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A B S T R A C T

The genetic integrity of the red junglefowl (Gallus gallus), the wild ancestor of domestic chickens (Gallus gallus do-
mesticus), is under threat due to increasing hybridization with domesticated breeds. This issue has significant eco-
logical and conservation implications, as hybridization diminishes the genetic diversity of red junglefowl, essen-
tial for species survival. The loss of this genetic pool also compromises the potential for future genetic improve-
ments in domesticated chickens. Addressing this problem requires urgent, coordinated efforts, including policy
interventions and conservation strategies. This paper highlights the genetic, ecological, and regulatory chal-
lenges posed by hybridization and calls for action to protect the genetic distinctiveness of red junglefowl, ensur-
ing both species’ long-term viability.

1. Introduction

The erosion of genetic diversity in livestock and poultry is a pressing
concern for global agriculture, as highlighted by the Food and Agricul-
ture Organization of the United Nations (Fulton and Delany 2003).
Each year, billions of domesticated chickens are hatched to meet global
food demands, but the loss of genetic diversity in both industrial and lo-
cally adapted breeds, as well as in the wild red junglefowl—the ances-
tor of domestic chickens—is often overlooked (Fulton and Delany
2003). A critical issue is the increasing interbreeding between domestic
chickens (Gallus gallus domesticus) and red junglefowl (Gallus gallus),
which compromises the genetic integrity of the latter, posing serious
ecological and conservation challenges (Peters et al. 2022; Tixier-
Boichard 2020). This hybridization not only threatens the survival of
red junglefowl but also impacts the future genetic improvement of do-
mesticated chicken breeds for human consumption (Peterson and
Brisbin 1998; Wu et al. 2020). This paper explores the genetic, ecologi-
cal, and policy dimensions of this hybridization, underscoring the need
for urgent and coordinated actions to safeguard the genetic distinctive-
ness of red junglefowl.

2. The genetic consequences of interbreeding

Red junglefowl, native to the tropical and subtropical forests of
Southeast Asia (Fig. 1), are the wild ancestors of domesticated chickens
(Fulton et al. 2004; Hata et al. 2021; Rubin et al. 2010). They serve as
crucial genetic reservoirs for poultry breeding, offering traits such as
disease resistance, adaptability, and enhanced productivity (Tixier-

Boichard 2020). Preserving these wild populations is vital for improv-
ing the resilience and sustainability of poultry, supporting global food
security, and adapting breeding programs to meet evolving environ-
mental and market demands (Fulton and Delany 2003).

However, interbreeding between domestic chickens and red jungle-
fowl has become increasingly common, particularly in Southeast Asia,
where red junglefowl are native. In Thailand, for example, many agen-
cies release wild chickens raised in captivity back into the wild each
year, which may has led to significant hybridization with wild red jun-
glefowl (Rubin et al. 2010). While these agencies have publicized the
need for genetic testing before release, these measures are often ques-
tioned and met with scepticism (such as https://greennews.agency/?
p=24965). This highlights the critical issue of genetic contamination
between wild and domestic chickens. Similar instances have been docu-
mented in Peninsular Malaysia (Desta 2019), Java Indonesia (Kawabe
et al. 2014), northeastern India (Thakur et al. 2018), Sri Lanka (Hata et
al. 2021) and Philippines (Compendio 2022; Compendio and Nishibori
2021). Red junglefowl were threatened by habitat destruction, poach-
ing, egg collection, predation, and genetic hybridization (Ali et al.
1987; Peterson and Brisbin Jr 1998). In Singapore, a city-state, red jun-
glefowl have been observed in various parts of the country over the past
26 years, particularly in forested areas and nature reserves such as Pu-
lau Ubin and Bukit Timah Nature Reserve (Wu et al. 2020). However,
rapid urbanization has fragmented their habitat, increasing the likeli-
hood of interactions between wild red junglefowl and domestic chick-
ens, which are often kept as pets rather than for egg production. The re-
sulting hybrids often display mixed traits, such as varied plumage pat-
terns, feather and leg colours (Desta 2019; Rubin et al. 2010; Wu et al.
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Fig. 1. Natural distribution (Left) and life cycle (Right) of the red junglefowl in the wild. The red junglefowl is native to the tropical and subtropical forests of
Southeast Asia, including Malaysia, Indonesia, Singapore, Thailand, Cambodia, India, China and Bangladesh. It thrives in dense vegetation near water sources. The
life cycle starts with the breeding season in spring, followed by egg-laying and a 21-day incubation period. Chicks are precocial, hatching with down feathers and the
ability to forage. They reach maturity in about five months, living in small, hierarchically-structured groups. Adults are ground-dwellers by day, roosting in trees at
night, and males may engage in combative behavior to establish dominance.

2020) (Fig. 2). Therefore, it is reasonable to speculate that in other
countries where the wild red junglefowl is native, interactions between
wild red junglefowl and domestic chickens are common, leading to a
particularly high occurrence of hybrids. This phenomenon raises grow-
ing concerns for conservation efforts.

Domestic chickens are sometimes released into the wild due to
abandonment, escape, small scale farming of domestic chickens in de-
veloping countries, or cultural practices, leading to encounters with
wild red junglefowl (Delany and Cox 2006; Desta 2019; Hata et al.
2021; Rubin et al. 2010; Wu et al. 2020). Whole genome sequencing of
these populations, anchored to museum samples from Peninsular
Malaysia collected 110–150 years ago, reveals a feral–wild genomic
continuum with varying levels of domestic introgression across differ-
ent subpopulations in Singapore (Wu et al. 2020). As wild populations
acquire more domestic chicken DNA, they risk losing their genetic di-
versity, reducing their resilience to environmental changes. These hy-
brids, with their mixed physical traits, pose a significant risk to the ge-
netic integrity of purebred red junglefowl, raising critical questions
about conservation strategies and the need for policy interventions.

3. Ecological and conservation implications

The ecological consequences of interbreeding between domestic
chickens and red junglefowl extend beyond the genetic dilution of wild
populations (Wu et al. 2020). Red junglefowl play integral roles in the
ecosystems they inhabit, contributing to seed dispersal, insect control,
and maintaining the balance of various trophic interactions (Peterson
and Brisbin 1998). The introduction of hybrid individuals with altered
behaviours and reduced fitness could disrupt these ecological functions,
leading to unforeseen consequences for the broader ecosystem.

Human activities such as habitat destruction, poaching, and the ille-
gal pet trade have already placed considerable pressure on red jungle-
fowl populations (Singchat et al. 2022). The added threat of genetic di-
lution through interbreeding exacerbates these challenges, making it
even more difficult to conserve and restore healthy populations of red
junglefowl. The loss of these birds could have cascading effects on the
ecosystems they support, highlighting the urgent need for conservation
action.

4. Policy implications and recommendations

Addressing the issue of interbreeding between domestic chickens
and red junglefowl requires a multifaceted approach involving conser-
vation organizations, governmental agencies, poultry breeders, and the
public. The following policy recommendations are proposed to mitigate
the threats posed by interbreeding and preserve the genetic integrity of
the red junglefowl:

4.1. Establishing protected areas and conservation programs

Creating protected areas where purebred red junglefowl popula-
tions can thrive without the threat of interbreeding is essential (Delany
and Cox 2006). These areas should be managed to minimize human in-
terference and protect the natural habitats of red junglefowl. Addition-
ally, targeted conservation programs should be developed to monitor
and support these populations.

4.2. Educating poultry breeders, farmers, and chicken hobbyists

Public awareness campaigns and educational programs should be
implemented to inform poultry breeders, farmers, and the public about
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Fig. 2. Phenotypic changes observed in hybrids produced by interbreeding between red junglefowl and domesticated chickens in the wild in Singapore.
The black box shows, in the upper two images, the typical appearance of domesticated broilers and egg-laying hens, and in the lower three images, the typical appear-
ance of red junglefowl. The red box highlights the first row showing mixed populations of red junglefowl and domesticated chickens in the wild, while the second to
fourth rows depict altered phenotypes (e.g., white legs, white feathers) in the hybrids resulting from this interbreeding. It is critical to prevent the inbreeding be-
tween domesticated chickens with the red junglefowls to avoid the threat to the genetic integrity of the red junglefowl.

the risks of interbreeding and the importance of maintaining the ge-
netic purity of red junglefowl (Ardoin et al. 2020). These programs
should promote responsible breeding practices and encourage the sepa-
ration of domestic chickens from wild populations.

4.3. Regulating the trade and release of domestic chickens

Governments should enforce stricter regulations to prevent the ille-
gal trade and release of domestic chickens into areas inhabited by red
junglefowl as done for conservation of other endangered animal species
(Rivera et al. 2021). This could include imposing fines and penalties for
those caught releasing domestic chickens in protected areas or regions
where red junglefowl are known to exist. Additionally, relevant guide-
lines from the International Union for Conservation of Nature (IUCN)
on the rehabilitation and release of wild animals back into their natural
habitats should be considered (Phillips and Union 2002). These guide-
lines emphasize the importance of preserving genetic purity and ensur-
ing that released animals do not pose a threat to the survival or genetic
health of native species.

4.4. Genetic monitoring and research

Ongoing genetic monitoring and research are crucial for assessing
the extent of hybridization between domestic chickens and red jungle-
fowl (Kawabe et al. 2014; Wu et al. 2020). This research should focus
on identifying at-risk populations, understanding the genetic conse-
quences of interbreeding, and developing strategies to mitigate these ef-
fects. Collaboration between geneticists, ecologists, and conservation-
ists will be essential in this effort.

4.5. Restoring natural habitats

Efforts to conserve and restore the natural habitats of red junglefowl
should be prioritized (Delany and Cox 2006; Singchat et al. 2022).

Habitat restoration projects can reduce the likelihood of contact be-
tween domestic chickens and wild populations, thereby minimizing the
risk of interbreeding. These projects should also consider the broader
ecological context, ensuring that red junglefowl have access to the re-
sources they need to survive and thrive. Unfortunately, to date, no con-
servation program has been established for red junglefowl.

5. Integrating science and policy

The issue of interbreeding between domestic chickens and red jun-
glefowl exemplifies the complex interplay between science and society
(Martin et al. 2016). Effective policy responses must be informed by sci-
entific research, yet also consider the socio-economic realities of the
communities involved (Ghimire and Pimbert 2013). For instance, in re-
gions where poultry farming is a primary source of livelihood, policies
must balance conservation goals with the needs of local farmers. This
could involve providing incentives for responsible breeding practices or
developing alternative income-generating activities that reduce pres-
sure on wild red junglefowl populations.

Moreover, the global nature of the poultry industry (Mottet and
Tempio 2017) means that international cooperation is crucial for ad-
dressing this issue. Cross-border trade and the movement of domestic
chickens pose a significant risk to the genetic integrity of red junglefowl
in multiple countries. International agreements and collaborations be-
tween conservation organizations, governments, and the private sector
can help standardize regulations and promote best practices for pre-
venting interbreeding.

6. Conclusion

The interbreeding between domestic chickens and red junglefowl
presents a significant threat to the genetic integrity of the red jungle-
fowl and the ecosystems they inhabit. To address this issue, a compre-
hensive and coordinated approach that integrates scientific research,
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conservation efforts, and policy interventions is required. By taking de-
cisive action now, we can safeguard the genetic diversity and ecological
integrity of these iconic birds for future generations. This will not only
benefit the species involved but also contribute to the broader goals of
biodiversity conservation and sustainable development. The intersec-
tion of science and society in this context highlights the importance of
informed policy-making that considers both the scientific evidence and
the socio-economic realities of the communities affected.

CRediT authorship contribution statement

Gen Hua Yue: Writing – review & editing, Writing – original draft,
Visualization, Validation, Software, Resources, Project administration,
Methodology, Investigation, Funding acquisition, Formal analysis,
Data curation, Conceptualization.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Data availability

All data are form cited papers.

References

Ali, S., Ripley, S.D., & Dick, J.H. (1987). Compact handbook of the birds of India and
Pakistan: Together with those of Bangladesh. Bhutan and Sri Lanka: Nepal.

Ardoin, N.M., Bowers, A.W., & Gaillard, E. (2020). Environmental education outcomes
for conservation: A systematic review. Biological Conservation, 241. 108224.

Compendio, J.D.Z., 2022. Morphological and phylogenetic studies on the genetic diversity
and origin of Philippine red junglefowl, Hiroshima University, PhD thesis.

Compendio, J.D.Z., & Nishibori, M. (2021). Philippine red junglefowl: A separate Gallus
gallus subspecies or not? Journal of Animal Breeding and Genetics, 49, 41–47.

Delany, M.F., & Cox, N.A. (2006). Conservation of the red junglefowl (Gallus gallus ssp.
gallus): A global perspective. Journal of World’s Poultry Science, 62, 1–12.

Desta, T. (2019). Phenotypic characteristic of junglefowl and chicken. World’s Poultry

Science Journal, 75, 69–82.
Fulton, J.E., & Delany, M.E. (2003). Poultry genetic resources–operation rescue needed.

Science, 300, 1667–1668.
Fulton, L.A., Mardis, E.R., & Wilson, R.K. (2004). Sequence and comparative analysis of

the chicken genome provide unique perspectives on vertebrate evolution. Nature,
432, 695–716.

Ghimire, K.B., Pimbert, M.P., 2013. Social change and conservation: an overview of issues
and concepts. In Social change and conservation. eds Krishna B. Ghimire, M.P.
Pimbert, pp. 1-45. Routledge, London.

Hata, A., Nunome, M., Suwanasopee, T., Duengkae, P., Chaiwatana, S.,
Chamchumroon, W., … Srikulnath, K. (2021). Origin and evolutionary history of
domestic chickens inferred from a large population study of Thai red junglefowl and
indigenous chickens. Science Reports, 11, 2035.

Kawabe, K., Shimogiri, T., Kawamoto, Y., Rerkamnuaychoke, W., Nishida, T., &
Okamoto, S. (2014). Genetic diversity and ancestral relationships of red junglefowls
and domestic chickens in Southeast Asia. The Journal of Poultry Science, 51, 369–374.

Martin, J.-L., Maris, V., & Simberloff, D.S. (2016). The need to respect nature and its
limits challenges society and conservation science. Proceedings of the National
Academy of Sciences, 113, 6105–6112.

Mottet, A., & Tempio, G. (2017). Global poultry production: Current state and future
outlook and challenges. World’s Poultry Science Journal, 73, 245–256.

Peters, J., Lebrasseur, O., Irving-Pease, E.K., Paxinos, P.D., Best, J., Smallman, R., …
Frantz, L. (2022). The biocultural origins and dispersal of domestic chickens.
Proceedings of the National Academy of Sciences, 119, e2121978119.

Peterson, A.T., & Brisbin, I.L. (1998). Genetic endangerment of wild Red Junglefowl
Gallus gallus? Bird Conservation International, 8, 387–394.

Phillips, A., Union, W.C., 2002. Management guidelines for IUCN category V protected
areas: Protected landscapes/seascapes. Iucn Gland, Switzerland.

Rivera, S.N., Knight, A., & McCulloch, S.P. (2021). Surviving the wildlife trade in
Southeast Asia: Reforming the ‘disposal’ of confiscated live animals under CITES.
Animals, 11, 439.

Rubin, C.J., Zody, M.C., Eriksson, J., Meadows, J.R., Sherwood, E., Webster, M.T., …
Ka, S. (2010). Whole-genome resequencing reveals loci under selection during
chicken domestication. Nature, 464, 587–591.

Singchat, W., Chaiyes, A., Wongloet, W., Ariyaraphong, N., Jaisamut, K., Panthum, T.,
… Inpota, M. (2022). Red junglefowl resource management guide: Bioresource
reintroduction for sustainable food security in Thailand. Sustainability, 14, 7895.

Thakur, M., Fernandes, M., Sathyakumar, S., Singh, S.K., Vijh, R.K., Han, J., … Zhang,
Y.-P. (2018). Understanding the cryptic introgression and mixed ancestry of Red
Junglefowl in India. PLoS One1, 13, e0204351.

Tixier-Boichard, M. (2020). From the jungle fowl to highly performing chickens: Are we
reaching limits? World’s Poultry Science Journal, 76, 2–17.

Wu, M.Y., Low, G.W., Forcina, G., van Grouw, H., Lee, B.P.Y.H., Oh, R.R.Y., & Rheindt,
F.E. (2020). Historic and modern genomes unveil a domestic introgression gradient in
a wild red junglefowl population. Evolutionary Applications, 13, 2300–2315.

4

http://refhub.elsevier.com/S1617-1381(24)00270-X/h0005
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0005
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0010
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0010
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0020
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0020
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0025
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0025
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0030
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0030
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0035
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0035
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0040
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0040
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0040
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0050
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0050
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0050
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0050
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0055
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0055
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0055
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0060
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0060
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0060
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0065
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0065
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0070
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0070
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0070
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0075
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0075
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0085
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0085
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0085
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0090
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0090
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0090
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0095
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0095
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0095
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0100
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0100
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0100
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0105
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0105
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0110
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0110
http://refhub.elsevier.com/S1617-1381(24)00270-X/h0110

	Protecting red junglefowl by preventing hybridization with domestic chickens
	1. Introduction
	2. The genetic consequences of interbreeding
	3. Ecological and conservation implications
	4. Policy implications and recommendations
	4.1. Establishing protected areas and conservation programs
	4.2. Educating poultry breeders, farmers, and chicken hobbyists
	4.3. Regulating the trade and release of domestic chickens
	4.4. Genetic monitoring and research
	4.5. Restoring natural habitats

	5. Integrating science and policy
	6. Conclusion
	CRediT authorship contribution statement
	References


	fld70: 
	fld71: 
	fld96: 
	fld112: 


