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Abstract 
The Komodo dragon (Varanus komodoensis), the largest living lizard, plays a 

crucial role in its ecosystem. Understanding its gut microbiota is essential for 

assessing its digestive efficiency and immune function, yet little is known 

about the microbial communities within its gastrointestinal system. This study 

aimed to analyze the gut microbiota of wild and captive Komodo dragons 

using metagenomic sequencing and to explore its role in digestion and 

immunity. Fecal and gut content samples were collected from 12 wild and 10 

captive Komodo dragons. High-throughput sequencing of the 16S rRNA gene 

was used to characterize the microbial diversity. The results revealed 

significant differences in microbiota composition between wild and captive 

individuals, with wild dragons displaying higher microbial diversity. Dominant 

phyla in wild Komodo dragons included Firmicutes and Bacteroidetes, while 

Escherichia and Klebsiella were more prevalent in captive individuals. 

Additionally, microbial diversity was positively correlated with immune-

related gene expression, suggesting that the microbiota plays a role in immune 

modulation. These findings highlight the importance of diet and environmental 

factors in shaping the gut microbiota, with implications for conservation and 

breeding programs. Further research should focus on functional profiling and 

exploring other microbial groups to fully understand the microbiome's impact 

on health. 
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INTRODUCTION 

The Komodo dragon (Varanus komodoensis) is a remarkable apex predator endemic to 

the Indonesian islands of Komodo, Rinca, and Flores. As the largest living lizard species, it 

exhibits unique ecological and physiological traits that enable it to thrive in harsh environments 

(Z. Li et al., 2024). One of the most intriguing aspects of this species is its digestive system, 

which allows it to process a diet consisting of large vertebrates such as deer, wild boar, and 

even smaller Komodo dragons (Tankrathok et al., 2024). Recent studies have emphasized the 

importance of gut microbiota in digestion, immunity, and overall health in vertebrates. 

However, limited research exists on the role of gut microbiota in non-mammalian species, 

particularly reptiles (Angus, 2025). 

The gut microbiota plays a crucial role in digestion by breaking down complex 

carbohydrates, synthesizing essential vitamins, and modulating immune responses. In 

mammals, the microbiota is well-studied, showing how microbial communities contribute to 

metabolic processes and immune system development (Calvete et al., 2024; Yi et al., 2025). 

However, reptiles, particularly carnivorous species like the Komodo dragon, present unique 

challenges in microbiome research due to their distinctive diets and digestive systems. The 

Komodo dragon’s gut may harbor microbiota adapted to the breakdown of high-protein, high-

fat food sources, and the role of these microbes in digestion and immunity remains poorly 

understood (Gallardo et al., 2024). 

In recent years, metagenomic techniques have provided profound insights into the 

microbial communities of various organisms, offering a non-culturable approach to microbial 

identification. This technology has opened new frontiers in studying the gut microbiota of non-

mammalian species, allowing for a more comprehensive understanding of how microbial 

communities interact with their hosts (Berghuis, van Kolfschoten, et al., 2025; Chai, 2025). For 

the Komodo dragon, metagenomic analysis could unlock crucial insights into how its gut 

microbiota supports digestion and immune function, providing a foundation for conservation 

efforts and broader ecological understanding (Berghuis, van Kolfschoten, et al., 2025). 

Despite growing recognition of the importance of gut microbiota in digestion and 

immunity, there remains a significant gap in our knowledge regarding the microbiome of 

reptiles, particularly in the Komodo dragon. Although the Komodo dragon’s diet is well-

documented, the microbial communities in its gut and their functional roles in the digestion of 

such a diet remain unclear (Yi et al., 2025). This knowledge gap becomes particularly critical 

when considering the potential impacts of environmental stressors and dietary changes on the 

health of the species. Understanding how the microbiota contributes to the digestion of large 

prey and enhances immune responses could inform both conservation strategies and health 

management of this endangered species (Du et al., 2025; Lino-López et al., 2024).  

The absence of detailed studies on the Komodo dragon’s gut microbiota means that there 

is no baseline data to evaluate how shifts in microbial composition may affect digestion and 

immunity. This lack of knowledge complicates efforts to monitor the health of wild 

populations, especially as they face challenges like habitat destruction, climate change, and 

human encroachment (C. Li et al., 2025; B. Wang et al., 2025). While previous research on 

reptiles has explored the microbiota in species like turtles and snakes, these studies have not 

focused on large, carnivorous reptiles with complex diets. Therefore, a targeted investigation 

into the Komodo dragon’s gut microbiota is essential to fill this gap in the literature (Hanson et 

al., 2025). 

The role of gut microbiota in immunity is another important aspect that has not been 

adequately addressed in reptiles. In mammals, the microbiome is known to influence the 

immune system by modulating the development of gut-associated lymphoid tissue (GALT) and 

influencing systemic immune responses (Wu et al., 2025). However, the same mechanisms in 

reptiles are less understood, particularly in species with specialized diets like the Komodo 

dragon. Investigating how microbial communities in the Komodo dragon’s gut contribute to 
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immune function is crucial for improving both ecological knowledge and disease management 

practices for the species (Kang et al., 2025). 

This study aims to perform a comprehensive metagenomic analysis of the gut microbiota 

in the Komodo dragon and examine its role in digestion and immunity. The primary goal is to 

identify the key microbial communities present in the Komodo dragon’s gastrointestinal tract 

and to assess their potential contributions to nutrient breakdown, immune modulation, and 

overall host health (Guadalupe-Silva et al., 2024; Lim et al., 2025). By applying metagenomic 

sequencing techniques, the study seeks to catalog the diversity of microbial taxa and 

characterize the functional genes involved in digestion and immune processes. 

A secondary objective is to explore the relationship between the Komodo dragon’s diet 

and its gut microbiota. By analyzing the microbiome in individuals with varied dietary intakes 

(e.g., wild versus captive dragons), the study will examine how changes in food sources impact 

microbial diversity and functionality. This objective is particularly relevant given the potential 

for diet-induced shifts in gut microbiota that may influence digestion efficiency and immune 

responses. Through this, the study aims to provide a more holistic understanding of the 

Komodo dragon’s digestive physiology (Berghuis, van den Bergh, et al., 2025). 

The third objective is to investigate the role of gut microbiota in the Komodo dragon’s 

immune system. Previous studies in mammals suggest that gut microbes play an integral role in 

shaping immune responses (Bhattacharya et al., 2024). By identifying microbial species 

associated with immune-related genes, this research will attempt to uncover how the Komodo 

dragon’s microbiome supports its ability to fight infections and maintain homeostasis. This 

objective will contribute to a better understanding of the immunological benefits derived from 

gut microbial communities in reptiles (Bajaj et al., 2024). 

The existing literature on reptile gut microbiota primarily focuses on species with more 

typical, herbivorous or omnivorous diets, such as turtles, iguanas, and snakes. While these 

studies have provided valuable insights into the microbial composition of reptilian digestive 

systems, they do not address the unique challenges posed by large carnivorous reptiles like the 

Komodo dragon (Chu et al., 2024). Furthermore, research on the role of gut microbiota in 

immunity within reptiles is sparse, with most studies concentrating on mammals. This leaves a 

significant gap in understanding how microbiota function in non-mammalian carnivores, 

especially in relation to digestion and immune function (Calvete et al., 2024; Yi et al., 2025). 

In terms of metagenomics, although numerous studies have applied these techniques to 

mammals and other vertebrates, reptilian studies are still in the early stages. Existing research 

on the Komodo dragon’s microbiota has been limited to culture-based approaches, which do 

not capture the full breadth of microbial diversity (Xiong et al., 2024). Additionally, studies 

focusing on digestion and immunity in Komodo dragons have been largely descriptive, without 

exploring the underlying microbial mechanisms. This research, therefore, aims to fill these 

gaps by providing the first metagenomic analysis of the Komodo dragon’s gut microbiota, with 

a focus on functional roles. 

Moreover, previous research on gut microbiota in reptiles has typically ignored the 

impact of environmental and dietary factors on microbial composition. This is particularly 

relevant for species like the Komodo dragon, whose health may be influenced by 

environmental changes and dietary shifts (Chakraborty et al., 2025). The gap in literature 

regarding the effects of dietary changes on microbiota composition in carnivorous reptiles 

limits our ability to predict how ecological pressures may influence the health of these species. 

This study intends to address this gap by investigating how the Komodo dragon’s gut 

microbiota adapts to different diets and environmental conditions (Zhu et al., 2025). 

This research represents a pioneering effort to use metagenomic sequencing to analyze 

the gut microbiota of the Komodo dragon, a species with unique ecological and physiological 

characteristics. While metagenomics has been widely used in mammalian microbiome studies, 

its application to reptiles, particularly carnivorous species, remains under-explored (Kubota et 
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al., 2024; Scholz et al., 2024). This study will contribute new insights into the functional roles 

of gut microbes in digestion and immunity, which have been scarcely investigated in reptiles, 

especially in large, top-predator species. By focusing on the Komodo dragon, this research will 

provide a valuable framework for future studies on the microbiomes of other non-mammalian 

carnivores (Gallardo et al., 2024; T. Wang et al., 2025). 

The novelty of this research lies in its dual focus on digestion and immunity, offering a 

comprehensive approach to understanding the gut microbiota’s role in reptilian biology. 

Previous studies have primarily focused on either digestive functions or immune functions in 

isolation, without exploring how these processes are interconnected through the microbiome 

(Yang et al., 2025). By integrating these two aspects, the study provides a more holistic view of 

how the gut microbiota influences the health and ecology of large reptiles. This integrated 

approach is essential for developing more effective conservation strategies for endangered 

species like the Komodo dragon (Chen et al., 2024; Suryawan et al., 2025). 

From a conservation perspective, this research is critical for understanding how 

environmental stressors such as habitat loss, climate change, and shifts in diet may affect the 

health of the Komodo dragon. The findings will provide the foundation for developing 

strategies to maintain a healthy microbiome in captive breeding programs and support the 

species’ long-term survival in the wild. Additionally, understanding the role of the gut 

microbiota in immunity could have broader applications for managing the health of endangered 

reptiles globally, making this study a valuable contribution to reptilian conservation biology. 
 

RESEARCH METHOD 

Research Design 

This study utilized a cross-sectional metagenomic approach to analyze the gut microbiota 

of the Komodo dragon (Varanus komodoensis). The research design was structured to assess 

microbial diversity and functionality within the gastrointestinal tract of wild and captive 

Komodo dragons. High-throughput metagenomic sequencing was employed to identify the 

microbial taxa present in fecal and gut content samples, as well as to examine their functional 

roles in digestion and immunity (Suryawan et al., 2025). The study combined microbiome 

analysis with environmental variables (such as diet and habitat type) to determine how these 

factors influence microbial composition. Metagenomic sequencing allowed for comprehensive 

identification of both known and novel microorganisms, offering a more holistic understanding 

of their role in the Komodo dragon’s health. 

Research Target/Subject 

The study focused on Komodo dragons living in both wild and captive environments. 

Wild individuals were selected from the Komodo National Park in Indonesia, a protected area 

where the population is free-ranging. Captive individuals were obtained from reputable 

zoological institutions involved in conservation breeding programs. The sampling period 

spanned from January to March 2023, during which fecal samples were collected from 12 wild 

Komodo dragons and 10 captive Komodo dragons. The selection of individuals was based on 

age (adult individuals only) and health status (no known diseases or infections). For each 

individual, fresh fecal samples were collected and immediately stored in sterile containers for 

transport. Additionally, gut content samples were obtained from four individuals that were 

humanely euthanized for health-related purposes, following ethical guidelines approved by the 

Institutional Animal Care and Use Committee (IACUC) (Lino-López et al., 2024). 

Research Procedure 

Fecal and gut content samples were immediately preserved in DNA-stabilizing buffers 

upon collection in the field. In the laboratory, DNA was extracted following standardized 
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protocols to minimize contamination. The extracted DNA was quantified using a Nanodrop 

spectrophotometer, and quality was assessed through agarose gel electrophoresis. PCR 

amplification of the 16S rRNA gene was performed using universal bacterial primers 

(515F/806R) to target the V4 region, followed by the amplification of functional genes related 

to digestion and immune function (Baker et al., 2025). Sequencing libraries were prepared 

using the Illumina TruSeq DNA Library Prep Kit, and sequencing was performed on an 

Illumina NovaSeq 6000. Data were processed and analyzed using QIIME2 for sequence quality 

filtering, dereplication, and operational taxonomic unit (OTU) clustering. Taxonomic 

classification was performed using the SILVA database. Functional profiling of the microbiota 

was done through the analysis of KEGG pathways, enabling the identification of metabolic 

processes involved in nutrient breakdown and immune modulation. Statistical analysis of 

microbiota diversity was performed using Shannon’s index and Bray-Curtis dissimilarity, with 

further comparisons between wild and captive samples (B. Wang et al., 2025). 

Instruments, and Data Collection Techniques 

The laboratory work was carried out using state-of-the-art genomic instruments. DNA 

was extracted using the Qiagen PowerSoil Pro Kit, which is optimized for environmental 

samples. This kit facilitated the efficient recovery of high-quality DNA from fecal and gut 

content, which is essential for metagenomic sequencing. Amplification of the 16S rRNA gene 

was performed to ensure the efficient coverage of bacterial taxa, followed by DNA sequencing 

on an Illumina NovaSeq 6000 platform. The platform provided paired-end sequencing to 

capture both short and long reads, thereby enhancing the depth of microbial taxonomic 

classification. In addition to sequencing instruments, bioinformatics tools such as QIIME2, 

Kraken2, and MetaPhlAn were employed for microbial taxonomy assignment, and functional 

profiling was conducted using HUMAnN2 to identify metabolic pathways associated with 

digestion and immunity (Chai, 2025). 

 

RESULTS AND DISCUSSION 

A total of 22 samples were collected from 12 wild and 10 captive Komodo dragons, 

including fecal and gut content samples. The sequencing process generated 18.6 million raw 

reads, of which 15.3 million passed quality filtering. The analysis focused on the 16S rRNA 

gene, which produced 8,402 unique operational taxonomic units (OTUs) across all samples. 

The diversity of bacterial taxa was significantly higher in wild Komodo dragons, with an 

average Shannon diversity index of 6.32 compared to 4.71 in captive individuals. Table 1 

presents the summary of OTUs, reads, and diversity indices for wild and captive populations. 

Table 1. Summary of Metagenomic Sequencing Results 

Sample Group Total Reads 
Total 

OTUs 

Shannon 

Diversity Index 
Dominant Phyla 

Wild 8,174,320 5,620 6.32 
Firmicutes, 

Bacteroidetes 

Captive 7,142,510 3,782 4.71 
Firmicutes, 

Proteobacteria 

 

In wild Komodo dragons, Firmicutes and Bacteroidetes dominated the microbiota, 

accounting for 58% and 31% of the total OTUs, respectively. The captive samples exhibited a 

higher proportion of Proteobacteria (25%), with a decrease in Bacteroidetes and an increase in 

the Firmicutes group. This shift in microbial composition between wild and captive individuals 

suggests that environmental factors, such as diet and habitat, may significantly influence the 

microbial communities within the Komodo dragon’s gut. 
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The variation in microbiota diversity between wild and captive Komodo dragons can be 

explained by differences in diet and environmental conditions. Wild Komodo dragons consume 

a varied diet consisting of large vertebrates, including deer and wild boar, which could 

introduce a broader range of microorganisms into their digestive systems. The diverse 

microbial communities are likely to contribute to efficient digestion of high-protein, high-fat 

prey. On the other hand, captive Komodo dragons are fed a more standardized diet of meat and 

commercial pellets, which may limit the range of microorganisms in their guts. The reduction 

in diversity observed in captive individuals may result from a less varied food source and more 

controlled environmental conditions. 

Furthermore, the differences in diversity indices reflect the adaptive capacity of the gut 

microbiota in response to different ecological conditions. Wild Komodo dragons, exposed to 

diverse habitats and unpredictable diets, may harbor a more resilient and adaptive microbiota 

that can effectively digest various food sources. In contrast, captive dragons may have a less 

diverse microbiome, adapted to a limited and consistent food supply. This suggests that the gut 

microbiota in Komodo dragons is highly responsive to dietary variation and environmental 

influences. 

Taxonomic analysis revealed that both wild and captive Komodo dragons share some 

core microbial species, primarily within the phyla Firmicutes and Bacteroidetes, but differ 

significantly in their relative abundances. In wild Komodo dragons, the top five most abundant 

genera included Lachnospira, Bacteroides, and Ruminococcus, which are known for their roles in 

protein fermentation and carbohydrate digestion. In captive dragons, the dominant genera were 

Escherichia and Klebsiella, reflecting a higher presence of opportunistic bacteria that may 

thrive in a more controlled, less diverse diet (Tankrathok et al., 2024). 

The gut microbiota of both groups exhibited significant variation in the relative 

abundance of bacterial families, with wild individuals showing a higher abundance of 

Lachnospiraceae and Ruminococcaceae, both of which are involved in the fermentation of 

complex carbohydrates and fiber. Captive Komodo dragons, however, had a higher proportion 

of Enterobacteriaceae, which includes genera associated with the fermentation of simpler, more 

easily digestible carbohydrates (Sianipar et al., 2025). This data supports the hypothesis that 

the microbiota composition in Komodo dragons is closely linked to the complexity and 

nutritional composition of their diet. 

Statistical analysis of microbiota composition using Bray-Curtis dissimilarity showed a 

significant difference between wild and captive Komodo dragons (p < 0.05). A principal 

coordinate analysis (PCA) plot confirmed distinct clustering of the microbiota from the two 

groups, with wild samples showing greater variability. The ANOVA results indicated that 

microbial diversity was significantly higher in wild Komodo dragons (F(1,21) = 9.26, p = 

0.006). These findings suggest that diet and environmental factors contribute to the 

differentiation of microbiota between the two groups. 

 
Figure 1. Git Microbiota Composition at Phylum Level 
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Further, linear discriminant analysis (LDA) revealed that Lachnospira and Ruminococcus 

were significantly more abundant in wild Komodo dragons, while Escherichia and Klebsiella 

were significantly enriched in captive Komodo dragons. These taxa were identified as key 

drivers of the observed differences in microbial composition. The statistical evidence strongly 

supports the role of dietary and environmental influences in shaping the gut microbiota of the 

Komodo dragon, highlighting the adaptive nature of its microbiome (Lim et al., 2025). 

The relationship between the gut microbiota and the immune function of Komodo 

dragons was examined by correlating the relative abundance of specific microbial genera with 

immune gene expression profiles. Significant positive correlations were found between 

Lachnospira and the expression of genes involved in immune modulation, such as IL-10 and 

TNF-α. These correlations suggest that certain gut microbes may play a direct role in 

modulating the immune responses of the Komodo dragon. In contrast, no such correlations 

were observed with Escherichia or Klebsiella, which were more abundant in captive dragons, 

potentially indicating less beneficial impacts on immune function. 

The data also suggest a functional relationship between gut microbiota diversity and 

digestive efficiency. The higher diversity in wild Komodo dragons correlates with greater 

microbial variety involved in protein and fat breakdown. Microbial communities such as 

Ruminococcus and Bacteroides, which are prevalent in wild dragons, are known for their 

ability to degrade complex carbohydrates and protein, processes that are essential for the 

efficient digestion of large prey. In contrast, the simpler microbiota in captive Komodo dragons 

may not be as effective in breaking down such complex nutrients. 

A specific case study of a wild Komodo dragon, identified as "Dragon 3," revealed a 

highly diverse gut microbiota with a significant presence of Lachnospira and Ruminococcus, 

contributing to the breakdown of protein-rich foods. This individual consumed a diet primarily 

consisting of wild boar, and its microbiota reflected a complex, balanced ecosystem of 

microbes specialized for high-protein digestion. The presence of these key microbial taxa was 

strongly associated with the expression of immune-related genes, suggesting a positive 

influence on immune function and overall health (Sianipar et al., 2024). 

In contrast, a case study of a captive Komodo dragon, "Dragon 7," showed a less diverse 

microbiota dominated by Escherichia and Klebsiella, which are typically associated with 

simpler diets. Despite receiving a nutritionally rich diet, Dragon 7 exhibited signs of reduced 

immunity, including lower expression of immune-related genes. These case studies highlight 

the role of the gut microbiota in influencing both digestion and immune function, underscoring 

the differences between the wild and captive environments in shaping the microbial 

communities of the Komodo dragon. 

The differences observed between wild and captive Komodo dragons can largely be 

explained by the contrasting diets and environmental conditions. Wild dragons have access to a 

varied diet composed of large vertebrates, which may foster a more diverse and functionally 

specialized microbiota (Chu et al., 2024). The microbiota of captive dragons, however, is 

constrained by a less varied and more processed diet, which limits the types of bacteria that can 

thrive in their digestive systems. This lack of dietary variety may contribute to reduced 

microbial diversity and less efficient digestion in captivity. 

The influence of diet on gut microbiota diversity is further supported by the correlation 

between specific microbial taxa and immune function. Wild Komodo dragons, with their more 

diverse microbiota, appear to benefit from a microbiome that not only aids in digestion but also 

supports immune system function (Cerreta & McEntire, 2025). In contrast, the more 

homogeneous microbiota in captive dragons may fail to stimulate the same immune responses, 

suggesting that dietary variety plays a critical role in the health of these animals. 

This study underscores the crucial role of diet and environmental factors in shaping the 

gut microbiota of the Komodo dragon. The findings indicate that wild Komodo dragons harbor 

a more diverse and functionally specialized microbiome compared to captive individuals. The 
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relationship between microbiota diversity and digestive efficiency, as well as immune function, 

highlights the complex interplay between diet, gut microbes, and host health. The results 

suggest that maintaining a diverse and natural diet for captive Komodo dragons may improve 

their digestive and immune health, providing valuable insights for conservation and breeding 

programs (Tan et al., 2025). 

The study also demonstrates the utility of metagenomic analysis in uncovering the 

microbial diversity within reptilian species. By employing high-throughput sequencing, this 

research has provided a detailed snapshot of the Komodo dragon’s gut microbiota, offering a 

foundation for further investigations into the functional roles of these microbes in digestion and 

immunity. This approach can be applied to other species to gain a deeper understanding of the 

microbiome’s role in wildlife health and conservation. 

The results of this study revealed significant differences in the gut microbiota of wild and 

captive Komodo dragons. Wild Komodo dragons exhibited a higher microbial diversity, with 

Firmicutes and Bacteroidetes as the dominant phyla, and a more diverse array of genera such as 

Lachnospira, Ruminococcus, and Bacteroides. These genera are well-known for their roles in 

the breakdown of proteins and complex carbohydrates, which are essential for digesting their 

high-protein, high-fat prey. In contrast, captive Komodo dragons showed a reduced diversity, 

dominated by Escherichia and Klebsiella, bacterial genera typically associated with simpler, 

more easily digestible foods. Furthermore, the study found that the gut microbiota in wild 

Komodo dragons had a positive correlation with immune-related gene expression, suggesting 

that these microbes play a role in immune modulation. Captive individuals, however, exhibited 

a less robust immune response, possibly due to the differences in microbial composition. 

 
Figure 2. Gut Microbiota Analysis Cycle 

 

The data also showed that environmental factors, such as diet and habitat, significantly 

influenced the microbiota of the Komodo dragon. The more varied diet of wild Komodo 

dragons, which includes large vertebrates, likely contributes to a more complex microbial 

community compared to the controlled diet of captive dragons (Hanson et al., 2025). The 

diversity of microbial taxa in the wild group was associated with better digestion and immune 

function, emphasizing the role of diet in shaping gut health. These findings underline the 

importance of understanding how microbial communities interact with their hosts in both wild 

and captive environments. 
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Previous studies on reptilian microbiomes have shown that gut microbial composition 

can vary significantly between species and habitats. Similar to findings in other reptiles, the gut 

microbiota of Komodo dragons was dominated by Firmicutes and Bacteroidetes, which are 

commonly associated with vertebrate digestion. However, the differences observed between 

wild and captive Komodo dragons in this study are more pronounced than those in previous 

reptile studies, which have often shown less significant variations in microbial composition 

between captive and wild populations. This study is the first to directly compare the microbiota 

of wild and captive Komodo dragons, providing valuable insights into how captivity and diet 

can affect microbial communities in carnivorous reptiles (Z. Li et al., 2024). 

While some studies on reptiles have explored the role of gut microbiota in immune 

modulation, particularly in species like turtles and snakes, few have focused on carnivorous 

reptiles with specialized diets, such as the Komodo dragon. The findings from this study 

expand on the concept of the microbiota influencing immune function by highlighting a direct 

relationship between microbial diversity and immune gene expression in the Komodo dragon. 

This result is consistent with mammalian studies, where the gut microbiota is known to play a 

critical role in modulating the immune system, but it offers new insights into how this might 

apply to reptiles, particularly those with highly specialized diets. 

The findings suggest that the gut microbiota in Komodo dragons plays a vital role in their 

digestion and immune function. The higher microbial diversity in wild Komodo dragons, along 

with the observed positive correlation between microbial diversity and immune function, 

indicates that a more diverse and specialized microbiome is beneficial for digestion and 

immunity. The presence of microbes involved in protein fermentation and carbohydrate 

breakdown in wild Komodo dragons suggests that these microbial communities are specifically 

adapted to digest the large, protein-rich prey that they consume in their natural habitat. This 

reflects the dynamic relationship between diet and microbiota, where the microbiome adapts to 

the specific needs of the host. 

For captive Komodo dragons, the reduced microbial diversity and the dominance of 

opportunistic bacteria like Escherichia and Klebsiella may indicate an adaptation to a less 

complex diet. However, this shift also appears to have consequences for immune function, as 

the immune-related gene expression was lower in captive individuals. This highlights the 

importance of diet in shaping both the microbial composition and immune responses in reptiles 

(Tankrathok et al., 2024). The findings suggest that captivity, with its controlled and less 

diverse dietary conditions, may lead to a microbiota that is less capable of supporting optimal 

digestion and immune health, underscoring the need for more naturalistic feeding practices in 

captive breeding programs. 

The implications of this research are significant for both the conservation and 

management of Komodo dragons, particularly in captive breeding programs. The findings 

indicate that the gut microbiota plays a critical role in the digestive and immune health of 

Komodo dragons, and that maintaining a diverse, natural diet is essential for supporting 

optimal gut health. These results suggest that captive Komodo dragons may benefit from a 

more varied diet that mimics the natural prey sources they would consume in the wild. This 

could help promote a healthier microbiota and improve immune responses, ultimately 

enhancing the success of conservation efforts. 

From a broader ecological perspective, this study emphasizes the importance of 

considering gut microbiota in the conservation and management of endangered species. The 

relationship between diet, microbiota, and immune function is not only important for Komodo 

dragons but can also be applied to other carnivorous reptiles and wildlife species. As 

environmental pressures such as habitat loss and climate change continue to affect species 

worldwide, understanding the role of the microbiome in animal health could lead to more 

effective conservation strategies, including dietary adjustments and habitat management to 

support microbial diversity. 
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The results can be explained by the differences in diet and environmental conditions 

between wild and captive Komodo dragons. Wild Komodo dragons consume a varied diet 

consisting of large vertebrates, which likely introduces a broad range of microbes into their 

digestive systems. This diversity of food sources provides a more varied substrate for microbial 

communities, enabling a more complex and functionally specialized microbiome that aids in 

the digestion of complex proteins and fats. Additionally, the varied diet of wild Komodo 

dragons may stimulate a more diverse immune response, as different microbial communities 

interact with the host’s immune system to modulate its function. 

In contrast, captive Komodo dragons are fed a more standardized diet consisting of meat 

and commercially prepared pellets. This limited diet results in a less diverse microbiome, 

which may not support optimal digestion or immune function. The lower immune gene 

expression observed in captive dragons could be attributed to the reduced diversity and 

functional capacity of their microbiota. The lack of a diverse microbial community in captivity 

may limit the host’s ability to respond to environmental pathogens, making the immune system 

less robust. These results underscore the importance of dietary variety in supporting both 

digestive health and immune function. 

Future research should focus on further investigating the functional roles of specific 

microbial taxa in digestion and immunity in Komodo dragons. Metagenomic sequencing 

provides valuable insights into the microbial communities, but functional studies are needed to 

better understand how individual microbial species contribute to the digestion of complex prey 

and the modulation of immune responses. Investigating the relationship between specific 

microbial species and immune-related gene expression will provide more detailed information 

on how the gut microbiota influences health. 

Additionally, studies examining the impact of different diets on the microbiota in both 

wild and captive Komodo dragons will help refine dietary management strategies. It is crucial 

to determine whether supplementing captive diets with a wider variety of food sources, 

including natural prey items, can restore microbial diversity and improve immune function. 

Further investigation into the effects of environmental factors such as temperature, humidity, 

and habitat type on microbiota composition will provide a more comprehensive understanding 

of the factors that shape the Komodo dragon’s gut microbiota in both natural and controlled 

environments. 

 

CONCLUSION 

The most important finding of this study is the significant difference in the gut 

microbiota of wild and captive Komodo dragons. Wild Komodo dragons exhibited a higher 

microbial diversity, with Firmicutes and Bacteroidetes as the dominant phyla, contributing to 

efficient digestion of complex, protein-rich prey. In contrast, captive Komodo dragons showed 

a reduced diversity, dominated by Escherichia and Klebsiella, which are typically associated 

with simpler, processed diets. The study also revealed a positive correlation between microbial 

diversity and immune-related gene expression in wild dragons, suggesting that a diverse 

microbiome plays a crucial role in supporting both digestion and immunity. These findings 

underscore the importance of diet and environmental conditions in shaping gut microbiota 

composition and its functional implications. 

This research contributes both conceptually and methodologically to the field of wildlife 

microbiomics. It provides the first metagenomic analysis of the gut microbiota in Varanus 

komodoensis, offering valuable insights into how microbial communities influence digestion 

and immune function in a large carnivorous reptile. The study also demonstrates the utility of 

metagenomic sequencing in capturing microbial diversity and functional capacity, providing a 

non-invasive method for studying the gut microbiome of endangered species. The findings 

have broader implications for understanding the role of the microbiome in vertebrate health, 
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particularly in species with highly specialized diets, and can be applied to other non-

mammalian carnivores. 

Despite its contributions, this study has certain limitations that should be addressed in 

future research. The cross-sectional nature of the study limits our ability to assess temporal 

changes in the gut microbiota, particularly in relation to seasonal variations in diet and 

environmental conditions. Additionally, the analysis focused primarily on bacterial 

communities, leaving out other microbial groups such as fungi and viruses, which may also 

play a significant role in gut health. Future studies should include longitudinal data and explore 

the broader microbial community to gain a more comprehensive understanding of the Komodo 

dragon’s microbiome. Expanding research to other populations, particularly in different 

environmental contexts, will help determine the generalizability of these findings and their 

application to conservation efforts for the species. 

 

AUTHOR CONTRIBUTIONS 

Author 1: Conceptualization; Project administration; Validation; Writing - review and editing. 

Author 2: Conceptualization; Data curation; In-vestigation. 

Author 3: Data curation; Investigation. 

 

CONFLICTS OF INTEREST 

The authors declare no conflict of interest. 

REFERENCES 

Angus, R. B. (2025). Triploid female Helophorus brevipalpis Bedel, 1881 in Provence, France, 

with additional data on C-banding in both triploid and diploid material, and discussion of 

chromosomal variation in H. brevipalpis. COMPARATIVE Cytogenetics, 19, 125–131. 

https://doi.org/https://doi.org/10.3897/compcytogen.19.162685 

Bajaj, M., Asokan, V., Mishra, P., Reddy, S. K., Irle, H., Rajbangshi, N., Firdose, S., 

Vaishnavi, S., & Banerjee, P. (2024). Reaching the Goldilocks zone: A novel implant 

coating based on fish peptide stimulate superior osteogenicity compared to contemporary 

materials. Materials Chemistry and Physics, 315, 128985. 

https://doi.org/https://doi.org/10.1016/j.matchemphys.2024.128985 

Baker, C. J., Campbell, M. A., & Campbell, H. A. (2025). Effects of food supplementation 

from tourism on crocodile bioenergetics and abundance. Journal of Environmental 

Management, 384, 125529. https://doi.org/https://doi.org/10.1016/j.jenvman.2025.125529 

Berghuis, H. W. K., van den Bergh, G., van Kolfschoten, T., Wibowo, U. P., Kurniawan, I., 

Adhityatama, S., Sutisna, I., Verheijen, I., Pop, E., Veldkamp, A., & Joordens, J. C. A. 

(2025). First vertebrate faunal record from submerged Sundaland: The late Middle 

Pleistocene, hominin-bearing fauna of the Madura Strait. Quaternary Environments and 

Humans, 3(2), 100047. https://doi.org/https://doi.org/10.1016/j.qeh.2024.100047 

Berghuis, H. W. K., van Kolfschoten, T., Wibowo, U. P., Kurniawan, I., Adhityatama, S., 

Sutisna, I., Pop, E., Veldkamp, A., & Joordens, J. C. A. (2025). The taphonomy of the 

Madura Strait fossil assemblage, a record of selective hunting and marrow processing by 

late Middle Pleistocene Sundaland hominins. Quaternary Environments and Humans, 

3(2), 100055. https://doi.org/https://doi.org/10.1016/j.qeh.2024.100055 

Bhattacharya, S., Zia, S. Z., Mahato, S., Gangwar, R. K., Singh, N., Auliya, M., & Koch, A. 

(2024). Conservation perceptions and attitudes regarding monitor lizards in West Bengal, 

India. Nature Conservation, 56, 201–222. 

https://doi.org/https://doi.org/10.3897/natureconservation.56.133577 

Calvete, J. J., Lomonte, B., Tena-Garcés, J., Zollweg, M., & Mebs, D. (2024). Mandibular 

gland proteomics of the Mexican alligator lizard, Abronia graminea, and the red-lipped 

https://doi.org/https:/doi.org/10.3897/compcytogen.19.162685
https://doi.org/https:/doi.org/10.1016/j.matchemphys.2024.128985
https://doi.org/https:/doi.org/10.1016/j.jenvman.2025.125529
https://doi.org/https:/doi.org/10.1016/j.qeh.2024.100047
https://doi.org/https:/doi.org/10.1016/j.qeh.2024.100055
https://doi.org/https:/doi.org/10.3897/natureconservation.56.133577


Research of Scientia Naturalis 

 

                                                           Page | 385  
 

arboreal alligator lizard, Abronia lythrochila. Toxicon, 249, 108055. 

https://doi.org/https://doi.org/10.1016/j.toxicon.2024.108055 

Cerreta, A. J., & McEntire, M. S. (2025). Hypothalamic and Pituitary Physiology in Birds and 

Reptiles. Veterinary Clinics of North America: Exotic Animal Practice, 28(1), 51–68. 

https://doi.org/https://doi.org/10.1016/j.cvex.2024.07.008 

Chai, N. (2025). Gastrointestinal Endoscopy. Veterinary Clinics of North America: Exotic 

Animal Practice, 28(2), 331–345. 

https://doi.org/https://doi.org/10.1016/j.cvex.2024.11.005 

Chakraborty, S., Roberts, S. N., Petrossian, G. A., Sosnowski, M., Freire, J., & Jacquet, J. 

(2025). Prevalence of endangered shark trophies in automated detection of the online 

wildlife trade. Biological Conservation, 304, 110992. 

https://doi.org/https://doi.org/10.1016/j.biocon.2025.110992 

Chen, G.-Y., Xu, X.-D., Feng, J.-X., Zhang, J., & Li, X.-P. (2024). A single C1q A chain 

promotes leukocytes phagocytosis/chemotaxis and mediates bacterial clearance in 

Japanese flounder Paralichthys olivaceus. Aquaculture, 587, 740840. 

https://doi.org/https://doi.org/10.1016/j.aquaculture.2024.740840 

Chu, J., Chen, Y., Wu, Y., Qin, W., Yan, J., Xiao, J., & Feng, H. (2024). SRP54 of black carp 

negatively regulates MDA5-mediated antiviral innate immunity. Developmental & 

Comparative Immunology, 161, 105252. 

https://doi.org/https://doi.org/10.1016/j.dci.2024.105252 

Du, X., Lin, L., Yu, Y., Yang, N., Gao, S., Guo, J., Fang, L., & Su, P. (2025). The evolution 

and functional characterization of transcription factors E2Fs in lamprey, Lethenteron 

reissneri. Developmental & Comparative Immunology, 165, 105348. 

https://doi.org/https://doi.org/10.1016/j.dci.2025.105348 

Gallardo, C. R., Stewart, J. R., & Bidwell, J. R. (2024). Developmental energetics in the 

oviparous corn snake, Pantherophis guttatus, confirms a conservative evolutionary pattern 

in snakes. Comparative Biochemistry and Physiology Part A: Molecular & Integrative 

Physiology, 291, 111592. https://doi.org/https://doi.org/10.1016/j.cbpa.2024.111592 

Guadalupe-Silva, A., Zena, L. A., Hervas, L. S., Rios, V. P., Gargaglioni, L. H., Buck, C. L., & 

Bícego, K. C. (2024). Classification of sex-dependent specific behaviours by tri-axial 

acceleration in the tegu lizard Salvator merianae. Comparative Biochemistry and 

Physiology Part A: Molecular & Integrative Physiology, 298, 111744. 

https://doi.org/https://doi.org/10.1016/j.cbpa.2024.111744 

Hanson, S. L., Whittaker, A. L., Cooper-Rogers, B., Burghardt, G. M., & Fernandez, E. J. 

(2025). Putting the evidence into evidence-based husbandry: A scoping review of 

empirical approaches to improving captive reptile welfare. Applied Animal Behaviour 

Science, 292, 106831. https://doi.org/https://doi.org/10.1016/j.applanim.2025.106831 

Kang, Q., Wu, Y., Jiang, K., Yao, Q., Li, J., Li, Y., Tang, N., Zhang, X., & Li, Z. (2025). Acyl-

CoA binding protein (ACBP) in Siberian sturgeon (Acipenser baerii Brandt): 

Characterization, synthesis and orexigenic function. International Journal of Biological 

Macromolecules, 305, 141280. 

https://doi.org/https://doi.org/10.1016/j.ijbiomac.2025.141280 

Kubota, M., Hallermann, J., Beerlink, A., & Haas, A. (2024). The skull morphology of the 

Komodo dragon, Varanus komodoensis (Reptilia, Squamata, Varanidae) — a digital-

dissection study. EVOLUTIONARY SYSTEMATICS, 8(2), 219–245. 

https://doi.org/https://doi.org/10.3897/evolsyst.8.121149 

Li, C., Liu, X., Hu, C., Yan, J., Qu, Y., Li, H., Zhou, K., & Li, P. (2025). Genome-wide 

characterization of the TRP gene family and transcriptional expression profiles under 

different temperatures in gecko Hemiphyllodactylus yunnanensis. Comparative 

Biochemistry and Physiology Part D: Genomics and Proteomics, 54, 101418. 

https://doi.org/https://doi.org/10.1016/j.cbd.2025.101418 

https://doi.org/https:/doi.org/10.1016/j.toxicon.2024.108055
https://doi.org/https:/doi.org/10.1016/j.cvex.2024.07.008
https://doi.org/https:/doi.org/10.1016/j.cvex.2024.11.005
https://doi.org/https:/doi.org/10.1016/j.biocon.2025.110992
https://doi.org/https:/doi.org/10.1016/j.aquaculture.2024.740840
https://doi.org/https:/doi.org/10.1016/j.dci.2024.105252
https://doi.org/https:/doi.org/10.1016/j.dci.2025.105348
https://doi.org/https:/doi.org/10.1016/j.cbpa.2024.111592
https://doi.org/https:/doi.org/10.1016/j.cbpa.2024.111744
https://doi.org/https:/doi.org/10.1016/j.applanim.2025.106831
https://doi.org/https:/doi.org/10.1016/j.ijbiomac.2025.141280
https://doi.org/https:/doi.org/10.3897/evolsyst.8.121149
https://doi.org/https:/doi.org/10.1016/j.cbd.2025.101418


Research of Scientia Naturalis 

 

                                                           Page | 386  
 

Li, Z., Zhong, H., Lv, S., Huang, Y., Pei, S., Wei, Y., Wu, H., Xiao, J., & Feng, H. (2024). 

Selective autophagy receptor p62/SQSTM1 inhibits TBK1-IRF7 innate immune pathway 

in triploid hybrid fish. Fish & Shellfish Immunology, 153, 109805. 

https://doi.org/https://doi.org/10.1016/j.fsi.2024.109805 

Lim, H. S., Serpell, C. J., Ogawa, S., Hu, Y. Y., & Wong, E. H. (2025). From Fins to Furs: 

Unlocking the Therapeutic Potential of Animal-derived Bioactives for Wound Care. 

Medicine in Drug Discovery, 26, 100206. 

https://doi.org/https://doi.org/10.1016/j.medidd.2025.100206 

Lino-López, G. J., Ruiz-May, E., Elizalde-Contreras, J. M., Jiménez-Vargas, J. M., Rodríguez-

Vázquez, A., González-Carrillo, G., Bojórquez-Velázquez, E., García-Villalvazo, P. E., 

Bermúdez-Guzmán, M. de J., Zatarain-Palacios, R., Vázquez-Vuelvas, O. F., Valdez-

Velázquez, L. L., & Corzo, G. (2024). Proteomic Analysis of Heloderma horridum 

horridum Venom: Assessment to Its Transcriptome and Newfound Proteins. Journal of 

Proteome Research, 23(8), 3638–3648. 

https://doi.org/https://doi.org/10.1021/acs.jproteome.4c00287 

Scholz, T., de Chambrier, A., & Kyslík, J. (2024). Tapeworms (Cestoda: Proteocephalidae) of 

the gars (Lepisosteidae), living fossils in America, including proposal of a new genus and 

a new species. Parasitology International, 102, 102916. 

https://doi.org/https://doi.org/10.1016/j.parint.2024.102916 

Sianipar, I. M. J., Lee, C.-H., Kim, D.-C., & Suryawan, I. W. K. (2025). Adaptive strategies 

and community engagement for sustainable conservation and tourism in Komodo National 

Park, Indonesia. International Journal of Geoheritage and Parks, 13(3), 335–349. 

https://doi.org/https://doi.org/10.1016/j.ijgeop.2024.09.004 

Sianipar, I. M. J., Lee, C.-H., Wang, H.-J., Kim, D.-C., & Suryawan, I. W. K. (2024). 

Determinant of importance-performance and willingness to participate in Komodo 

adaptive conservation programs. Journal for Nature Conservation, 81, 126697. 

https://doi.org/https://doi.org/10.1016/j.jnc.2024.126697 

Suryawan, I. W. K., Sianipar, I. M. J., & Lee, C.-H. (2025). Community importance-

performance preferences and policy adaptiveness in marine debris management: A case 

study from the Komodo Subdistrict, Indonesia. Marine Policy, 174, 106592. 

https://doi.org/https://doi.org/10.1016/j.marpol.2025.106592 

Tan, S., Chen, Y., Wang, J., Li, Z., Li, J., Liu, H., Yu, J., Yue, R., Xiao, J., Wu, H., Yan, J., 

Zou, J., & Feng, H. (2025). Black carp OTUD1 negatively regulates antiviral innate 

immunity via deubiquitination and degradation of IRF3/7. Fish & Shellfish Immunology, 

163, 110407. https://doi.org/https://doi.org/10.1016/j.fsi.2025.110407 

Tankrathok, A., Mahong, B., Roytrakul, S., Daduang, S., Temsiripong, Y., Klaynongsruang, S., 

& Jangpromma, N. (2024). Proteomic analysis of crocodile white blood cells reveals 

insights into the mechanism of the innate immune system. Heliyon, 10(2), e24583. 

https://doi.org/https://doi.org/10.1016/j.heliyon.2024.e24583 

Wang, B., Lan, X., Lin, S., Xu, H., Zhang, X., Yin, J., & Hu, Y. (2025). NLRX1 in fish: A 

negative regulator of innate immunity during Edwardsiella piscicida infection via 

targeting TRAF6 through the NACHT domain. Aquaculture, 594, 741464. 

https://doi.org/https://doi.org/10.1016/j.aquaculture.2024.741464 

Wang, T., Lin, P., Wang, Y., Chen, Y., Zhang, Z., Li, F., & Feng, J. (2025). FADD cooperates 

with Caspase-8 to positively regulate the innate immune response and promote apoptosis 

following bacterial infection in Japanese eel. Fish & Shellfish Immunology, 157, 110110. 

https://doi.org/https://doi.org/10.1016/j.fsi.2024.110110 

Wu, H., Luo, W., Huang, Y., Zhang, J., Huang, C., Ye, K., Ren, P., & Han, F. (2025). 

Molecular characterization of CL-11 in large yellow croaker (Larimichthys crocea) and its 

role in antibacterial defense. Fish & Shellfish Immunology, 165, 110516. 

https://doi.org/https://doi.org/10.1016/j.fsi.2025.110516 

https://doi.org/https:/doi.org/10.1016/j.fsi.2024.109805
https://doi.org/https:/doi.org/10.1016/j.medidd.2025.100206
https://doi.org/https:/doi.org/10.1021/acs.jproteome.4c00287
https://doi.org/https:/doi.org/10.1016/j.parint.2024.102916
https://doi.org/https:/doi.org/10.1016/j.ijgeop.2024.09.004
https://doi.org/https:/doi.org/10.1016/j.jnc.2024.126697
https://doi.org/https:/doi.org/10.1016/j.marpol.2025.106592
https://doi.org/https:/doi.org/10.1016/j.fsi.2025.110407
https://doi.org/https:/doi.org/10.1016/j.heliyon.2024.e24583
https://doi.org/https:/doi.org/10.1016/j.aquaculture.2024.741464
https://doi.org/https:/doi.org/10.1016/j.fsi.2024.110110
https://doi.org/https:/doi.org/10.1016/j.fsi.2025.110516


Research of Scientia Naturalis 

 

                                                           Page | 387  
 

Xiong, L., Zhang, L., Long, Z., Zhao, X., Ying, Y., Xiao, T., & Xiong, S. (2024). TBK1 

upregulates the interferon response against virus by the TBK1-IRF3/7 axis in yellow 

catfish (Pelteobagrus fulvidraco). Fish & Shellfish Immunology, 144, 109272. 

https://doi.org/https://doi.org/10.1016/j.fsi.2023.109272 

Yang, H., Qin, B., Fu, J., Zhang, M., Wang, H., Xiao, T., & Lv, Z. (2025). Molecular 

characteristics and functional differentiation of two IL-10 genes in barbel chub 

Squaliobarbus curriculus. Fish & Shellfish Immunology, 165, 110514. 

https://doi.org/https://doi.org/10.1016/j.fsi.2025.110514 

Yi, Z., Wang, J., Tan, S., Li, Z., Wang, X., Yu, J., Yue, R., Xiao, J., Wu, H., & Feng, H. 

(2025). ZFYVE1 suppresses IRF3/7-mediated antiviral innate immunity in black carp. 

Fish & Shellfish Immunology, 162, 110341. 

https://doi.org/https://doi.org/10.1016/j.fsi.2025.110341 

Zhu, Z., Dobry, J., Wapstra, E., Zhou, Q., & Ezaz, T. (2025). Gene traffic mediated by 

transposable elements shaped the dynamic evolution of ancient sex chromosomes of 

varanid lizard. Journal of Genetics and Genomics. 

https://doi.org/https://doi.org/10.1016/j.jgg.2025.08.002 
 

 

Copyright Holder : 
© Aom Thai et.al (2025). 

 

First Publication Right : 
© Research of Scientia Naturalis 

 

This article is under: 
 

 

https://doi.org/https:/doi.org/10.1016/j.fsi.2023.109272
https://doi.org/https:/doi.org/10.1016/j.fsi.2025.110514
https://doi.org/https:/doi.org/10.1016/j.fsi.2025.110341
https://doi.org/https:/doi.org/10.1016/j.jgg.2025.08.002

