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Dugongs (Dugong dugon) are specialized marine herbivores that primarily feed on seagrass species such as
Thalassia hemprichii, Halophila ovalis, and Halodule uninervis. Their feeding behavior, including grazing and
excavating, is influenced by seagrass morphology and sediment type. Dugongs exhibit high digestive efficiency
(>90%) when consuming low-fiber seagrasses, which support consistent weight gain and health maintenance.
While terrestrial forage species like Brachiaria, Pennisetum purpureum, and Leucaena leucocephala are widely
used in ruminant nutrition, their suitability for dugongs remains unproven due to significant differences in
palatability, digestive physiology, and ecological compatibility. Captive feeding trials have demonstrated dugongs'
strong preference for native seagrasses, supported by nutritional analyses indicating high digestibility and
adequate protein content. Ethical and ecological concerns further limit the use of non-native diets and
domestication practices. Conservation and ex-situ management strategies must prioritize habitat protection,
forage availability, and species-specific nutritional requirements. This review underscores the critical role of
seagrass ecosystems in dugong survival and cautions against introducing alternative forages without thorough
ecological and physiological evaluation.
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INTRODUCTION

Dugongs (Dugong dugon) are marine herbivores primarily dependent on
seagrass meadows for their diet (Amany et al., 2022; Dewi et al., 2024; Dewi et al.,
2025). They are listed as vulnerable to extinction by the IUCN and are protected
under CITES Appendix | due to their declining populations and habitat
degradation (Raghunathan et al., 2012; Khamis et al., 2022; Dewi et al., 2025).
Dugongs are distributed across the Indo-Pacific region, with significant populations
in Australia, the Arabian Gulf, and parts of Southeast Asia (Bass, 2010; Panyawai
and Prathep, 2022; Khamis et al., 2023). Their ecological role includes maintaining
the health of seagrass ecosystems, which are crucial for coastal biodiversity (Marsh
et al., 2018; Thibault et al., 2024).

Captive management of dugongs presents several challenges, particularly in
replicating their natural diet and habitat. Dugongs primarily feed on seagrass, which
is difficult to provide consistently in captivity (Folkmanova, 2015; Goto et al., 2004).
Seasonal variations in food consumption and the need for large quantities of fresh
seagrass (up to 26 kg daily) complicate their dietary management (Goto et al.,
2004). Seasonal variations in food consumption and the need for large quantities
of fresh seagrass typically around 20-30 kg daily, and potentially higher in larger
individuals complicate their dietary management. Additionally, maintaining the
health and well-being of dugongs in captivity requires careful monitoring of their
feeding behavior and digestive health (Folkmanova, 2015).

Given the challenges of providing a consistent supply of seagrass, exploring
alternative food sources such as terrestrial forage (ruminant feeds) could be
beneficial. Terrestrial forages, commonly used in organic farming, offer ecological
and agronomic benefits, including nitrogen retention and soil health
improvement (Ann Clark, 2009). These forages could potentially serve as a
supplementary diet for captive dugongs, ensuring their nutritional needs are met
while reducing reliance on seagrass.

Objectives of the Study, the study aims to: 1) evaluate the feasibility of using
terrestrial forage as a supplementary diet for captive dugongs, this involves
assessing the nutritional adequacy and digestibility of ruminant feeds for dugongs;
2) analyze the impact of terrestrial forage on dugong health and behavior,
monitoring changes in health indicators and feeding behavior when dugongs are
provided with terrestrial forage; and 3) develop guidelines for integrating terrestrial
forage into dugong captive management, creating protocols for the sustainable use
of ruminant feeds in dugong diets to enhance their captive care and conservation
efforts. Objectives of the Study, the study aims to to explore the theoretical
feasibility of using selected terrestrial forage as supplementary diets for dugongs,
based on nutritional composition and compatibility with dugong digestive

physiology.

DUGONG DIET

Dugongs primarily feed on seagrasses, with their diet including species such
as Thalassia hemprichii, Cymodocea spp. and Syringodium isoetifolium (André et
al., 2005; Marsh et al., 2018). The composition of seagrass beds can significantly
influence dugong feeding patterns, with species like Halodule and Halophila being
particularly important (Awadh et al., 2024). Dugongs exhibit different feeding
behaviors, such as excavating or grazing, depending on the seagrass morphology
and sediment nature (Marsh et al., 2018). Their feeding can lead to significant
disturbances in seagrass biomass, affecting the ecosystem (Aragones et al., 2006;
Marsh et al., 2018).
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Nutritional requirements of marine herbivores

Marine herbivores, including dugongs, require a balanced intake of
macronutrients (proteins, lipids, carbohydrates) and micronutrients (minerals,
vitamins) to maintain health (Castellini and Mellish, 2023). Dugongs, specifically,
have adapted to a diet of low-fiber seagrasses, which are easier to masticate and
digest compared to high-fiber varieties (Lanyon and Sanson, 2006; Amany et al.,
2022). The nutritional quality of seagrass forage is comparable to that of terrestrial
herbivores' diets (Amany et al., 2022). As shown in Tables 1-3, the nutritional
composition of seagrass forage, particularly in terms of crude protein, fiber
fractions (NDF and ADF), and macro-minerals such as calcium and magnesium,
demonstrates a comparable profile to that of forage commonly used in terrestrial
herbivore diets.

Common forage plants for ruminants

For ruminants, common forage plants include Brachiaria, Pennisetum
purpureum, and Leucaena leucocephala. These plants vary in their nutritional
profiles: 1) Brachiaria species are known for their drought tolerance and moderate
nutritional value (Juntasin et al., 2022; Koura et al., 2022). 2) Pennisetum
purpureum (Napier grass) is valued for its high dry matter yield and compatibility
with leguminous plants for improved protein content (Kavana et al., 2005). 3)
Leucaena leucocephala is notable for its high crude protein content and potential
to reduce methane emissions when included in ruminant diets (Pifieiro-Vazquez et
al., 2017; Albores-Moreno et al., 2019; Jack et al., 2020).

Previous studies on alternative feeding strategies for
marine mammals

Marine mammals exhibit diverse feeding strategies, including cooperative
foraging and individual hunting tactics. For example, dolphins and killer whales use
cooperative methods to enhance hunting efficiency (Belén Arglelles et al., 2023).
Dugongs, however, are more solitary feeders, relying on the availability and quality
of seagrass beds (Tol et al., 2016; Amany et al., 2022). Studies have shown that
dugongs' feeding behavior can significantly alter seagrass composition and
nutrient content, which in turn affects their nutritional intake (Aragones et al., 2006;
Shawky and Shabaka, 2024). Dugongs’ selective grazing behavior can modify
seagrass community composition by promoting nutrient-rich pioneer species while
reducing dominance of coarser, less digestible species. This ecological interaction
can enhance dugongs’ nutritional intake in well-managed habitats, but may lead to
resource depletion in fragmented or overgrazed areas (Aragones et al., 2006;
Shawky and Shabaka, 2024).

ETHICAL AND ECOLOGICAL CONSIDERATIONS
IN DUGONG DOMESTICATION

Domestication of dugongs raises several ethical and ecological concerns.
Dugongs are listed as vulnerable due to habitat degradation and other
anthropogenic factors (Thibault et al., 2024). Their role in maintaining seagrass bed
health is crucial, and any attempt to domesticate them could disrupt these
ecosystems (Amany et al., 2022; Thibault et al., 2024). Additionally, the ethical
implications of confining a wild marine mammal species must be carefully
considered, as it could lead to stress and health issues for the animals (Wirsing et
al., 2008; Castellini and Mellish, 2023).
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Study site and experimental setup (captive tank
or enclosures

The study involved long-term captive observations of a pair of dugongs
housed in a large indoor saltwater tank system (approximately 20 m x 10 m x 3.5
m) that was maintained with natural seawater circulation and regulated photoperiod
to mimic ambient coastal conditions. The dugongs were fed primarily with eelgrass
(Zostera marina), and feed intake was monitored daily by weighing the offered and
remaining forage, while body length and weight measurements were taken regularly
to assess growth performance over the 19-year observation period (1979-
1998) (Goto et al., 2004). In addition, to study natural foraging behavior, especially
during night-time, the researchers deployed the Automatic Underwater Sound
Monitoring System for Dugongs (AUSOMS-D) in a coastal seagrass bed. This
system was capable of recording acoustic signals associated with feeding
(chewing and cropping sounds), which allowed researchers to document nocturnal
activity patterns and feeding durations in the wild (Tsutsumi et al., 2006).

The study on dugong feeding behavior was conducted in a controlled
environment at Toba Aquarium, Japan, where dugongs were fed eelgrass (Zostera
marina) (Goto et al., 2004). The setup included monitoring feed intake and growth
performance over a long-term period (1979-1998). Additionally, an automatic
underwater sound monitoring system (AUSOMS-D) was used to monitor feeding
sounds in a seagrass area, providing insights into nocturnal feeding
behaviors (Tsutsumi et al., 2006).

Selection criteria for forage species

Forage species selection for dugongs was based on the nutritional quality of
seagrasses. Key species included Halophila ovalis and Halodule uninervis, which
were identified as primary predictors of dugong presence and abundance due to
their nutritional content (Said et al., 2025). The selection criteria also considered the
seasonal availability and digestibility of the forage (Goto et al., 2004). As shown in
Tables 1-4, Halophila ovalis and Halodule uninervis possess favorable nutritional
profiles, including higher crude protein and mineral content, as well as lower fiber
fractions, supporting their identification as key forage species for dugongs.

Table 1 Dietary characteristics, nutritional needs, and ethical-ecological aspects of dugong feeding

and management

Topic Key Points

Natural Diet of Dugong Seagrasses like Thalassia hemprichii, Cymodocea spp.

and Syringodium isoetifolium are primary food sources.
Feeding behaviors include excavating and cropping.

Nutritional Requirements Balanced intake of macronutrients and micronutrients is

essential. Dugongs prefer low-fiber seagrasses.

Forage Plants for Ruminants Brachiaria, Pennisetum purpureum, and Leucaena

leucocephala are common. They vary in drought tolerance,
protein content, and methane reduction potential.

Alternative Feeding Strategies Marine mammals use diverse strategies, including

cooperative foraging. Dugongs' solitary feeding impacts
seagrass ecosystems.

Ethical and Ecological Domestication could disrupt ecosystems and raise ethical

Considerations

concerns. Dugongs are vulnerable and play a key role in
seagrass bed health.

TV

ENCES

Open Access Copyright: ©2026 Author (s). This is an open access article distributed under the term of the Creative Commons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution, and reproduction in any medium or format, as long as you give appropriate credit to the original author (s) and the source.



Table 2 Comparative evaluation of nutritional, behavioral, and health outcomes in dugong feeding

strategies

Aspect
Nutritional Profile

Feed Acceptability &
Palatability

Weight Gain, Health,
Digestibility

Behavioral Changes & Welfare

Statistical Comparisons

Forage Species
Varied with salinity; higher ash-
corrected NDF and uNDF240
in tropical legumes (Robinson
et al., 2004; Nurdianti et al.,
2024; Pérez-Reverodn et al.,
2024)

Influenced by nutritional quality
and environmental conditions
(Robinson et al., 2004; Poore
and Hill, 2006)

Consistent weight gain with
high digestibility of eelgrass
(Goto et al., 2004)

Increased foraging and
reduced inactivity with
dispersed food ; (Waasdorp et
al., 2021) cortisol levels as
stress indicators (Svendsen et
al., 2013)

Significant interactions
between diet components and
performance (Gutiérrez A et al.,
2009; Lyu et al., 2019)

Seagrass
High nitrogen, starch, and
digestibility; low fiber in H.
ovalis (Sheppard et al., 2008)

Influenced by structural and
nutritional traits; higher
preference for S. filiforme
(Prado and Heck, 2011;
Jiménez-Ramos et al., 2017,
2018)

Not directly addressed in
abstracts

Feeding behavior influenced
by nutritional traits; higher
consumption with higher
nitrogen (Jiménez-Ramos et
al., 2017)

Not directly addressed in
abstracts

Table 3 Considerations for dugong feeding and conservation management

Query Information

Suitability of Terrestrial Forages No direct information; dugongs primarily feed on
seagrass (Tol et al., 2016; Hashim et al., 2017; Marsh et
al., 2018; Heng et al., 2022; Thibault et al., 2024; Said
et al., 2025).

Specialized feeding behaviors; high digestibility of
eelgrass; seasonal food consumption (Goto et al.,
2004; Marsh et al., 2018).

Digestive Adaptation and Feeding
Behavior

Potential for Sustainable Dugong
Farming Practices

No specific information; principles of sustainable
agriculture could be adapted (Abobatta and Fouad,
2024; Sharma et al., 2024; Pakeerathan, 2025;
Sarmiento, 2025).

Risks and Limitations of Using Non-
native Feeds

No direct information; potential risks due to specialized
diet (Tol et al., 2016; Marsh et al., 2018).

Implications for Conservation and Ex-
Situ Management

Focus on seagrass habitat protection; threats include
habitat degradation and fishing nets; community
engagement is crucial (Hines et al., 2005; Rajamani,
2013; Tol et al., 2016; Hashim et al., 2017; Thibault et
al., 2024; B. Wang et al., 2025).
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Table 4 Dugong Live Stranding Cases Linked to Malnutrition or Food Scarcity

Aspect Details
Diet and Food Scarcity Seagrass loss leads to food scarcity, affecting dugong

Trophic Ecology

health (Marsh et al., 2018).
Differences in diet between calves and adults; potential impact
on resilience to food scarcity (Thibault et al., 2024).

Mortality and Chronic Debility Chronic debility observed in stranded dugongs; potential link to

Human Activities

malnutrition 3 (Owen et al., 2012).
Habitat degradation and over-harvesting affect seagrass
availability, leading to food scarcity (Marsh et al., 2004).

Pathological Findings Various lesions observed; limited direct link to

malnutrition (Nielsen et al., 2013; Woolford et al., 2015).
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CHEMICAL AND NUTRITIONAL ANALYSES OF
FORAGES

Chemical and nutritional analyses of the forages included measuring dry
matter digestibility (DMD), crude protein, and other nutritional parameters. The
eelgrass fed to dugongs had a high nutritive value with 74% total digestible
nutrients and 14.6% digestible crude protein on a dry matter basis (Goto et al.,
2008). Additionally, the nutritional quality of seagrasses was assessed through
various parameters such as carbon:nitrogen (C:) and carbon:phosphorus (C:)
ratios (Burkholder et al., 2012). The nutritional quality of seagrasses was further
evaluated through elemental ratios, particularly carbon:nitrogen (C:N) and
carbon:phosphorus (C:P). Lower C:N and C:P ratios suggest higher protein and
phosphorus content, respectively, which are critical for dugong nutritional
requirements and digestive efficiency (Burkholder et al., 2012).

DUGONG FEEDING TRIALS AND MONITORING
PARAMETERS

Feed intake and growth performance: dugongs showed a steady increase in
feed consumption, with daily intake rising from 10-15 kg to 23-26 kg of fresh
eelgrass (Goto et al., 2004). Growth performance was monitored, with dugongs
gaining 42-45 kg per year 1. Behavioral observations: feeding behavior was
monitored using AUSOMS-D, revealing nocturnal feeding patterns (Tsutsumi et al.,
2006). Behavioral regulation of nutrient intake was assessed through feeding
assays, indicating that dugongs regulate their intake of carbon and
nitrogen (Machado et al., 2018). Fecal and digestive analysis: fecal samples were
analyzed for reproductive hormone monitoring, providing insights into the
reproductive status and nutritional health of the dugongs (Burgess et al., 2013).
Digestive efficiency was evaluated, showing a high dry matter digestibility of over
90% (Goto et al., 2004).

Using the AUSOMS-D system, Tsutsumi et al. (2006) recorded distinct
nocturnal feeding activity, with dugongs producing identifiable “cropping” sounds
predominantly between midnight and 4 a.m., suggesting that they adjust their
foraging activity based on environmental cues such as human disturbance and tidal
cycles. Additionally, Machado et al. (2018) demonstrated that dugongs exhibit
selective foraging behavior and regulate their intake of specific nutrients,
particularly carbon and nitrogen. In controlled feeding assays, dugongs
preferentially consumed seagrass species with lower C:N ratios, indicating an
ability to modulate nutrient intake behaviorally.
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Over nearly two decades of captive observation, dugongs showed gradual
adaptation and increased intake, starting from 10-15 kg/day to 23-26 kg/day of
fresh eelgrass (Zostera marina). This increase paralleled steady weight gain (42-45
kg/year) and increased body length. Notably, dugongs exhibited consistent daily
feeding intervals, with feeding spread over 6-8 sessions throughout the day, rather
than in one large bout—suggesting behavioral pacing of intake (Goto et al., 2004).

Fecal analysis in captive dugongs showed not only hormonal markers for
reproductive status, but also provided indirect evidence of digestive efficiency
(Burgess et al., 2013). Dugongs produced relatively low fecal bulk relative to intake,
which, alongside the recorded dry matter digestibility >90% (Goto et al., 2004),
suggests highly efficient digestion. Additionally, dugongs were observed to chew
seagrass thoroughly, and discard tougher roots and rhizomes, indicating a
behavioral sorting mechanism that enhances digestibility and intake quality.

STATISTICAL ANALYSES

Statistical analyses included: 1) pearson correlation statistics to describe
relationships between feed intake, growth performance, and health
variables (Bowen et al., 2021). 2) generalized linear models to examine the
predictors of dugong presence and abundance based on seagrass nutritional
quality and environmental parameters (Said et al., 2025). 3) structural equation
modeling to illustrate the impact of forage plants in different terrains on feeding
bias (Wang et al., 2024). Previous studies have employed various statistical
approaches to understand dugong foraging ecology: Pearson correlation analysis
was used to examine relationships between feed intake and growth (Bowen et al.,
2021) generalized linear models assessed the influence of seagrass nutritional
quality on dugong presence (Said et al., 2025) and structural equation modeling
illustrated feeding bias across habitat types (Wang et al., 2024). While the current
manuscript does not present new statistical analyses, these studies provide
context for interpreting the relationships discussed herein.

Nutritional profile of forage species VS seagrass

Forage species such as bermudagrass, alfalfa, and Paspalum have varied
nutritional profiles influenced by salinity levels. Higher salinity generally improves
nutritional quality, increasing organic matter and crude protein (Robinson et al.,
2004). Tropical forage legumes have higher ash-corrected neutral detergent fiber
(aNDFom) and undigested neutral detergent fiber (UNDF240) compared to
temperate forages (Nurdianti et al., 2024). Native and endemic plant species in arid
regions show significant differences in fiber, protein, lipids, and minerals (Pérez-
Reveron et al., 2024). Seagrass species like Halophila ovalis and Syringodium
isoetifolium have high nitrogen and starch content, with H. ovalis showing the
highest digestibility and lowest fiber content (Sheppard et al., 2008). Seagrass
species in the Gulf of Mexico have varying protein, lipid, and carbohydrate
contents, influencing herbivore preferences (Prado and Heck, 2011). The nutritional
patterns described from external studies are partially reflected in our data (Tables
1-4), particularly in the protein, fiber, and mineral profiles of Halophila ovalis,
Paspalum, and Leucaena, which align with trends reported under different
environmental conditions.

Feed acceptability and palatability
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Forage species' acceptability varies with nutritional quality and
environmental conditions. For instance, kikuyugrass, despite high biomass, is less
acceptable due to poor nutritional quality (Robinson et al., 2004). The palatability
of forage species is influenced by their chemical and structural traits (Poore and
Hill, 2006).

Seagrass palatability is influenced by structural and nutritional traits.
Herbivores like sea urchins prefer seagrasses with higher nutritional content and
lower structural defenses (Pifieiro-Vazquez et al., 2017; Jiménez-Ramos et al.,
2018). S. filiforme is preferred by fish due to its high lipid and carbohydrate
content (Prado and Heck, 2011).

Dugong weight gain, health, and digestibility outcomes

Dugongs consuming eelgrass (Zostera marina) show consistent weight gain
of 42-45 kg per year, with daily consumption increasing with age (Goto et al., 2008).
Dugongs exhibit high dry matter digestibility (>90%) of eelgrass, with seasonal
variations in food consumption linked to high digestibility (Goto et al., 2008).

Behavioral changes and welfare indicators

Herbivores' feeding behavior is influenced by the nutritional and structural
traits of their diet. For instance, sea urchins show increased consumption rates with
higher nitrogen content in seagrass (Pifieiro-Vazquez et al., 2017). Behavioral
indicators such as increased foraging and reduced inactivity are observed with
dispersed and chopped food presentation in zoo-housed animals (Waasdorp et al.,
2021). Indicators like cortisol levels and stereotypic behaviors are used to assess
welfare. Higher cortisol levels are associated with stress, while increased
exploration and reduced self-directed behaviors indicate better welfare ( Svendsen
et al., 2013; Podturkin et al., 2023).

Statiatical comparisons across diet treatments

Statistical comparisons reveal significant interactions between diet
components and animal performance. For instance, higher protein and energy
levels in diets significantly enhance weight gain and food conversion in fish
(Gutiérrez A et al., 2009). Similarly, dietary fiber levels affect nutrient digestibility
and energy availability in pigs (Lyu et al., 2019). Increased dietary B-glucans in pigs
lead to higher digesta viscosity and altered nutrient absorption, highlighting the
importance of diet composition on digestive efficiency (Schop et al., 2020).

SUITABILITY OF TERRESTRIAL FORAGES FOR
DUGONG FEEDING

There is no direct information in the provided abstracts regarding the
suitability of terrestrial forages for dugong feeding. Dugongs primarily feed on
seagrass, and their feeding behavior and habitat preferences are closely tied to the
availability and quality of seagrass meadows (Tol et al., 2016; Hashim et al., 2017;
Marsh et al., 2018; Heng et al., 2022; Thibault et al., 2024; Said et al., 2025).

DIGESTIVE ADAPTATION AND FEEDING
BEHAVIOR
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Dugongs exhibit specialized feeding behaviors and digestive adaptations
that are closely linked to their primary diet of seagrass. They feed by excavating or
cropping seagrass, depending on its morphology and sediment type (Marsh et al.,
2018). Dugongs have high dry matter digestibility of over 90% when consuming
eelgrass, and their food consumption varies seasonally (Goto et al., 2004). Their
digestive efficiency is comparable to that of terrestrial herbivores, although they are
less effective at masticating fibrous seagrasses. Additionally, dugongs show
dietary plasticity, adjusting their feeding behavior based on seagrass availability
and quality (Tol et al., 2016; Thibault et al., 2024; Lanyon et al., 2025).

POTENTIAL FOR SUSTAINABLE DUGONG
FARMING PRACTICES

The abstracts do not provide specific information on sustainable dugong
farming practices. However, sustainable agricultural practices in general
emphasize the importance of soil health, biodiversity, and efficient resource
use (Abobatta and Fouad, 2024; Sharma et al., 2024; Pakeerathan, 2025;
Sarmiento, 2025). These principles could potentially be adapted to marine
environments to support dugong conservation and habitat management. This
review explores how principles of sustainable forage and nutritional management,
as applied in terrestrial systems, may inform habitat-based dugong conservation.
While dugongs are not candidates for farming in the conventional sense, concepts
such as forage supplementation and habitat rehabilitation can be adapted to
improve captive care and rehabilitation protocols.

RISKS AND LIMITATIONS OF USING NON-
NATIVE FEEDS

There is no direct information on the risks and limitations of using non-native
feeds for dugongs. However, dugongs are highly specialized feeders that rely on
seagrass, and any deviation from their natural diet could pose risks to their health
and digestive efficiency (Tol et al., 2016; Marsh et al., 2018). Introducing non-native
feeds might disrupt their natural foraging behavior and digestive processes,
potentially leading to negative health outcomes.

There is no direct information on the risks and limitations of using non-native
feeds for dugongs. However, dugongs are highly specialized feeders that rely on
seagrass, and any deviation from their natural diet could pose risks to their health
and digestive efficiency (Tol et al., 2016; Marsh et al., 2018). Introducing non-native
feeds might disrupt their natural foraging behavior and digestive processes,
potentially leading to negative health outcomes. While dugongs are highly
specialized herbivores dependent on seagrass, preliminary consideration of
alternative forages is discussed solely within the context of temporary care under
controlled settings, such as rescue, rehabilitation, or experimental study. It is not
intended as a substitute for natural habitat feeding, which remains irreplaceable for
their long-term health and ecological function.

IMPLICATIONS FOR CONSERVATION AND EX-
SITU MANAGEMENT

Conservation efforts for dugongs should focus on protecting and restoring
seagrass habitats, which are critical for their survival (Hines et al., 2005; Tol et al.,
2016; Hashim et al.,, 2017; Thibault et al., 2024; Wang et al., 2025). Habitat
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degradation, incidental catch in fishing nets, and coastal development are
significant threats to dugong populations (Hines et al., 2005; Zeh et al., 2016).
Effective conservation strategies include establishing protected areas, monitoring
dugong populations, and engaging local communities in conservation
initiatives (Hines et al., 2005; Rajamani, 2013). Ex-situ management could benefit
from understanding dugong feeding behavior and digestive adaptations to ensure
their dietary needs are met in captivity (Goto et al., 2004; Marsh et al., 2018).

CONCLUSION

Dugongs are specialized marine herbivores that primarily consume
seagrasses with high digestibility and balanced nutrient profiles, such as Halophila
ovalis and Halodule uninervis. Their feeding behavior, digestive adaptations, and
health are closely tied to these native seagrass species. While terrestrial forage
plants like Brachiaria, Napier grass, and Leucaena leucocephala offer promising
nutritional profiles for ruminants, there is no empirical evidence supporting their
suitability for dugong diets. Key concerns include palatability, digestive
compatibility, and potential long-term health impacts. Attempts to use non-native
forages or domesticate dugongs raise significant ethical and ecological issues.
Dugongs play a vital role in maintaining seagrass ecosystems and are listed as
vulnerable; any ex-situ management must prioritize their welfare and ecological
function. Further research is needed to experimentally evaluate alternative diets,
but current evidence strongly supports the continued reliance on native seagrass
species for dugong health and conservation.

AUTHORS CONTRIBUTIONS

Rezki Amalyadi: conceptualization (lead); data curation (lead); formal analysis
(lead); funding acquisition (lead); investigation (lead); methodology (lead); project
administration (lead); resources (lead); software (lead); supervision (lead); validation
(lead); visualization (lead); writing — original draft preparation (lead); writing — review
and editing (lead).

CONFLICT OF INTEREST

The authors declare that there is no conflict of interest in this manuscript to
any party.

REFERENCES

Abobatta, W.F., Fouad, F.W., 2024. Sustainable agricultural development:
introduction and overview. In: Abobatta W.F.,-Hussein, W.S. (Eds.), Achieving
food security through sustainable agriculture. IGI Global, Hershey, PA, pp. 1-
27.

Albores-Moreno, S., Alayén-Gamboa, J.A., Miranda-Romero, L.A., Alarcon-Zufiga,
B., Jiménez-Ferrer, G., Ku-Vera, J.C., Pifieiro-Vazquez, A.T., 2019. Effect of
tree foliage supplementation of tropical grass diet on in vitro digestibility and
fermentation, microbial biomass synthesis and enteric methane production in
ruminants. Trop. Anim. Health. Prod. 51, 893-904.

Amany, C., Kamal, M.M., Kurniawan, F., Sabila, V., 2022. Seagrass, dugong, and
people: Lessons learned from community-based conservation in Tolitoli
Regency, Sulawesi Tengah, Indonesia. IOP Conf. Ser. Earth. Environ. Sci. 967,
012032.

Open Access Copyright: ©2026 Author (s). This is an open access article distributed under the term of the Creative Commons Attribution 4.0 International License, which permits

ER|§¢|\R/§ use, sharing, adaptation, distribution, and reproduction in any medium or format, as long as you give appropriate credit to the original author (s) and the source.
B

ENCES



11

André, J., Gyuris, E., Lawler, .R., 2005. Comparison of the diets of sympatric
dugongs and green turtles on the Orman Reefs, Torres Strait, Australia. Wildl.
Res. 32, 53-62.

Ann Clark, E., 2009. Forages in organic crop-livestock systems. In: Francis, C.
(Ed.), Organic farming: the ecological system, pp. 85-112.

Aragones, L.V, Lawler, I.R., Foley, W.J., Marsh, H., 2006. Dugong grazing and turtle
cropping: grazing optimization in tropical seagrass systems?. Oecologia. 149,
635-647.

Awadh, A., Mwakumanya, M., Omar, M., 2024. The viability of seagrass
ecosystems for supporting dugong recovery in Kenya. West Indian Ocean J.
Mar. Sci. 23, 19-26.

Bass, D.K., 2010. Status of dugong dugong dugon and australian snubfin dolphin
orcaella heinsohni, in the Solomon Islands. Pac. Conserv. Biol. 16, 133-143.

Belén Arglelles, M., Fiorito, C., Coscarella, M., Fazio, A., Bertellotti, M., 2023. First
observations of cooperative circle feeding in Southern Right Whales
(Eubalaena australis). Aquat. Mamm. 49(1), 1-6.

Bowen, J.M., Haskell, M.J., Miller, G.A., Mason, C.S., Bell, D.J., Duthie, C.A., 2021.
Early prediction of respiratory disease in preweaning dairy calves using
feeding and activity behaviors. J. Dairy. Sci. 104, 12009-12018.

Burgess, E.A., Blanshard, W.H., Barnes, A.D., Gilchrist, S., Keeley, T., Chua, J.,
Lanyon, J.M., 2013. Reproductive hormone monitoring of dugongs in
captivity: Detecting the onset of sexual maturity in a cryptic marine mammal.
Anim. Reprod. Sci. 140, 255-267.

Burkholder, D.A., Heithaus, M.R., Fourqurean, J.W., 2012. Feeding preferences of
herbivores in a relatively pristine subtropical seagrass ecosystem. Mar.
Freshw. Res. 63, 1051-1058.

Castellini, M., Mellish, J.A., 2023. Physiology of marine mammals: adaptations to
the ocean. CRC Press, Boca Raton.

Dewi, C.S.U., Wahyudi, S., Tarno, H., Ciptadi, G., Wiadnya, D.G.R., 2024. Dugong
dugon (Muller 1776) and its habitat in coastal areas and small islands of East
Java Province, Indonesia. IOP Conf. Ser. Earth. Environ. Sci. 1328, 120083.

Dewi, C.S.U., Wahyudi, S., Tarno, H., Wiadnya, D.G.R., Iranawati, F., Sukandar, S.,
Martinah, A., Sani, L.M.l., Subhan, B., Herandarudewi, S.M., 2025. Genetic of
stranded Dugong dugon (Mller 1776) in the Java Sea, Indonesia, through
COX1-based DNA barcoding. Biodiversitas J. Biol. Divers. 26, 951-962.

Folkmanova, V., 2015. The oil of the dugong: towards a history of an Indigenous
medicine. Hist. Aust. 12, 97-112.

Goto, M., lto, C., Sani Yahaya, M., Wakamura, K., Asano, S., Wakai, Y., Oka, Y.,
Furuta, M., Kataoka, T., 2004. Effects of age, body size and season on food
consumption and digestion of captive dugongs (Dugong dugon). Mar. Freshw.
Behav. Physiol. 37(2), 89-97.

Goto, M., Watanabe, A., Karita, S., Tokita, N., Yamamoto, Y., Wakaki, Y., Asano,
S., Oka, Y., Furuta, M., 2008. Nutrient and energy consumption of captive
mature dugong (Dugong dugon) consuming eelgrass at the Toba Aquarium.
Mar. Freshw. Behav. Physiol. 41, 169-177.

Gutiérrez A,F.W., Zaldivar R,J., Contreras S,G., 2009. Effect of various levels of
digestible energy and protein in the diet on the growth of"
gamitana"(Colossoma macropomum) Cuvier 1818. Revista de Inves. Vet. del
Peru (RIVEP). 20, 178-186.

Hashim, M., Ito, S., Numata, S., Hosaka, T., Hossain, M.S., Misbari, S., Yahya, N.N.,
Ahmad, S., 2017. Using fisher knowledge, mapping population, habitat
suitability and risk for the conservation of dugongs in Johor Straits of Malaysia.
Mar. Policy. 78, 18-25.

Heng, HW.K., Ooi, J.L.S., Affendi, Y.A., Alfian, A.A.K., Ponnampalam, L.S., 2022.
Dugong feeding grounds and spatial feeding patterns in subtidal seagrass: A
case study at Sibu Archipelago, Malaysia. Estuar. Coast. Shelf. Sci. 264,
107670.

Open Access Copyright: ©2026 Author (s). This is an open access article distributed under the term of the Creative Commons Attribution 4.0 International License, which permits

ERI%ﬁ\R"E use, sharing, adaptation, distribution, and reproduction in any medium or format, as long as you give appropriate credit to the original author (s) and the source.
1]

ENCES



ERINARY
ATIVE
ENCES

12

Hines, E., Adulyanukosol, K., Duffus, D., Dearden, P., 2005. Community
perspectives and conservation needs for dugongs (Dugong dugon) along the
Andaman coast of Thailand. Environ. Manag. 36, 654-664.

Jack, H.A,, Cranston, L., Burke, J.L., Knights, M., Morel, P.C.H., 2020. Determining
the chemical composition and in vitro digestibility of forage species used in
small ruminant production systems in the english speaking Caribbean—Part 1.
Trop. Agric. 97, 32-45.

Jiménez-Ramos, R., Brun, F.G., Egea, L.G., Vergara, J.J., 2018. Food choice
effects on herbivory: Intra-specific seagrass palatability and inter-specific
macrophyte palatability in seagrass communities. Estuar. Coast. Shelf. Sci.
204, 31-39.

Jiménez-Ramos, R., Egea, L.G., Ortega, M.J., Hernandez, |., Vergara, J.J., Brun,
F.G., 2017. Global and local disturbances interact to modify seagrass
palatability. PLoS One, 12, e0183256.

Juntasin, W., Imura, Y., Thaikua, S., Poungkaew, R., Kawamoto, Y., 2022. Effects
of plant spacing on seed yield and seed quality in new Urochloa cultivars.
Grassl. Sci. 68, 88-98.

Kavana, P.Y., Kizima, J.B., Msanga, Y.N., Kilongozi, N.B., Msangi, B.S.J,,
Kadeng’uka, L.A., Mngulu, S., Shimba, P.K., 2005. Potential of pasture and
forage for ruminant production in Eastern zone of Tanzania. Livest. Res. Rural.
Dev. 17, 144.

Khamis, A., Abdulla, A., D’Souza, E., Kelkar, N., Arthur, R., Al Khalifa, E., Bader, H.,
Alcoverro, T., 2023. Long-term persistence of large dugong groups in a
conservation hotspot around Hawar Island, Kingdom of Bahrain. Aqua.
Conserv. Mar. Freshwater Eco. 33, 592-605.

Khamis, A., Alcoverro, T., D’'Souza, E., Arthur, R., Pages, J.F., Shah, J., Al-Qahtani,
T., Eweida, A.A., 2022. Identifying conservation priorities for a widespread
dugong population in the Red Sea: Megaherbivore grazing patterns inform
management planning. Mar. Environ. Res. 181, 105762.

Koura, B.l., Vastolo, A., Kiatti, D.D., Cutrignelli, M.l., Houinato, M., Calabro, S.,
2022. Nutritional value of climate-resilient forage species sustaining peri-urban
dairy cow production in the coastal grasslands of Benin (West Africa). Anim.
12, 3550.

Lanyon, J.M., Dawson, L.C., Baublys, K., 2025. Validation and application of stable
isotope analysis of dugong tusks to determine long-term shifts in foraging
patterns. Mar. Mammal Sci. 41, €13202.

Lanyon, J.M., Sanson, G.D., 2006. Mechanical disruption of seagrass in the
digestive tract of the dugong. J. Zool. 270, 277-289.

Lyu, Z., Zang, J., Lai, C., Li, P., Ma, D., Zhao, J., Zhang, S., Huang, C., 2019. Effects
of dietary fibre level and body weight of pigs on nutrient digestibility and
available energy in high-fibre diet based on wheat bran or sunflower meal. J.
Anim. Physiol. Anim. Nutr. 103, 1895-1907.

Machado, G.B.O., Leite, F.P.P., Sotka, E.E., 2018. Nutrition of marine mesograzers:
integrating feeding behavior, nutrient intake and performance of an
herbivorous amphipod. PeerdJ. 6, €5929.

Marsh, H., Grech, A., McMahon, K., 2018. Dugongs: seagrass community
specialists. IN: Larkum, A., Kendrick, G., Ralph, P. (Eds), Seagrasses of
Australia: structure, ecology and conservation. Springer, Cham, pp. 629-661.

Nurdianti, R.R., Dickhoefer, U., Castro-Montoya, J.M., 2024. Relationship between
nutritional composition and fibre digestibility in tropical forages compared to
temperate forages. Itali. J. Anim. Sci. 23, 1839-1853.

Pakeerathan, K., 2025. A global overview and the fundamentals of sustainable
agriculture. In: Singh, S., Sood, V., Srivastav, A.L., Ampatzidis, Y. (Eds.),
Hyperautomation in precision agriculture. Academic Press, United States, pp.
3-13.

Panyawai, J., Prathep, A., 2022. A systematic review of the status, knowledge, and
research gaps of dugong in Southeast Asia. Aqua. Mam. 48, 203-222.

Open Access Copyright: ©2026 Author (s). This is an open access article distributed under the term of the Creative Commons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution, and reproduction in any medium or format, as long as you give appropriate credit to the original author (s) and the source.



13

Pérez-Reveron, R., Perdomo-Gonzalez, A., de la Roza-Delgado, B., Rodriguez, C.,
Pérez-Pérez, J.A., Diaz-Pefia, F.J., 2024. Extending beyond traditional forage:
potential nutritional benefits of native plants in extreme arid insular regions.
Front. Plant. Sci. 15, 1476809.

Pifieiro-Vazquez, A.T., Canul-Solis, J.R., Jiménez-Ferrer, G.O., Alaydn-Gamboa,
J.A,, Chay-Canul, A.J., Ayala-Burgos, A.J., Aguilar-Pérez, C.F., Ku-Vera, J.C.,
2017. Effect of condensed tannins from Leucaena leucocephala on rumen
fermentation, methane production and population of rumen protozoa in heifers
fed low-quality forage. Asian-Austra. J. Anim. Sci. 31, 1738.

Podturkin, A.A., Krebs, B.L., Watters, J.V., 2023. A quantitative approach for using
anticipatory behavior as a graded welfare assessment. J. Appl. Anim. Welf.
Sci. 26, 463-477.

Poore, A.G.B., Hill, N.A., 2006. Sources of variation in herbivore preference:
among-individual and past diet effects on amphipod host choice. Mar. Biol.
149, 1403-1410.

Prado, P., Heck, K.L. Jr., 2011. Seagrass selection by omnivorous and herbivorous
consumers: determining factors. Mar. Ecol. Prog. Ser. 429, 45-55.

Raghunathan, C., Venkataraman, K., Rajan, P.T., 2012. Status of sea cow,
dugong(Dugong dugon) in Andaman and Nicobar Islands. Nature, Environ.
Pollut. Techno. 11, 105-112.

Rajamani, L., 2013. Using community knowledge in data-deficient regions:
conserving the Vulnerable dugong Dugong dugon in the Sulu Sea, Malaysia.
Oryx. 47, 173-176.

Robinson, P.H., Grattan, S.R., Getachew, G., Grieve, C.M., Poss, J.A., Suarez, D.L.,
Benes, S.E., 2004. Biomass accumulation and potential nutritive value of some
forages irrigated with saline-sodic drainage water. Anim. Feed Sci. Techno.
111, 175-189.

Said, N.E., Cleguer, C., Lavery, P., Hodgson, A.J., Gorham, C., Tyne, J.A., Frouws,
A., Strydom, S., Lo, J., Raudino, H.C., 2025. Sparse seagrass meadows are
critical dugong habitat: A novel rapid assessment of habitat-wildlife
associations using paired drone and in-water surveys. Ecol. Indic. 171,
113135.

Sarmiento, B.G., 2025. Sustainable ecosystem design: biodiversity-integrated
organic farming system. E3S Web. Conf. 624, 2002.

Schop, M., Jansman, A.J.M., de Vries, S., Gerrits, W.J.J., 2020. Increased diet
viscosity by oat B-glucans decreases the passage rate of liquids in the
stomach and affects digesta physicochemical properties in growing pigs.
Anim. 14, 269-276.

Sharma, P., Sharma, P., Thakur, N., 2024. Sustainable farming practices and soll
health: a pathway to achieving SDGs and future prospects. Discov. Sustain.
5, 250.

Shawky, A.M., Shabaka, S., 2024. The grazing effects of dugongs on seagrass
meadows: A field experiment at Wadi EI Gemal National Park, Red Sea, Egypt.
In Najeeb, M.A. Rasul, lan, C.F. Stewart (Eda.), Oceanographic and marine
environmental studies around the Arabian Peninsula. CRC Press, United
States, pp. 267-272.

Sheppard, J.K., Carter, A.B., Coles, R.G., 2008. Spatial patterns of sub-tidal
seagrasses and their tissue nutrients in the Torres Strait, northern Australia:
Implications for management. Cont. Shelf. Res. 28, 2282-2291.

Svendsen, P.M., Palme, R., Malmkvist, J., 2013. Novelty exploration, baseline
cortisol level and fur-chewing in farm mink with different intensities of
stereotypic behaviour. Appl. Anim. Behav. Sci. 147, 172-178.

Thibault, M., Letourneur, Y., Cleguer, C., Bonneville, C., Briand, M.J., Derville, S.,
Bustamante, P., Garrigue, C., 2024. C and N stable isotopes enlighten the
trophic behaviour of the dugong (Dugong dugon). Sci. Rep. 14, 896.

Open Access Copyright: ©2026 Author (s). This is an open access article distributed under the term of the Creative Commons Attribution 4.0 International License, which permits

ERI%ﬁ\R"E use, sharing, adaptation, distribution, and reproduction in any medium or format, as long as you give appropriate credit to the original author (s) and the source.
1]

ENCES



ERINARY
ATIVE
ENCES

14

Tol, S.J., Coles, R.G., Congdon, B.C., 2016. Dugong dugon feeding in tropical
Australian seagrass meadows: implications for conservation planning. Peerd.
4, e2194.

Tsutsumi, C., Ichikawa, K., Arai, N., Akamatsu, T., Shinke, T., Hara, T.,
Adulyanukosol, K., 2006. Feeding behavior of wild dugongs monitored by a
passive acoustical method. J. Acoust. Soc. America. 120, 1356-1360.

Waasdorp, S., Tuffnell, J.A., Bruins-van Sonsbeek, L., Schilp, C.M., van Zeeland,
Y.R.A,, Sterck, E.H.M., 2021. Chopped and dispersed food enhances foraging
and reduces stress-related behaviours in captive white-naped mangabeys
(Cercocebus lunulatus). Appl. Anim. Behav. Sci. 241, 105392.

Wang, B., Liu, K., Sakornwimon, W., Huang, W., Li, T., Lai, X., Li, C., Zhao, L., Cong,
B., Liu, S., 2025. Spatial planning for dugong conservation: Assessing habitat
suitability and conservation gaps in Indo-Pacific Convergence Zone. Mar.
Policy. 180, 106777.

Wang, J., Cao, W., Shi, H., Li, W., 2024. Forage plants in grasslands with different
topographies affect yak foraging preferences on the eastern Tibetan plateau.
Front. Plant. Sci. 15, 1347576.

Wirsing, A.J., Heithaus, M.R., Frid, A., Dill, L.M., 2008. Seascapes of fear:
evaluating sublethal predator effects experienced and generated by marine
mammals. Mar. Mamm. Sci. 24, 1-15.

Zeh, D.R., Heupel, M.R., Hamann, M., Limpus, C.J., Marsh, H., 2016. Quick Fix
GPS technology highlights risk to dugongs moving between protected areas.
Endanger. Species. Res. 30, 37-44.

How to cite this article;

Rezki Amalyadi. From pasture to sea: Assessing the viability of ruminant forage
species for dugong (Dugong dugon) domestication and welfare. Veterinary
Integrative Sciences. 2026; 24(2): e2026035-1-14.

Open Access Copyright: ©2026 Author (s). This is an open access article distributed under the term of the Creative Commons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution, and reproduction in any medium or format, as long as you give appropriate credit to the original author (s) and the source.



