Astragalus-calcaneum 
(n 42: 58) 

39.93 4.39 x 10-7 54.37 2.93 x 10-7 p > 0.05 
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Figure 5.8 Fluctuating asymmetry of bone weight of adult female frogs F. limnocharis 
population from contaminated and reference sites in Nan Province, Thailand, 
collected during July 2020–February 2021. Asterisk (*) indicates significant difference 
between sites, p ≤ 0.05  
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3. Size-frequency distribution 
Overall data of adult males and adult females showed a higher means of SVL 

from contaminated site (38.30 ± 1.186 mm) than those in reference site (37.87 ± 
1.809 mm). Based on the male frogs, the statistical analysis showed that there was 
significant site-related difference (two-sample Kolmogorov-Smirnov test, D = 0.024, p 
≤ 0.05). Based on the female frogs, the statistical analysis showed that there was 
significant site-related difference (two-sample Kolmogorov-Smirnov test, D = 0.613, p 
≤ 0.05). Based on the whole population, the statistical analysis showed that there 
was significant site-related difference (two-sample Kolmogorov-Smirnov test, D = 
0.029, p ≤ 0.05). Disproportionate distribution was observed in contaminated sites 
(Figure 5.9).  
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Figure 5.9 Size-frequency distribution (in percentage) of rice frog F. limnocharis 
population from contaminated and reference sites in Nan Province, Thailand, 
collected during July 2020–February 2021. Yellow bar, red bar, and blue bar 
correspond to froglets, female frogs, and male frogs, respectively.  
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Discussions 
To date, there are limited studies that focus on the adverse effect of 

herbicide on amphibians based on population parameters. The result on growth 
pattern was in line with the previous report, showing the disruption of the growth 
and development in a variety of amphibian species: relatively low concentration of 
atrazine, glyphosate, 2,4-D, and triadimefon results in adverse effect on African claw 
frog organo-morphogenesis (Lenkowski et al., 2010); herbicides contaminant 
influences the growth pattern of rice frogs living in the paddy field by showing 
difference growth slopes (Thammachoti et al., 2012). In light of these reports, it can 
be concluded that the difference in growth patterns is likely influenced by herbicide 
contamination either directly through herbicide exposure or indirectly through other 
means such as food availability in the areas (Hirai and Matsui, 2001). 

Results in fluctuating asymmetry showed that FA was present in every 
appendage bone of forelimb (radio-ulna and humerus) and hindlimb (femur, tibio-
fibula, astragalus-calcaneum) of the rice frogs living in both reference and 
contaminated sites. The presence of FA on both sites may be due to similar 
geographic and climatic conditions. Comparison of FA between sites using bone 
length and bone weight suggest that FA from contaminated site were significantly 
higher than those in reference site. It was assumed that various environmental 
stressor may negatively affect developmental homeostasis, thus, showing higher 
fluctuating asymmetry (Palmer and Strobeck, 1986). In comparison to length 
parameters, it seems that weight parameters provide stronger evidence by reflecting 
a significant increase of FA on various appendage bones. The possibility is that the 
bones naturally lighten with age yet keep their length, which might be induced by 
environmental stressors such as agrochemical exposure (Söderman et al., 2007). 

The results of FA analysis were similar to the previous report from various 
amphibian species that associated with various environmental stressors, e.g., logging 
activity (Lauck, 2006), acid environment (Söderman et al., 2007), habitat loss 
(Eterovick et al., 2016), anthropogenic pollution (Zhelev et al., 2015a), polluted river 
(Zhelev et al., 2019), farming and intensive farmland (Guillot et al., 2016), and 
intensive herbicide utilization (Thammachoti, 2012). It is noteworthy that adverse 
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effect on the development and growth of amphibians has been reportedly caused 
by paraquat (Osano et al., 2002) and glyphosate (Bach et al., 2016; Babalola et al., 
2019). The utilization of these herbicide mixtures (i.e., atrazine, glyphosate, and 
paraquat) may be responsible for increased environmental stressors, leading to 
higher developmental instabilities in frogs from contaminated site. Moreover, the 
result on FA may also correspond to the presence of herbicides contamination, as 
previously observed on herbicide residue analysis (Chapter III). It can be suggested 
that fluctuating asymmetry may provide a useful tool to monitor the impact of 
environmental stressors on amphibian populations. 

Previous investigation of FA on forelimb (radio-ulna and humerus) and 
hindlimb (femur and tibio-fibula) of rice frog F. limnocharis (Thammachoti, 2012) 
showed that there was a significantly higher FA of humerus, femur, and tibio-fibula 
from contaminated site which are similar to the results of this study. The lesser 
amount of FA in forelimb might be due to differences in appendage bones 
development. The development of appendages in frogs is started during tadpole 
phase where distal bones (tibio-fibula and radio-ulna) develop later than proximal 
bones (humerus and femur) (Gilbert and Barresi, 2016). Since the budding of hindlimb 
was started earlier than forelimb (Duellman and Trueb, 1994), it may result in a 
longer exposure time to an environmental stressor, thus, showing a higher FA in 
hindlimb compared to forelimb. In addition to the previous results (Thammachoti, 
2012), this study examined a higher FA in astragalus-calcaneum from contaminated 
site which may provide an alternative trait to monitor the impact of herbicides 
exposure in amphibians’ development. 

It was previously hypothesized that the pattern of fluctuating asymmetry 
differed between forelimb and hindlimbs in amphibians, possibly due to the unequal 
roles in movement and locomotor style (Didde and Rivera, 2019). The reason is that 
the hindlimb (mostly for jumping) would express lower FA than forelimb (only for 
landing) in amphibians, due to the natural selection favoring the most important trait 
(Didde and Rivera, 2019). However, this study does not support this notion since 
higher FA was observed mostly on the hindlimb (femur, tibio-fibula, and astragalus-
calcaneum) of rice frogs. In addition, it is known that forelimb is also an important 
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morphological trait for mating in frogs (Söderman et al., 2007). Consequently, the 
higher FA in forelimb (radio-ulna) of adult female frogs may reduce the reproductive 
fitness of the population in the future. The higher FA on hindlimb (femur, tibio-fibula, 
and astragalus-calcaneum) in rice frogs from contaminated sites may indicate a 
decrease in moving and escaping capabilities. Since frogs utilized saltatorial 
locomotion for foraging and survival (Duellman and Trueb, 1994), any disruption on 
hindlimb will greatly impair their fitness in the population. Significant differences in 
FA of femur between sites on both adult male and adult female frogs may also 
suggest a role of endocrine-disrupting chemicals (e.g., atrazine) in exerting its 
estrogenic effect on bone development (Agas et al., 2013). It was stated that 
estrogen receptors were found in cells that are responsible for limb bone ossification 
(Gilbert and Barresi, 2016). It can be suggested the higher FA from contaminated site 
may be affected by intensive herbicide utilization. 

Prior studies using skeletochronology (Kusrini, 2005; Othman, 2009; 
Thammachoti, 2012) have failed to demonstrate the presence of the line of arrested 
growth (i.e., age estimation) in the bone of rice frogs. Therefore, size-frequency 
distribution may provide an alternative option to investigating the adverse effect of 
herbicides on amphibians’ populations.  

Results on size-frequency distributions showed that there was a negative 
impact of herbicide on the population structure of rice frogs, by showing significant 
site-related differences. The gaps in the frequency distribution, particularly for frogs 
with SVL of 20–30 mm (froglet–juvenile, Figure 5.9) might be explained by the rice 
frogs' survival strategies, which included explosive breeding that was strongly linked 
with certain rainfall patterns (Duellman and Trueb, 1994). As a consequence, a cohort 
of frogs on particular life stages was not encountered during the sampling. Previous 
studies on the population structure of F. limnocharis-iskandari complex in Indonesia 
(Kusrini, 2005), showed that the population fluctuated along with the paddy 
cultivating cycle, which corresponded to the timing of recruitment which occurs 
simultaneously with water. However, it was stated that continuous pesticide 
exposure did not appear to influence the rice frog population structure (Kusrini, 
2005). In contrast, the results from the current study showed a significant site-related 
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difference in population structures and disproportionate distribution, possibly due to 
the different degrees of herbicides exposure. Further investigation showed that 
agrochemicals may induce immunotoxicity effect resulting in higher parasite load 
(Köhler and Triebskorn, 2013), where newly metamorphosing frogs are more sensitive 
(Rollins-Smith et al., 2006); and endocrine-disrupting chemicals along the 
suburbanization area may result in reproductive failure and ultimately shifts sex 
ratios in the population (Lambert et al., 2015). It can be suggested that the difference 
in size-frequency distribution may be affected by the combination of herbicide 
mixture. 

 
Conclusion 

In the last segment of this study, there was a significant site-related difference 
in growth patterns, indicating the detrimental impact of herbicide contamination on 
rice frog’s growth. Significant site-related difference of fluctuating asymmetry was 
found on (primarily) hindlimb of rice frog’s appendage bones, where the 
measurement on weight gives stronger evidence rather than length, suggesting the 
negative impact on frog’s developmental stability. There was significant site-related 
difference in size-frequency distribution and disproportionate distribution in 
contaminated sites, indicating to the influence of herbicides on population 
structures. It can be suggested that extensive and continuous herbicide utilization 
may influence the non-target organism at the population scale. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER VI 
GENERAL CONCLUSION AND RECOMMENDATION 

 
In this present study, the potential impact of herbicide utilization was 

investigated on the rice frogs living in the paddy field. Nan Province in the northern 
part of Thailand was chosen as a study site since there are many agricultural areas 
with intensive herbicide utilization, i.e., atrazine, glyphosate, paraquat. The rice frog 
Fejervarya limnocharis was used as sentinel species due to their susceptibility and 
sensitivity where multiple parameters on tissues, organismal, and population 
parameters were examined. 

The potentially contaminated site is a paddy field with intensive herbicide 
utilization, while the reference site is a paddy field with no history of herbicide 
utilization and is separated as far as 7 km apart by a major river. Apart from the 
difference in history of herbicide utilization, these sites have similar geographic and 
climatic conditions, and their effects on frogs’ populations should be minimum. 

Samplings were conducted during July and October 2020, and February 2021 
covering the seasonal period (wet–dry season) and agricultural cultivation cycle. 
Subsequently, it was subjected to analysis using multiple parameters. Biomonitoring 
employs three categories of biomarkers: 1) biomarkers of exposure—measurement of 
exposure in environment and body, 2) biomarkers of effect—measurement of any 
clinical effects, and 3) biomarkers of susceptibility—indicate the individuals with less 
survival chance; were carried out. The results were divided into three main parts, i.e., 
herbicide contamination, organismal parameter, and population parameter (Table 
6.1).  

In the first part of this study, herbicide residues (i.e., atrazine, glyphosate, 
paraquat) were analyzed in composited water samples and frog tissues which were 
collected during February 2021 and compared between sites. It showed that 
detectable amounts of atrazine (1.39 ng/mL) were found in contaminated site, but 
not in reference site, whereas the level of glyphosate and paraquat in water were 
below the limit of detection. Three herbicide residues (i.e., atrazine, glyphosate, 
paraquat) were found on the tissue of rice frogs at both sites, with a higher 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 90 

concentration mean of glyphosate and paraquat from contaminated site. 
Interestingly, paraquat residues were found far beyond the maximum residue limit 
allowed in food, meaning that the farmers in the areas continue to use banned 
herbicides (i.e., paraquat), and the results raise concern over the consumption of the 
frogs. There was evidence of varying degrees of herbicide contamination in the 
environment and on body, which corresponded to the biomarkers of exposure 
categories. 

In the second part of this study, the adverse effects of herbicides utilization 
were investigated based on organismal parameters, i.e., gonad weight, liver weight, 
and body weight, and compared between sites. It revealed that there was a higher 
ovarian weight of rice frogs from contaminated site, indicating a potential negative 
effect of xenoestrogen. In addition, there was a site-related difference in liver weight 
of rice frogs, possibly due to exposure to xenobiotics. Furthermore, there was a site-
related difference in body weight of rice frogs, which may be contributed by liver and 
ovarian weights. It can be concluded that continuous and intensive utilization of 
herbicides in paddy fields may induce morphological alterations in rice frogs, which 
corresponded to the biomarkers of effect and susceptibility categories. 

In the last part of this study, the adverse effect of herbicide contamination—
as a significant environmental stressor, was examined based on population 
parameters, i.e., growth pattern, fluctuating asymmetry, and size-frequency 
distribution, and compared between sites. There was a significant difference in 
growth patterns between sites, indicating the influence of herbicide contamination 
on rice frogs’ growth. Fluctuating asymmetry—as a proxy of developmental 
instability, showed that utilization of herbicides increases the fluctuating asymmetry 
in (primarily) hindlimb of frog’s appendage bones from contaminated site, indicating 
a detrimental impact on frog’s developmental stability. Significant difference was 
observed on size-frequency distribution between sites where disproportionate 
distribution was evidenced in contaminated site, indicating the influence of herbicide 
on rice frog’s population structure. It can be suggested that intensive and continuous 
herbicide utilization may influence the non-target organism at the population levels, 
which corresponded to the biomarkers of effect and susceptibility categories. 
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In general, biomonitoring using biomarkers of exposure, effect, and 
susceptibility based on herbicide contamination, organismal, and population factors 
revealed that herbicide utilization may have a negative effect on health of rice frog 
F. limnocharis, which may lead to subtle and perpetual changes to overall paddy 
field ecosystems. The findings of this study could serve as a forewarning of potential 
environmental health hazards for vertebrates living in close proximity to herbicide 
use areas, including humans. 
 
Recommendations 

Throughout this study, several modifications were made to aid in the 
improvement of data collecting and analysis. The section that follows offers many 
evaluations of this finding. Additionally, the list contains opportunity for future 
research based on the present study's results. 
1. Frog’s collection: There are differences in the covered sampling areas, which 

must be estimated in future population studies. While the current study was 
based on three observation periods, monthly interval observation will surely 
yield a reliable pattern representing herbicide exposure across several 
parameters. Additional approaches, such as the mark-recapture method, is 
recommended to determine the population size at the study site. 

2. Contaminant analysis: Other agrochemical pollutants (e.g., pesticides, 
fungicides, and fertilizers) may also present in the study site and need to be 
investigated in future studies. One novel approach is to correlate herbicide 
residues with individual frogs' body weight or snout-vent length, revealing that 
herbicides may behave differently at different body sizes. 

3. Morphological parameters: Due to the ontogeny of the rice frog, another 
approach, such as ANCOVA analysis, may be utilized to address these problems. 
To minimize bias in the morphological results, it is recommended that only 
adult rice frogs be utilized to accurately reflect the detrimental impact of 
pesticide contamination. 

4. Population parameters: Size-frequency distributions may be used to investigate 
detrimental impacts of herbicides on population structures. However, there are 
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limited studies have been conducted on the negative impact of herbicides on 
populations. Due to the rice frog’s ontogeny, adult frogs should be used to 
assess the herbicide's influence on fluctuating asymmetry. Additional bones, 
such as phalanges and carpal bones, might be employed as a trait in fluctuating 
asymmetry analysis in the future. 

 
Future research 

Additional herbicide analysis of frogs at different developmental stages may 
provide an insight on the nature of herbicide residue biomagnification and/ or 
bioaccumulation. Histopathological evaluation on organs of concern may validate the 
herbicide's impact on rice frogs and may resolved the discrepancy in the current 
study's findings. Future research should emphasize on hatchling ratios, mortality and 
natality rates, sex ratios, and age structure in order to determine the effect of 
herbicide on the frog's population's survival. 
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Appendix A 
 

Rice cultivation period in Nan Province, Thailand  
  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 99 

Rice cultivation period in Nan Province, Thailand  
In Nan Province, Thailand, the basic rice cultivation time is divided into three 

distinct seasons: planting season, growth season, and harvest season. Because 
agricultural approaches (1-crop cycle vs. 2-crop cycle) varies, the agricultural 
cultivation cycle likewise changes. The agricultural cultivation cycle variations 
between these two rice production approaches in Nan Province are presented in 
Table A.1. 

 
Table A.1 Rice cultivation period in Nan Province, Thailand (Sakchai Korkerd, 
interview, 1 November 2021) 

Practice 
Agricultural cultivation period 

Aug Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul 

1-crop cycle 
Planting 
season 

Growing season Harvest season 
Fallow season 

or alternative crop (corn/ sesame) 

2-crop cycle Growing season 
Harvest 
season 

Planting 
season 

Growing season 
Harvest 
season 

Planting 
season 
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Appendix B 
 

General climate description in Nan Province during sampling period 
(April 2020–June 2021) 
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General climate description in Nan Province during sampling period 
In this study period (April 2020–June 2021), the average air temperature was 

27.45°C and average total rainfall was 112.19 mm. The demarcation of wet and dry 
seasons in this study was determined based on the climate diagram plot between 
mean temperature and total rainfall of each month (Walter et al., 1975). The climate 
during this sampling period was listed below (Figure B.1): 

1. Early wet season (April 2020–June 2020) 
2. Late wet season (July 2020–September 2020) 
3. Early dry season (October 2020–December 2020) 
4. Late dry season (January 2021–March 2021) 

 

 

Figure B.1 Climograph of Nan Province during sampling period (April 2020–June 2021)  
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Appendix C 
 

Herbicide residue statistical results on the sex-related differences in reference site 
and contaminated site 

(February 2021) 
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Sex-related difference on herbicide residue analysis 
Based on February 2021 data, the results showed that there was no 

significant sex-related difference between male and female frogs both in atrazine, 
glyphosate, and paraquat residues (Table C.1). Therefore, the male and female data 
were pooled for the further analysis. 

 
Table C.1 Statistical results on the sex-related differences of herbicide residue in 
reference site and contaminated site 

Herbicides 
Tissue residue in dry weight (ng/g) 

Power of test 

(α= 0.05) 
Male (n: 5) 

(Mean ± SEM) 
Female (n: 5) 
(Mean ± SEM) 

Atrazine    

Contaminated sitea 1.58 ± 0.34 1.63 ± 0.43ns 0.05 
Reference sitea 1..53 ± 0.44 1.02 ± 0.17ns 0.06 

Glyphosate    
Contaminated siteb 21.11 ± 11.57 10.98 ± 2.52ns 0.05 
Reference sitea 6.97 ± 1.07 5.41 ± 0.52ns 0.11 

Paraquat    
Contaminated siteb 120.21 ± 71.79 111.58 ± 69.46ns 0.05 
Reference siteb 39..35 ± 15.95 16.62 ± 6.21ns 0.11 

Remarks: 
a Compared by Student’s t-test 
b Compared by Mann-Whitney rank-sum test 
ns No significant difference between sexes; p > 0.05 
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Appendix D 
 

Collected sample size of rice frogs Fejervarya limnocharis during the study 
(July 2020–February 2021) 
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Collected sample size of rice frog Fejervarya limnocharis during the study 
A total of 380 frogs were collected during July 2020–February 2021 sampling 

(Table D.1). There was a fluctuation of frog abundance throughout sampling period, 
where July 2020 (late wet season) was the period with the highest encountered frogs 
(n = 203). 

 
Table D.1 Sample size of rice frog F. limnocharis population from contaminated and 
reference sites in Nan Province, Thailand, collected during July 2020–February 2021 
Month/Year Period Contaminated site Reference site 
July 2020 Late wet season,  

Crop growing period 
Froglet = 26 
Juvenile = – 
Subadult = – 
Adult = 54 

Froglet = 21 
Juvenile = –  
Subadult = 16 
Adult = 86 

October 2020 Early dry season,  
Harvest period 

Froglet = – 
Juvenile = 13 
Subadult = 6 
Adult = 8 

Froglet = – 
Juvenile = 23 
Subadult = 4 
Adult = 8 

February 2021 Late dry season,  
Fallow period 

Froglet = 5 
Juvenile = 2 
Subadult = 4 
Adult = 26 

Froglet = – 
Juvenile = 13 
Subadult = 7 
Adult = 58 

 Total 144 236 * 
Remark: 
* Additional samples were collected beyond primary sampling. 
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Appendix E 
 

Organismal parameter statistical results on the sex-related differences in reference 
site and contaminated site 
(July 2020–February 2021) 
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Sex-related difference on organismal parameters 
1. Liver weight 

After controlling the influence of body weight, the statistical analysis showed 
that there was no significant sex-related difference in liver weight in contaminated 
site and reference site throughout sampling periods (Table E.1). Therefore, the male 
and female data were pooled. 
 
Table E.1 ANCOVA analysis on the sex-related differences of liver weight in reference 
site and contaminated site in Nan Province, Thailand, throughout sampling periods 

Period 
Liver weight (g) 

Statistical value Male 
(Mean ± SEM) 

Female 
(Mean ± SEM) 

July 2020    

Contaminated sitea 0.242 ± 0.012 
(n: 20) 

0.264 ± 0.009ns 
(n: 28) 

F1,45 = 1.465, p = 0.233,  

Power of test (α = 0.05) = 0.220 
Reference sitea 0.091 ± 0.003 

(n: 35) 
0.091 ± 0.006ns 

(n: 14) 
F1,46 = 0.022, p = 0.882,  

Power of test (α = 0.05) = 0.052 
October 2020    

Contaminated sitea 0.080 ± 0.007 
(n: 6) 

0.117 ± 0.017ns 
(n: 2) 

F1,5 = 2.638, p = 0.165,  

Power of test (α = 0.05) = 0.263 
Reference sitea 0.198 ± 0.016 

(n: 4) 
0.142 ± 0.026ns 

(n: 2) 
F1,3 = 2.597, p = 0.205,  

Power of test (α = 0.05) = 0.208 
February 2021    

Contaminated sitea 0.089 ± 0.007 
(n: 10) 

0.104 ± 0.007ns 
(n: 10) 

F1,17 = 2.150, p = 0.161,  

Power of test (α = 0.05) = 0.283 
Reference sitea 0.117 ± 0.006 

(n: 11) 
0.111 ± 0.007ns 

(n: 10) 
F1,18 = 0.444, p = 0.514, 

Power of test (α = 0.05) = 0.097 
Remarks: 
a Compared by ANCOVA and expressed as estimated marginal means adjusted for body weight 
ns No significant difference between sexes; p > 0.05  
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2. Body weight 
After controlling the influence of snout-vent length, the statistical analysis 

showed that there was no significant sex-related difference in body weight in 
contaminated site and reference site throughout sampling periods, except for 
reference site during July 2020 and contaminated site during October 2020 (Table 
E.2). Therefore, the male and female data were pooled. 
 
Table E.2 ANCOVA analysis on the sex-related differences of body weight in 
reference site and contaminated site in Nan Province, Thailand, throughout sampling 
periods 

Period 
Body weight (g) 

Statistical value Male 
(Mean ± SEM) 

Female 
(Mean ± SEM) 

July 2020    

Contaminated sitea 9.275 ± 0.012 
(n: 24) 

9.620 ± 0.230ns 
(n: 30) 

F1,51 = 0.667, p = 0.418,  

Power of test (α = 0.05) = 0.126 
Reference sitea 4.699 ± 0.131 

(n: 61) 
5.600 ± 0.163* 

(n: 41) 
F1,99 = 17.122, p < 0.001,  

Power of test (α = 0.05) = 0.984 
October 2020    

Contaminated sitea 9.034 ± 0.584 
(n: 6) 

6.657 ± 0.454* 
(n: 8) 

F1,11 = 5.995, p = 0.032,  

Power of test (α = 0.05) = 0.607 
Reference sitea 7.030 ± 0.364 

(n: 4) 
6.759 ± 0.252ns 

(n: 8) 
F1,9 = 0.354, p = 0.566,  

Power of test (α = 0.05) = 0.083 
February 2021    

Contaminated sitea 6.091 ± 0.007 
(n: 16) 

6.932 ± 0.316ns 
(n: 13) 

F1,26 = 3.661, p = 0.067,  

Power of test (α = 0.05) = 0.453 
Reference sitea 5.359 ± 0.206 

(n: 36) 
5.350 ± 0.239ns 

(n: 28) 
F1,61 = 0.001, p = 0.978, 

Power of test (α = 0.05) = 0.050 
Remarks: 
a Compared by ANCOVA and expressed as estimated marginal means adjusted for snout-vent length 
* Significant difference between sexes; p ≤ 0.05 
ns No significant difference between sexes; p > 0.05 
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1. The 11th Congress of Toxicology in Developing Countries (CTDC11) 
 
Septiadi, L., Thammachoti, P., & Kitana, N. (2021). Herbicides and population health 

of frog, Fejervarya limnocharis, in paddy fields at Northern Thailand. Abstract, 
the 11th Congress of Toxicology in Developing Countries (CTDC11), June 13-16, 
2021, Kuala Lumpur, Malaysia. [Oral Presenter] 

 

 
 

Figure F.1 Certificate of participation in CTDC11 
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Oral Presenter 
 

 
 

Figure F.2 Oral presenter poster in CTDC11 international conference 
 

 
 

Figure F.3 Presentation slide in CTDC11 international conference  
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Figure F.4 Letter of appreciation for oral session from CTDC11 international 
conference 
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Abstract 
 
 

 
 

Figure F.5 Published abstract in CTDC11 international conference  
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2. The 47th International Congress on Science, Technology, and Technology-
based Innovation (STT47) - Sciences for SDGs: Challenges and Solutions 
 
Septiadi, L., Thammachoti, P., Claude, J., & Kitana, N. (2021). Health status of the rice 

frog Fejervarya limnocharis in Nan Province, Thailand, during peak herbicide 
utilization period. Abstract, the 47th International Congress on Science, 
Technology, and Technology-based Innovation (STT47) - Sciences for SDGs: 
Challenges and Solutions, October 5-7, 2021, Kasetsart University, Nakhon 
Pathom, Thailand. [Oral Presenter] 

 

 
 

Figure F.6 Acceptance letter for participation in STT47 international conference  
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Oral Presenter 
 

 

 
 

Figure F.7 Presentation slide in STT47 international conference 
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