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Ecosystem Services: Gulf of Mexico
Humans benefit from ecosystem processes and the resources that ecosystems provide.  The term “Ecosystem Services” collectively refers to the benefits that humans demand from these natural systems.  Ecosystem services have been categorized as provisioning (e.g., production of food and water); regulating (e.g., control of climate and disease); supporting (e.g., primary productivity and nutrient cycling); and cultural (e.g., aesthetics and recreational use).  While humans value these ecosystem services, they are often taken for granted and have not been consistently considered as part of ecosystem use decision making processes.  This is due in part to difficulties in value quantification and lack of adequate assessments.  As our coastal and ocean environments become more stressed by increasing populations and multiple uses, it will be more important to understand and quantify the benefits that the ecosystems provide and potential impacts to those services.  

The following describes the Gulf of Mexico (GOM) region and provides a  context discussion of its ecosystem services.  Of course, all marine ecosystems contribute to basic service functions such as primary productivity and climate regulation, and these processes are tightly linked among systems.  Valuation of many of these services is complicated by the fact that they cannot be viewed separately, but rather the whole service must be valued collectively.  Nevertheless, it is useful to understand the GOM (and other large marine ecosystems) especially in light of the totality of human impacts and human-centric services they deliver.  All too often, individual services are only valued with respect to provisioning functions and thus the synergy among services and the cumulative human impacts on all service functions are not viewed in their totality.

“The United States portion of the Gulf of Mexico region extends from the Florida Keys westward to the southern tip of Texas, following the coastline of five states. The combined coastline of these states totals over 47,000 miles (when including the shores of all barrier islands, wetlands, inland bays, and inland bodies of water). The Gulf of Mexico has an area of approximately 580,000 square miles, contains an approximate 584,000 cubic miles of water, and has an average depth of 5,299 feet. The five U.S. states that border the Gulf of Mexico have a gross domestic product (GDP) of over $2.2 trillion (Bureau of Economic Analysis, 2006), and if a country, this would make the region the seventh largest economy in the world (International Monetary Fund, 2006). The robust economy of the Gulf of Mexico region provides jobs for more than 20 million people. Much of that economic activity is dependent on or related to the Gulf of Mexico and its natural resources. The GOM’s coastal areas contain half the wetlands in the United States and are home to vital natural resources, including nesting waterfowl, colonial waterbird rookeries, sea turtles, and fisheries. These resources are supported by the abundant bays, estuaries, tidal flats, barrier islands, hard and soft wood forests, and mangrove forests.”
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Figure 1    Gulf of Mexico Ecosystem       
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Ecosystem Services within the Gulf of Mexico

Provisioning Services



The Gulf of Mexico (GOM) ecosystem provides a wealth of provisioning services.  Examples of these services include food, biochemical and medicinal compounds, energy sources, and fresh water.  One of the most economically valuable ecosystem services is seafood; commercial fish and shellfish harvested in the GOM, in 2007 (1.35 billion pounds) yielded a first-sale value of $653.9 million.
  To put this in perspective, between 1992 and 2001, the GOM commercial fisheries accounted for approximately 25 percent of the nation’s seafood landings.
  The GOM also has a significant recreational fishery, which accounted for over 40% of all U.S. marine recreational fishing catches in 2006.
 About 98% of these fisheries resources are dependent on estuaries and wetlands of this region for food, protection and spawning areas.
  
In addition to providing food, marine species are being used as sources of biochemical and medicinal compounds.  Extracts from the sponges, tunicates, bryozoans, and other invertebrates have shown pharmacological promise or effectiveness in the treatment of cancer, cardiovascular disease, infections, and inflammation.  “Marine invertebrates produce more antibiotic, anti-cancer, and anti-inflammatory substances than any group of terrestrial organ​isms.”
  These pharmacological benefits can be seen in increased survival rates of the users and other improved healthcare statistics. 
With the world’s most developed infrastructure for oil and gas production3, “The [GOM] is one of the single largest suppliers of oil and gas to the U.S. market.”
  Approximately 25,000 miles of active oil and gas pipeline exist on the GOM sea floor, a length long enough to wrap around the Earth’s equator.
  This extensive infrastructure helps the industry to produce 52 and 54 percent of the U.S. total crude oil and natural gas, respectively,
 contributing $12.7 billion in total wages earned in the Gulf Coast Region.
 In 2007, the annual oil production in the GOM exceeded 1.2 million barrels of oil per day (MMBPD).  Within the next 10 years, the region’s oil production is expected to exceed 1.6 MMBPD to meet increasing demand for energy.
  In the search for other sources of energy to augment these already utilized sources, technology to exploit gas hydrates is being developed.  Gas hydrates, which typically form at the low temperatures and high pressures in the deep sea, are found in much shallower waters in the GOM.  Many of the provisioning services are regularly quantified as they have market values.
Regulating Services

Ecosystems regulate atmospheric composition, climate, flooding, disease vectors, and natural hazards.  Ecosystems both contribute chemicals to and extract chemicals from the atmosphere.  For instance, primary production within the ecosystem creates oxygen and consumes carbon dioxide, while atmospheric water contributes to hydrologic cycle of the region.  
Climate regulation:Ecosystems influence climate both locally and globally.  For example, at a local scale, changes in land cover can affect both temperature and precipitation. At the global scale, ecosystems play an important role in climate by either sequestering or emitting greenhouse gases.  The Gulf of Mexico provides proportional amounts of climate regulating services for several variables, and in particular sequestering (at least for short time periods) of anthropogenic CO2 through primary productivity, which is relatively high in the GOM.  As well, the GOM is the source of heat transfer through the Florida Straits and ultimately the Gulf Stream, supporting the Atlantic Meridional Overturning Circulation (AMOC).
Wetlands, barrier islands and mangroves, coral reefs and other natural features function to protect terrestrial environments from hurricane and storm surge damage, including significant flood attenuation and protection benefits.  The services these ecosystems provide will become even more important as sea levels rise and land subsides, increasing the risk and damages associated with flooding.  The wetlands of the Mississippi River Basin have also provided flood attenuation to the seasonal changes in water flow from inland sources.  Efforts to control flooding in the Mississippi River Basin have changed the timing and magnitude of the river’s flow and affect the sediment flow and adjacent wetlands.  Wetland loss is significantly increasing flood damage, costing coastal states millions of dollars per year.  Recent research shows that every wetland alteration permit in Florida costs an additional $1,000 in property damage per flood claim; all permits combined cost $30.4 million/year for the state.
  
In addition to the protection wetlands provide to people and the built environment from rising flood waters, they also protect water quality.  During storm events, bacteria and other toxins in stormwater can cause significant economic (e.g., shellfish contamination) and human health risks.  The Gulf States share a growing concern about the increasing presence of disease organisms such as Vibrio cholerae (cholera).  With increased hardening and associated loss of wetlands along the Mississippi River, nutrient rich waters flowing from the river have contributed to an increase in the prevalence of harmful algal blooms and the duration and scale of the hypoxic zone, though other factors can contribute to or mitigate this zone.  Toxins from harmful algal blooms can negatively affect human health, human uses such as tourism and living marine resources.  The complexity of relationships between the ecosystems and the things they regulate often make these services more difficult to quantify than provisioning services. 
Cultural Services
The human benefit gained from ecosystems extends beyond the tangible benefits that they provide and include spiritual, inspirational, educational, recreational, and aesthetic experiences.   In addition to the cultural heritage that Native American and early explorers have provided to this region through their descendants, the ecosystems of the GOM have heavily influenced the communities of the Gulf Coast.  The Gulf Region is home to some of the oldest continuously inhabited settlements in the continental U.S.; Native American settlements have been documented across the Gulf South.  French and Spanish explorers began to survey the northern gulf coast around 1700 and they were likely to have been in the eastern GOM for a significant period prior to this.   The evidence of their presence is found in historic French and Spanish settlements and forts that have been excavated and in New Orleans’ “French Quarter,” which contains houses and other buildings that date to the Spanish period of the early 1700’s.  Many of the homes there are unique representations of architectural styles found nowhere else.   Numerous historic sites, including many historic shipwrecks, range in age from European ships of exploration to World War II shipping and military vessels, as well as World War II era battleships remade as interpretive museums for military history.  These historical assets showcase the cultural significance of the GOM and its surrounding ecosystems.  
In addition to the historical aspect, cultural heritage exists in fishing and trapping villages that dot the coast, and vary in character from the Cajun and Creole enclaves of south Louisiana to Cracker establishments on the Florida Coast.  Many villages were established by Spanish exploration parties (Bay Saint Louis, MS), and many still operate as shore based artisanal fishery communities (Florida Big Bend).  These long established communities provide not only an architectural history but the people within the communities hold their own traditional knowledge.  Local fishermen in coastal communities can be tapped to provide long term (often multiple decades) views of how landscapes have evolved over time and how natural systems are responding (e.g. descriptions provided in books such as Bayou Farewell by Mike Tidwell).  
The charm and beauty of the region is apparent in its representation as the subject of artistic “coffee table” books (e.g. C.C. Lockwood’s Atchafalaya), as the backdrop for feature films, and as a destination for photographic tourists.  The film and entertainment industry employs over 6,000 people in South Florida, with total statewide revenue estimated at over $28 billion in 2007.  This total includes a significant film, TV and entertainment industry component in Southeast Florida centered on Miami.
  
Recreation is also a very important source of revenue and employment in the GOM.  Tourism and recreation provide over 620,000 jobs, yielding $9 billion in annual wages and accounting for eight percent of employment in the Gulf Coast Region.1   Marine sport fishing which has been estimated to exceed $1.8 billion annually is a major contributor to the recreational industry.  These GOM recreational fishers take more trips than in any other region of the U.S.3  The human connection to the ecosystems is apparent in the region’s significant tourism and recreation industries, the representation of the people and their connection to the ecosystems in their art, history, and spiritual experiences.
Supporting Services

The GOM’s supporting services include primary productivity, soil retention, nutrient cycling, water cycling, provisioning of habitat and harbors/ports.  The Gulf is the ninth largest water body in the world and teems with sea life. Wetlands, particularly salt marshes, generally have some of the highest levels of primary productivity, or plant production, of the world’s ecosystems.  This primary production provides critical materials entering food webs and other parts of the ecosystem.  In addition, much of the soil volume in many of the Gulf’s wetlands consists of organic matter derived from this primary production.  Loss of this material can lead to increased rates of local land subsidence and loss, altering the ecosystem services that the area can provide.  Wetlands slow down water flow, allowing sediments to drop out of the water column and nutrients to be absorbed by plants before they reach large water bodies.  
Wetlands serve as nursery areas and significant habitats for a large array of fish populations, which require these systems to complete their life cycle.  These habitats provide food, protection and spawning areas for a number of species. Many of the GOM’s other habitats, such as barrier islands and coral reefs, are also necessary for survival of the region’s many species.  Barrier islands provide nesting areas for five of the world's seven sea turtle species.  All of these turtles are listed as threatened or endangered and are reliant on these habitats.  The Flower Garden Banks National Marine Sanctuary’s protected high-relief reefs are home to more than 23 species of coral, 250 reef invertebrates, 175 fishes, and 80 algae species. Oyster reefs not only provide habitat for oysters, they also help alleviate coastal erosion.
In addition to the supporting services that enable the biological diversity of the region, the shorelines provide access for water dependent harbors and ports.  Six of the top 10 leading shipping ports in the country are found in the GOM region, handling a combined 740 short tons in 2006.
  “Seventy percent of all US waterborne commerce ton-miles of shipping and 60 percent of all petroleum and petroleum products shipped via waterborne means occurs in the Gulf. Recent increases in waterborne commerce transportation in the Gulf have been over twice the national average.”3
Current Efforts to Assess Ecosystem Services
Some of the current efforts to quantify ecosystem services and to assess the stressors and impacts that affect the ecosystem’s ability to provide those services are being led by EPA and its partners.  EPA has recently funded the Harte Research Institute to produce procedures and tools for mapping ecosystem services and the values of those services for Gulf of Mexico coastal habitats.  The initial pilot project is focused on Mustang Island, which is a Gulf barrier island system, with the expectation that these tools will be applicable throughout the Gulf.  EPA's Ecosystem Services Research Program (ESRP) also has a project in Tampa Bay that is looking at "ways ecosystem services benefit human health and well-being in the Tampa Bay Estuary Watershed as part of a larger research effort to better understand the value of ecosystem services."
NOAA is developing methods to perform integrated ecosystem assessments.  These will examine the varied sub-systems present in the Gulf of Mexico and in turn use this information to assess the GOM ecosystem as a whole.
Gaps to Address 

While the US coastal population in the GOM is expected to be more than 127 million people next year, an increase of 60% over 1960; the total coastal population in the GOM (including our international neighbors) is expected to have increased by 144% over 1960 levels.3 This is placing significant demands on the natural resources and services that the region provides and creates a greater need to know what the services are and the values they provide.

There is a need for a nationwide standard for describing and evaluating ecosystem services.  While we have economic data for some services, it is more challenging to describe the economic value of those ecosystem services that are traditionally valued through non-market transactions.   A significant hurdle is the lack of secondary data describing the economic activities.  To be able to generate good economic impact estimates, updated cost and revenue estimates would be needed. 
In addition to more socio-economic data, NOAA will need to continue to address many of its other mandates in order to better understand, protect, and restore this region’s ecosystem services.  There are numerous scientific areas where NOAA needs to accelerate its efforts to provide information that can help to identify and understand ecosystem services.  Examples include: habitat characterization, higher resolution mapping data for coastal areas and shallow bathymetric data, better relative surface elevation data, and geomorphic models.  To better understand and address ecosystems services, NOAA must continue its work towards ecosystem based approaches.
As is often the case with ecosystem based approaches, it highlights the complexity of the issues.  The same is true for ecosystem services.  The effect of a particular event or decision may impact more than is first apparent.  The loss of wetlands will not only create an impact to numerous supporting services but will ultimately also impact provisioning and cultural services. This complexity is especially clear when considering stresses that the ecosystems may face; for example, changes in water quality and habitat can threaten ecosystem services.  Mercury levels in fish stocks can become an increasing threat to ecosystem and human health in the Gulf of Mexico, hence studies of atmospheric mercury to understand where the mercury comes from and its fate and cycling in the GOM ecosystems are becoming increasingly important.  On a broader scale, disasters such as hurricanes can impact all varieties of ecosystem services, ranging from commercially valuable services such as oil and gas provision as well as active ports and harbors, to services more difficult to monetarily value such as future storm surge protection for communities. The complexity of 'ecosystem services' and 'value thereof' highlights the growing requirement to ensure that all data collection models and outputs (whether physical, geomorphological, or biological) are 'interoperable.'  NOAA will need to work with its federal and state partners to fill these gaps and to leverage resources and knowledge.  
By identifying and quantifying the ecosystem services, the nation will more effectively incorporate ecosystem services into decision making.  Appropriately valuing ecosystem services will be critical in enabling decision makers to balance uses within the region and to maintain important functions that may not have a traditional economic value applied to it.  
There remains considerable debate and uncertainty about accounting for the full range of ecosystem services
.  The controversy stems from the difficulty in valuing services that are not traded or that are based on ethical or aesthetic reasoning, and the difficulty in applying valuation methodology to “everything”.  Nevertheless, valuing services that are at risk from societal tradeoffs or that are subject to degradation from human effects (either direct or indirect) is necessary in order to understand the consequences of societal choices.  In some venues NOAA has direct management responsibility to help society make these choices.  The Gulf of Mexico provides a unique regional ecosystem simultaneously providing a wide range of marine ecosystem services, some of which are at risk from multiple simultaneous threats.  NOAA has a unique role to play both in governing the outcomes of human activities related to the sustained provision of ecosystem services and in applying its technical skill in assessing the status and risks of ecosystem services to varying threats.  
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