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Abstract

Herpetofaunal diversity in tropical canal ecosystems remains understudied, particularly in Thailand,
where extensive networks of artificial waterways modify natural habitats. This study examined
amphibian and reptile diversity along the Lam Takhong Canal, Pak Chong District, Nakhon Ratchasima
Province, Thailand, and investigated relationships between environmental drivers and species diversity
using Visual Encounter Surveys at six stations (twelve sampling points) spanning upstream, midstream,
and downstream zones. Environmental parameters, including air temperature, water temperature, soil
temperature, relative humidity, pH, ammonia, and nitrate, were measured concurrently, and
relationships were analyzed using Pearson correlation, multiple regression, and one-way ANOVA. A
total of 463 individuals representing 45 species were recorded (326 amphibians from 19 species; 137
reptiles from 26 species), including the Thailand-endemic Khorat snail-eating turtle (Malayemys
khoratensis). Water pH and ammonia were significantly and positively correlated with species richness
and abundance (r = 0.741 and 0.795, respectively; p < 0.05), while water temperature showed a
marginally significant negative correlation with richness (r = —0.531, p = 0.075). Air temperature and
humidity showed no significant associations. A multiple regression model incorporating environmental
predictors explained 75% of the variance in species richness (R? = 0.749). These findings indicate that
water quality, rather than microclimatic conditions, is the principal determinant of herpetofaunal
diversity in this tropical canal ecosystem, with implications for water-quality management and habitat
conservation in irrigation canals across rapidly developing agricultural landscapes in Southeast Asia.
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1. Introduction

Amphibians and reptiles are often used to gauge how a tropical ecosystem is doing, since their
physiology and behavior respond so directly to temperature, humidity, and habitat quality (Zhu et al.,
2024). Climate change and habitat modification are usually named as the two biggest pressures on
herpetofaunal populations, and ectotherms feel this more than most groups because their metabolism
and reproduction depend directly on ambient conditions (Lourengo-de-Moraes et al., 2019; Bofill &
Blom, 2024). Both pressures act on species with biphasic life histories: many amphibians need both
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aquatic and terrestrial habitat within a single life cycle, so a disruption to either environment, whether
thermal, hydrological, or chemical, can limit population persistence in ways a single-habitat study
would miss (Campbell et al., 2024). Most ecological research on these groups still comes from forests
and protected areas, though, and comparatively little is known about how amphibians and reptiles fare
in the artificial waterways that increasingly dominate tropical agricultural landscapes (Smith et al.,
2021).

This gap shows up clearly in Thailand, where a large network of irrigation canals reshapes natural
hydrology across much of the country's agricultural heartland, yet few studies have looked at how these
systems support herpetofaunal biodiversity (Aguilar et al., 2025; Grismer et al., 2022). Part of why this
matter is that Thailand's protected areas are themselves projected to undergo real climatic shifts in the
coming decades, and amphibians and reptiles are expected to respond differently to changing thermal
regimes than other vertebrate groups do (Pomoim et al., 2022). Irrigation canals may increasingly work
as secondary habitat and dispersal routes for species pushed out of more heavily altered surrounding
land (Matos et al., 2021). As agricultural intensification keeps expanding the footprint of these
engineered waterways across Southeast Asia, understanding what currently lets herpetofauna persist in
them, and what limits that persistence, matters for anticipating how these systems hold up under future
climatic and land-use pressure, even though answering that longer question properly would need more
than one field season of data.

The Lam Takhong Canal, in Nakhon Ratchasima Province, is a good place to look at this question. It
starts in the forested watershed of Khao Yai National Park and runs through a mix of agricultural and
semi-urban land before reaching the Lam Takhong Reservoir, so it moves from relatively intact to
heavily modified habitat over a short distance (Harianja et al., 2024). The canal's upstream, midstream,
and downstream reaches differ in canopy cover, water chemistry, and surrounding land use, so this same
stretch also works as a natural gradient for comparing how microclimatic, thermal, and water-quality
drivers influence herpetofaunal diversity within one study system.

2. Research Objectives

This study surveyed amphibian and reptile diversity along the Lam Takhong Canal and measured a
suite of environmental variables at each station, with three specific objectives:

(1) To document the species diversity, composition, and relative abundance of amphibians and reptiles
along the canal;

(2) To characterize how microclimatic conditions, habitat thermal conditions, and water quality vary
spatially along the canal's upstream-to-downstream gradient; and

(3) To test which of these environmental drivers, individually and in combination, best explain patterns
in species richness, diversity, and abundance.

The results are intended to provide baseline ecological data to support water-quality management and
biodiversity conservation in irrigation canals more broadly across tropical Southeast Asia.

3. Hypotheses

Four hypotheses guided the analysis:

HI1: Microclimatic conditions (air temperature, relative humidity) significantly influence species
richness and diversity.

H2: Habitat thermal conditions (water and soil temperature) significantly affect species occurrence and
distribution.

H3: Water quality parameters (pH, ammonia, nitrate) are significantly associated with species
diversity.

H4: Environmental drivers collectively explain significant variation in species diversity across sampling
stations.

4. Literature Review

4.1 Climate Change and Biodiversity Loss

Climate change ranks among the biggest drivers of global biodiversity decline, and ectotherms such as
amphibians and reptiles are especially exposed: even small increases in ambient temperature can push
them toward their critical thermal limits, disrupting growth, reproduction, and immune function
(Ruthsatz et al., 2024; Pottier et al., 2025). Rising global temperatures, altered precipitation, and more
frequent climate extremes are projected to intensify these pressures over the coming decades (Portner
et al., 2023; Fei et al., 2026; Duffy et al., 2022), and species already living near their thermal ceiling,
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often true of tropical populations, have the least room left to absorb further warming (Doucette et al.,
2023). Several authors, though, push back against treating climate change as the dominant driver of
biodiversity loss on its own. Habitat destruction and land-use change remain the primary pressure in
most regions, and it's the interaction between climatic stress and habitat modification, not either one
alone, that tends to do the most damage (Caro et al., 2022; Jaureguiberry et al., 2022). This matters
especially for regulated freshwater systems, where altered flow regimes can throw amphibian breeding
out of sync with favorable environmental windows and pile onto the effects of thermal stress on larval
survival (Teixeira et al., 2022).

4.2 Ecological Sensitivity of Amphibians and Reptiles

Amphibians and reptiles sit at an important point in the food web, acting as both predator and prey, and
their biphasic life histories plus permeable, water-dependent skin make them unusually responsive to
environmental change. Amphibians in particular are considered the most imperiled vertebrate class on
the planet (Campbell et al., 2024; Hopkins et al., 2024). Because they depend on ambient conditions for
thermoregulation, metabolism, and hydration, habitat simplification or contamination tends to hit them
faster and harder than better-buffered groups (Alagador, 2022; Crnobrnja-Isailovi¢ et al., 2021).
Vegetation structure and microhabitat availability matter a great deal here: losing structural complexity
cuts off chances for thermoregulation and shelter, and tends to favor a small set of disturbance-tolerant
generalists over the wider community of habitat specialists (Bancila et al., 2023; O'Sullivan et al., 2023).

4.3 Environmental Drivers in Freshwater Ecosystems

In freshwater systems, hydrological regime, water chemistry, and riparian vegetation together shape
herpetofaunal communities, balancing what a species physiologically needs, thermoregulation and
hydration, against what it ecologically needs, shelter and prey (Karami et al., 2023; Puig-Gironés et al.,
2024). Water availability and quality are consistently reported among the strongest predictors of
amphibian abundance and diversity, and landscape-scale factors, meaning surrounding land use and
vegetation cover, often carry more weight than local, site-level variables (Cervantes-Lopez et al., 2025;
Channuwong et al., 2026; Vehkaoja et al., 2023). Agricultural expansion and urbanization wear these
systems down through habitat fragmentation, altered hydrological connectivity, and shifts in water
chemistry and temperature, and the effects tend to stack up rather than stay isolated (Awkerman et al.,
2024).

4.4 Freshwater Canals as Modified Habitats

Artificial waterways have shaped landscapes for millennia and now exceed 63,000 km worldwide
(Bergman et al., 2021), yet they remain understudied relative to natural streams and rivers. Canals
typically face a recurring set of stressors: agricultural runoff, wastewater discharge, and water
abstraction all degrade water quality and simplify physical habitat, even as the channels themselves
create new corridors for movement and, potentially, invasive species spread (Kaijser et al., 2025;
Lettoof et al., 2023). Growing flow intermittence tied to drought and water demand adds another threat
for species adapted to perennial conditions (Datry et al., 2022), and nutrient loading and other
contaminants tend to build up during low-flow periods, so aquatic organisms often face a pulse of
physiological stress once flow resumes (Awkerman et al., 2024).

4.5 Research Gap and Study Rationale

Most herpetofaunal research in Southeast Asia has focused on forested or protected habitats. Canal and
reservoir-linked systems, despite their ecological and social importance, remain comparatively
unstudied, especially where biodiversity surveys are paired with concurrent environmental
measurements (Tantipisanuh et al., 2023; Grismer et al., 2022). This gap limits the evidence base
available for managing biodiversity in the region's rapidly expanding irrigation networks. The Lam
Takhong Canal, which spans a gradient from protected forest headwaters to agricultural and semi-urban
reaches, offers a natural opportunity to close part of that gap and to test which environmental drivers
most strongly shape herpetofaunal community structure in a regulated tropical waterway.

5. Conceptual Framework
This study frames environmental variability as the primary driver of habitat suitability, and therefore of

herpetofaunal diversity, in the canal ecosystem (Figure 1). Because amphibians and reptiles are
ectotherms, their physiology and behavior respond directly to ambient conditions. Three groups of
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environmental drivers are treated as independent variables: microclimatic conditions (air temperature,
relative humidity), habitat thermal conditions (water and soil temperature), and water quality (pH,
ammonia, nitrate). These are hypothesized to act on habitat suitability and microhabitat quality, which
in turn shapes the ecological response measured here: species richness, diversity, and occurrence. The
framework treats the drivers as acting jointly rather than independently, which is what Hypothesis 4
tests.

Environmental Drivers
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Figure 1. Conceptual framework linking environmental drivers, habitat suitability,
and herpetofaunal diversity

6. Research Methodology

6.1 Study Area

The study was conducted along roughly 2—-3 km of the Lam Takhong Canal in Pak Chong District,
Nakhon Ratchasima Province, at an elevation of about 300 m. The canal originates in the forested
headwaters of Khao Yai National Park, Thailand's first national park and a UNESCO World Heritage
Site, and flows through a mix of riparian vegetation, agricultural land, and semi-urban development
before entering the Lam Takhong Reservoir, which supplies water for irrigation, hydropower, and
domestic use in the province. Six stations were established along this gradient and grouped into
upstream, midstream, and downstream zones, with two sampling points per station (twelve points in
total), covering a range of canopy cover and human disturbance.

6.2 Field Survey and Sampling

Amphibians and reptiles were surveyed using the Visual Encounter Survey (VES) method, conducted
between 18:00 and 20:00, when herpetofaunal activity is highest. Surveys were restricted to favorable
weather to cut down on detection bias, since activity tends to drop off during heavy rain or temperature
extremes (Anunciagdo et al., 2023), and observers recorded species identity, time, location, and
microhabitat for every individual encountered along fixed transects at each station (Griffin et al., 2025).
Sampling effort was kept consistent across stations to reduce detection differences between sites
(Baumgardt et al., 2021), and artificial cover objects were used alongside active searching, since they
are a cheap and effective way to catch cryptic, ground-dwelling species that active searches tend to miss
(Liberman et al., 2024; Hodges et al., 2022).
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6.3 Environmental Data Collection

At each station, air temperature and water temperature were measured with digital thermometers, soil
temperature with an infrared thermometer, and relative humidity with a handheld hygrometer. Water pH
was measured with a portable pH meter, and ammonia and nitrate concentrations were determined using
colorimetric test kits. These variables were chosen because each is a known determinant of habitat suitability
and physiological performance in ectothermic organisms: thermal variables constrain metabolism and
activity, humidity governs evaporative water loss in amphibians, and water chemistry affects both direct
physiological tolerance and the productivity of the aquatic food base that larval and adult stages both depend
on (Hopkins et al., 2024; Mahan et al., 2022).

6.4 Data Analysis

Species richness, abundance, and diversity indices (Shannon—Wiener H’, Pielou's evenness J',
Simpson's D) were calculated for each station. Relationships between environmental variables and
species richness, diversity, and abundance were tested using Pearson correlation and simple linear
regression for Hypotheses 1-3, and multiple linear regression for the combined test in Hypothesis 4.
One-way ANOVA was used to compare richness, diversity, and abundance across the three longitudinal
zones, and a preliminary correlation screen was used to check for multicollinearity among predictors
before regression (Atanackovi¢ et al., 2023). Data were checked for normality prior to parametric
testing, and statistical significance was evaluated at the conventional 0.05 threshold, with a Bonferroni
adjustment applied where multiple pairwise comparisons were involved (Xia et al., 2025).

7. Results

7.1 Species Composition and Abundance

A total of 463 individuals from 45 species were recorded across the twelve sampling points (Figure 2).
Amphibians accounted for 326 individuals from 19 species, and reptiles for 137 individuals from 26
species. The assemblage was strongly right-skewed: four species, Hylarana erythraea (n = 86),
Fejervarya limnocharis (n = 65), Calotes versicolor (n = 60), and Rana nigrovittata (n = 28), together
made up just over half of all records, while 21 of the 45 species were represented by a single individual.
This pattern, where a handful of habitat generalists dominate numerically while many specialists persist
at low abundance, is typical of disturbed or transitional freshwater habitats. The reptile assemblage also
included the Khorat snail-eating turtle (Malayemys khoratensis), a species endemic to Thailand,
recorded as a single individual.

Hylarana erythraea 86

Fejervarya limnocharis
Calotes versicolor
Rana nigrovittata

Hemidactylus frenatus

Chiromantis hansenae

Microhyla mukhlesuri
Occidozyga martensl|
Microhyia heymonsi

Kaloula pulchra
Duttaphrynus melanostictus EEE Amphibia

Gehyra multilata 9 B Reptilia

I T Ll T T

0 20 40 60 80
Individuals recorded

Figure 2 The twelve most abundant species recorded (of 45 total), colour-coded by Class. (n =
463 individuals)
7.2 Environmental Characteristics of Sampling Stations
Air temperature (23.0-28.5 °C) and relative humidity (66—89%) varied without a clear longitudinal
trend, but water temperature rose from a mean of 20.0 °C upstream to 25.9 °C downstream, consistent
with reduced canopy cover in the lower reaches. Water pH was highest upstream (mean 8.4) and
declined toward midstream and downstream stations (means 7.5 and 7.7). Nitrate was elevated at
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upstream stations and the first midstream station (12.5 mg L") before dropping to a stable baseline of
1.25 mg L elsewhere, suggesting a localized nutrient source near the headwaters rather than a gradual
downstream trend. Ammonia remained low and fairly uniform throughout (0-0.25 mg L™).

7.3 Spatial Patterns in Richness and Diversity

Station level richness ranged from 6 to 16 species, and Shannon diversity from 1.456 to 2.576 (Table
1). At the zone level, richness and diversity were highest upstream (S = 12.25, H' = 2.081) and lowest
midstream (S = 8.50, H' = 1.650), while mean abundance increased from upstream (30.0) to midstream
(33.75) and downstream (52.0). None of these zonal differences reached statistical significance in one-
way ANOVA (richness: F2,9 =1.67, p = 0.241; H": F2,9 = 1.48, p = 0.278; abundance: F2,9=3.17,p
= 0.091), though the abundance comparison came noticeably closer to the conventional threshold than
the other two metrics, suggesting station-to-station variation within zones still outweighed, but not by
as wide a margin, the variation explained by zone identity.

Table 1. Species richness (S), abundance (N), and diversity indices at each sampling station

Station Zone S N H' J’ D

S01-1 Upstream 16 37 2.571 0.927 0.909
S01-2 Upstream 11 36 1.693 0.706 0.730
S02-1 Upstream 6 13 1.484 0.828 0.710
S02-2 Upstream 16 34 2.576 0.929 0.908
S03-1 Midstream 6 11 1.594 0.890 0.760
S03-2 Midstream 11 38 1.953 0.814 0.792
S04-1 Midstream 8 33 1.598 0.769 0.713
S04-2 Midstream 9 53 1.456 0.663 0.612
S05-1 Downstream 11 39 1.849 0.771 0.774
S05-2 Downstream 13 51 2.085 0.813 0.834
S06-1 Downstream 11 57 2.033 0.848 0.838
S06-2 Downstream 11 61 1.815 0.757 0.764

7.4 Hypothesis Testing

Air temperature and relative humidity showed no significant relationship with richness or diversity (H1
not supported), though air temperature trended in the expected direction (r = 0.427-0.546). Water
temperature was negatively correlated with richness and diversity, approaching significance (r =—0.531
and —0.534, p <0.10), which gives partial support to H2; soil temperature showed no relationship at all.
Water quality produced the clearest results by far: pH correlated positively with richness (r = 0.741, p
= 0.006) and diversity (r = 0.642, p = 0.024), ammonia correlated positively with both richness (r =
0.683, p=0.014) and abundance (r=0.795, p =0.002), and nitrate correlated negatively with abundance
(r=-0.714, p = 0.009). H3 was strongly supported. A multiple regression combining air temperature,
humidity, pH, and ammonia explained 75% of the variance in richness (R? = 0.749), with pH and
ammonia contributing the largest effects, which supports H4 (Table 2).

Table 2. Summary of hypothesis testing

Hypothesis | Key predictor(s) Result Support
H1 Air temperature, r=10.43-0.55, p > 0.06 Not supported
humidity
H2 Water temp., soil temp. | Water temp.: r =—0.53, p =0.075 Partially supported
H3 pH, ammonia, nitrate pH & NHs vs. richness: p < 0.05; Supported
NOs~ vs. abundance: p = 0.009
H4 Combined drivers R?=0.75 (richness) Supported
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8. Discussion

8.1 Patterns of Herpetofaunal Diversity

That the Lam Takhong Canal supports 45 species despite being a heavily modified waterway fits with
findings from other artificial waterways around the world, which can sustain meaningful biodiversity
even in disturbed form (Bergman et al., 2021; Bowen et al., 2024). The dominance of a few generalist
species alongside many low-abundance specialists’ lines up with the idea of biotic homogenization
under habitat disturbance (Dehling & Dehling, 2023). The endemic Khorat snail-eating turtle showing
up here, even as a single record, is a reminder that modified waterways can still hold conservation value
for range-restricted species (Cox et al., 2022).

8.2 The Role of Water Quality

Water quality, and pH and ammonia specifically, turned out to be the strongest correlates of richness
and abundance in this study, which fits the general pattern of amphibians being sensitive to aquatic
chemistry through their permeable skin (Hopkins et al., 2024). The positive ammonia relationship is
worth pausing on, since it runs against the toxic effects usually reported for ammonia exposure
(Zambrano-Fernandez et al., 2021). But ammonia levels here stayed well below acutely toxic thresholds
throughout, so a more likely explanation is that ammonia was tracking nutrient-rich, productive water
rather than acting as a stressor in its own right; this would line up with reports that primary productivity
can positively predict anuran abundance (Sheridan & Kendrick, 2024). The negative relationship
between nitrate and abundance probably reflects localized eutrophication near the headwater stations
instead (Timalsina et al., 2025). Put together, the multiple regression result (R? = 0.78) suggests these
drivers work jointly rather than separately, which matches frameworks that treat freshwater biodiversity
as shaped by interacting hydrological, chemical, and structural factors (Karami et al., 2023; Kaijser et
al., 2025).

8.3 Temperature and Humidity

Air temperature and humidity had no significant effect here, and the most likely reason is that the
thermal range sampled (23.0-28.5 °C) sits well within the broader tolerance window typical of tropical
ectotherms (Filho et al., 2022), unlike studies that cover wider elevational or seasonal gradients
(Oliveira et al., 2024). Water temperature told a different story. Its marginally significant negative
relationship with richness makes ecological sense given its direct role in amphibian larval development
and reptile thermoregulation (Ruthsatz et al., 2024; Youthao et al., 2026), and it may explain why the
warmer, more exposed downstream reach had higher abundance but lower diversity. That pattern
broadly matches how amphibians have been shown to respond to warming elsewhere (Pottier et al.,
2025).

8.4 Linking These Results to Climate Change

These findings are relevant to the climate change literature, but only in a limited way. The negative
relationship between water temperature and both richness and diversity fits the broader expectation that
warming hits ectotherms hardest when they are already close to their thermal limits (Ruthsatz et al.,
2024; Pottier et al., 2025), and it lends some indirect support to the concern that continued warming of
shallow tropical waterways could further erode herpetofaunal diversity in systems like this one (Portner
et al., 2023). However, this study cannot show a climate change effect directly. Sampling was cross-
sectional and mostly confined to a single season, so what the data actually show is a correlation between
current thermal conditions and diversity at one point in time, not a trend caused by warming over time.
It is also worth pointing out that air temperature and humidity, the two variables most directly tied to
regional climate rather than local canal structure, were exactly the predictors that showed no significant
relationship with any diversity metric. Not every plausible climate-linked variable produces a detectable
signal within the narrow range a single study happens to sample (Filho et al., 2022). This fits with
arguments that climate change should be treated as one interacting driver among several rather than the
default explanation (Caro et al., 2022; Jaureguiberry et al., 2022): the clearer result here was that water
quality, not thermal or climatic variables, carried the strongest explanatory power. None of this makes
climate change irrelevant to this system. Warmer water downstream, changing rainfall patterns, and
shifting canal hydrology are all plausible long-term pressures on the assemblage documented here. But
confirming that link properly would take repeated, multi-season monitoring of the kind proposed in
Section 7.7, not the single baseline survey this study is built on.
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8.5 Longitudinal Spatial Patterns

Although the zonal differences did not reach statistical significance, the trend toward higher diversity
upstream near the forested Khao Yai watershed, and lower diversity in the more disturbed midstream
and downstream reaches, fits with evidence that landscape-level factors often outweigh local variables
in shaping herpetofaunal communities (Cervantes-Lopez et al., 2025). The small number of stations per
zone probably limited the statistical power needed to detect this pattern formally.

8.6 Conservation Implications

These results point to two practical takeaways. First, water-quality monitoring, not just thermal or
hydrological management, should be a core part of biodiversity planning for irrigation canals. Second,
keeping riparian vegetation in place to buffer water temperature in downstream reaches would likely
help amphibian diversity specifically, which matches findings on riparian buffers elsewhere in
Southeast Asia (Harianja et al., 2024). More broadly, finding a nationally endemic species in a working
irrigation canal is a good argument for folding biodiversity surveys into routine water-management
planning instead of treating them as a separate exercise (Ljustina et al., 2022; Tantipisanuh et al., 2023).

8.7 Limitations and Future Research

This study has some real limits. Sampling was conducted mostly in one season and once per station, so
it cannot capture seasonal variation in either herpetofaunal activity or environmental conditions
(Anunciagao et al., 2023), and twelve sampling points may simply not be enough to detect smaller
spatial effects with confidence. The VES method itself, while standard, is also known to under-detect
cryptic species (Baumgardt et al., 2021). Extending sampling across both wet and dry seasons, adding
more stations, and pairing visual surveys with eDNA metabarcoding would likely give a fuller picture
of diversity along canals like this one (McDevitt et al., 2019; Quilumbaquin et al., 2023).
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