

	There is a significant connection between tourism, sustainability and the climate.  This discussion will look at the issues the tourism creates for one particular fragile environment; the coral reefs.  Corals, contrary to popular belief, are actually tiny animals not plants that range from under an inch in diameter to five inches. Incredibly, they attach together forming reef systems which can be as long as 1,300 miles such as the Great Barrier Reef in Australia, which is one of the Seven Natural Wonders of the World.   They are often called the ‘rainforests of the sea’ due to the vast variety of plants and animals that live among them. They take up less than one percent of the ocean floor yet are home to more than a quarter of all marine species. To further illustrate how biodiverse coral reefs are, in a two-acre section of a reef, there is often more species of fish in that area than there are birds in North America. (Love, 2018) To illustrate this number, in all of North America, there are 2,059 species of birds according to both the Cornell Lab of Ornithology and the Audubon Society. (Gauger, 2019)
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(Picture – Great Barrier Reef)
	Coral reefs structures are divided into four main types which are fringe, barrier, atoll, and patch reefs. The fringe reefs jut out from the shoreline allowing for a reduction in erosion through their infrastructure. Barrier reefs grow parallel to shorelines but are farther out than fringe reefs with a deep-water lagoon in between the barrier reef and the shoreline. They also provide protection to the shoreline and coastal communities from violent wave actions such as cyclones or other devastating oceanic events. Protection is not limited to the beachline but also for the development of organisms on the reefs. For example, fish and crab hide in the sea anemones 
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protecting them, especially as they are starting out their life with an inability to defend themselves. In turn the fish and crab then protect these anemones from their predators forming yet another symbiotic relationship on reefs. Atoll reefs are the result of volcanic action. They grow around underwater volcanoes forming a ring as the volcano tops sink into the ocean, the reefs remain circular with beautiful lagoons inside. The corals themselves that make up the reefs are divided into soft or hard corals.  
	The numbers of visitors to coral reefs annually tops 350 million bringing in an estimated tourism value of $36 billion and a tourism spend of over $70 billion.  (Mapping Ocean Wealth, 2020)  However, with all of this activity, many countries are moving to protecting the coral reefs.  This protection could be somewhat mirrored by using man made walls. However, this could damage the environment even more through construction as well as be more expensive yet less effective as the natural protection of coral reef systems. (World Wildlife Fund, 2020)
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(Picture – Atoll Reef)
	Visitors to the coral reefs also enjoy pleasant climates and a beautiful environment.  The reefs have optimal growth in warmer waters between sixty-eight- and ninety-degrees Fahrenheit. This is why most of the reefs are close to the equator in between the Tropics of Cancer and Capricorn. They can be found outside these areas but that is usually due to warmer water currents such as in Japan or Florida. They also tend to be better suited in shallower clear water where sunlight can enhance the photosynthesis process the algae living with them need to produce some of the nutrients required for the corals to grow.   This is why it is uncommon for corals to grow in water that is deeper than one hundred and sixty-five feet. The vibrant colors of corals are actually from the algae living in and on them. For over 200 million years there has been a relationship between the corals and their algae that is mutually beneficial. They use each other’s waste products as nutrients such as coral producing ammonium that the algae can consume as a nutrient. This relationship also enables coral to build their reefs faster at a ten percent higher rate. (Zandonella, 2019) 
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	A more direct impact on the coral reefs is pollution and plastics.  Pollution and plastics in recent years has taken the spotlight of news broadcasts all over the world. Corals although are typically grouped in with the oceans as a whole, have been dramatically impacted by plastics. They lack vision with further decreases their ability to distinguish between micro plastics and their normal food of microscopic plankton. Not only do they ingest the plastics, but some species actually prefer it possibly because of the chemical additives in the plastics. (Wijgerde, 2019) Plastics not only prevent light and oxygen in reaching the corals and their algae but they produce toxins which can make them ill.  Bacteria also has the ability to float on these plastics contributing to illnesses within the reefs as well. These illnesses typically have a domino effect as it spreads throughout the reef due to the closeness of proximity of the organisms that inhabit the reefs. Even with the small number of reefs there are in the entire world, researchers believe there are around 11 billion plastic pieces in reefs. They also suggest that by 2025, this number could increase to 15.7 billion pieces if more sustainability measures are not implemented and accomplished. (Plastic Soup Foundation, 2018)  If all tourism activity had a focus on reducing plastics, it would create a direct impact on coral reefs.
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(Picture – Parrot Fish)
	Tourists who visit the coral reefs on fishing expeditions can also create issues for the reefs as overfishing can dramatically impact the reef ecosystem. The parrotfish can be utilized as an example. This fish in particular cleans, by using their bucked teeth, unnecessary algae off the corals that would otherwise inhibit their growth and survival. Through this cleaning process, they sometimes do get bits and pieces of shells and coral into their digestive tract. However, they have the ability to break it down, turning it into the sand that makes up the beach’s tourists have come to know and love. (McDermott, 2017) It would appear that the parrotfish would be considered a predator of corals however, this is more of a sustainable relationship. The crown-of-thorns starfish is one particular predator that can negatively impact on reef building corals. They accomplish this by opening their mouths and inverting their entire stomach to consume all available nutrients from the corals. (Oceana, 2020) The giant Triton sea snail is one of these starfish’s only known predators. These snails have beautiful conical shells which are overfished with the intent to sell the shells as decorative pieces or in tourists’ shops. Research on the Great Barrier Reef suggests that decreasing the amount of starfish on the reef could have reduced the degradation of the reef by as much as fifty percent in recent years. (Great Barrier Reef Foundation, 2020) In order to combat this loss of these particular snails, they have become a protected species in some countries as well as farmed in others with the hopes of releasing them onto the reefs to increase the reefs longevity.
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(Pictured – Crown-Of-Thorns Starfish)
	As visitors flock to coral reefs, another tourism related issue is created in nitrogen levels increasing from fertilizers, soil, and improperly treated sewage, resulting in a decrease in the amount of phosphorus available. This change in the water lessens the ranges of temperatures in which bleaching can occur. (Lapointe, et al., 2019) Additionally, certain fertilizers can produce unhealthy algae for the corals. When this happens, these particular algae block the sun light from the symbiotic algae, leading to stressful situations between the coral and their productive algae. (National Ocean Service, 2020) 
	Tourist also create issues for the coral reefs when using sunscreen prior to activities with the coral reef waters.  Multiple chemicals from certain sunscreens can have a damaging effect on corals as well.  Not only do they interfere with photosynthesis of the algae living on them causing bleaching, these chemicals damage the DNA of corals leading to deformities of their young which ultimately could lead to even more less resilient corals and death. (National Ocean Service, 2020)
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(Picture – Before/After Bleaching)
	Climate change, an issue for tourism in many countries, also impacts the coral reefs.  These rising ocean temperatures due to climate change one of the main culprits to coral bleaching. When this happens, the algae are expelled from the corals which results in their exoskeleton being exposed causing the almost white or ‘bleaching’ remains of the coral. If the temperature does not return to a more suitable environment the algae will not return to the corals. Bleaching events used to occur about once every twenty seven years. The current rate has been reduced to about every six years. If the effects of climate change do not reduce, this could happen every two years by 2030’s and every year by 2050. (Warne, 2018)  The speed and the impact of bleaching could eliminate coral reefs impacting the tourism numbers discussed earlier.  A related climate change issue is the indirect impact of carbon dioxide on coral reefs.  As carbon dioxide in the air increases from burning fossil fuels, the oceans absorb more carbon dioxide in an attempt to keep the carbon system balance. Through this absorption, the oceans pH lowers  which leads to the waters being more acidic. (Riebeek, 2008)  This changing in the chemistry of the ocean also leads to their bleaching. 
	Other environmental factors such as wave action or light exposure affect the shape and rate in which the reefs grow. For example, on sunny days, the rate of calcification of building more coral is twice as fast compared to a cloudy day. This is not to suggest they grow fast because on average, taking into account all of the species of coral, it takes about a year to grow anywhere from 0.5 cm to 2 cm. There is certain coral that may grow up to 10 cm per year. This slow rate in which coral grow can actually be seen as an advantage to the reef. If they were to grow too quickly, they become less stable, with the result of wave actions breaking them into pieces. (National Oceanic And Atmospheric Administration, 2020)  Although tourists do make a direct impact on wave action, it is the impact of tourism on climate change throughout the world that changes wave action.   
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(Picture – Triton Snail)
	The tourist need for trinkets while vacationing is also an issue.  Coral mining is performed throughout the world by multiple methods such as dynamite blasts that can break up the larger pieces of coral or manually using iron bars. Coral is used as building materials especially in Maldives or broken down into lime to yield crops in Australia. It is also made into items for tourists such as jewelry. This is having damaging effects to not only the oceans but the communities around the reefs that survive on fishing and tourism. It is estimated there is an actual economic loss of about $250 for every 10 dollars made from mining. Another alarming figure is the $375 billion loss of materials taken from the reefs each year. CITES, or the Convention on International Trade in Endangered Species of Wild Fauna and Flora is attempting to decrease international trade of coral however there is a lack of resources for many countries to enforce these policies. Improvements could be made to these policies such as decreasing the rate at which the U.S. can import coral species or limiting the amount of harvesting to more sustainable levels as well as educating consumers as to the impacts of coral mining. (Coral Digest, 2020)  When reviewing these facts, it is important to keep in mind that coral is one of the slowest growing species on earth possibly adding anywhere from .2 to 1 inch per year even with the most adequate environment. (Coral Reef Alliance, 2020) This means that even the smallest amount of mining for jewelry can have lasting impacts.
	The coral reefs contribute to the economies of the countries that have reef boarders which is why we must achieve a balance in tourism and careful use of and improvement of the reefs.  It is hard to get an exact number on the economics of how much is directly and indirectly made from the reefs. A reason for this is that there is not always a paper trail of every single person diving, snorkeling, or recreational fishing on the reefs. Another aspect is the nearly impossible feat of obtaining an itemized receipt from every single diner who had fish or other crustaceans that inhabit the reef. It is however, estimated that the reefs account for over 70 million trips by tourists per year and at least thirty-six billion dollars is made off the reefs. (The Nature Conservancy, 2019) Only about thirty percent of reefs are used as destinations for tourists, but it is also estimated that some of these reefs generate one million dollars per square kilometer of the reef. (Puiu, 2017) 
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(Picture – Reef Fishing)
	Deep sea fishing also brings tourists to the reefs.  For some, fishing represents a livelihood and for others it’s a tourist activity as the fishermen guide the deep sea fishing while in some instances the fishermen are both guides and providing a livelihood for families.  Of the smaller-scale fisherman of the world nearly a fourth of them, about six million people total, rely on coral areas to provide them with the fish off the reef as well as bringing in other tourists. (Coral Reef Alliance, 2020)
	The growing concern about reef sustainability should not be centralized on only the host nations as they have an impact internationally not only in the production of various items such as dive equipment and souvenirs but also hotel chains, airlines, and tour operators that impact the number of tourists wanting to frequent the reefs. By uniting through knowledge and understanding of the influence reef tourism has on the world, it could be possible to implement more thorough policies or environmental improvements to develop strategies to increase the health of reefs globally. (Spalding, et al., 2017)
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(Picture – Rebuilding Reef Structures)
	As stated before, improvement of the reefs is a potential way to balance the tourism needs with declining reefs.  Once way scientists are attempting to facilitate the growth of corals and their reef structures is by taking small fragments from reef systems that have survived bleaching event. They choose these specific corals with their intention of incorporating more resilient corals with the hopes the will survive if there are more heat waves of the ocean temperatures. These fragments are then harvested in the sandy lagoons close to the reefs and later attached by a little clip allowing for quicker attachment to the reef system. Another way scientists and researchers are attempting to save the reefs is by introducing algae that has a wider range of temperature tolerances. This would appear to be a valid option because they can reduce bleaching by thirty percent, however, the already slow growth of coral is reduced by sometimes more than fifty percent. 
	A discussion of the coral reefs cannot end without a discussion about the important medical uses for the coral reefs.  Corals and the plants and animals that inhabit them are also being utilized to develop treatments for certain types of cancers, ulcers, and cardiovascular diseases. In regard to cancer, with all the new drugs being developed, over half are using marine organisms. The coral themselves are being used as bone grafting materials creating the most advanced methods as of today in that field. Other ways in which these marine compounds are being used is with the reduction of inflammation or to kill viruses which could be why they are also referred to as the Medicine Cabinet of the 21st Century. (Coral Reef Alliance, 2020)
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	Education will be a major factor in the sustainability of the reefs.  All people in the world have an impact on the coral reefs whether it be direct tourism or indirectly through climate change initiatives.  There are some simple things that individuals and tourists can do to protect the reef as well as lessen their impact on the environment as a whole. If you go into the ocean, check your sunscreen as those chemicals can damage the corals as well as not touching or taking them if you get the opportunity through diving or snorkeling.  Not only are you reducing a negative impact on one of the most incredible ecosystems in the world but you are allowing others to not only have employment but giving others the ability to witness the amazing reefs of the world!
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