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Introduction 
 
In order to set conservation priorities and develop effective resource management plans for 
coastal and marine systems, it is imperative to have a well-defined inventory of coastal marine 
habitat types and their associated biology.  This information can be used to identify important 
ecological units, delineate essential habitat and marine protected areas for species of concern, 
locate areas critical to biodiversity, and develop conservation plans.  A standardized method for 
classifying coastal areas, their components, species, and internal dynamics is needed to ensure 
effective habitat inventory.    

The Coastal Marine Ecological Classification Standard (CMECS) was developed to meet this 
need and provide a national standard of classification for coastal and marine habitats (Madden et 
al. 2005).  CMECS was designed to be applied at both local and national scales to address 
objectives of a wide variety of users -- from local resource management to national reporting on 
the health of the nation’s marine ecosystems.  NatureServe and NOAA are currently working 
together to test, refine and populate the classification.  This standard national habitat 
classification will be used for identification of marine protected areas, essential fish habitat, and 
areas of special concern for biodiversity throughout the country.   

Funding from the Curtis and Edith Munson Foundation has provided NatureServe the opportunity 
to undertake a pilot project to classify and map South Florida ecosystems and habitats.  This 
project represents an important step in the development of the emerging national standard- that is 
the creation of a method for developing interoperability between CMECS and an existing 
regional/local classification.  A significant advantage of creating this linkage with a regional 
classification is that it permits local data, and expertise to be integrated into the consistent 
framework of the national classification.  The incorporation of conceptual regional knowledge 
into a larger paradigm permits movement toward ecosystem based management of coastal 
systems and the coordination of conservation efforts across political jurisdictions and across 
scales. 

During this project, NatureServe worked with local and regional managers and ecologists to gain 
knowledge, create awareness, develop buy-in, and to disseminate information about CMECS, its 
applications and advantages.  The project has enabled NatureServe to refine the concepts and 
units of CMECS classification, populate the classification hierarchy, and advance conservation 
science and management in a particularly threatened area of the Southeastern US coast.  The 
products of this work are a revised classification of south Florida coastal marine ecological units, 
habitats and biotopes; a crosswalk translation between the national standard and the regional/local 
classification; classified maps of Florida Bay; and an online database of CMECS classification 
units.   

Objectives 
The general object of this project is to adapt CMECS to include relevant local ecological 
classifications units and to test, expand, and refine CMECS by applying it locally.  Our goal was 
to use existing classified imagery of Florida Bay and to build specific linkages to the currently-
applied local classification tool, SCHEME (System for Classification of Habitats in Estuarine and 



 7  

Marine Environments) that was developed by the State of Florida at the Florida Marine Research 
Institute (FMRI) (Madley et al., 2002). 

The components of the project are focused on three areas:  

·  pilot application of CMECS in an area that presents unique biodiversity and endangered 
critical habitat;  

·  crosswalking to an existing local/regional classification that is focused at finer levels and on 
management applications, incorporating the relevant ecological units into CMECS 

·  involvement of local and regional end users and stakeholders to both inform the development 
of the classification and disseminate and use the classification tool in South Florida.   

Background 

Site Description 
South Florida resides within a unique confluence of five distinct coastal environments- the 
shallow Florida Bay estuary, the Florida Keys coral reef tract, the Southern Everglades wetland 
(which includes salt marsh, marl prairie and mangrove ecotone), and the Atlantic and Gulf of 
Mexico coastal zones.  Florida Bay, the primary target of this project, is a lagoon system fed by 
fresh water runoff from the Everglades and local rainfall.  It is bounded to the north by the 
Florida peninsula and to the east and south by the arc of the Florida Keys.  The bay is open to the 
Gulf of Mexico to the west.  The subtropical climate of the Everglades-Florida Bay ecosystem 
has an average annual temperature of 25°C, a May-October rainy season and a November- April 
dry season (NPS 2002) that lends itself to development of extensive coral formations, tropical 
seagrass beds and mangrove forests. 

Described as a “river of grass,” the Everglades landscape has been characterized as a shallow 
expanse of fresh water moving slowly as diffuse sheetflow into Florida Bay.  Hydrology 
dominates the physiognomy and ecological dynamics in the Everglades and Florida Bay.  Water 
flow has played an important role in the creation and maintenance of the ridge and slough 
landscape, tree islands, the mangrove transition zone and the intricate ecological relationships 
within the estuarine gradient of Florida Bay.  Florida Bay’s geomorphology is noteworthy for its 
complex of mud banks and shoals that create a network of shallows and distinct basins that are 
hydrologically isolated from each other (Wanless et al. 1994).  The submerged banks restrict the 
tidal exchange of marine Atlantic Ocean waters and bay waters, the distribution of fresh water 
from the Everglades and circulation from the Gulf of Mexico into the interior of the bay leading 
to frequent characterization of the bay as a hypersaline lagoon.     

Resource and habitat conservation in Florida Bay and the Florida Keys is now at a critical 
juncture.  The ecosystems are under considerable threat from human impacts due to development, 
fragmentation of habitat, loss of natural hydrologic regime, pollution, over-exploitation of 
biological resources and climate change.  Habitat loss directly threatens plant and animal 
populations such as the Cape Sable seaside sparrow, the West Indian manatee, the American 
alligator, pink shrimp, spiny lobster, the gopher tortoise, the apple snail and many other species.  
The smalltooth sawfish, found in western Florida Bay, was recently listed as the first saltwater 
species on the endangered species list.  South Florida is the site of the largest reef system in the 
continental U.S., the largest area of mangroves in the U.S., and the largest contiguous seagrass 
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system in the world.  Loss of these ecosystems and species represents not just a local tragedy but 
in some cases the extinction of ecological resources that are unique on a global scale. 

Overview of CMECS 
CMECS is a taxonomic ecological classification that identifies and categorizes the physical 
environment coastal and marine habitats at different spatial scales in estuarine, coastal and marine 
regimes, and permits the placement of associated biology in the context of the physical 
environment (Madden et al. 2005).  The CMECS framework includes not only geomorphological 
characteristics but energy, trophic and spatial qualities as well.  The classification is applicable on 
spatial scales from less than one square meter to thousands of square kilometers and is applied at 
littoral, benthic and pelagic zones of estuaries, coasts and the open ocean.  The classification 
standard is organized into a branching hierarchy of six nested levels (Figure 1).  The levels 
correspond to both a functional ecological flow and a progressive map scale from the order of 
1:1,000,000 (Regime) to the order of 1:1 (Habitat/Biotope).  The boundaries of CMECS are 
explicitly defined as from the supratidal zone on the landward endpoint to the central oceans. 

At the highest level, there are five Regimes: the estuarine, fresh water-influenced marine, 
nearshore marine, neritic, and oceanic regimes.  Each level for these regimes is defined below.   

Level 1: Regime: differentiated by a combination of salinity, geomorphology and depth 

Level 2- Formation: large physical structures formed by either water or solid substrate within 
systems 

Level 3- Zone: the water column, littoral or bottom 

Level 4- Macrohabitat: mesoscale physical structures that contain multiple habitats 

Level 5- Habitat: a specific, repeatable combination of physical and other environmental 
characteristics that tend to co-occur 

Level 6- Biotope: the characteristic dominant association of attached, sessile or sedentary biota 

Within regimes large-scale physical structures called Formations are defined, including geoforms 
and hydroforms such as lagoons, embayments, deltas, reefs, seamounts, islands, ocean gyres, 
upwellings, etc.  Each of these formations can be further identified according to its Zone, or 
position with reference to the water: whether it is a continuously submerged bottom or at the 
waterline (littoral), or entirely within the water column (pelagic).  Formations further subdivide 
into Macrohabitat and Habitat.  The Biotope represents the smallest quantum unit of the habitat in 
CMECS and is based largely on the composition of the fixed biota.  Within each hierarchical 
level, units are distinguished from each other by the application of classifiers that capture the 
essential and defining differences among units.   

Regimes  
Florida Bay and coastal Florida include five CMECS regimes.  See Appendix 3 for more detailed 
description of the regimes. 

·  Estuarine: Estuarine regimes are enclosed or semi-enclosed coastal water bodies that are 
influenced by fresh water input that reduces salinity to below 30 psu during at least two 
months of the year.  These waters are intimately linked with their watersheds, receiving 
nutrients, materials, and freshwater during a significant part of the year. 
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·  Freshwater Influenced: Fresh water-influenced regimes are coastal waters that have no 
distinctly enclosing morphology, yet receive a significant amount of fresh water input from 
land during at least part of the year.  In such cases, an unenclosed marine water column may 
be influenced by fresh water in the form of an active river plume, an overlying fresh water 
lens or a ground water seep discharge.  They often may have surface characteristics of 
estuaries, but deeper waters may be completely marine.  The Everglades are the primary 
source of freshwater in Florida Bay.   

·  Nearshore Marine: Nearshore marine regimes are those coastal waters that are truly marine 
in character (> 30 psu throughout the year) and not influenced by significant freshwater.  The 
nearshore marine regime extends from the land margin to the 30 m depth contour.   

·  Neritic:  The neritic regime is the region of marine waters (> 30 psu throughout the year) 
between the 30 m depth contour and the continental shelf break, which occurs at 
approximately at 200 m water depth. 

·  Oceanic: The oceanic regime represents the marine realm beyond the continental shelf break, 
generally occurring at 150m-300m of water depth at the seaward edge of the continental 
shelf.  These waters can range to several thousands of meters depth.  The marine waters of the 
oceanic regime are sufficiently distant from land that they receive little or no influence of 
fresh water, nutrient and sediment inputs, except around large islands. 
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Figure 1. Overview of the Hierarchy of CMECS 
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Overview of SCHEME (System for Classification of Habitats in Estuarine and Marine 
Environments) 
 
The SCHEME (Madley et al. 2002) classification hierarchy focuses on estuarine and marine 
environments relevant to Florida and was developed particularly to management of living coastal 
resources- that is, the shallow nearshore benthic area inhabited by corals, hardbottom and seagrass 
communities.  The classification is a hierarchical system with five levels organized as follows: 

 
  
 
 
 
 
 
 
SCHEME employs a decision support key such that each subclass contains increasingly refined 
descriptors of the class above it and in this sense it is similar to the “Cowardin system” (Cowardin et al. 
1979) from which it is derived.  The SCHEME classification structure is not conceptually based on the 
fundamental ecological processes that underlie and connect the elements of the classes but is entirely 
based on empirical details about the “surface cover” observable from above.  The classification system 
was developed to be directly compatible with mapping applications.  Many aspects of the classification 
structure and units are methodology driven (or limited) for use with LIDAR, single beam SONAR, and 
remote photography utilized in data acquisition for application of the classification.  Boundaries of the 
SCHEME classification are explicitly defined as from the high tide line to the edge of the continental 
shelf.   

As applied to Florida Bay, the SCHEME classification provides an inventory of habitats derived from 
2004 remotely sensed imagery at 1:24,000 scale (Avingon 2006) and using the following five types 
within the Class level (Madley et al. 2002):  

 
CLASS 
 

·  Unconsolidated Sediments: unconsolidated sediments with less then 10 percent colonization by 
Submerged Aquatic Vegetation (SAV) or corals. 

·  Submersed Aquatic Vegetation (SAV):  Any combination of submersed vegetation that covers 
10-100% of an unspecified substrate. 

·  Reef/Hardbottom: hard substrate composed of exposed bedrock or created through depositonal 
cementation of sediment and includes corals and flat bedrock. 

Class  

 Subclass 1 

  Subclass 2 

   Subclass 3 

    Subclass 4 
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·  Land: is classified as all cover types that are not included within the other classification types 
(e.g. Upland, Mangroves, Saltmarsh).  Mainland, Islands, Causeways and other land normally 
above the high tide line are also considered land.  

·  Unknown Benthic Habitat: open water with no discernable benthic habitat; not lending to 
interpretation because of water quality, depth or lack of field observation. 

The following Subclasses have been identified within the above SCHEME Classes, in Florida Bay: 

CLASS: Submersed Aquatic Vegetation (SAV) 

SUBCLASS 1: Submersed Rooted Vegetation (SRV) 

SUBCLASS 2: Continuous Submersed Rooted Vegetation (SRV): continuous beds of 
any shoot density (i.e. sparse continuous, dense continuous or any combination).  These 
areas appear as continuous seagrass signatures; however, small (less then 0.5 acres) bare 
sediment areas may be observed as infrequent features within the area. 

Discontinuous Submersed Rooted Vegetation (SRV): areas of SRV with breaks in 
coverage that result in isolated patches of SRV, usually in unconsolidated bottom but also 
existing in hardbottom areas.    

SUBCLASS 1: Attached Macroalgae: areas with 10 percent or more cover of mixed or 
monospecific macroalgae attached to the substrate with holdfasts, rhizomes, or other 
morphological features. 

CLASS: Unknown Benthic Habitat 

SUBCLASS 1: Turbid Plume: areas of water column that are too turbid to interpret the bottom 
type.  In Florid Bay, mainly due to suspended fine carbonate sediments that “white out” areas of 
imagery. 

The power of the SCHEME system is that it is relatively simple to use and to acquire data for.  It is quite 
elegant in identifying important characteristics of the coastal environment.  The disadvantages are that it 
does not accommodate the vertical dimension, cannot “see” below an obstructing layer such as turbid 
water or vegetation cover and is not generally based on ecological functional relationships.  The majority 
of detail and primary purpose of SCHEME is devoted to distinguishing between different types of the 
major habitat types, substrate type and degree of cover and patchiness of vegetation.  SCHEME notably 
lacks provision for significant description of geologic structure, three dimensional structure, water column 
structure and geomorphological complexity.  There is no means of capturing hydrodynamic features or 
energy such as tide or current-defined habitats and SCHEME does not distinguish water column habitats 
of any kind.  SCHEME also does not distinguish certain littoral elements such as beach, or rocky 
intertidal that are important in other parts of the continent.   

Methodology 
During an information-gathering phase for this project, we consulted with experts on Florida coastal 
habitats and habitat classification through a number of forums.  We conducted several telephone 
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consultations, data exchanges and four workgroup meetings to develop an understanding of the ecological 
systems, practical applications important to local managers, and the fundamentals underlying the 
development of SCHEME.  We consulted with developers of the local SCHEME classification, with 
NOAA mappers and GIS specialists, and local and national coastal ecologists to help us refine CMECS, 
crosswalk SCHEME to CMECS and reclassify the existing SCHEME map of Florida Bay. 

Refinement of CMECS 
This project focused on developing a detailed CMECS classification and maps of Florida Bay drawing 
from various sources of information including local experts, the existing SCHEME classification, and the 
literature (Halley and Roulier 1999; Ortner et al. 1995; Prager and Halley 1997; 1999; Reyes et al. 2001; 
Smith and Pitts 2002; Zieman et al. 1988 1999).  However we also classified the coasts and waters 
adjacent to Florida Bay and referenced unique areas throughout the Florida coastal zone because they 
provided an opportunity to add new units such as deepwater reef and non-coal reefs to CMECS 
classification.   

We scoured existing data sources, consulted local experts, and made field visits to identify descriptions of 
existing Florida Bay and adjacent coastal habitats then incorporated these units into CMECS structure at 
the appropriate level of resolution.  This resulted in the addition of over 70 new or refined habitats and 
over 20 new Biotopes to CMECS classification. 

In a simultaneous project with NOAA, we are refining CMECS to make it more compatible with the US 
Fish and Wildlife Service Classification of Wetlands and Deepwater Habitats of the United States 
(Cowardin et al, 1979).  Through this effort with NOAA we revised the macrohabitat level to be more 
closely related to the Cowardin “Class” level and developed a preliminary list1 of macrohabitats for 
Florida Bay that were more compatible with  Cowardin than macrohabitats developed in Version II of 
CMECS (Madden et al., 2005).  This effort resulted in the addition (or refinement) of over 20 
macrohabitat to CMECS that occur in the study area. 

Development of the classification for Florida Bay helped us to clarify some of the definitions of the 
macrohabitat, habitat, and biotope levels.  As we added new units and refined existing units, we were 
required to identify a better set of rules that would help us determine how to fit these new units into the 
hierarchy.  As a result of this process, we formally refined the definitions of the macrohabitat, habitat and 
biotope levels.  These new definitions will also help inform the ongoing effort with NOAA to update 
CMECS and make it more compatible with the Cowardin system.    

Crosswalk of SCHEME and CMECS 
Merging two entirely different classification systems required a keen understanding of the logic of the 
hierarchies and definitions of the two sets of units. We gained this understanding through discussions of 
boundaries and definitions with experts in south Florida habitats and those who developed the SCHEME 
classification.  Working from the classified habitat map of Florida Bay provided by the developers of 
                                                 
1 The list of macrohabitats in this report will likely not match the final list of macrohabitats of the NOAA project 
because this project was completed before the final list of new units for the NOAA project were complete. This 
project was an instrumental interim step that supported the NOAA project. 
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SCHEME, we developed a crosswalk between the two classifications – indicating the relationship (equal 
to, broader, finer, not included in, etc.) between the SCHEME Classes and CMECS Macrohabitats.   The 
process of “crosswalking” the SCHEME system to CMECS was an iterative process and helped to further 
refine CMECS classification.  We used the crosswalk between the two systems to inform the 
reclassification of the previously completed FMRI Florida Bay map (Ainger et al., 2006). 

 

 

Maps and Map Reclassification 
CMECS requires additional information to discern bottom types under vegetated substrates.  In this 
project, we relied on expert knowledge, visual ground surveys, literature and the sediment-substrate maps 
by Prager and Halley (1997 – Appendix 2)) to gain this information.  Such information goes beyond 
simply describing the location of the SAV bed that acts as habitat for a particular faunal assemblage- it 
provides information about the sediment conditions that are associated with the SAV bed in the first 
place- soft or hard bottom for example, and the finer scale conditions of those substrates that might be 
important to the formation of the aquatic bed.  This kind of assessment reflects the larger, more ambitious 
goal of CMECS, and it reveals the challenges that need to be addresses when mapping CMECS.  

The Natureserve GIS team procured the source data and shapefiles of a GIS of Florida Bay habitats 
classified using the local SCHEME classification system directly from the developers of SCHEME at the 
Florida Marine Research Institute (FMRI).  We also identified other sources of data and information to 
augment the information in the FMRI map.  We visited seagrass beds, hardbottom habitats, mangrove 
forest and shrublands so the ecological and habitat units were observed in situ.  To further identify 
geomorphology and vegetation cover in Florida Bay, we examined (but did not) classify remotely sensed 
images from MODIS, IKONOS.  We obtained a map of sites of coral and other reef-building activity 
around the Florida peninsula (Jaap and Hallock 1990) and modified it for this report.  We also obtained a 
classified map of Florida Bay bottom types (Prager and Halley 1997), emphasizing geology, from USGS 
to supplement the bottom information in the FMRI imagery.  A bathymetry map for the south Florida 
peninsula (Kourafelou et al. 2005) provided information about the demarcation of upper levels of 
CMECS and is provided in this report as a separate set of maps for upper levels. 

Because our GIS dataset was limited to that provided by FMRI, most of the reclassification involved 
converting SCHEME Classes (and in some cases subclasses) to CMECS macrohabitats.  Data for 
CMECS habitat and biotopes in Florida Bay are of too small a scale for classification on the FRMI 
imagery and no other known map yet exists that would characterize the lowest two levels of CMECS.   

In most cases, CMECS macrohabitats were finer in scale than SCHEME classes.  To split out these finer 
macrohabitats on the SCHEME map we used a variety of different information sources described above.   
The Prager and Halley map of bottom types (1997) informed the identification of vegetated softbottom 
and vegetated hardbottom macrohabitats that were not specified in the original FMRI map.  We also 
developed a set of decision rules to divide types classified as “Land” on the FMRI map into “Vegetated 
Sediment Shore” and “Vegetated Rocky Shore.”  The rules were based on expert knowledge and 
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topographic position of the “Land” types.  We determined that all small keys islands in the interior of 
Florida Bay are sediment shore macrohabitats, as visual observation and literature data show them to be 
uniformly populated by mangrove wetland.  Therefore we split the “Land” class used in the FMRI 
classified map into “Vegetated Sediment Shore” for interior islands and “Vegetated Rocky Shore” for the 
Florida Keys archipelago in the reclassified CMECS map.  Further, we identified all submerged banks in 
the FMRI map as “vegetated” and classified them as “Vegetated Softbottom” macrohabitats and added a 
“bank” modifier to those polygons on the reclassified CMECS map.  

We also lumped some of the SCHEME subclasses on the FMRI map into the appropriate CMECS 
macrohabitat.  We lumped polygons of SCHEME’s “Continuous Submersed Rooted Vegetation” and 
“Discontinuous Rooted Vegetation” into a single “Vegetated Softbottom” macrohabitat. We combined 
macroalgae and rooted vegetation into a single “Vegetated Softbottom” class and relabeled the attached 
macroalgae beds identified in the FMRI map as “Vegetated Hardbottom” in the CMECS map where the 
substrate was verified as hardbottom from the Prager and Halley (1997) map. 

In cases where the SCHEME Class was equivalent to CMECS macrohabitat, the legend was simply 
updated to reflect the appropriate CMECS macrohabitat name.  For example, “Unconsolidated 
Sediments” was changed to “Unvegetated Softbottom” on the map legend and the original SCHEME 
polygons were maintained.   

We also created two preliminary maps of CMECS Regimes for Florida based on contour and depth maps 
from Kourafelou et al. (2005) and Jaap and Hallock (1990) and water quality monitoring data (SFWMD 
2005).  We distinguished the deep water regimes based solely on depth contours taken from a bathymetric 
map of the seabed around south Florida Kourafelou et al. (2005) and made delineations by drawing lines 
separating the CMECS shallow regimes (Estuarine, Freshwater Influenced and Nearshore Marine) from 
the Neritic regime at 30 m and the Neritic from the Oceanic regim at the shelf break (average 200 m).  We 
located the shallow regimes based on the depth contours of the Kourafelou et al. 2005 map combined with 
historic salinity patterns from monitoring data.  We identified areas impacted by freshwater (SFWMD 
2005) but geomorphologically unenclosed as observed on a remotely sensed image as “Freshwater 
Influenced” and enclosed areas receiving freshwater were identified as “Estuarine.”  We also developed a 
preliminary map of CMECS reef formations for Florida by applying CMECS reef definitions at the 
formation level to an existing map of a variety of Florida reef types from Jaap and Hallock (1990).  The 
Oculina reefs were identified as deepwater reefs and those reefs (Worm, Gastropod and Coral), confined 
to waters less than 30 m were classified as Non-Coral or Shallow Coral Reef Formations. 

Results 

Refined Florida Bay Classification Using CMECS  
This project led to an update of CMECS.  The concepts behind several of the levels of the hierarchy were 
refined and new formations, macrohabitats, habitats and biotopes were added to the classification.   The 
refinements to the lower levels of the hierarchy and the Florida Bay Formations and Macrohabitats are 
described below.  The updated classification for Florida Bay is provided in Table1. 
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Refined Hierarchy Concepts 
Macrohabitat 

Macrohabitats are geologic or hydromorphic structures that represent different physical settings that 
support many distinct habitat and biological associations. Benthic and littoral macrohabitats are defined 
largely by structure, substrate, and presence or absence of vegetation.  Hydromorphic macrohabitats are 
defined largely by layering and turbidity. 

Habitat 

Habitats are defined by finer structural and compositional characters of the macrohabitats.  This includes 
substrate composition for unvegetated types (bedrock, sand, mud etc.), dominant lifeforms for vegetated 
types (algae, seagrass, mangrove, etc), position for reef types (forereef, back reef, reef halo, etc) and 
causes/types of turbidity (phytoplankton bloom, suspended sediments, colored water etc.) or aspects of 
layering (sea surface detritus, freshwater lens) for water column habitats  

Biotope 

A biotope is a specific area of a habitat that includes recurring, persistent, and predictable fixed biological 
associations.  It is environmentally uniform in structure and is defined by one or more dominant, co-
dominant or diagnostic biota and the supporting habitat.  The Biotope is a sub-division of the habitat 
based on environmental factors that make small niches available for distinct dominant, recurrent 
assemblages of fixed or relatively stationary biological assemblages (i.e. a given reef biotope is identified 
by the coral species, not the reef fish).  It combines the small scale biology with fine divisions of the 
physical habitat (analogous to micro-habitat) in one level.  This is a slight refinement of the biotope 
concept as has been employed for many years in Europe and is defined simply as the “physical habitat… 
and its community of animals and plants (Costello; 2003).”  

Biotopes can include the dominant biological inhabitant(s) of a specific habitat, whether the species are 
“diagnostic,” in the terminology and sensu Cowardin (1979) and Dethier (1990), or if they are 
“commonly associated.”  A species is considered to be part of a biotope if it is conspicuous, dominant, 
and physically linked (i.e. “fixed”) to the habitat.    Although “fixed” is a relative term, we have defined it 
as an individual organism that cannot does not move beyond the frame of reference of the habitat 
boundary for a significant part of its life cycle.  The possible biological associations that form the biotope 
include bacterial colonies, rooted and attached vegetation, attached sessile fauna (e.g. anemones, sponges, 
corraline and encrusting algae) unattached but relatively non-motile invertebrate and vertebrate fauna and 
combinations of these things.   

 
CMECS Classification of Formations and Macrohabitats for Florida Bay and Coastal Florida 
 
·  Deep Coral Reef Formation 

Oculina Reef Macrohabitat- non-photosynthetic coral formed in deep waters averaging 70-1000 
m.  Deep-water coral reefs typically consist of thickets of live coral atop unconsolidated sediment 
and coral rubble, usually on an underlying rock base structure.  Deep reefs are found in strong 
currents or upwelling zones. 
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·  Non-Coral Reef Formation 

Worm Reef Macrohabitat- - shallow water annelid reef. 
 
Gastropod Reef Macrohabitat- - a non-coral reef built by the marine snail of the family 
Vermetidae in shallow intertidal waters, usually upon a bed of Crassostrea virginica oyster shells.   

 
·  Shallow Coral Reef Formation 

Linear Platform Reef Macrohabitat- - Elongate bank of living reef material oriented parallel to 
shore. 
 
Spur and Groove Platform Reef Macrohabitat- reef structure produced by hermatypic corals 
in elongated banks parallel to shore.  Regular parallel channels, often filled with sand, are  
oriented perpendicular to the reef axis in the direction of tidal water flow. 
 
Individual Patch Reef Macrohabitat- - Circular often dome-shaped reef surrounded by sand, 
hardbottom or vegetation.  Frequently surrounded by a zone that is barren due to grazing by reef 
inhabitants, called a reef halo. 
 
 
Aggregated Patch Reef Macrohabitat- - Clusters of small patch reefs often separated from each  
other by a surrounding reef halo that, due to their small size individually, are considered to form a  
single unit.  
 

·  Archipelago Formation - Chain of islands forming an arc that partially encloses an area of water 
often forming a lagoon or embayment. 

 
·  Lagoon Formation - Shallow, partially or completely enclosed estuarine or marine waters that have 

low freshwater input and restricted circulation with the ocean.  High residence time and high 
evaopration rates often lead to hypersaline conditions. 

 
Vegetated Sediment Shore Macrohabitat- - Littoral shoreline composed of unconsolidated soft 
sand or sediments with emergent vegetation. 
 
Vegetated Sandy Shore Macrohabitat- - Unconsolidated littoral shore composed largely of 
sand, sometimes mixed with organic sediments or mud and supporting emergent woody or 
herbaceous vegetation. 
 
Unvegetated Rocky Shore Macrohabitat- -Rocky littoral shore composed of rock, often with a 
thin sand or sediment cover with no emergent woody or herbaceous vegetation. 
 
Unvegetated Softbottom Macrohabitat- - Bare sand, mud or organic benthic substrate 
completely and persistently underwater. 
 
Vegetated Softbottom Macrohabitat- - Submerged unconsolidated sediments with rooted or 
attached vegetation or a microphytobenthic algal mat on or in the sediment. 
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Unvegetated Hardbottom Macrohabitat- - Bare consolidated sediment, limestone pavement, 
bedrock or a combination of hard substrates exposed or covered with minimal shallow sediment. 
 
Vegetated Hardbottom Macrohabitat- - Hardbottom substrate vegetated by attached or 
unattached macroalgae, or rooted macrophytes occurring in small sand or sediment-filled holes.  
Often colonized by sponges and other sessile and motile invertebrates. 
 
Clear Water Column- waters with secchi depths of greater than 5 m. 
 
Turbid Water Column Macrohabitat - - Waters of reduced transparency with secchi depths of 
less than 5 m.  The substance that reduces transparency can be either dissolved or particulate, 
often is composed of sediments that are suspended by lateral advection (for example in a river) or 
re-suspended (wind mixed from bottom in a shallow lagoon).  Biogenic turbidity can be caused 
by phytoplankton blooms. 

 



19 

 
 

Table 1. Florida Bay and Coastal Florida CMECS Habitats and Selected Biotopes 

 
REGIME FORMATION ZONE MACROHABITAT  HABITAT  BIOTOPE 

A Estuarine Regime       

 A.01. Estuarine lagoon      

  A.01.B. Estuarine lagoon bottom     

   A.01.B.h. Estuarine lagoon unvegetated hardbottom   

    
A.01.B.h. Estuarine lagoon unvegetated limestone 
pavement 

 

    Estuarine lagoon unvegetated bedrock  

    Estuarine lagoon unvegetated rock bank  

    Estuarine lagoon unvegetated hardpan flat  

    Estuarine lagoon unvegetated rock outcrop Gorgonian sp. sponge on rock outcrop 

      

   A.01.B.i. Estuarine lagoon vegetated hardbottom   

    Estuarine lagoon vegetated limestone pavement Caulerpa taxifolia on limestone pavement 

    Estuarine lagoon vegetated bedrock  

    Estuarine lagoon vegetated rock bank  

    Estuarine lagoon vegetated hardpan flat  

    Estuarine lagoon vegetated  rock outcrop  

    Estuarine lagoon attached macroalgae  

    Estuarine lagoon drift algae over hardbottom Laurencia sp. over hardbottom 

   A.01.B.j. Estuarine lagoon unvegetated softbottom   

    Estuarine lagoon unvegetated sand  

    Estuarine lagoon unvegetated mineral mud Mercenaria mercenaria in mud flat 

    Estuarine lagoon unvegetated organic mud Procamberus clarkii in organic mud 

    Estuarine lagoon unvegetated mudbank Crassostrea virginica oyster bank on mud 

    Estuarine lagoon unvegetated sandbank  

   A.01.B.k. Estuarine lagoon vegetated softbottom   

    Estuarine lagoon vegetated sand Halodule wrightii on sand flat 

    Estuarine lagoon vegetated mineral mud Chara sp. On mineral mud flat 

    Estuarine lagoon vegetated organic mud Peat deposit with Ruppia maritima 

    Estuarine lagoon vegetated mudbank Thalassia-Halodule on carbonate mudbank 

    Estuarine lagoon vegetated sandbank Batophora sp. attached on sand bank 

    Estuarine lagoon seagrass bed Mixed Thalassia-Halodule  with macroalgae 

    Estuarine lagoon vegetated carbonate mud Thalassia-Hemiramphus brasiliensis (ballyhoo) on 
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REGIME FORMATION ZONE MACROHABITAT  HABITAT  BIOTOPE 
carbonate bank  

    Estuarine lagoon drift algae over softbottom Gracilaria sp. over softbottom 

    Estuarine lagoon microalgal mat  Diatom sp. algal mat on softbottom 

    Estuarine lagoon microbial mat Beggiatoa mat on softbottom 

  
A.01.W. Estuarine lagoon water 
column  

 

   A.01.W.c. Estuarine lagoon sea surface  

    Estuarine lagoon surface detritus Thalassia wrack-  

    Estuarine lagoon freshwater lens   

   A.01.W.d. Estuarine lagoon turbid water   

    Estuarine lagoon phytoplankton bloom Synneccocus bloom 

    Estuarine lagoon suspended sediment  

    Estuarine lagoon colored water   

   A.01.W.e. Estuarine lagoon clear water   

    Estuarine lagoon hypersaline water   

  A.01.L. Estuarine lagoon littoral   

   A.01.L.q. Estuarine lagoon unvegetated rocky shore  

    Estuarine lagoon unvegetated marl shore  

    Estuarine lagoon unvegetated karst shore   

   A.01.L.r. Estuarine lagoon vegetated rocky shore   

    Estuarine lagoon vegetated karst shore   

   A.01.L.o. Estuarine lagoon unvegetated sediment shore   

    Estuarine lagoon mudflat  

   A.01.L.p. Estuarine lagoon vegetated sediment shore   

    Estuarine lagoon carbonate mud mangrove forest Rhizophera mangle  forest 
    Estuarine lagoon mineral mud mangrove forest  

    
Estuarine lagoon carbonate mud mangrove 
shrubland 

 

    Estuarine lagoon mineral mud mangrove shrubland  

    Estuarine lagoon carbonate mud marsh  

    Estuarine lagoon mineral mud marsh  

   
A.01.L.s. Estuarine lagoon unvegetated sandy shore 
 

 

   

A.01.L.t. Estuarine lagoon vegetated sandy shore Coccoloba uvifera seagrapes on 
backbeach swale 
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REGIME FORMATION ZONE MACROHABITAT  HABITAT   

C Nearshore Marine Regime     

 C.30 Nearshore Shallow Coral Reef   

  
C.30.B Nearshore shallow coral reef 
littoral  

 

  
C.30.B Nearshore shallow coral reef 
bottom  

 

   C.30.B.a Nearshore spur/groove platform reef  

    Nearshore spur/groove platform forereef  

    Nearshore spur/groove platform reef backreef  

    Nearshore spur/groove platform reef coral head  

    Nearshore spur/groove platform reef pinnacle  

    Nearshore spur/groove platform reef terrace  

    Nearshore spur/groove platform reef crest  

    Nearshore spur/groove platform reef spur  

    Nearshore spur/groove inter-reef sand channel  

   C.30.B.b Nearshore linear platform reef  

    Nearshore linear platform forereef  

    Nearshore linear platform reef backreef  

    Nearshore linear platform reef coral head  

    Nearshore linear platform reef pinnacle  

    Nearshore linear platform reef terrace  

    Nearshore linear platform reef crest  

    Nearshore linear platform reef ridge  

    Nearshore linear platform reef swale  

    Nearshore linear platform reef wall  

    Nearshore linear platform reef slope  

    Nearshore linear platform reef scarp  

   C.30.B.c Nearshore individual patch reef   

    Nearshore individual patch reef pinnacle  

    Nearshore individual patch reef coral head  

    Nearshore individual patch reef crown  

    Nearshore individual patch reef halo   

   C.30.B.d Nearshore aggregated patch reef  

    Nearshore aggregated patch reef pinnacle   

    Nearshore aggregated patch reef coral head   

    Nearshore aggregated patch reef crest   

REGIME FORMATION ZONE MACROHABITAT  HABITAT   

    Nearshore aggregated patch inter-reef sand channel   

    Nearshore aggregated patch reef halo   
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C.30.B.f Nearshore reef 
remnant  

  

    Nearshore reef remnant coral head   

    Nearshore reef remnant pinnacle   

       

       

 C.31 Nearshore Deep Coral Reef    

  
C.31.B Nearshore deep coral reef 
bottom  

  

   
C.31.B.a Nearshore Oculina 
reef  

  

    Nearshore Oculina reef mound   

    Nearshore Oculina reef pinnacle   

    Nearshore Oculina reef ridge   

    Nearshore Oculina reef rubble   

   C.31.B.b Nearshore Lophelia reef    

    Nearshore Lophelia reef mound   

    Nearshore Lophelia reef pinnacle   

 C.11. Nearshore non-coral reef    

  C.11.L Nearshore non-coral reef littoral    

  C.11.B Nearshore non-coral reef bottom    

   C.11.B.a Nearshore annelid reef  

    Nearshore annelid reef mound  

    Nearshore annelid reef crown  

    Nearshore annelid reef flat  

   C.11.B.b Nearshore bivalve reef  

    Nearshore bivalve reef mound  

    Nearshore bivalve reef crown  

    Nearshore bivalve reef flat  

   C.11.B.c Nearshore gastropod reef  

    Nearshore gastropod reef crown  
    Nearshore gastropod reef mound  
    Nearshore gastropod reef flat  
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CMECS-SCHEME Crosswalk 
The fundamental difference between the SCHEME and CMECS classifications is that CMECS recognizes 
three broader, regional scale levels (Regime, Formation and Zone) that are not identified in SCHEME 
(Figure 2).  These three levels reflect CMECS objective of unifying habitats across the continent (or 
globe) and the need to apply the classification at greater spatial scales.  Because one of SCHEME’s 
objectives is to map benthic habitats at more local scales, it’s highest level, the Class, reflects the broad 
composition of the substrate or its cover (eg., Unconsolidated Sediments, Hardbottom/Reef, Submersed 
Aquatic Vegetation etc).   

 
Figure 2.  Comparison of SCHEME and CMECS Hierarchies. 
 

 
 
The SCHEME Class level is most closely related to the Macrohabitat level of CMECS, although in 
general, CMECS macrohabitats are more finely divided than SCHEME’s Classes (Figures 2 & 3, Table 
2).  These levels differ because they were developed to meet different objectives.   CMECS is a 
taxonomic ecological classification that seeks to identify all existing ecological habitats and capture their 
structure, composition and key ecological processes.  SCHEME is a mapping classification that was 
developed to describe all habitat units that can bee seen from a down-looking sensor or camera (and 
supplemented by field data) and are mappable in two dimensions.    CMECS was developed to meet a 
host of inventory and ecosystem based management needs beyond mapping and does not require that all 
units be mappable using remotely sensed imagery.    
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SCHEME has four levels below the Class level where CMECS has only two levels below the 
Macrohabitat.  SCHEME’S four Subclass levels identify continuously finer characteristics of the substrate 
(eg., for submersed aquatic vegetation – Subclass 1  - rooted vs. floating;   Subclass 2 - continuous vs. 
non-continuous;  Subclass 3  -  dense vs. sparse;  Subclass 4 - dominant species).  These distinctions are 
of particular interest to local resource managers.  In comparison, CMECS has only two levels below 
Macrohabitat – but still ends up at the dominant species as the lowest Biotope level (Figure 2).  CMECS 
incorporates roughly the same information as the SCHEME classification in the lower levels, although 
much of the information on spatial patterning is not carried in the formal hierarchy but as descriptive or 
modifying information for each unit.   

The relationships between the SCHEME Classes and CMECS Macrohabitats that occur in the Florida 
Bay map are shown in Figure 3. 2  In general CMECS Macrohabitats are more finely defined than 
SCHEME classes.   These relationships were used to guide the reclassification of the Florida Bay map.  
The crosswalk provided in Table 2 indicates the relationship of a particular SCHEME element to its 
CMECS counterpart in terms of “equal” “broader” “finer” or “not included in…”  The crosswalk in Table 
2 covers classes beyond the scope of those included in the Florida Bay map. 

 
 

                                                 
2 This crosswalk applies only to the classes for Florida Bay mapped by the SCHEME developers in the source 
coverage used for this project.  A crosswalk of the entire SCHEME-CMECS classification is beyond the scope of 
this project but is being completed under a parallel project. 
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Figure 3.  SCHEME Class Comparison to CMECS Macrohabitat for Class Units on FMRI Florida 
Bay Map. 
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Table 2. Crosswalk of SCHEME and CMECS macrohabitats relevant to Florida Coastal Systems.   

 

CMECS Macrohabitat 

SCHEME 
Map 
Code Scheme Class Relationship C:S Notes 

Unvegetated Softbottom 1 
Unconsolidated 
sediments Equal Same- both refer to bare soft sediments 

Vegetated Softbottom 2 SAV Finer CMECS specifies soft/hard substrate 

Unvegetated Hardbottom 3 Reef/Hard Bottom Finer 
CMECS specifies whether vegetated; reef in different 
type 

Vegetated Hardbottom 3 Reef/Hard Bottom Finer 
CMECS specifies whether vegetated; reef in different 
type 

Oculina Reef 3 Reef/Hard Bottom Finer 
Type not identified in SCHEME; CMECS specifies reef 
organism and type as deepwater reef (per formation) 

Lophilia Reef 3 Reef/Hard Bottom Finer 
Type not identified in SCHEME; CMECS specifies reef 
organism and type as deepwater reef (per formation) 

Annelid Reef 3 Reef/Hard Bottom Finer 
CMECS specifies reef type at macrohabitat, one level 
higher than SCHEME 

Gastropod Reef 3 Reef/Hard Bottom Finer 
CMECS specifies reef type at macrohabitat, one level 
higher than SCHEME 

Spur and Groove Platform 
Reef 3 Reef/Hard Bottom Finer 

CMECS specifies reef morphology at macrohabitat, 
one level higher than SCHEME 

Linear Platform Reef 3 Reef/Hard Bottom Finer 
CMECS specifies reef morphology at macrohabitat, 
one level higher than SCHEME 

Individual Patch Reef 3 Reef/Hard Bottom Finer 
CMECS specifies reef morphology at macrohabitat, 
one level higher than SCHEME 

Aggregated Patch Reef 3 Reef/Hard Bottom Finer 
CMECS specifies reef morphology at macrohabitat, 
one level higher than SCHEME 

Reef Remnant 31112 Reef Remnant Equal 

Same definition but CMECS has at macrohabitat and 
SCHEME at Subclass 4 (four levels lower than 
CMECS) 

Vegetated Sediment Shore 4 Tidal Marsh Broader CMECS identifies swamp and marsh at habitat level 
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CMECS Macrohabitat 

SCHEME 
Map 
Code Scheme Class Relationship C:S Notes 

Vegetated Sediment Shore 5 Mangrove Swamp  Broader CMECS identifies swamp and marsh at habitat level 

Vegetated Rocky Shore 6 Land Finer 

In the SCHEME map, this category is used for 
unclassified land, which CMECS has called Vegetated 
Rocky Shore; other SCHEME land types are as Codes 
4 & 5 above 

Unclassified 7 Unknown Benthic Habitat Finer 

SCHEME groups unseen bottom here; CMECS 
identifies bottom where possible by using other data; 
otherwise uses are equivalent 

Unvegetated Rocky Shore NA NA   Type not identified in SCHEME 
Unvegetated Sediment 
Shore NA NA   Type not identified in SCHEME 
Unvegetated Sandy Shore NA NA   Type not identified in SCHEME 
Vegetated Sandy Shore NA NA   Type not identified in SCHEME 

Estuarine Sea Surface NA NA   Type not identified in SCHEME 

Estuarine Turbid Water 71 Turbid Plume Equal 
Definition difference, CMECS does not designate 
“plume” morphology 

Estuarine Clear Water NA NA   Type not identified in SCHEME 
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The two classifications differ in their approach to classifying softbottom and hardbottom types.  CMECS 
recognizes two ecologically distinct vegetated macrohabitats – “Vegetated Softbottom” and “Vegetated 
Hardbottom”.  In SCHEME the substrate type below vegetated cover is not distinguished because this 
distinction requires more information than can usually be obtained from a remotely sensed image and the 
vegetation obscures the kind of substrate below it.  To map this distinction, CMECS requires additional 
sources of information such as benthic geology coverage maps or extensive ground sampling.  Both 
classifications used the same definition for substrate type and CMECS applied the SCHEME criterion for 
“vegetated” as >10% bottom covered by vegetation.   

For shallow coral macrohabitats, CMECS and SCHEME are compatible in terms of definitions, but 
SCHEME places the reef morphology types (patch reef, spur and groove reef) at the subclass level, one 
below the equivalent level in CMECS where the types are characterized as macrohabitats.  The deepwater 
reef types (Oculina and Lophilia) are not listed in the SCHEME classification probably due to the 
development concept of the classification as for application in shallow waters.  In general, littoral types 
such as rocky shore and sandy shore are not represented in SCHEME, although it does characterize the 
CMECS type “Vegetated Sediment Shore” as either mangrove or marsh.   

Water column macrohabitats are likewise not represented in SCHEME, with the exception of Turbid 
Water which is a macrohabitat level unit in CMECS.  SCHEME treats this unit (called Turbid Plume) at a 
lower level (Subclass 1) within Unknown Benthic Habitat Class.  No other water column macrohabitats in 
CMECS (Table 1) are defined in SCHEME.  This reflects the focus of SCHEME on mapping of the 
benthos and not the water column as habitat.  We used the label “Turbid Water” instead of the SCHEME 
term “Turbid Plume” in the reclassified map because CMECS recognizes many different sources of 
turbidity (including benthic resuspension and high gelbesfoffe) other than plumes emanating from a 
source. In Florida Bay, where there is no river source of freshwater, the term plume is too restrictive.  

Reclassified Maps 
We created four maps of the Florida peninsula and Florida Bay using CMCES.  The first two (Figure 4, 5) 
are preliminary maps of CMECS Level 1 Regimes for Florida, providing a broad overview at the highest 
level of the classification.  The third is a map of CMECS reef formations for Florida (Figure 6) and the 
fourth map is the detailed FMRI map of Florida Bay re-classified using CMECS macrohabitats (Figure 
7).  

 
Regime Maps 
Figures 4 and 5 show the locations of CMECS regimes in and around Florida Bay.  The deep water 
regimes around south Florida were distinguished based solely on depth defined on a bathymetric map 
from Kourafelou et al. (2005) and the Nearshore-Neritic regime transition at the point of maximum depth 
transition around 30 m.  The Neritic-Oceanic regime transition was identified at the shelf break at the 
point of maximum depth transition to deep water at the shelf edge (average 200 m).  This Kourafalou map 
was particularly useful for identifying the Oceanic regime as the CMECS definition is “at the shelf break” 
which occurs at depths ranging from 150 m to 400 m around the continental US.  A detailed bathymetry 
enabled us to identify the region of maximum depth transition, precisely locating the actual shelf break 
around southern Florida.   

 

For shallow regimes less than 30 m distinctions among Nearshore Marine, Freshwater Influenced and 
Estuarine were made based on salinity (SFWMD 2005) and geomorphology from remotely sensed 
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images.  The CMECS definition of salinity of 30 PSU or less for at least two months per year was applied 
using salinity monitoring data.  The shallow regimes defined on the map in Figure 5 indicate an 
approximation of the salinity regimes in a highly variable salinity environment with large interannual 
fluctuations.  The importance of the distinction between the Estuarine and Freshwater Influenced areas is 
that hydrologic isolation provided by geomorphologic enclosure provides estuarine areas with protection 
from wave energy, reduces mixing and increases residence time and strengthens habitat connections with 
the terrestrial wetlands, distinguishing these regimes from more open nearshore areas that sometime 
receive fresh water.  The Freshwater Influenced area is impacted by freshwater flow from Shark River 
Slough in the Everglades and longshore transport of water from the Caloosahatchee River farther up the 
coast.  This area is more open to energy input and variable based on tides and wind forcing.  The 
character of this regime is more marine than estuarine in environmental variables (SFWMD 2005) and 
faunal associations (Tabb et al. 1962). 

 
Reef Formation Map  
Figure 6 shows the approximate locations of reef formations in coastal Florida.  This map was modified 
from Jaap and Hallock (1990).   Deepwater reefs in the original map are classified as Oculina reefs and 
shallow reefs (confined to waters less than 30 m) on the original map were classified as Non-Coral 
(Worm, Gastropod)  or Shallow Coral Reef Formations
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Figure 4. Map of Florida Peninsula Applying CMECS Regimes.   
Southern land mass is in tan, colors represent depth scale in meters in the deep and shallow map versions.  Left panel shows Oceanic regime 
(dashed blue line) in waters deeper than the shelf break at about 250 m water depth, just offshore of the Florida Keys and Reef Tract in the Florida 
Straits.  Right panel shows the broad Florida Shelf with Freshwater Influenced and Estuarine Regimes (thin yellow lines; see enlarged map in 
Figure 5), the Nearshore Marine Regime from shore to 30 m water depth (demarcated by the thick dashed yellow line) and the Neritic Regime 
seaward of the 30 m contour. Modified from Kourafelou et al. (2005).   
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Figure 5.  Preliminary Classified Map of Florida Bay Applying CMECS for Shallower 
Regimes.  
The Estuarine Regime represents Florida Bay (a lagoon formation) where fresh water impacts a 
geomorphologically enclosed area.  The Freshwater Influenced Regime is offshore of Florida Bay and 
Ten Thousand Islands, where marine waters are influenced by fresh water input from the Everglades 
wetland.  These waters are geomorphologically unenclosed and freely exchanging with ocean waters.  
The Nearshore Marine Regime is in full salinity marine waters of less than 30 m and Neritic Regime is 
seaward of the 30 m depth contour.  
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Figure 6.  Map of Florida Reef Formations Showing Approximate Locations of Deep and 
Shallow Coral Reefs and Shallow Non-coral Reef Formations (snail, worm). 
Modified from Jaap and Hallock (1990). 
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Figure 7. Reclassified Map of Florida Bay Applying CMECS Rules and Units.  
Modified from Ainger 2006. 
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Macrohabitat Map 
The reclassified map of Florida Bay macrohabitats using CMECS ecological classification 
yielded the coverage depicted in Figure 7.  There are important features in the maps:  

·  The bottom is virtually covered with vegetation according to the definition of the source data, 
that is, submersed vegetation with greater than 10% cover.   

·  Vegetated softbottom banks (identified with a lighter green color) are extensive, particularly 
in the western bay; “bank” has been designated a modifier 

·  The ability of CMECS to discriminate bottom substrate types is limited by the source data 
which is limited by the resolution of the sensors used.   

·  CMECS has combined the SCHEME classes of Attached Macroalgae and Submersed Rooted 
Vegetation macrohabitats because we were unable to discriminate between the two from 
photographs without field verification.  Moreover, field observations show that the vegetated 
bottom is often comprised of a mix of both macroalgae and rooted vascular plants.  It would 
be of great advantage to conduct field verifications of both vegetation type and the substrate 
in which they occur for classification and mapping. 

·  Turbid water identified in the central and western bays cannot be classed as either biogenic 
(phytoplankton-based) or mineral (resuspension based) without field verification or imagery 
from additional sensors that can detect chla pigments, such as the SPOT or TM satellite 
imagery.  Monitoring data and observations have shown that the turbid plume in the western 
bay shown is in the location of a frequent phytoplankton (diatom) bloom.  The turbidity 
shown in the central bay is in the general location of a plume of tannin colored particulate-
free water discharging from the Everglades mangrove transition zone. 

·  The criterion for turbid water is quite undeveloped and complex.  As of now, it seems to be 
defined in SCHEME as water of sufficient turbidity that the bottom cannot be seen. The 
importance of the water column as habitat indicates a need for additional consideration of the 
definition and measurement of this parameter. 

·  In CMECS, small islands and keys are geomorphic forms considered ecologically different 
from shoreline, including the land of the Florida Keys.  The SCHEME map class of “Land” 
was split to distinguish between the archipelago of the Keys lands mass and the small islands 
in interior Florida Bay. 
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Discussion 
Coastal and marine planners and managers are faced with a complex environment in which to 
make difficult decisions about habitat conservation and resource management.  A classification 
system that can be used to develop national strategies in concert with local coastal and ocean 
resource managers is an essential tool for conservation planning and ecosystem based 
management.  The conservation and resource management community has recognized the need 
for a single classification standard that is relevant to all U.S. coastal and marine environments and 
that can be applied on multiple scales.  CMECS is poised to meet this challenge.   

This project, completed with Munson Foundation funding, has supported the advancement of a 
critical conservation tool and the initiation of dialogues between local and regional resource 
managers, tool development specialists and the classification community in effort to create a 
seamless national-local collaboration in support of natural resource conservation.  The project 
achieved positive results in all three of the objectives which represents the first implementation 
the current CMECS national classification standard in South Florida:  

·  It has produced a classification of Florida Bay habitats using CMECS.   

·  The project has produced new maps of critical habitat in Florida Bay and coastal Florida 
that give better definition and insight to ecological relationships within the ecosystems.   

·  It has engendered discussion about and awareness of CMECS and its utility as well as 
tapped local expert knowledge to develop a method for merging CMECS with an existing 
regional classification. 

 
This pilot study will enable the continued mapping and evaluation of a highly impacted and 
threatened area of South Florida that is in need of tools to assess and support resource 
conservation efforts in the Southern Everglades, Florida Bay and the Florida Keys.  This project 
has enabled the first explicit linkage and application of CMECS with a local habitat classification 
(SCHEME) which will enable extension of the emerging national standard to local applicability 
and interoperability.  The products of this project have been placed on the internet 
(www.natureserve.org/publications) and notice of our findings will be circulated through the 
management and conservation communities for continued input and comment.  Feedback from 
stakeholders will permit ongoing improvement and refinements. 

CMECS standard is based on more theoretical concepts of ecosystem function while many local 
tools such as SCHEME will be based on practical mapping and data collection considerations.  
Therefore some incompatibilities were identified when merging the systems, mostly as a result of 
data needs required for mapping CMECS classes.  Because CMECS is a three-dimensional 
classification, it seeks to identify all relevent units in the vertical dimension, including the water 
column and bottom strata, which increases the need for ground-based observation or other more 
sophisticated mapping techniques.  NatureServe is currently working with partners from NOAA 
to plan a workshop to tackle some of the challenges related to mapping CMECS.  

The SCHEME classification makes an enormously useful contribution to the national 
classification in providing detailed information about specific habitat types at a regional scale.  
Thus, many aspects of SCHEME have been adopted into the lower levels of CMECS hierarchy, 
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such as submersed vegetation classes, coral and soft and hardbottom habitat for sub-tropical 
systems.  The SCHEME system is targeted at units that generally represent the bottom three 
levels of CMECS (macrohabitat, habitat and biotope).  Thus SCHEME information fairly easily 
“plugs into” the bottom of CMECS, when needed by coastal managers, where it can provide more 
detail at the local geomorphology level to render fine-scale information about patch and spatial 
cover of combinations of habitat elements. 

Several key needs were identified in the course of this work and are the focus of ongoing 
exploration in a new project to apply CMECS to habitats throughout the Gulf of Mexico.  
Locally, better understanding and mapping of coral distributions and types is required for 
incorporation into CMECS catalogue of types.  NatureSrve is currently interfacing with a NOAA 
initiative to develop a classification of corals and hardbottom in and adjacent to Florida Bay.  
Upon completion, this will be merged into CMECS using much the same process used in this 
project for integrating the local SCHEME classification.  Additional work on developing and 
integrating mangrove types is needed and work with experts from the US National Vegetation 
Classification (Grossman et al. 1998) is ongoing toward that end. 

CMECS is undergoing revision and Munson Foundation funding has helped in identifying and 
making key updates to definitions, classes, units and classification structure.  Part of this larger 
effort is the enhancement of CMECS to become more compatible with the Cowardin system 
(Cowardin et al. 1979) for classifying wetlands and deepwater habitats that is currently in wide 
use for inventorying coastal systems, primarily wetlands.  A parallel process is ongoing with 
NOAA to make CMECS more compatible with mapping applications while retaining its focus on 
process and hierarchy so that it remains more than just a mapping tool.   

CMECS is designed to provide a framework for developing a consistent and universally 
recognized inventory of all habitats of the North American coasts and oceans.  The flexibility of 
this classification will support a variety of local and regional applications.  Additional pilot 
studies of this type will be essential to providing the data and the experience to realize these goals 
and to propel CMECS through the formal process of becoming the national standard for coastal 
and marine classification.  A working version of the classification, including the catalogue of 
currently defined units, is available on the CMECS website: 
www.natureserve.org/getData/CMECS/index.htm.   
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Appendix 1: Local Experts and End-users Consulted in this Project 
 
NOAA  
Dr. Steven O. Rohmann, Ph.D. 
Special Projects (N/MB7), NOS/NOAA 
1305 East West Highway, #9653,  
Silver Spring, Maryland 20910  
Phone: (301) 713-3000 x137 
Fax: (301)713-4384 
E-mail: Steve.Rohmann@noaa.gov 
 
NOAA NMFS 
Dr. Joan Browder 
NMFS   CASC  Route:  F/SEC2       
Pone: (305)361-4270 x270   
Fax: (305)361-4478 
E-mail: joan.browder@noaa.gov 
 
USEPA  
Dr. Bill Kryzinski 
Phone: 305 743-0537 
E-mail: Kruczynski.Bill@epamail.epa.gov 
 
DOI Everglades National Park  
Dr. William Perry 
Ecologist 
Estuarine and Marine Ecosystems 
Everglades and Dry Tortugas National Parks 
Homestead, Florida 
Phone: (305) 224-4210 
 
NOAA Florida Bay National Marine Sanctuary  
Dr. Billy Causey 
Acting NMSP Southeast Regional Superintendent 
33 East Quay Road 
Key West, Forida 33040 
Phone: (305) 809-4670 
Fax: (305) 293-5011 
 
Florida Audubon Society  
Dr. Jerome Lorenz, Director 
Tavernier Science Center  
Estuarine and Marine Research Group 
115 Indian Mound Trail 
Tavernier, Florida 33070 
Phone: (305) 852-5318 
Fax: (305) 852-8012  
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US Geological Survey 
Dr. Mike Robblee  
U.S. Geological Survey 
FIU, University Park Campus 
OE Building, Room 148 
Miami, Florida 33199 
Phone: (305) 348-1269 
Fax: (305) 348-4096 
E-mail:mike_robblee@usgs.gov 
 
Fish and Wildlife Conservation Commission  
Dr. Kevin Madley  
Dr. Bill Sargent 
Florida Fish and Wildlife Conservation Commission  
Farris Bryant Building • 620 S. Meridian Street 
Tallahassee, Florida 32399-1600  
Phone: (850) 488-4676  
 
Fish and Wildlife Research Institute 
Dr. Paul Carlson  
Dr. Cindy Heil 
100 Eighth Avenue SE 
St. Petersburg, Florida 33701-5095 
Phone: (727) 896-8626 
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Appendix 2: USGS Map of Bottom Types Used to Refine CMECS 
Classes for Florida Bay (Prager and Halley 1997). 
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Appendix 3. CMECS Hierarchy Descriptions 
The following brief descriptions of the six levels of CMECS hierarchy are excerpted from the 
final report on CMECS Version II development (Madden et al, 2005).  For more detailed 
description and classes, see that report and visit the online database at: 
http://www.natureserve.org/publications/coastal_marine_classification.pdf.  Some of the 
definitions in Version II have been updated as a result of this project, but have yet been not been 
formally publishes as subsequent version. 

 
Regime 
There are five coastal and marine regimes that form the main branches of the coastal/marine 
hierarchy, differentiated by a combination of salinity, geomorphology and depth.  Two of the five 
regimes at this highest level of the hierarchy (“Estuarine” and “Freshwater-influenced”) reflect 
the importance of salinity as a primary environmental influence on the ecological factors that 
define habitats’ relationship to biology at a large scale.  Fresh water inflow from land into the 
shallow coastal margins results in high variations in salinity in these shallow, nearshore regimes.  
If possessing significantly enclosed geomorphology, the regime is Estuarine.  If open directly to 
the sea, such as a river plume, the regime is defined as Freshwater-influenced.  
 
Depth is equally important in distinguishing among the three major regimes of the marine realm.  
Nearshore marine, neritic, and oceanic regimes are waters of full marine salinity (>30psu) and are 
distinguished from each other by depth.  Nearshore marine regimes are those marine waters that 
extend from the coast to the 30 m isobath.  Neritic regimes extend from 30 m to the continental 
shelf break, generally at approximately the 200 m isobath, although this boundary can vary by 
hundreds of meters.  Oceanic regimes are waters beyond the shelf break, on average, deeper than 
approximately 200 m. 
 
Formation 
Major geomorphic and hydrographic features of coastal-marine regimes are called Formations.  
The Formations include geoform structures, which are geological formations on the continental 
margins, islands or seafloor formations on the order of 10,000 m2 or larger in area.  Examples 
include islands, peninsulas and seamounts.  Hydroform formations are large physical features or 
boundaries created by water masses of 10,000 m2 or larger in area.  Examples include the Gulf 
Stream, large coastal fronts, the great ocean gyres and upwellings.  Formations represent the 
geological and hydrological environments that define large scale patterns in the composition and 
dynamics of both the smaller scale physical worlds contained within them and the biota 
associated with its divisions.  In the discussion below, examples of geoforms and hydroforms are 
presented.  For the current list of these types, refer to CMECS website 
(www.natureserve.org/getData/CMECS). 
 
At the Formation level, the shape and size of the physical features of the Regime play important 
roles in determining the nature of the ecological and biological processes within them.  The 
morphology of these features controls such processes as water exchange rates and water turnover 
times, hydrologic and energy cycling, shelter and exposure to energy inputs and migration and 
spawning patterns.  In some cases a single feature, such as an embayment, encompasses both land 
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(shore) and water (water column) components, while others can be solely geomorphological (e.g. 
a seamount) or hydromorphological (e.g. an upwelling).  Formations shape the large scale 
seascape in repeatable and predictable ways by providing structure, channeling energy flows, 
regulating bioenergetics, and controlling transfer rates of energy, material and organisms.   
 
Zone 
The concept of the zone as used in CMECS is quite unique.  Zone refers to the distinct and 
separate parts of the coastal marine environment that are wholly contained in the water column, at 
the bottom or in the littoral juncture of water and bottom.  These three zones are sufficiently 
distinct in their form and behavior that CMECS developers consider the level to represent a 
branching into three different classifications.  
 
Macrohabitat  
In CMECS classification, macrohabitats are spatially large and complex geomorphic, 
hydromorphic or biological structures that support multiple distinct habitats that are predictably 
co-located within the same macrohabitat.  An example would be the coral patch reef macrohabitat 
comprised of several habitats: reef halo, back reef, forereef, reef crest and rubble. 
 
These physically complex entities contain multiple habitats and can structure the distribution of 
communities along gradients or at discontinuities.  Macrohabitat units are specific, recognizable, 
repeatable structural units of the physical environment at a landscape-scale within a homogeneous 
local climate, hydrology and chemistry. They can be observed, measured and mapped using direct 
sampling.  Macrohabitats are subunits of larger formations (Level 2), defined by smaller scale 
physical gradients, discontinuities, and/or vertical zone position (Level 3).  A rocky shore 
macrohabitat, for example, is a littoral intertidal component of an island geoform.   
 
A mangrove forest is an example of a macrohabitat.  This neo-tropical macrohabitat generally is 
comprised of several characteristic habitats that occur together, including a submerged prop root 
zone, exposed prop roots, pneumatophore zone, the forest canopy, coastal ridge forest, basin 
forest, and tidal creeks.  The distinction between the Formation level and the Macrohabitat level 
derives from macrohabitat units being of a size scale that more closely matches the biology 
utilizing the structure.  
 
Habitat  
The habitat is the physical unit of the environment that is directly used by the biota for 
attachment, food, shelter, spawning, refuge.  The habitat unit is described as a geomorphological 
or hydromorphological type that includes specific substrate, energy, composition and biological 
classifiers.  The size range for the habitats is determined by the spatial range of the biology that 
uses the habitat.  The organisms considered to recognize these habitat units range from 1 mm to 
tens of meters, and the corresponding habitats range from tens of millimeters to thousands of 
square meters.  Due to the technological constraints of detecting habitats, a lower unit spatial 
bound of 1 m2 was established in CMECS.  Habitat units within the macrohabitat are related by 
physical connectivity or ecological processes.  For example, the hydrology and geology of a 
sandy beach macrohabitat incorporates the smaller units of tidepool, beach face, and surf zone 
habitats.  The mangrove macrohabitat integrates the prop root habitat, the basin forest habitat and 
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macrohabitat and the biology associated with them may interact across habitats or may be isolated 
and distinct from each other, while still being physically part of the macrohabitat.   
 
Biotope  
The finest level of the classification is the Biotope.  The biotope is a specific area of a habitat that 
includes recurring, persistent, and predictable biological associations.  The biological associations 
can include plants, attached sessile fauna and unattached but relatively non-motile fauna and 
bacterial colonies.  A biotope is environmentally uniform in structure, environment, and is 
defined by the dominant biota.  The primary characteristic of the biotope is the relationship 
between the physical habitat and a strongly associated or fixed “high fidelity” plant and animal 
species.  “Fixed” is defined as an individual organism that cannot move beyond the frame of 
reference of the habitat boundary within one day.  Epibenthic organisms like anemones, sponges, 
hydroids, and benthic infauna such as polychaetes would be considered part of a biotope 
complex.   
 
While much of the sedentary or fixed biota defines a particular biotope, other organisms 
demonstrate less fidelity to any specific biotope.  More vagile organisms can be associated with 
multiple biotopes or interact with the physical structure of the environment at any number of 
classification levels and spatial or temporal scales.  Larger animals, such as blue whales, may 
interact with elements defined in the classification at a level of Formations, such as the shelf 
break or submarine canyon.  Smaller animals interact with Macrohabitats, Habitats or Biotopes.   
This report does not attempt to document the motile species associated with each habitat and 
biotope, although there are provisions for identifying them and numerous cases are described.  As 
the classification matures, the linkages of species and biological associations to different 
classification units at different levels will become better known and documented. 
 
The biotope concept has been employed for several years in Europe and is defined as the 
“physical habitat… and its community of animals and plants (Costello; 2003).”  This refers to the 
dominant biological inhabitant(s) of a specific habitat, whether the species are “diagnostic,” as in 
the terminology of Cowardin (1979) and Dethier (1990), or if they are “commonly associated.”  
A species is considered to be part of a biotope if it is conspicuous, dominant, and physically 
linked to the habitat.   
 
Sedentary or fixed biota defines a particular biotope, while more mobile organisms demonstrate 
less fidelity to a specific biotope.  More vagile organisms can be associated with multiple 
biotopes or interact with the physical structure of the environment at any number of classification 
levels and spatial or temporal scales.  Large animals, such as blue whales, may interact with 
elements defined in the classification at a level of Formations, such as the shelf break or 
submarine canyon.  Smaller animals interact with Macrohabitats, Habitats or Biotopes.  This 
report does not attempt to document the large motile species associated with each habitat and 
biotope, although there are provisions for identifying them and numerous cases are described.  As 
the classification matures, the linkages of species and biological associations to different 
classification units at different levels will become better known and documented. 
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Description of Regimes 
Estuarine: Estuarine regimes are enclosed or semi-enclosed coastal water bodies that are 
influenced by fresh water input that reduces salinity to below 30 psu during at least two months 
of the year.  Estuaries may exist on the margins of continentals and large islands.  The 
geomorphology and hydrology determine the degree of the physical enclosure, which in turn 
impacts the residence time for water within an estuary and the steepness of biological, physical 
and chemical gradients between terrestrial and marine end members.  The degree of 
geomorphological enclosure defines the estuarine regimes, and determines the level of temporal, 
chemical, biological and ecological distinctiveness from the ocean regimes.  A river flowing 
directly into the ocean is very different than a coastal estuarine system that slowly discharges into 
the ocean.  Formations within this class include lagoons, embayments, river mouths and deltas. 
  
Estuarine regimes can occur on the continental land mass or on islands in waters of any depth, 
provided they have significant catchment area and significant freshwater flow.  Although they are 
coastal features by definition, many estuaries have water depths much greater than 30 m.  In parts 
of the Puget Sound, Chesapeake Bay, and San Francisco Bay, the 30 m isobath is contained 
within the enclosed area of the estuary, and central channels can be much deeper than 30 m.  All 
areas within the enclosed morphology that generally defines the estuary are classified as 
estuarine, regardless of depth.  The depth of an estuarine water column can be significantly 
greater than 30 m and retain the characteristics of an estuary.  
 
Freshwater Influenced: Fresh water-influenced regimes are waters that have no distinctly 
enclosing morphology, yet receive a significant amount of fresh water input from land during at 
least part of the year.  In such cases, an unenclosed marine water column may be influenced by 
fresh water in the form of an active river plume, an overlying fresh water lens or a ground water 
seep discharge.  Freshwater-influenced regimes occur in waters less than 30 m depth and are 
influenced by fresh water input that reduces salinity to below 30 psu during at least two months 
of the year.  These regimes tend to be less well defined spatially and variable, determined by 
ocean currents and by wet season outflow from true estuaries.  They often may have surface 
characteristics of estuaries, but deeper waters may be completely marine.   
 
Because of the highly stratified nature of waters in this class, with freshwater generally 
concentrated at the surface, the water can be vertically diverse in terms of classification, 
switching from one branch in the classification to another with increasing depth.  For example an 
area may map as a freshwater-influenced surface layer and a marine benthic zone, if the 
characteristics of the fresh surface layer do not impact the bottom, as may be the case in very 
deep waters.  However, often there is strong synchronization between the water column and the 
bottom.  For example, the Mississippi River plume impacts the benthos of the Gulf of Mexico 30 
meters deep by depositing sediments and organic material over vast areas, annually creating a 
high oxygen demand, bottom hypoxia and the widely-known benthic “dead zone.”   
 
Nearshore Marine: Nearshore marine regimes are those coastal waters that are truly marine in 
character (> 30 psu throughout the year).  The nearshore marine regime extends from the land 
margin to the 30 m depth contour.  In these waters, benthic processes can strongly influence the 
ecology and biology throughout the water column, and the water column interacts strongly with 
the benthos.  The photic zone, defined as the upper part of the water column where the average 



46 

light level exceeds 2% of surface light intensity during daylight hours, generally extends through 
the entire water column.  This often supports the growth of vegetation on the bottom, and so 
seagrass and kelp beds are found in this regime.  The vertical circulation of the water column 
generally distributes bottom nutrients and sediments throughout the water column. 
 
Neritic : The neritic regime is the region of marine waters (> 30 psu year round) between the 30 m 
depth contour and the continental shelf break, which occurs at approximately at 200 m water 
depth.  Depending on shelf morphology, waters at the 30 m isobath can be quite distant from the 
continent or they may lie quite close to land.  The depth criterion is a more important ecological 
criterion than the distance from land.  An example of a neritic regime that begins far from the 
coast is found in the South Atlantic Bight offshore of South Carolina and Georgia, where the 30 
m isobath is over 30 mi offshore in places.  In comparison, the neritic regime along the California 
coast can occur within a few hundred meters of the coast. 
 
Oceanic: The oceanic regime represents the marine realm beyond the continental shelf break, 
generally occurring at 150m-300m of water depth at the edge of the continental shelf.  These 
waters can range to several thousands of meters depth.  The boundary created by the depth 
discontinuity at the shelf break establishes strong and identifiable constraints on the processes in 
the regime and represents a logical breakpoint for the division of major marine regimes between 
neritic and oceanic.  In the case of large oceanic islands where a continental shelf is absent, the 
island itself possesses a nearshore regime to a depth of 30 m and a neritic regime to a depth of 
200 m.  The oceanic regime is defined in the case of steep-sided islands to begin where water 
depth exceeds the 200 m depth contour.   
 
The marine waters of the oceanic regime are sufficiently distant from land that they receive little 
or no influence of fresh water, nutrient and sediment inputs, except around large islands.  Due to 
the great water depths, there is little or no interaction of ocean bottom with the vast majority of 
the overlying water column.  The sea bottom diminishes in importance in influencing pelagic 
processes.  Light is greatly attenuated within the water column and does not reach the bottom.  
The upper water layer does not mix to the bottom and the mixing zone is separated from bottom 
waters by a density gradient or pycnocline generated by a temperature or salinity 
 


