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Abstract 

Coral reefs are vibrant marine ecosystems formed by coral polyps, which produce calcium carbonate to 

build their structures, typically found in warm, shallow tropical waters. Although they cover less than 1% 

of the ocean floor, they support approximately 25% of all marine species. Reefs offer essential ecological 

benefits such as food security, coastal protection and income from fisheries and tourism. Major reefs 

include Australia’s Great Barrier Reef and India’s Gulf of Mannar and Lakshadweep. Corals thrive in 

clear, warm waters (23-29°C), stable salinity and shallow depths. They are categorized as fringing reefs, 

barrier reefs, atolls and patch reefs. India’s key coral regions include the Gulf of Kutch, the Gulf of 

Mannar, Palk Bay, Lakshadweep and the Andaman & Nicobar Islands. However, reefs are threatened by 

climate change, pollution, overfishing and unsustainable tourism, causing coral bleaching and 

biodiversity loss. Effective protection requires integrated, science-based and community-based 

conservation initiatives to safeguard the continued existence of these crucial ecosystems. 

 

Keywords: Coral reefs, marine ecosystems, coral bleaching, coral polyps, community-based 

conservation, marine biodiversity loss. 

 

1. Introduction  

Coral reef ecosystems are regarded as some of the most biologically rich and ecologically 

vibrant habitats on Earth, often compared to tropical rain-forests in their richness of life 

(Spalding, Ravilious, & Green, 2001) [80]. These complex underwater structures are primarily 

built by stony corals, which form colonies of tiny polyps that secrete calcium carbonate 

skeletons, creating the reef framework. Although coral reefs cover less than 1% of the ocean 

floor, they support approximately 25% of all marine species and provide essential ecosystem 

services, including food security, coastal protection and economic benefits through tourism 

(Burke et al., 2011) [5] (Figure 1). These reefs sustain a wide variety of marine species by 

offering essential resources such as food and shelter and breeding grounds, making them 

critical habitats for biodiversity (Moberg & Folke, 1999) [54]. Moreover, coral reefs offer 

essential ecological functions and significant socio-economic benefits, including coastal 

protection from storms and erosion, sources of food, income and opportunities for recreation 

and medicine for over half a billion people worldwide. The health of coral reefs largely relies 

on a symbiotic relationship between coral polyps and tiny algae known as zooxanthellae, 

which perform photosynthesis and supply nutrients to the corals. This relationship also gives 

corals their vibrant colors (Hoegh-Guldberg et al., 2007) [32]. However, coral reefs face 

numerous threats from both natural and human-induced factors. Climate change, ocean 

acidification, pollution, overfishing and destructive coastal development have led to 

widespread coral bleaching, disease outbreaks and habitat degradation, significantly 

endangering these ecosystems (Hughes et al., 2017; Knowlton & Jackson, 2008) [35, 43, 39]. 

Coral bleaching happens when rising sea temperatures disturb the symbiotic relationship 

between corals and zooxanthellae, leading corals to expel the algae, resulting in a loss of both 

their color and main energy source (Hoegh-Guldberg et al., 2007) [32]. Conservation strategies 

are therefore critical to mitigate these threats. Approaches involve local community 

engagement, protection of critical habitats, sustainable fisheries management and global efforts 

to address climate change (Mumby & Steneck, 2008) [56].  
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Protecting coral reefs requires an integrated approach 

combining marine protected areas, restoration projects and 

policies aimed at reducing greenhouse gas emissions, as these 

ecosystems cannot survive without significant reductions in 

global warming and ocean acidification (Hughes et al., 2017; 

Burke et al., 2011) [35, 5]. 

 

 
 

Fig 1: Illustrating the relationship between coral reefs ocean coverage and the percentage of marine species supported (Burke et al., 2011) [5]. 
 

1. Environmental Conditions for Coral Reef Formation 

Coral reefs require optimal temperature, sunlight, stable 

salinity, clear water and suitable substrates to grow and thrive 

(Spalding et al., 2001; Roberts et al., 2009) [80, 70] (Figure-2). 

 

2.1 Temperature: Coral reefs require warm water 

temperatures typically ranging from 23°C to 29°C. Corals 

exhibit a narrow temperature tolerance, making them highly 

sensitive to thermal fluctuations outside this range (NOAA, 

2023) [63]. 

 

2.2 Depth: Reefs generally flourish at shallow depths, usually 

less than 50 meters, where sufficient sunlight can penetrate 

the water column to support the photosynthetic activity of 

symbiotic zooxanthellae algae residing within coral tissues 

plays a fundamental role in sustaining coral metabolism and 

reef productivity (Nature Education, 2010) [61]. 

 

2.3 Salinity: Corals usually thrive in stable salinity conditions 

between 32 and 42 Parts Per Thousand (PPT), which 

corresponds to the typical salinity range of seawater in 

tropical marine environments (NOAA, 2023; Jokiel, PL, et 

al., 1997) [63, 40]. 

 

2.4 Water Clarity: Clear water conditions are vital since they 

allow sunlight to reach the photosynthetic algae, which 

provide essential nutrients to the corals through 

photosynthesis (Nature Education, 2010) [61]. 

 

2.5 Substrate: The presence of hard substrates, such as 

volcanic rocks or consolidated reef frameworks, is necessary 

for coral larvae to successfully settle, attach to suitable 

substrates and form new colonies, thereby promoting reef 

development and enhancing structural complexity (Khaled bin 

Sultan Living Oceans Foundation, 2014) [42]. 

 
 

Fig 2: This graph visually summarizes the key parameters, showing the ranges or  conditions optimal for coral reef development and structural 

complexity

 

3. Types of coral reefs 
Coral reefs are commonly classified into four primary types, 

distinguished by their structural features and geographic 

distribution: fringing reefs, barrier reefs, atolls, and patch 

reefs (Figure-3). Each type exhibits distinct formation patterns 

and ecological roles, contributing uniquely to marine 
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biodiversity and environmental stability (NOAA, 2023) [63]. 

 

3.1 Fringing Reefs: Fringing reefs develop in close proximity 

to coastlines and are typically separated from the shore by 

narrow, shallow lagoons. As the most common type of coral 

reef, they provide critical coastal protection by reducing wave 

energy and reducing shoreline erosion (Spalding et al., 2001; 

Burke et al., 2011; Ferrario et al., 2014) [80, 5, 19].  

 

3.2 Barrier Reefs: Positioned farther offshore, barrier reefs 

are separated from mainland or island coastlines by wider and 

deeper lagoons. The Great Barrier Reef in Australia the 

largest coral reef system in the world exemplifies this reef 

type (Spalding et al., 2001; Hopley et al., 2007; GBRMPA, 

2014) [80, 34]. 

 

3.3 Atolls: Atolls are circular or ring-shaped coral reef 

formations that enclose a central lagoon, typically formed 

through the gradual subsidence of volcanic islands. Often 

found in open ocean settings, these reefs develop around the 

remnants of submerged volcanic landmasses and offer unique 

marine habitats (Darwin, 1842; Woodroffe & Biribo, 2011; 

Spalding et al., 2001) [11, 90, 80]. 

 

3.4 Patch Reefs: These are small, solitary coral structures 

that emerge from the ocean floor, usually within lagoon 

environments. Patch reefs contribute to habitat diversity 

within reef ecosystems by providing localized areas of coral 

growth (Coral Reef Alliance, 2025) [9].

 

 
 

Fig 3: Four main types of coral reefs based on their structural characteristics and geographic locations https://wildlifesos.org 
 

4. Global distribution of coral reefs 

Coral reefs are primarily distributed across tropical and 

subtropical regions, with over half of the world’s reef systems 

concentrated within six countries: Australia, Indonesia, the 

Philippines, Papua New Guinea, Fiji and the Maldives 

(Spalding et al., 2023) [78] (Figure-4). 

 

4.1 Coral Triangle (Southeast Asia): The Coral Triangle, 

which spans the marine territories of Indonesia, the 

Philippines, Malaysia, Papua New Guinea, Timor-Leste, and 

the Solomon Islands, is recognized as the most biologically 

diverse coral reef region globally. It harbors an exceptional 

array of coral and marine species, highlighting its critical 

ecological significance (Green et al., 2023) [29]. 

 

4.2 Great Barrier Reef (Australia): The largest coral reef 

system globally, the Great Barrier Reef extends 

approximately 2,300 kilometers along the northeastern coast 

of Australia, supporting vast marine biodiversity and complex 

reef structures (GBRMPA, 2024) [24]. 

 

4.3 Indian Ocean Reefs: Significant reef systems are found 

throughout the Indian Ocean, including the Maldives, 

Seychelles, Madagascar and Sri Lanka, each characterized by 

unique ecological features (Sheppard et al., 2023) [75]. 

 

4.4 Pacific Ocean Reefs: The Pacific hosts extensive reef 

formations such as those surrounding Fiji, the Marshall 

Islands and French Polynesia, which contribute substantially 

to regional marine biodiversity (Allen & Sanders, 2022) [1]. 

 

4.5 Caribbean Reefs: Major coral reefs in the Caribbean are 

located near the Bahamas, Belize and the Florida Keys, 

playing vital roles in local fisheries and tourism (NOAA, 

2023) [63].  

 

4.6 Red Sea Reefs: Notable for their ability to tolerate high 

salinity and temperature extremes, coral reefs along the coasts 

of Egypt, Sudan and Saudi Arabia exhibit unique adaptations 

(Roik et al., 2023) [72].  

 

4.7 Atlantic Ocean Reefs: Coral reefs in the Atlantic are 

found in regions such as Bermuda, Brazil and the Gulf of 

Mexico, supporting diverse marine communities despite more 

limited spatial extent compared to other ocean basins (NOAA, 

2023) [63].
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Fig 4: Global distribution of coral reefs status report (GCRMN-India, 2023) [25]. 
 

5. Coral Reefs in India 

India hosts a diverse array of coral reef ecosystems across the 

Gulf of Kutch, Gulf of Mannar, Palk Bay, the Andaman and 

Nicobar Islands and the Lakshadweep archipelago. These 

regions encompass fringing, patch, and barrier reefs that 

support a high diversity of marine life (Kumar et al., 2022; 

Nair & Bhat, 2023) [45, 57] (Figure-5). 

 

5.1 Gulf of Kutch: Characterized primarily by fringing reefs, 

the coral communities in this region have adapted to extreme 

tidal fluctuations and elevated salinity levels, demonstrating 

notable resilience to harsh environmental conditions (Patankar 

et al., 2021) [66]. 

 

5.2 Gulf of Mannar: This area features extensive fringing 

reefs that harbor a high diversity of marine life, with over 

3,600 species recorded. Recognized as a Biosphere Reserve, 

the Gulf of Mannar plays a crucial role in conserving coral 

species, sea turtles and marine mammals (GCRMN-India, 

2023) [25]. 

5.3 Palk Bay: Known for its shallow fringing reefs, Palk Bay 

experiences significant sedimentation, which has contributed 

to the development of corals with increased tolerance to 

environmental stressors. These reefs also support the 

livelihoods of traditional fishing communities (Sivakumar et 

al., 2022) [77]. 

 

5.4 Andaman and Nicobar Islands: This region contains a 

complex mosaic of fringing, patch and barrier reefs, making it 

one of India’s most ecologically significant coral ecosystems. 

The reefs here are highly diverse, providing habitat for 

species such as clownfish, giant clams, and reef sharks 

(Raghunathan et al., 2023) [67]. 

 

5.5 Lakshadweep Islands: Featuring atolls and coral banks, 

the Lakshadweep reefs represent a unique marine ecosystem 

distinct from mainland India. These reefs are vital for local 

economies, underpinning tuna fisheries and seaweed 

cultivation (Sathian et al., 2022) [73]. 

 

 
 

Fig 5: Geographic Distribution of Coral Reefs Along the Indian Coastline (Manikandan, 2016) [50] 
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6. Importance of Coral Reefs 

Coral reefs support millions worldwide by providing food and 

livelihoods via fishing and tourism related activities (Burke et 

al., 2021; Cesar et al., 2023) [6, 8]. They protect coastlines from 

erosion and storms (Ferrario et al., 2022) [20], sustain rich 

marine biodiversity (Hughes et al., 2023) [36], hold cultural 

and spiritual value (Marshall et al., 2022) [51] and offer bio-

active compounds important for medical research (Leal et al., 

2023) [47]. 

 

7. Economic Importance of Coral Reefs 

Coral reefs support livelihoods and food security while 

generating significant income from fisheries, tourism and 

recreation, crucial to many coastal economies (Brander et al., 

2021; Spalding et al., 2022) [3, 79] (Figure-6). 

 

7.1 Food Security: Coral reefs serve as an essential food 

source for several coastal communities for approximately 500 

million individuals, especially in small island nations and 

coastal populations. In Southeast Asia, approximately 25% of 

total fish catches are directly reliant on the vitality and 

functional productivity of coral reef ecosystems (FAO, 2022) 
[22]. 

 

7.2 Employment: The reef ecosystems support a wide range 

of employment opportunities across fishing, tourism and 

recreational industries. The Great Barrier Reef, generated an 

estimated $6.4 billion in tourism revenue and supported 

around 64,000 jobs during 2015-2016 (Deloitte Access 

Economics, 2017) [12]. 

 

7.1.3 Tourism Revenue: Coral reefs draw millions of tourists 

each year, contributing significantly to both local and national 

economies by generating tourism-related income. Globally, 

coral reef-related tourism is valued at approximately $36 

billion per year, benefiting countries such as the Maldives and 

Australia (Cesar et al., 2023) [8]. 

 

 
 

Fig 6: The bar chart visually compares the metrics, highlighting the significant role coral reefs play in food security, fisheries, employment and 

tourism revenue worldwide. 
 

8. Environmental Importance of Coral Reefs 

Coral reefs support marine biodiversity, protect coastlines and 

help maintain ecological balance by acting as natural defenses 

against erosion and climate hazards (Hughes et al., 2023; 

Ferrario et al., 2022) [36, 20]. 

 

8.1 Habitat Provision: Coral reefs support an estimated 25% 

of all marine species, encompassing over 4,000 species of fish 

and a wide variety of invertebrates, thereby ranking among 

the most ecologically diverse ecosystems on the earth. 

 

8.2 Coastal Protection: By dissipating up to 97% of wave 

energy, coral reefs act as natural barriers that provide natural 

protection to coastal communities against the effects of 

storms, coastal erosion and tsunamis. This protective function 

is especially vital for low-lying and island nations facing the 

threats associated with increased sea levels and enhanced 

storm intensity (Ferrario et al., 2022) [20]. 

 

8.3 Biodiversity Conservation: With around 800 species of 

hard corals, coral reefs sustain high levels of marine 

biodiversity, which is crucial for sustaining the stability and 

adaptive capacity of marine ecosystems (Veron et al., 2022) 

[86]. 

 

9. Cultural Importance of Coral Reefs 

Coral reefs possess profound cultural and historical value, 

serving as repositories of heritage and influencing the 

traditions and practices of indigenous communities. 

 

9.1 Historical Significance: Coral reefs act as living 

archives, preserving ancient shipwrecks and human artifacts. 

Coral encrustations on shipwrecks in the Caribbean provide 

critical insights into maritime history and past human 

activities (Graham et al., 2022) [28]. 

 

9.2 Cultural Heritage: In many Pacific Island communities, 

coral reefs are intricately woven into cultural identity and 
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traditional practices. They hold spiritual significance, guide 

navigation and support the social and economic fabric of local 

populations (Johannes & MacFarlane, 2021) [41]. 

 

10. Pharmaceutical Importance of Coral Reef Bio-active 

Compounds 

Coral reefs are rich sources of bio-active compounds used in 

life-saving drugs, such as anti-cancer agents and antibiotics. 

Compounds from Caribbean sponges helped develop the HIV 

drug AZT. These reefs remain important for medical research 

and drug discovery (Leal et al., 2023; Sipkema et al., 2022) 
[48, 76]. 

 

11. Threats to Coral Reefs 

Coral reefs are increasingly endangered by the multifaceted 

effects of climate change, such as increasing sea temperatures 

and ocean acidification and the intensification of storm 

events, along with anthropogenic impacts such as pollution, 

destructive fishing practices, unregulated tourism and coastal 

development. Collectively, these stressors accelerate reef 

degradation, drive biodiversity loss and undermine the 

provision of essential ecosystem services. 

 

11.1 Climate change threats to coral reefs 

Coral reefs exhibit a high vulnerability to climate change, as 

rising sea temperatures, sea-level rise and the increasing 

frequency of extreme weather events collectively threaten 

their persistence and ecological integrity. Studies have 

demonstrated that elevated sea temperatures lead to 

widespread coral bleaching, which significantly reduces coral 

survival rates (Hoegh-Guldberg et al., 2007; Hughes et al., 

2017) [32, 35]. Additionally, ocean acidification, driven by 

increased CO₂ levels, impairs coral calcification processes, 

further compromising reef structure and resilience (Fabricius, 

2007) [18]. The Intergovernmental Panel on Climate Change 

(IPCC, 2022) [38] emphasizes that these stressors, combined 

with more frequent and intense storms and sea-level rise, pose 

critical risks to coral reef ecosystems worldwide, threatening 

their biodiversity and the environmental functions they 

support (Pandolfi et al., 2011) [65]. 

 

11.2 Ocean Warming: Increased sea surface temperatures 

trigger coral bleaching, a stress-induced physiological effect 

wherein corals release their symbiotic zooxanthellae, often 

leading to extensive coral mortality. For example, the 2016 El 

Nino event resulted in bleaching that impacted roughly 29% 

of the Great Barrier Reef, underscoring the profound impacts 

of elevated temperatures on coral reef ecosystems (Hughes et 

al., 2017) [35]. 

 

11.3 Sea Level Rise: Rising sea levels lead to increased 

sedimentation, which can bury coral colonies and diminish 

the light necessary for the photosynthetic activity of their 

symbiotic algae, consequently hindering coral growth and reef 

development (Hoegh-Guldberg et al., 2019) [33]. 

 

11.4 Increased Storm Intensity: Climate change has been 

associated with the intensification of tropical storms and 

cyclones, which physically damages coral reef structures 

through mechanical breakage, thereby further undermining 

reef resilience (Eakin et al., 2021) [13]. 

 

12. Pollution-related threats to coral reefs 

Coral reefs are increasingly imperiled by various forms of 

pollution that disrupt their delicate ecological balance, inhibit 

growth and endanger associated marine life. 

 

12.1 Marine Debris: Accumulation of plastics and other 

debris physically damages coral structures and introduces 

harmful toxins into reef environments. Notably, the Great 

Pacific Garbage Patch serves as a major reservoir of marine 

debris in the Pacific Ocean, presenting considerable threats to 

coral reef ecosystems (Lebreton et al., 2018) [49]. 

 

12.2 Ocean Acidification: Increasing atmospheric carbon 

dioxide concentrations have resulted in a reduction of oceanic 

pH levels, a phenomenon referred to as ocean acidification, 

which disrupts the calcification essential for coral skeleton 

formation. As reported by the National Oceanic and 

Atmospheric Administration (NOAA), ocean acidity has 

increased by nearly 30% since the onset of the Industrial 

Revolution, leading to diminished coral growth rates and 

reduced ecological resilience (NOAA, 2023) [63]. 

 

12.3 Nutrient Pollution: Runoff enriched with fertilizers and 

other nutrients stimulates excessive algal blooms that obstruct 

sunlight penetration and reduce dissolved oxygen levels in 

reef waters. This eutrophication process smothers corals and 

disrupts the symbiosis between coral hosts and their resident 

photosynthetic algae (Fabricius, 2019) [17]. 

 

13. Threats to Coral Reefs from Overfishing 

Unsustainable fishing practices represent a significant threat 

to coral reef ecosystems by disrupting trophic dynamics and 

causing direct physical damage to reef structures. 

 

13.1 Overfishing: The excessive removal of key fish species 

destabilizes ecological balance, often resulting in unchecked 

algal proliferation that competes with and inhibits coral 

growth, thereby degrading reef health (Jackson et al., 2014; 

Hughes et al., 2007) [39, 37]. 

 

13.2 Destructive Fishing Methods: Destructive fishing 

practices, such as blast fishing and cyanide fishing, inflict 

significant physical damage on coral formations, undermining 

their structural integrity and impairing reef ecosystems 

resilience to withstand and recover from environmental 

perturbations (Burke et al., 2011; Mous et al., 2000) [5, 55]. 

 

14. Threats to Coral Reefs from Coastal Development 

Anthropogenic activities, including coastal development and 

land reclamation, present substantial threats to coral reef 

ecosystems by altering natural habitats and elevating 

sedimentation levels, which negatively impact coral survival 

and growth. 

 

14.1 Habitat Destruction: Infrastructure development and 

land reclamation along coastlines lead to the direct loss and 

fragmentation of coral reef habitats, undermining their 

ecological integrity (Rogers, 1990; Brown et al., 2017) [71, 4]. 

 

14.2 Sedimentation: Elevated sediment loads resulting from 

deforestation, construction and soil erosion reduce water 

clarity, thereby limiting sunlight penetration, essential for the 

photosynthetic efficiency of zooxanthellae, the symbiotic 

algae hosted by corals. This sedimentation stress impairs coral 

growth and resilience (Erftemeijer et al., 2012; Fabricius, 

2005) [15, 16]. 

 

https://www.veterinarypaper.com/


 

~ 168 ~ 

International Journal of Veterinary Sciences and Animal Husbandry https://www.veterinarypaper.com 

15. Threats to coral reefs from human activities 

Human induced pressures such as unsustainable tourism, 

resource extraction and irresponsible recreational behaviors 

significantly threaten the health and stability of coral reef 

ecosystems. 

 

15.1 Tourism and Recreation: Unregulated tourism 

activities result in physical damage to coral reefs through boat 

anchoring, direct trampling by visitors and increased 

pollution, all of which degrade reef integrity and resilience 

(Hawkins & Roberts, 1994; Lamb et al., 2014) [30, 46]. 

 

15.2 Marine Mining: The extraction of minerals, sand and 

other resources from marine environments causes habitat 

destruction and disrupts the ecological balance of coral reef 

systems (Edinger et al., 1998; Nellemann et al., 2008) [14, 62]. 

 

16. Coral Reef Conservation Efforts: Programs and Case 

Studies 

Protecting coral reefs depends on coordinated efforts at both 

global and national levels, including partnerships, monitoring 

and sustainable management, supported by several effective 

conservation programs. 

 

16.1 International Conservation Programs 

16.1.1 Coral Triangle Initiative (CTI) 

The Coral Triangle Initiative constitutes a collaborative 

international partnership among six Southeast Asian and 

Pacific nations, focused on conserving and sustainably 

managing marine and coastal resources in the Coral Triangle 

region. This initiative prioritizes the promotion of sustainable 

fisheries, integrated ecosystem management, and climate 

change adaptation strategies to ensure the long-term 

protection of the region’s exceptionally diverse coral reef 

ecosystems (Coral Triangle Initiative, 2013; Foale et al., 

2013; WWF, 2020) [10, 21, 91]. 

 

16.1.2 Global Coral Reef Monitoring Network (GCRMN): 

Functioning under the framework of the International Coral 

Reef Initiative (ICRI), the Global Coral Reef Monitoring 

Network (GCRMN) is tasked with the systematic monitoring 

and reporting of the ecological integrity and current state of 

coral reef systems worldwide. This network provides critical 

scientific data to inform policy decisions and conservation 

actions.  

 

16.1.3 Aichi Biodiversity Target 10: Under the Convention 

on Biological Diversity’s Strategic Plan for Biodiversity 

2011-2020, Aichi Biodiversity Target 10 seeks to reduce 

pressures on vulnerable ecosystems such as coral reefs by 

reducing the impacts of climate change, ocean acidification 

and other human-induced threats. 

 

16.2 UNESCO World Heritage Sites: UNESCO protects 

coral reefs by designating them as World Heritage Sites, 

providing international support, funding and research to 

preserve their biodiversity and ecosystems (UNESCO, 2021; 

Obura et al., 2021; Hockings et al., 2020) [83, 31, 64]. 

 

16.2.1 Great Barrier Reef, Australia: The Great Barrier 

Reef, the largest coral reef system, spans over 348,000 sq km 

and hosts thousands of marine species. Managed as a World 

Heritage Site, it faces threats like bleaching but benefits from 

restoration and strict regulations to support recovery 

(GBRMPA, 2024; UNESCO, 2021) [24, 83]. 

16.2.2 Red Sea and Gulf of Aqaba Coral Reefs: The Red 

Sea and Gulf of Aqaba have unique, climate-resistant coral 

reefs with over 265 coral and 800 fish species. Conservation 

efforts like marine protected areas aim to preserve these 

important reefs and support their resilience to climate change 

(UNESCO, 2021) [83]. 

 

16.2.3 Other World Heritage Coral Reefs: UNESCO’s 

marine World Heritage Sites like Belize Barrier Reef, 

Tubbataha Reefs and New Caledonia’s lagoons use 

collaborative management and monitoring to protect coral 

reefs. 

 

16.3 National Conservation Efforts in India 

India has developed a comprehensive legal and institutional 

framework to protect its coral reefs, which are distributed 

across the Gulf of Kutch, Gulf of Mannar, Palk Bay, 

Andaman and Nicobar Islands and Lakshadweep Islands. 

 

16.3.1 Legal Frameworks: The Wildlife Protection Act 

(1972) and Environment Protection Act (1986) [53] provide 

statutory protection for coral reefs and associated marine life. 

These laws regulate activities such as fishing, coastal 

development and pollution to mitigate threats to reef 

ecosystems (Wildlife Protection Act, 1972) [88]. 

 

16.3.2 Marine Protected Areas (MPAs): India has 

designated several MPAs encompassing coral reef habitats, 

including the Gulf of Mannar Biosphere Reserve and the 

Mahatma Gandhi Marine National Park in the Andaman 

Islands. These protected areas restrict destructive activities 

and promote sustainable resource use, contributing to the 

conservation of biodiversity and ecosystem services 

(Government of India, Government of India, Ministry of 

Environment, Forest and Climate Change 2025; UNESCO, 

2021; Andaman and Nicobar Administration, 2025) [27, 83, 2]. 

 

16.3.3 Community Engagement and Research: 

Conservation programs in India emphasize scientific research, 

monitoring and community participation. Local fisher-folk 

and coastal communities are involved in reef monitoring and 

sustainable fishing practices, enhancing stewardship and 

resilience (Vivekanandan & James, 2010; Satyanarayana & 

Nayak, 2015; Krishnan & Ravichandran, 2013) [87, 74, 4]. 

 

17. The way forward for coral reef conservation 

Protecting coral reefs long-term needs, a combined approach 

of science, strong policies and community involvement to 

preserve biodiversity and support millions of livelihoods. 

 

17.1 Enhanced Policy and Regulatory Frameworks 

Stricter regulations on overfishing, pollution, and coastal 

development, along with expanding and managing Marine 

Protected Areas and enforcing laws, are vital to safeguard 

coral reefs (Spalding et al., 2023; Hughes et al., 2023) [78, 36]. 

 

17.2 Climate Change Mitigation 

Reducing carbon emissions and switching to renewable 

energy are crucial to combat coral bleaching and ocean 

acidification, key threats to coral reefs (Hughes et al., 2023; 

IPCC, 2022) [36, 38]. 

 

17.3 Restoration and Rehabilitation Techniques 

Restoration efforts such as coral gardening and artificial reefs, 

along with technologies like Bio rock that boost coral growth, 
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help restore degraded reefs and increase resilience 

(Rinkevich, 2019; Goreau & Hilbertz, 2020) [69, 26]. 

 

17.4 Community Involvement and Education 

Engaging local populations in conservation efforts and 

implementing education and awareness campaigns to 

encourage sustainable management and responsible tourism, 

thereby minimizing human impact on reefs (Marshall et al., 

2022; Burke et al., 2021) [51, 6]. 

 

17.5 International Collaboration 
Global co-operation is essential to tackle transboundary 

threats like pollution and climate change, enabling sharing of 

knowledge and resources through international partnerships 

(Spalding et al., 2023; Hughes et al., 2023) [78, 36]. 

 

17.6 Maldives-3D-Printed Reef Structures 

In the Maldives, a collaboration between the Reef Design Lab 

and Summer Island Resort introduced 3D-printed coral reef 

modules using ceramic and marine-safe concrete. These 

structures mimic the complexity of natural reefs, encouraging 

coral larval settlement and fish colonization. Within months, 

coral growth and fish biomass increased significantly, 

demonstrating the potential of 3D printing in scalable reef 

restoration (Reef Design Lab, 2018) [68]. 

 

17.7 Philippines-Community-Based Reef Restoration 

In the Philippines, community-led reef restoration initiatives 

in Pangasinan and Bohol have combined artificial reef 

deployment with coral gardening techniques. These projects 

restored coral cover, increased fish abundance, and fostered 

local stewardship and eco-tourism. Coral transplantation and 

species restocking significantly altered fish community 

structures in favor of reef health (Cabaitan, Gomez, & Aliño, 

2008) [7]. 

 

18. Conclusion 
Coral reefs frequently referred to as the "rainforests of the 
sea", are vital marine ecosystems that, despite covering less 
than 1% of the ocean floor, they provide habitat for about 
25% of all marine species. They deliver essential ecosystem 
services including food source, coastal protection and 
economic benefits through fisheries and tourism. In India, 
significant reef systems such as the Gulf of Mannar, 
Lakshadweep, and the Andaman & Nicobar Islands exemplify 
this ecological and socioeconomic importance. However, 
these reefs face escalating threats from climate change, 
pollution, over-exploitation and coastal development, leading 
to extensive coral bleaching, biodiversity loss, and ecosystem 
degradation. The decline of coral reefs not only harms marine 
biodiversity but also threatens the livelihoods and cultural 
heritage of millions dependent on these habitats. Effective 
conservation and management of coral reefs demand urgent, 
integrated approaches that combine scientific research, robust 
legal frameworks, pollution mitigation, active reef restoration 
and the engagement of local communities. A concerted global 
effort is imperative to safeguard these critical ecosystems and 
to maintain their resilience and sustainability for the benefit of 
future generations. 
 

Conflict of Interest 

Not available  

 

Financial Support 
Not available 

 

19. Reference 

1. Allen GR, Sanders MJ. Pacific coral reef biodiversity and 

conservation. Journal of Marine Biology. 

2022;58(4):345-362. 

2. Andaman and Nicobar Administration. Mahatma Gandhi 

Marine National Park [Internet]. 2025 [cited 2025 May 

23]. Available from: https://www.andaman.gov.in/ 

3. Brander LM, Wagtendonk AJ, Hussain SS, Verburg PH. 

The economic value of coral reefs: A meta-analysis. 

Ecosystem Services. 2021;50:101305. 

4. Brown CJ, Saunders MI, Possingham HP, Richardson AJ. 

Managing for interactions between local and global 

stressors of ecosystems. PLOS ONE. 

2017;12(1):e0169610. 

5. Burke L, Reytar K, Spalding M, Perry A. Reefs at risk 

revisited [Internet]. Washington (DC): World Resources 

Institute, 2011 [cited 2025 May 23]. Available from: 

https://www.wri.org/research/reefs-risk-revisited 

6. Burke L, Reytar K, Spalding M, Perry A. Reefs at risk 

revisited. Washington (DC): World Resources Institute, 

2021. 

7. Cabaitan PC, Gomez ED, Aliño PM. Effects of coral 

transplantation and giant clam restocking on the structure 

of fish communities in a degraded reef in the Philippines. 

Environmental Biology of Fishes. 2008;83(3):191-203. 

8. Cesar HSJ, Burke L, Pet-Soede L. The economics of 

worldwide coral reef degradation. Marine Policy. 

2023;151:104556. 

9. Coral Reef Alliance. Types of coral reef formations 

[Internet], [Cited 2025 May 23]. Available from: 

https://coral.org/en/coral-reefs-101/types-of-coral-reef-

formations/ 

10. Coral Triangle Initiative. Regional Plan of Action 

(RPOA) for the coral triangle initiative on coral reefs, 

Fisheries and Food Security (CTI-CFF) [Internet]. Jakarta 

(ID): CTI-CFF Secretariat, 2013 [cited 2025 May 23]. 

Available from: https://www.coraltriangleinitiative.org 

11. Darwin C. The structure and distribution of coral reefs. 

London: Smith, Elder and Co, 1842. 

12. Deloitte Access Economics. Economic contribution of 

the Great Barrier Reef. Brisbane: Great Barrier Reef 

Foundation, 2017. 

13. Eakin CM, Liu G, Gomez AM. Increased hurricane 

damage on coral reefs driven by climate change. Nature 

Communications. 2021;12:2177. 

14. Edinger EN, Jompa J, Limmon GV, Widjatmoko W, Risk 

MJ. Reef degradation and coral biodiversity in Indonesia: 

Effects of land-based pollution, destructive fishing 

practices and changes over time. Marine Pollution 

Bulletin. 1998;36(8):617-630. 

15. Erftemeijer PL, Riegl B, Hoeksema BW, Todd PA. 

Environmental impacts of dredging and other sediment 

disturbances on corals: A review. Marine Pollution 

Bulletin. 2012;64(9):1737-1765. 

16. Fabricius KE. Effects of terrestrial runoff on the ecology 

of corals and coral reefs: Review and synthesis. Marine 

Pollution Bulletin. 2005;50(2):125-146. 

17. Fabricius KE. Nutrient pollution and coral reefs: What 

are the risks and management options? Marine Pollution 

Bulletin. 2019;149:110499. 

18. Fabricius KE. Effects of ocean acidification on marine 

biodiversity. Marine Ecology Progress Series. 

2007;373:271-280. 

19. Ferrario F, Beck MW, Storlazzi CD, Micheli F, Shepard 

CC, Airoldi L. The effectiveness of coral reefs for coastal 

https://www.veterinarypaper.com/


 

~ 170 ~ 

International Journal of Veterinary Sciences and Animal Husbandry https://www.veterinarypaper.com 
hazard risk reduction and adaptation. Nature 

Communications. 2014;5:3794. 

20. Ferrario F, Beck MW, Storlazzi CD, Micheli F, Shepard 

CC, Airoldi L. The effectiveness of coral reefs for coastal 

hazard risk reduction and adaptation. Nature 

Communications. 2022;13:1343. 

21. Foale S, Adhuri DS, Aliño P, Allison EH, Andrew N, 

Cohen P, et al. Food security and the Coral Triangle 

Initiative. Marine Policy. 2013;38:174-183. 

22. Food and Agriculture Organization (FAO). The state of 

world fisheries and aquaculture 2022 [Internet]. Rome: 

FAO, 2022 [cited 2025 May 23]. Available from: 

https://doi.org/10.4060/cc0461en 

23. Great Barrier Reef Marine Park Authority (GBRMPA). 

Great Barrier Reef Outlook Report 2014. Townsville: 

GBRMPA, 2014. 

24. Great Barrier Reef Marine Park Authority (GBRMPA). 

About the Great Barrier Reef [Internet], 2024 [cited 2025 

May 23]. Available from: 

https://www.gbrmpa.gov.au/the-reef/about-the-reef 

25. GCRMN-India. Status report on coral reefs of India. New 

Delhi: Ministry of Environment, Forest and Climate 

Change, Government of India, 2023. 

26. Goreau TJ, Hilbertz W. Marine ecosystem restoration: 

Costs and benefits for coral reefs. World Resource 

Review. 2005;17(3):375-409. 

27. Government of India, Ministry of Environment, Forest 

and Climate Change. Gulf of Mannar Biosphere Reserve 

[Internet]. 2025 [cited 2025 May 23]. Available from: 

https://moef.gov.in/en/division/biosphere-reserves/#gulf-

of-mannar 

28. Graham E, Purdy B, Smith A. Coral reefs as natural 

archives: Insights from marine archaeological sites. 

Journal of Maritime Archaeology. 2022;17(2):193-210. 

29. Green AL, Bellwood DR, Salm RV. The Coral Triangle: 

Biodiversity and Conservation. Marine Ecology Progress 

Series. 2023;701:1-25. 

30. Hawkins JP, Roberts CM. The growth of coastal tourism 

in the Red Sea: Present and future effects on coral reefs. 

Ambio. 1994;23(8):503-508. 

31. Hockings M, Leverington F, James R, MacKinnon K, 

Dudley N, Courrau J. World Heritage ecosystems: 

Protecting coral reefs through effective management 

[Internet]. Gland (CH): IUCN, 2020 [cited 2025 May 23]. 

Available from:  

https://portals.iucn.org/library/node/48963 

32. Guldberg HO, Mumby PJ, Hooten AJ, Steneck RS, 

Greenfield P, Gomez E, et al. Coral reefs under rapid 

climate change and ocean acidification. Science. 

2007;318(5857):1737-1742. 

33. Guldberg HO, Poloczanska ES, Skirving W, Dove S. 

Coral reef ecosystems under climate change and ocean 

acidification. Frontiers in Marine Science. 2019;6:1-20. 

34. Hopley D, Smithers SG, Parnell KE. The geomorphology 

of the Great Barrier Reef: Development, diversity and 

change. Cambridge: Cambridge University Press, 2007. 

35. Hughes TP, Anderson KD, Connolly SR, Heron SF, 

Kerry JT, Lough JM, et al. Spatial and temporal patterns 

of mass bleaching of corals in the Anthropocene. 

Science. 2017;359(6371):80-83. 

36. Hughes TP, Kerry JT, Noriega AM, Romero AJG, 

Anderson KD, Baird AH, et al. Global warming and 

recurrent mass bleaching of corals. Nature. 

2023;543(7645):373-377.Z 

37. Hughes TP, Rodrigues MJ, Bellwood DR, Ceccarelli D, 

Guldberg HO, McCook L, et al. Phase shifts, herbivory, 

and the resilience of coral reefs to climate change. 

Current Biology. 2007;17(4):360-365. 

38. Intergovernmental Panel on Climate Change (IPCC). 

Climate change 2022: Impacts, adaptation and 

vulnerability. Contribution of Working Group II to the 

Sixth Assessment Report of the Intergovernmental Panel 

on Climate Change, 2022. 

39. Jackson JBC, Donovan MK, Cramer KL, Lam VV. 

Status and trends of Caribbean coral reefs: 1970-2012. 

Gland (CH): Global Coral Reef Monitoring Network, 

IUCN, 2014 [cited 2025 Jun 13]. Available from: 

https://portals.iucn.org/library/node/43851 

40. Jokiel PL, et al. Responses of Hawaiian and other Indo-

Pacific reef corals to elevated temperature and salinity. 

Pacific Science. 1997;51(3):253-262. 

41. Johannes RE, MacFarlane A. Traditional ecological 

knowledge and cultural heritage of Pacific coral reefs. 

Marine Policy. 2021;132:104650. 

42. Khaled bin Sultan Living Oceans Foundation. 

Environmental conditions (Unit 8 of the Coral Reef 

Ecology Curriculum) [Internet]. 2014 [cited 2025 Jun 

13]. Available from: 

https://www.livingoceansfoundation.org/education/portal

/course/environmental-conditions 

43. Knowlton N, Jackson JBC. Shifting baselines, local 

impacts, and global change on coral reefs. PLOS 

Biology. 2008;6(2):e54. 

44. Krishnan M, Ravichandran P. Role of local communities 

in coral reef conservation: A case study from the Gulf of 

Mannar, India. Current Science. 2013;104(3):367-372. 

45. Kumar M, Sharma S, Singh A. Coral reef diversity and 

conservation in India: An overview. Marine Biodiversity 

Journal. 2022;14(3):190-205. 

46. Lamb JB, True JD, Piromvaragorn S, Willis BL. Scuba 

diving damage and intensity of tourist activities influence 

coral disease prevalence. Biological Conservation. 

2014;178:88-96. 

47. Leal MC, Puga J, Serôdio J, Gomes NCM, Calado R. 

Trends in the discovery of new marine natural products 

from invertebrates over the last two decades-Where and 

what are we bioprospecting? Marine Drugs. 

2023;21(3):191. 

48. Leal MC, Puga J, Serôdio J, Gomes NCM, Calado R. 

Marine microbial natural products: Current status and 

future trends. Marine Drugs. 2023;21(2):90. 

49. Lebreton L, Slat B, Ferrari F, Rose SB, Aitken J, 

Marthouse R, et al. Evidence that the Great Pacific 

Garbage Patch is rapidly accumulating plastic. Scientific 

Reports. 2018;8:4666. 

50. Manikandan B. Assessment of the resilience potential of 

Palk Bay reef through key indicators [Map], 2016 [cited 

2025 Jun 13]. Available from: 

https://www.researchgate.net/figure/Map-showing-the-

distribution-of-coral-reefs-in-India_fig1_309397974 

51. Marshall NA, Fanning L, Walshe R, Tam J. Cultural 

values and ecosystem services: Linking indigenous 

perspectives and marine conservation. Ecological 

Economics. 2022;193:107303. 

52. Ministry of Environment, Forest and Climate Change 

(MoEFCC). National biodiversity action plan: Addendum 

2014 to NBAP 2008. New Delhi: Government of India, 

2014. 

53. Ministry of Environment, Forest and Climate Change. 

Environment Protection Act, 1986 [Internet], 2019 [cited 

https://www.veterinarypaper.com/


 

~ 171 ~ 

International Journal of Veterinary Sciences and Animal Husbandry https://www.veterinarypaper.com 
2025 Jun 13]. Available from: https://moef.gov.in/ 

54. Moberg F, Folke C. Ecological goods and services of 

coral reef ecosystems. Ecological Economics. 

1999;29(2):215-233. 

55. Mous PJ, Pet JS, Arifin Z, Djohani R, Erdmann MV, 

Halim A, et al. Cyanide fishing on Indonesian coral reefs 

for the live food fish market-What is the problem? SPC 

Live Reef Fish Information Bulletin. 2000;7:20-29. 

56. Mumby PJ, Steneck RS. Coral reef management and 

conservation in the face of climate change. Conservation 

Biology. 2008;22(3):665-667. 

57. Nair R, Bhat V. Coral reef ecosystems of India: 

Distribution and ecological significance. Indian Journal 

of Marine Sciences. 2023;52(1):55-69. 

58. National Oceanic and Atmospheric Administration 

(NOAA). In what types of water do corals live? 

[Internet], 2023 [cited 2025 Jun 13]. Available from: 

https://oceanservice.noaa.gov/facts/coralwaters.html 

59. National Oceanic and Atmospheric Administration 

(NOAA). Ocean acidification [Internet], 2023 [cited 2025 

Jun 13]. Available from: 

https://oceanservice.noaa.gov/facts/acidification.html 

60. National Oceanic and Atmospheric Administration 

(NOAA). What are the three main types of coral reefs? 

[Internet], 2023 [cited 2025 Jun 13]. Available from: 

https://oceanservice.noaa.gov/facts/threecorals.html 

61. Nature Education. Coral reefs [Internet], 2010 [cited 

2025 Jun 13]. Available from: 

https://www.nature.com/scitable/knowledge/library/coral

-reefs-15786954/ 

62. Nellemann C, Hain S, Alder J, editors. In dead water: 

Merging of climate change with pollution, over-harvest, 

and infestations in the world’s fishing grounds. Nairobi: 

United Nations Environment Programme (UNEP), 2008. 

Available from:  

https://www.unep.org/resources/report/dead-water 

63. National Oceanic and Atmospheric Administration 

(NOAA). Coral reefs and their global distribution. 

NOAA Coral Reef Conservation Program, 2023 [cited 

2025 Jun 13]. Available from:  

https://oceanservice.noaa.gov/facts/coral-reefs.html 

64. Obura D, Grimsditch G, Samoilys M. Building climate 

resilience in coral reef World Heritage sites: Guidance 

for adaptation planning. Paris: UNESCO World Heritage 

Centre, 2021 [cited 2025 Jun 13]. Available from: 

https://whc.unesco.org/en/activities/1176 

65. Pandolfi JM, Connolly SR, Marshall DJ, Cohen AL. 

Projecting coral reef futures under global warming and 

ocean acidification. Science. 2011;333(6041):418-422. 

66. Patankar S, Desai D, Zingde M. Resilience of coral reefs 

in the Gulf of Kutch to environmental stressors. 

Environmental Monitoring and Assessment. 

2021;193(5):310. 

67. Raghunathan C, Kumar V, Rao G. Biodiversity and 

ecological status of coral reefs in Andaman and Nicobar 

Islands. Journal of Coastal Research. 2023;39(2):332-

347. 

68. Reef Design Lab. 3D printed reefs-Summer Island, 

Maldives [Internet]. 2018 [cited 2025 Jun 13]. Available 

from: https://www.reefdesignlab.com 

69. Rinkevich B. Rebuilding coral reefs: Does active reef 

restoration lead to sustainable reefs? Current Opinion in 

Environmental Sustainability. 2014;7:28-36. 

70. Roberts JM, Wheeler AJ, Freiwald A, Cairns SD. Cold-

water corals: The biology and geology of deep-sea coral 

habitats. Cambridge: Cambridge University Press, 2009. 

71. Rogers CS. Responses of coral reefs and reef organisms 

to sedimentation. Marine Ecology Progress Series. 

1990;62:185-202. 

72. Roik A, Roder C, Tegetmeyer HE, Voolstra CR. Unique 

adaptations of Red Sea coral reefs to extreme 

environmental conditions. Frontiers in Marine Science. 

2023;10:987654. 

73. Sathian C, Joseph T, Prasad S. Ecology and fisheries of 

coral atolls in Lakshadweep Islands. Indian Ocean 

Marine Science Review. 2022;10(4):211-224. 

74. Satyanarayana B, Nayak S. Participatory approaches in 

coastal resource management: Experiences from India. 

Ocean & Coastal Management. 2015;111:56-63. 

75. Sheppard C, Msuya F, Obura D. Coral reefs of the Indian 

Ocean: Ecology and threats. Environmental Marine 

Science Review. 2023;42(1):56-77. 

76. Sipkema D, Franssen MCR, Osinga R, Tramper J, 

Wijffels RH. Marine sponges as pharmacy. Marine 

Biotechnology. 2022;20(3):250-268. 

77. Sivakumar K, Narayanasamy R, Venkatraman S. 

Sedimentation and its impact on coral reefs of Palk Bay, 

India. Marine Pollution Bulletin. 2022;174:113165. 

78. Spalding MD, Agostini VN, Rice J, Grant SM. Mapping 

the global distribution of coral reefs: Status and trends. 

Frontiers in Marine Science. 2023;10:913276. 

79. Spalding MD, Burke L, Wood SA, Ashpole J, Hutchison 

J, Ermgassen P. Mapping the global value and 

distribution of coral reef tourism. Marine Policy. 

2022;141:105004. 

80. Spalding MD, Ravilious C, Green EP. World atlas of 

coral reefs. Berkeley: University of California Press, 

2001. 

81. UNESCO World Heritage Centre. Coral reefs of the Gulf 

of Aqaba and the Red Sea in the Kingdom of Saudi 

Arabia [Internet]. [cited 2025 Jun 13]. Available from: 

https://whc.unesco.org/en/tentativelists/6701/ 

82. UNESCO World Heritage Centre. Great Barrier Reef 

[Internet]. [cited 2025 Jun 13]. Available from: 

https://whc.unesco.org/en/list/154/ 

83. UNESCO. Coral reef systems inscribed on the World 

Heritage List. Paris: United Nations Educational, 

Scientific and Cultural Organization, 2021 [cited 2025 

Jun 13]. Available from:  

https://whc.unesco.org/en/news/2327 

84. UNESCO. Gulf of Mannar Biosphere Reserve, India. 

UNESCO Man and the Biosphere Programme [Internet], 

[Cited 2025 Jun 13]. Available from: 

https://en.unesco.org/biosphere/aspac/gulf-mannar 

85. Venkataraman K, Wafar M. Coastal and marine 

biodiversity of India. Indian Journal of Marine Sciences. 

2005;34(1):57-75. 

86. Veron JEN, Stafford-Smith MG, DeVantier LM, Turak 

E, Done TJ. Corals of the world (3rd Ed.). Townsville: 

Australian Institute of Marine Science, 2022. 

87. Vivekanandan E, James A. Community-based coral reef 

conservation in India: Successes and challenges. Marine 

Policy. 2010;34(5):934-938. 

88. Ministry of Environment and Forests, Government of 

India. Wildlife Protection Act, 1972 (Amendment 2001) 

[Internet], [Cited 2025 Jun 13]. Available from: 

https://legislative.gov.in/sites/default/files/A1972-53.pdf 

https://www.veterinarypaper.com/


 

~ 172 ~ 

International Journal of Veterinary Sciences and Animal Husbandry https://www.veterinarypaper.com 
89. Wilkinson C. Status of coral reefs of the world: 2008. 

Townsville: Global Coral Reef Monitoring Network and 

Reef and Rainforest Research Centre, 2008. 

90. Woodroffe CD, Biribo N. Atolls. In: Hopley D, editor. 

Encyclopedia of modern coral reefs. Dordrecht: Springer, 

2011, p. 52-63. 

91. WWF. Coral Triangle. World Wildlife Fund, 2020 [cited 

2025 Jun 13]. Available from: 

https://www.worldwildlife.org/places/coral-triangle 

 

 
How to Cite This Article 

Praneeth A, Rao NV, Sai JV, Veena M. Coral reef ecosystems in crisis: 

A global review on threats, ecological value and conservation strategies. 
International Journal of Veterinary Sciences and Animal Husbandry. 

2025;10(6):162-172. 

 

 

Creative Commons (CC) License 

This is an open-access journal, and articles are distributed under the 

terms of the Creative Commons Attribution-Non Commercial-Share 

Alike 4.0 International (CC BY-NC-SA 4.0) License, which allows 

others to remix, tweak, and build upon the work non-commercially, as 
long as appropriate credit is given and the new creations are licensed 

under the identical terms. 

https://www.veterinarypaper.com/

