Our Reef in Peril–Can we use it without abusing it?
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Overview

Belize is a nation blessed with a rich diversity of natural and cultural resources. Of paramount global renown is our magnificent barrier reef complex including the famous coral reef and associated habitats–extensive seagrass beds, lush mangrove forests, rich estuaries, and over 1000 islands or cayes (McField, Wells, & Gibson, 1996). The country is home to the longest barrier reef in the Western Hemisphere, extending approximately 280 km along its Caribbean coast and covering approximately 1,400 km2. It is not, however, the second largest barrier reef in the world; New Caledonia, Fiji and several others are actually considerably larger barrier reefs than ours.  Although many of our Caribbean neighbors (Bahamas, Cuba, etc.) have considerably more reef area than Belize (Burke & Maidens, 2004), ours is the longest in the region that meets the criteria of a barrier reef. Our reef complex actually contains a varied assemblage of barrier reef, lagoon patch reefs, fringing reefs, faro and off-shore atolls, which are probably our most notable claim to fame. Four offshore atolls (ring reefs surrounded by deep oceanic waters) exist in the North Western Caribbean, with three of these located in Belize. 

The reef ecosystem is diverse, well-developed, and considered to be representative of the once flourishing reef environments of the Caribbean. These phenomenal ecosystems, along with their associated seagrass and mangrove nursery habitats, are critical to the life history of numerous species, including many with commercial significance. The diversity of coral reefs and fishes lures a wide variety of tourists and local recreational seekers to the crystal waters, including divers, snorkelers, and sports fishers. 

From the lone fisherman hauling in his day’s catch at a traditional fishing camp, to the affluent family enjoying the tradition of summering on St. George’s Caye, the lives of many Belizeans are intricately linked to the health of our coral reefs. Other Belizeans whose employment is not directly linked to marine resources may not recognize their dependence on the reef–until the onslaught of the next hurricane, whose battering waves have their initial, most powerful impact, slamming into our reef instead of our coastal homes and businesses. 

Historical Context and Use of the Reef

For centuries, coral reefs have been providing human inhabitants of this region with tangible cultural, ecological, and economic benefits. The Maya utilized marine resources for food (fish, turtles, and manatees), trade commodities (shells), and construction materials (coral foundations were used for some caye trading posts and homes). The reef also provided physical protection for these ancient Mayan mariners and more recent historical mariners, including the famous (and infamous) Baymen and buccaneers of the 1700s. 

In the colonial days as the city of Belize was being developed, corals, particularly the ‘pipe shank” or staghorn (Acropora cervicornis) and “pan tail” or elkhorn (Acropora palmata) varieties, were pulled from the reef and used as a sturdy material for road construction. Other than this destructive (although perhaps minor in scale) use of the reef, pre-independence use of the reef was primarily from fairly low-impact artisanal and commercial fishing. 

In the last 25 years, we have seen some modernization of the fishing industry (boat engines, gear), although the total number of commercial fishermen has remained approximately 2000 (Villanueva, 2006). Fishers today report a reduced abundance of fish, lobster, and conch, and the need to work longer hours and travel further distances to catch the same amount of fish. The most dramatic change in the coastal environment has been the steady expansion of the tourism industry, including intensive development and habitat alteration on many of the cayes adjacent to the reef. 

It is sad to report that, over the past 25 years, Belize’s reefs have degraded from the vivid splendor of their past luxuriant coral growth and abundant fish, to their current average coral and fish abundances that are actually below the Caribbean average (Marks and Lang, 2006). A critical need exists for Belizeans to recognize the real and eminent danger of losing the ecological functionality of our reef - and ultimately the reef framework itself -- if a sound coastal zone management plan is not developed and fully implemented.

Twenty-five years ago, coral reefs were not considered to be in great danger and the global significance of Belize’s reef was not well recognized by the Belizean people.  As the Belize flag was raised on our first independence day few would have guessed the extent of future reef damage and the magnitude of conservation efforts that would be focused on this fragile resource. At Independence, the main users of the resource were a couple thousand commercial fishers and the incipient marine tourism industry (first focused on sports fishing and then on scuba diving), based primarily in San Pedro, Ambergris Caye. 

In 1981 marine conservation and management efforts were mainly based in the Fisheries Regulations (enacted through the Fisheries Department) and the protection of sea bird colonies through the efforts of the Belize Audubon Society and Forestry Department. In 1928, the Crown Reserves (small cayes protecting bird nesting areas) were established, followed by some expansion of these areas through the National Parks System Act established in 1981 (e.g., designation of Half Moon Caye National Monument to protect the famous red-footed boobies in 1982). The first marine reserve aimed at reef protection–the Hol Chan Marine Reserve--was not established until 1987.

Just as Belizeans began to enjoy their first taste of full Independence including the initiation of some marine conservation measures, the entire Caribbean Sea experienced a basin-wide mass mortality of one of its most important residents, the long-spined sea urchin (Diadema antillarum). In 1983 a devastating disease outbreak wiped out 95% of these algae-eating echinoderms making this the largest marine mass-mortality recorded in modern times. Algal growth probably accelerated quickly in many areas, although the presence of abundant herbivorous fish helps to keep algae in check. Unfortunately there were not quantitative reef monitoring programs at that time to record all of these changes. Also in the 1980s coral disease (e.g. white band) also hit hard, and many elkhorn (A. palmata) and staghorn (A. cervicornis) corals, among the region's fastest-growing, were lost.  

The International Year of the Reef (1997) marked a turning point for marine conservation in the region. Ten years after the establishment of our first marine reserve (Hol Chan in 1987), Belize celebrated the declaration of the Belize Barrier Reef World Heritage Site, and several international non-governmental organizations (NGOs) began setting up regionally focused conservation programs. On June 5, 1997, the Presidents of Mexico, Guatemala, and Honduras and the Prime Minister of Belize signed the Tulum Declaration, formally acknowledging the exceptional global value of the reef (considered by many to be “relatively pristine" among Caribbean reefs at that time) and pledging to protect it for future generations.

The following year, 1998, was another extraordinary one—but for very different reasons. In a wicked twist of fate, the very next year Mother Nature provided a hard lesson in her destructive power. By  September 1998, reef waters had warmed to unusually high temperatures, and the most severe coral bleaching event in recorded history was underway. In late October, Hurricane Mitch slammed into Honduras, bringing torrential rains that produced catastrophic flooding and landslides. The result was tragic—more than 9,000 lives were lost. On the reef, the combination of bleaching and Mitch plus chronic "background" stresses led to dramatic reductions—almost 50% on average and even greater in some places—in live coral cover.  

Over the past 25 years, the number and extent of marine conservation and monitoring programs in Belize have grown rapidly. The number of marine protected areas has increased from one in 1982 to 18 in 2006 covering approximately 250,000 ha of sea. The increased global significance on Belize and the wider Mesoamerican Reef is evidenced by the establishment of a number of regionally focused projects and Initiatives: the Mesoamerican Barrier Reef System Project, a Global Environment Facility/World Bank project now about to enter its second five-year phase; the World Wildlife Fund’s Mesoamerican Reef Ecoregional Program; the Nature Conservancy’s Mesoamerican Reef Program; the Wildlife Conservation Society’s marine program in Belize; the International Coral Reef Action Network Mesoamerican Reef Alliance; and the Healthy Reefs for Healthy People Initiative, to name a few. Globally the immense value of coral reefs has recently become a popular subject of study and economic analysis, with conservation being only one of its many values.

Economic Importance of the Reef

Globally coral reefs are estimated to provide US$30 billion in net benefits in goods and services to world economies, including tourism, fisheries, and coastal protection (Cesar, Burke and Pet-Soede, 2003). For the Wider Caribbean the total value of goods and services provided by coral reefs are estimated to be between US$ 3.1 - 4.6 billion per year (Burke and Maidens, 2004). A full economic evaluation of Belize’s reef will be conducted in 2007 (Burke, personal communication) although ballpark estimates are provided below.
Belize’s growing tourism industry accounts for approximately 23% of the GDP (based on 2002 figures) with a total annual value of US$194 million (Burke and Maidens, 2004). 

The fishing industry remains an important contributor to Belize’s GDP (3.8% in 2005) (Villanueva, 2006) with export earnings of approximately US$34 million (M) in 2005 (CSO, 2006), although farm raised shrimp accounts for US$25 M of this total. While farm-raised shrimp are not dependent on coral reefs, they are dependent on maintaining satisfactory water quality – a requirement shared by healthy reefs.

The lobster, conch, and finfish catches are all dependent upon coral reefs and associated mangrove and seagrass nursery habitats during some or all of their life history. Lobster has the highest export earnings of the wild caught fisheries products (approximately US$6 M) followed by conch ($2 M). (CSO, 2006).  

One salient non-consumptive benefit provided by our barrier reef is its role in coastal protection. The barrier reef runs along Belize’s coast like a bulwark, protecting the nation’s low-lying coastal areas from impacts associated with battering waves and storms. During catastrophic hurricanes this can equate to saving lives and property. The value of shoreline protection in Belize is roughly estimated at between US$35 and $100 million per annum - roughly estimated as 5% of the total Caribbean value calculated by Burke and Maidens (2004) because approximately 5% of the total reef area in the Caribbean is in Belize. 

Using this same approach, the 5% of Caribbean reefs found in Belize have an estimated value of at least US$ 150 million per year in goods and services for Belize.

Without this vital function, a significant loss of land because of erosion will occur. This is of particular concern since most of eastern Belize is at or only slightly above sea level, and the country exists within the hurricane belt that increases the likelihood of being impacted by late season hurricanes. Belize’s beautiful and economically valuable mainland coast and cayes might literally wash away without the protection of the reef. 

A secondary benefit associated with the protection from wave energy is the creation of shallow lagoons and environments that foster the growth of seagrass and mangrove ecosystems, both of which are critical habitats and nursery grounds for numerous marine species, including threatened species such as manatees, Nassau groupers, golaith groupers, sawfish, green and hawksbill turtles, among others. Loss of these species at the local or global level would result in additional economic, scientific, and social losses. 

Another benefit that is difficult to quantify in economic terms is the value of the genetic diversity of reef species and their vast potential in the development of new pharmaceuticals. Many important existing drugs have been developed from chemical compounds discovered in reef organisms, including those used to treat HIV, heart disease, pain, and a variety of cancers.  

We also recognize a host of other values and benefits to Belizeans that are not easily quantified, such as the cultural, aesthetic and recreational value (or potential value), that deserve consideration, if not quantification.

Threats to the reef 

Although the reef complex continues to provide the nation of Belize with tangible ecological and socio-economic benefits, some of the same industries that benefit from the reef also threaten the reef, as do other activities occurring much farther inland, and even global environmental changes and natural events. The main threats to the reef can be grouped into the following categories: fishing, tourism and coastal development, land use and agriculture, and global climate change. Also a number of “natural” disturbances have threatened the reef (e.g., coral bleaching events, hurricanes, diseases outbreaks), all of which may be augmented by global climate change and thus not entirely “natural.” Such events are not readily controllable at the local management level, while the other anthropogenic (human caused) threats are under local, national, or regional control. 

Fishing (or Over-fishing)

The distinction between fishing and over-fishing is not an easy or a trivial one to make. There is evidence that current fish stocks throughout the Caribbean (and the world) are already so over-depleted that any continued fishing represents over-fishing. However, the production of our main commercial species (measured as pounds of lobster) has remained fairly constant over the last two decades, indicating that populations may be able to maintain this level of production. (Figure 1). However, the average size of targeted species is said to be decreasing, while the effort required to catch similar quantities is said to be increasing. The production of fish and wild caught shrimp have declined in recent years. (Figure 2).
Figure 1.  Lobster Production (Source: Villanueva, 2006)
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Figure 2.  Fish Production (Source: Villanueva, 2006)
The ecological results of over-fishing can be profound, particularly when they involve the fishing of species that fulfill critical roles in the ecosystem, such as parrotfishes. Herbivorous fish play a critical role in the regulation of macroalgal (seaweed) growth that can overgrow or out-compete the corals on a reef if these grazers are not present. While most people think that our fishers are not taking many parrotfish, they are wrong. A recent study of the fishery out at Glovers Reef found that parrotfish were the second most frequently landed type of fish (barracuda was first), with our more favored snappers and groupers being more rare (Gibson & Hoare, 2006).
The growing resident and tourist population in Belize continues to place expanding pressure on our fisheries and offers more opportunity for direct sales of products to restaurants/hotels. These direct sales potentially bypass the fishermen’s cooperatives that are responsible for collecting the data from fishers and enforcing size regulations at the point of sale.  

Overall, Belize has good fisheries regulations, including size limits and closed seasons for the most heavily exploited species, and no-fishing zones in the marine reserves that serve as replenishment areas. However, there is inadequate financial support for full enforcement of these regulations with decreasing governmental financial support for the fisheries department, despite the increasing cost of enforcement, driven primarily by fuel costs. In addition Belize has no current regulations protecting the critical herbivores (parrotfish, tangs and surgeonfish) that are now being heavily fished because the more desirable fish are too scarce. The quality of these “fish fillets” are less desirable – and many high end restaurants report that they no longer buy fish fillet from the cooperatives because of the mixed species including these less desirable fish. Belize is now actually importing fish fillet to meet our growing demand for quality fillet.
Tourism and Coastal Development

When we think of reef damage associated with tourism we often have images of tourists clamoring over reefs kicking, breaking the corals, and stirring up clouds of sand that bury the tiny coral polyps. Such damages do occur at some of our most popular dive and snorkel sites, although these impacts can rather easily be mitigated by proper education, training, and control provided by tour guides. Marine managers and stakeholders could decide to close such a reef to allow for a recovery period and the coral would naturally recover. 

More insidious and damaging over the long term are the chronic stressors such as the increased beach erosion and sediment deposition in sensitive marine habitats resulting from the loss of coastal vegetation (especially mangroves) and marine dredging operations that often destroy seagrass beds and wetlands that would naturally serve to trap sediments and pollutants. The increased number of tourists and resident human populations in sensitive coastal areas also result in increased pollution from sewage and solid waste disposal problems. Reef impacts from these factors are augmented during storms and hurricanes. 

If reef decline associated with these factors is to be halted or minimized, sound management and monitoring procedures must be required to ensure that suitable water quality is preserved through environmentally sound coastal developments. Furthermore, penalties associated with contravention of regulations aimed at coastal and marine resource protection need to be increased. Current fines are so low and the permit procurement process so cumbersome that many developers choose to skip the lengthy permitting process and pay instead the relatively quick and easy fines.  Ultimately the fines and degree of planning required for development should be commensurate with the value of the natural resources impacted by the activity.

It is becoming growingly evident that amplified tourist infrastructure development in sensitive natural areas, particularly given the absence of appropriate planning and local management controls, has become a major threat to the integrity of both ecological and cultural assets. 

Global geo-political and social conditions can make over-dependence upon tourism a risky business. However, if adequately controlled, this growth can create significant opportunities for both conservation and local communities’ benefits for Belize.

Land use and Agriculture

All of Belize’s land drains to the sea and activities occurring far inland can have negative impacts out on the reef. The fact that most of our reefs are relatively large distances from shore and the prevailing currents normally keep the coastal waters hugging the coastline with a southerly flow saves the reef from receiving the brunt of the sediments delivered to the coast.  However the fate of nutrients and chemicals that become biologically incorporated into ecological processes can be much more far ranging. Deforestation, agriculture, and aquaculture are currently considered the main land-based threats to our reefs, particularly in the south where the greater slopes and higher rainfall lead to more erosion and run-off. 

According to the Reefs at Risk Caribbean study (Burke & Maidens, 2004) 29% of Belize’s reef (mostly in the south and near Belize City are highly threatened by sediments and inland pollution, while 51% has a low threat (primarily the offshore atolls), with the remaining 20% classified as being under medium threat.

The main problems associated with land use, deforestation, and agricultural practices are linked to the direct loss of forest habitat, especially riparian zones along the river banks, and increased contamination of rivers and coastal marine ecosystems with sediments, nutrients, pesticides and other pollutants. These sediments and nutrients cloud the waters and decrease the light available to corals, actually slowing their growth rates. 

Increased nutrient levels in the water may also enhance the growth of fleshy algae, sponges, and other potential bio-eroding organisms that bore into the corals like termites into an old wooden house. Chemical contaminants, such as pesticides, may also decrease coral growth rates, and interfere with their reproductive success through many complicated larval and juvenile stages with chemically-mediated cues for settlement, metamorphosis and growth. 

Global Climate Change

Threats associated with global climate change are becoming more and more evident in Belize. Two threats that have been particularly noticeable in Belize are warming seas and extreme weather events. The 2004 and 2005 hurricane seasons, for example, provide strong evidence for adverse weather conditions, and the 1995, 1998, and 2005 mass coral bleaching events owed to increased sea surface temperature offer evidence for warming seas. All these events have resulted in some degree of impact to the reef systems. Current plans are to try to assist the protection of reefs through incorporation of reefs that are resistant (unaffected) and resilient (able to bounce back) to climate change impacts (e.g. bleaching) within Belize’s Marine Protected Area (MPA) network system.  Noteworthy, though, if policymakers and industry decision-makers do not confront the accelerating negative effects at a global level, the identification and inclusion of resistant and resilient reefs within MPA network systems will offer limited benefits.  

An urgent need exists to confront environmental globalization synergistically with solving problems at local/regional scales. If these large-scale disturbance sources are not addressed, they will continue to kill even our most well managed and remote reefs. The best we can do to offset impacts from climate change is to invoke the precautionary principle and manage our reef resources with even more care, as a doctor would manage a patient with a serious illness.

As our environment continues to be influenced by climate change, continued impacts to reefs are inevitable. The additional stresses faced by the reefs coming from or local decisions and careless actions may prove to be the tipping point for whether the reefs are to be or not to be in our children’s future.

The ambient political climate and governance context also play a critical role in stabilizing or destabilizing environmental management efforts – as increasing levels of corruption and demoralization of government workers has a tremendous impact on the implementation of all environmental regulatory procedures. 

There is a critical need to address multiple threats simultaneously since the detrimental effects of stressors like over fishing, pollution, poor land-use practices, and global warming are all interdependent, and are acting synergistically to disrupt marine ecosystems. 

A Brief Assessment of Reef Health over the Last Twenty-Five Years

Belize’s coral reefs have been damaged by a combination of punctuated disturbance events and chronic stressors, leading to declining abundance of living corals and a concomitant increases in the abundance macroalgae in many areas. In fact, a few of our reefs appear to have undergone a phase-shift (meaning the ecological community seems to have shifted and remained in the altered state) from reefs being dominated by living corals to those dominated by macroalgae (seaweed). Hurricanes and more recent coral bleaching and disease events represent two of the main widespread disturbances (Figure 3).  

The reefs of Belize only became the focus of serious investigations in the 1960s-70s. As argued by Jackson (1997), Caribbean reefs in the 1960s were far from pristine and that real baseline data from "pristine Caribbean reefs" are thus not available. Nevertheless, a brief review of some of the major historical studies provides insight into the current ecological status. The earliest expedition on this reef was the 1959-60 Cambridge Expedition (Stoddart, Thorpe and Bregazzi, 1959), which focused primarily on the cayes. This project also produced the first description of reef zonation and dominant species from the area around Rendezvous Caye. Stoddart continued his studies in Belize, describing the structural formations of the three atolls (Stoddart, 1962) and the effects of Hurricane Hattie on the cayes and reefs (Stoddart, 1963 and Stoddart, 1974). 

Wallace (1974) described coral-dominated patch reefs with 80% live coral cover in Glovers Reef atoll, and sampled lagoonal sediments and foraminefera populations. Purdy, Pusey and Wantland (1975) described the Belize continental shelf in relation to hydrographic regions, sediments, basic reef development and molluscan assemblages. James and Ginsburg (1979) provided an early description of the morphology, sediments and biota of the outer reef wall. 

The Smithsonian Institution’s research station on Carrie Bow Caye opened in 1972. Burke (1979) provides the first comprehensive descriptions of reef sites, with seven transects from Gallows Point reef to the Queen Cayes, in which bottom profiles, zonation of substrates and organisms were recorded. R(tzler and Macintyre (1982) provide a compilation of early research conducted at the station, including descriptions of the reef at Carrie Bow Caye and taxonomic inventories. Although these early studies provide useful general descriptions of the reefs, they did not typically include what would now be considered standard quantitative ecological data. Thus, it is difficult to assess modern ecological changes relevant to these early studies. 

Prior to 1998, Belize's reefs were thought to be in relatively "good" condition (McField et al., 1996; Kramer, Kramer, Arias-Gonzalez and McField 2000). However, escalating threats, including coral bleaching, disease and a major hurricane in 1998, have adversely affected Belize’s reefs in recent years. Kramer and Kramer (2000) surveyed damages from hurricane Mitch and the 1998 coral bleaching event throughout the Mesoamerican barrier reef system and found that the majority of Belize's reefs had suffered significant damages, with coral losses generally the highest in the region. Kramer et al. (2000) describe the current status of reefs in Northern Central America, including Belize.

In 1992 Young (1994) surveyed several barrier reef sites, finding 25% live coral off Ambergris Caye (Tackle Box site) and 20% live coral at Gallows Reef (Point 2) in 1992. In 1993 the shallow Mexico Rocks patch reef off Ambergris Caye had 84% live coral cover, which dropped to 66% in 1995, attributed primarily to the 1995 coral bleaching event (Burke, 1996). Prior to 1998, most reef impacts in Belize were thought to result from diseases, although regional nutrification, sedimentation, loss of Diadema, moderate over-fishing, and bleaching are also likely contributors. The 1998 multiple disturbance event (mass coral bleaching and a catastrophic hurricane) amplified these ongoing declines. 

While the percent of live coral cover is only one measure of a reef's ecological status, it is the most commonly used indicator or "dip-stick" of reef health (McClanahan, 1997). The following studies can only be compared in a broad sense, as methods and depth ranges sometimes varied. Decreased coral cover has been noted at the few sites in Belize where long-term data are available. The earliest major declines are recorded from shallow patch reefs in Glovers reef atoll, which changed from 80% coral cover in 1971, to 20% in 1996 (McClanahan and Muthuga, 1998), to 13% coral cover in 1999 (McClanahan et. al., 2001). The inner forereef region at Carrie Bow Caye had 30-35% coral cover in the 1970s and declined to 12-21% in 1995 (Koltes, Tschirky and Feller, 1995). The forereef at Channel Caye (3-15m depth), an inner-shelf faroe, declined from 85% live coral in 1986 to 60% in 1996, attributable primarily to disease and loss of staghorn corals (A. cervicornis), with partial replacement by thin leaf lettuce coral (Agaricia tenuifolia) (Aronson and Precht, 1997). Subsequently, the bleaching event of 1998 devastated this reef reducing live coral cover to approximately 5% in 1999 (Aronson, Precht, Macintyre and Murdoch, 2000). 

The average live coral cover in Belize (about 13-15%) is now slightly less than the Caribbean average of about 20% (Marks and Lang, 2006; McField 2002; and Figure 4). 

Reefs in distress across the Caribbean

Coral mortality – resulting from various disturbances in the 1960s – 80s has resulted in the ‘opening-up’ of space for colonization by other organisms. In the 1970s, two of the main reef building corals, elkhorn (A. palmata) and staghorn (A. cervicornis), suffered mass mortality throughout the Caribbean (including Belize) due to white-band disease (WBD). The incidence of newly occurring diseases (e.g. black band, white plague, dark spot) has also increased, with subsequent infestation and death of numerous representatives of other species as well. Macroalgae, having a faster growth rate than corals, are often time able to colonize the available space before coral recruits can become established. In some instances, their proliferation on reefs has even resulted in smothering (overgrowing and shading) newly settled corals (recruits). However, where their density is sufficient enough, herbivores have functioned to limit substratum overgrowth by macroalgae thereby promoting the potential for coral recruitment. Major herbivores include sea urchins, parrotfish and surgeonfish. In 1983-84, the long-spined sea urchin (D. antillarum), a major herbivore on Caribbean reefs, experienced a mass mortality.  Prior to the mass mortality, Diadema was probably the prime regulator of algal cover on shallow to intermediate depth reefs. The loss of these important herbivores, compounded with the over-fishing of herbivorous fish (i.e. parrot and surgeon), has been proposed by marine scientists as one of the main causes of current high algal abundance on Caribbean reefs (Hayes, 1984; Hughes, 1994; McClanahan and Muthuga,1998; Aronson and Precht, 2000; Jackson et. al., 2001). 

Could the reefs of Belize be subjected to a similar fate? It is certainly a possibility if corals continue to decline in abundance and if the fishing of critical herbivorous fish (parrotfish) continues. Macroalgal proliferation on some reefs is also attributed to increased nutrient levels in the water. Whereas corals cannot, macroalgae are able to flourish in nutrient rich waters. However, when present in sufficient numbers, herbivores can help prevented the phase-shift from coral to macroalgae domination on reefs, even in the presence of some nutrient contamination. 

The effect of hurricane disturbance on reef geomorphology and benthic (bottom-dwelling) communities is well documented and is an important environmental factor in Belize. Hurricanes have been recorded since 1787, including the 1961 catastrophic hurricane Hattie. Stoddart (1963, 1974) recorded the damages from Hurricane Hattie on Belize's reefs and cayes. He reported a swath of devastation in which most corals (80%) were removed, and defined a hierarchy of coral resistance to mechanical damage from boulder star coral (Montastraea annularis) - most resistant, to staghorn coral (A. cervicornis) - least resistant. Stoddart (1963) predicted a full recovery period of 20-25 years but noted in 1969 that mobile debris, algal competition and increased turbidity had limited the recovery in some areas (Stoddart, 1974). 

Subsequent hurricanes have also been studied, with further evidence of their importance in shaping zonation of the barrier reef and atolls. Rützler and Macintyre (1982) highlighted that Hurricane Greta in 1978 caused significant lagoonward movement of staghorn (A. cervicornis), resulting in the expansion of its distribution. Hurricane Mitch (1998) caused 7-meter waves for several days. Mumby (1999) reports that approximately 90% of living elkhorn corals (A.  palmata) was removed at some windward forereef sites on Glovers Atoll and coral recruit densities were reduced to 20% of levels recorded prior to the hurricane. 

Reefs that are already stressed by human threat factors (pollution, over-fishing, etc.) have a difficult time rebounding from natural occurrences. In 1998, Belize’s reefs were significantly impacted by two synergistic events: mass coral bleaching owed to increase sea surface temperature and Hurricane Mitch, a category 5 storm that brought torrential rain and catastrophic flooding. The combined effects of the bleaching and Hurricane Mitch plus chronic "background" stresses brought about dramatic reductions (50% and greater in some places) in live coral cover.
Management and Conservation Efforts to Curb Reef Decline

Conservation of the reef ecosystem and sustainable management of marine resources has traditionally been supported by the general population, the many non-governmental organizations involved in resource management in Belize, and by most government departments. This broad-based approach is largely responsible for the successes to date. However, new conflicting views and a general impatience with the slow pace of “sustainable development” are fostering a shift in the business climate that now appears focused more on short-term economic goals involving large-scale development projects with corresponding large-scale environmental impacts.

Protection of Belize’s marine resources is the shared responsibility of several governmental and non-governmental agencies. The Coastal Zone Management Authority and Institute (CZMA/I) should be the focal point and coordinating body for marine conservation planning, monitoring and research for the various sectoral or regulatory government departments (Fisheries, Environment, Geology, Forestry, and Lands Departments). Since its inception in 1998 it served successfully in this role and was used as a model of CZM planning for other countries. The CZMA/I hosted regular inter-sectoral meetings of the Coastal Zone Management Advisory Committee and local planning committees. These efforts came to a halt when the international funding ran out and the recommended national strategies for economic sustainability were not implemented by government. Now the technical staff is gone, and no Advisory Committee meetings have been held since the summer of 2004. The decline of this once impressive Institution is almost as disturbing as the declines on the reef itself – and this one is completely within our nation’s control. 

The ever-increasing migration to coastal areas and the escalating coastal-marine tourism market have resulted in increased ad hoc economic, recreation and development activities throughout Belize’s coastal zone. This scenario has demonstrated an urgent need for sound planning and management of Belize’s coastal resources. If implemented as intended, the Coastal Zone Management Plan will effectively define the policies, strategies and guidelines for the management and conservation of Belize's coastal resources for the long-term and for the balanced benefit of society.
In 2004 the Cabinet requested that CZMA/I develop a coastal zone management plan for Belize, including the zoning of marine waters and development guidelines for the cayes and coastline. The Cayes Development Policy had been prepared since 1995 and served as an overarching framework for the more detailed plans. Draft plans were developed for all nine planning regions, with varying degrees of local stakeholder input. However, no further actions have been taken to finalize and implement these plans due to the lack of political will and interest in the process of coastal zone planning. 

Belize’s relatively recent introduction to international tourism and commercial development markets offer an opportunity for managers to benefit from the experiences and mistakes of other countries, tailoring successful models into the Belizean context to promote sustainable development. However, the real world is rarely so thoughtful, and as development and financial pressures have increased so has the potential for serious environmental degradation. 

Belize has adequate environmental legislation but lacks enforcement and monitoring capacity. For example, under the Environmental Impact Assessment (EIA) regulations of 1995, the Department of Environment enforces regulations and screens projects that may require EIA’s. Similarly, the Land Utilisation Authority is responsible for Special Development Areas, which are also forms of strategic planning that provide zoning of land-use. 

The Belize Tourist Board regulates the tourism industry, including the expanding cruise industry, which poses a major threat to the quality of the ecosystem and Belize’s tourism product. Belize’s traditional upscale eco-tourism niche market is being overshadowed by the rapid expansion of cruise tourism creating the “K-mart of the Caribbean” image. Thus the high quality of Belize’s tourism product is in jeopardy, as evidenced by the recent designation of the Belize Barrier Reef Reserve System World Heritage Site on the worst rated destinations list by National Geographic, due to skyrocketing cruise ship activity and coastal over-development and reef degradation (Tourtellot, 2006)

The Tourist Guide Regulations require that all tour guides meet standard levels of professional training and licenses can be revoked for non-compliance with environmental or other regulations. Many experienced dive guides are quite effective at “self-regulation” although new guides are in need of further conservation training. Dive operators have played a major role in the installation and maintenance of mooring buoys. However, these initiatives may be jeopardized by new pressure within the industry to accommodate the mass-tourism market rather than the traditionally small-scale eco-tourism market.

The Fisheries Department manages the fisheries industry, which includes aquaculture. No fishing is allowed on SCUBA and there are other gear restrictions, size limits, and closed seasons. However, government resources are inadequate to patrol the waters of Belize or to fully enforce these regulations. Marine reserves have been established under the Fisheries Act to assist fisheries management by replenishing heavily exploited stocks, while also protecting essential habitats (coral reefs, seagrass beds, and mangroves). 

The Environmental Protection Act of 1992 provides the framework through which the Department of Environment enforces regulations preventing pollution. Regulations for Environmental Impact Assessments and Industrial Effluents offer specific controls in industrial developments. Although enforcement manpower is severely limited, the small scale on Belize's industrial sector aids the identification and control of potential sources of industrial pollution. 

The Important Role of Marine Protected Areas (MPAs)

The establishment of marine and coastal protected areas has been an essential component of marine conservation efforts in Belize. Belize now has a total of 18 MPAs covering about 22% of its continental shelf and atolls – but the vast majority of the MPA area (about 90%) is actually open to fishing, with less than 2% being fully closed to fishing (CZMA/I database, 2004).

MPAs are a useful tool for addressing a number of threats to coral reefs, particularly those related to tourism, development, and over-exploitation of commercial species. They provide safe havens for depleted marine species to replenishing outside fishing areas and maintain critical food web interactions and ecological processes that may be missing from fully exploited areas. Zoning schemes enable multiple uses in these areas, including recreational diving, sports-fishing, and traditional small-scale fishing and full protection (no-take zones) in key areas. However, with less than 2% of the continental shelf and atolls actually closed to fishing, the amount is clearly inadequate to sustain full benefits for the entire marine fishing area. 

The value of protected areas in promoting sustainable fisheries and in regulating tourism and other activities is now well documented and the Hol Chan Marine Reserve has been cited as an international model. Research at Hol Chan and Half Moon Caye has illustrated that MPA’s can result in fish populations with significantly greater abundance and larger-sized individuals (Polunin and Roberts, 1993; Carter and Sedberry, 1997). MPAs also support the potential ecological benefits of increasing herbivory on reefs, thereby reducing competition from macroalgal growth. 

The role of NGOs and local community-based management is significant, as they assist or conduct the primary management functions in a number of the MPAs. The Fisheries Department also manages a number of marine reserves directly, but maintains links to the communities through local advisory committees for each MPA. Funding is greatly needed to develop adequate zoning plans, cover operational costs, securing necessary human resource for enforcement, implementation of monitoring/research programs to track the health of the ecosystems as well as for the ‘building up’ of education and awareness of both visitors and local communities alike. The participation of local communities is also vital to the success of our coastal/marine MPAs.

A number of evaluations of MPA management effectiveness have been conducted since 2000. With overall results approximately "moderately satisfactory" indicating that there are minimal elements necessary for management, but there are also deficiencies that prevent effective management and reduce the probability that conservation objectives will be achieved. There are good policies, laws, knowledge, biogeographic characteristics, and management of legal and illegal uses. There is generally good community support for the MPAs, although a small but vocal group of fishermen have occasionally stated their opposition to MPAs. One of the main problems facing the effective management of MPAs is the lack of adequate resources for properly enforce management. 

Looking to the Future

It is not known whether our reef is on the path to recovery, holding steady (as it has for the last eight years since the major declines) or is facing further demise (which would render future recovery less plausible). McField (2003) quantified and documented declines to Belize’s reef community structure from the combined impacts of the catastrophic Hurricane Mitch and mass coral bleaching event of 1998. These phenomena resulted in 48% reduction in the live coral cover among Belize’s reefs. Research aimed at measuring reef recovery since such impacts were conducted in 2005. Bood (2006) found no sign of reef recovery based on the analysis of six reef sites. However, whether or not there has been recovery on a wider scale, there is a general belief among the global reef science community that maintaining critical functional groups, especially herbivores (i.e. parrot and surgeon fish, and sea urchins), can confer recovery benefits to reefs. No-take (i.e. no extractive activities) marine protected areas are important since they allow these critical functional groups to persist and reproduce.

The reefs are also dependent on a dynamic mosaic of associated habitats that provide critical biological and physiochemical services to the reef. Mangroves and seagrasses provide critical habitat for many reef species, including lobsters, many snappers and parrotfish, particularly during juvenile life stages. They also stabilize sediments and the shoreline, while taking up nutrients and cleansing the water so corals can thrive.  The interdependence of these habitats can be broken by direct habitat destruction or by more subtle coastal degradation which renders them functionally impotent.

Top of Form

If we lose the ecological functionality of our reefs, mangroves, and seagrass beds, our fishing industry will certainly be lost; the value of our marine tourism product will be greatly reduced--relegated to visitors interested solely in fun and sun; and our environmental security, in a time of predicted rising seas and increasing strength and frequency of hurricanes, will be dramatically reduced or destroyed. 

Belize without the vivid splendor of a living reef will be a cultural, aesthetic, and spiritual loss to the Belizean people and those who care about marine life around the world.  If we are to maintain the brilliant luster of the Jewel, for ourselves and the world, then we need to recognize the critical importance of each incremental management and development decision that impacts this irreplaceable national treasure. 

One of the main challenges of marine conservation is finding a way to make the reef and other marine life real and personal to the average citizen. The unfortunate fact is that most Belizeans have never even seen their famous reef and have no experiential connection with marine life and marine ecosystems. Until we can personalize this relationship between human life and marine life, we will have a hard time garnering support for marine conservation efforts. Our country needs economic development. However, establishing a balance between short term profits for some and ecological benefits for all, will remain a continual challenge.  Only when the people of Belize fully appreciate the value of maintaining a living reef and internalize the linkages between ecosystem health and their own health, including their culture and livelihood, can we adequately assess the environmental and economic tradeoffs associated with alternate development options.  
We implore our people and our government to make the right choices that will enable our magnificent coral reefs, mangroves and seagrasses to have a future and to continue playing a leading role in the sustainable development of our economy and the maintenance of the ecosystem’s health - including the human members of the ecosystem. 
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