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1. Introduction

The past 150 years have witnessed the steady improvement in society’s ability to access
and monitor the environment, observe systems in great detail over long periods of time,
compile and analyze the resulting data, and display findings with great sophistication. In
step with these developments, numerous approaches have been proposed for describing
and classifying ecosystems and biological communities. In the United States, noteworthy
strides have been made in establishing standards for terrestrial systems, National
Vegetation Classification Standard, FGDC-STD-005-2008 (FGDC 2008), ecological
systems (Comer et al. 2003), freshwater systems (Higgins et al. 2005), and wetlands,
Classification of Wetlands and Deepwater Habitats in the United States, FGDC-STD-004
(FGDC 1996b), and formal or informal classification strategies have gained wide
acceptance for each. No analogous consensus has emerged for estuarine, coastal, or open-
ocean settings. This document is submitted to the U.S. Federal Geographic Data
Committee (FGDC) to provide a key for translating between the myriad marine
ecosystem and community classifications available today and offer a common path to
unambiguous identifications in the future.

1.1 Objectives

The Coastal and Marine Ecological Classification Standard (CMECS), Version 4.0,

is a catalog of terms that provides a means for classifying ecological units using a simple,
standard format and common terminology. (CMECS uses the term “unit” to refer to any
defined entity in the standard at any level of the hierarchy; “units” include seagrass bed,
sand, lagoon, and water mass.) CMECS offers a way to organize and interpret data about
the marine environment, and it provides a common platform for inter-relating data. It
builds upon approaches from published national, regional, and local habitat classification
procedures, and it offers an umbrella under which a national coastal and marine
ecological classification can grow and evolve.

CMECS allows investigators to determine the types of data to be collected. Its structure
accommaodates data from multiple disciplines, and its use is not limited to specific gear
types or to observations made at specific spatial or temporal resolutions.

Significant attention has been paid to assure that CMECS is compatible with relevant
FGDC-endorsed national standards—FGDC-STD-004 (FGDC 1996b), FGDC-STD-005-
2008 (FGDC 2008), and the Metadata Profile for Shoreline Data, FGDC-STD-001.2-
2001 (FGDC 2001). This compatibility is intended to facilitate studies across the
transition between terrestrial and coastal aquatic ecosystems. Section 1.5 of this
document provides further discussion of the relationships between existing FGDC
standards and CMECS.
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The ultimate goal of CMECS is to facilitate assessment, monitoring, protection,
restoration, and management of biotic assemblages, harvested and protected species, vital
habitats, and important ecosystem components. Thus, CMECS enhances scientific
understanding, advances ecosystem-based and place-based resource management,
safeguards coastal communities, and ultimately strengthens the Nation’s economy.

1.2 Need

The purpose of habitat classification is “to provide a language through which data and
information regarding habitats can be communicated and managed” (McDougall,
Janowicz, and Taylor 2007). At a time when the complexity and significance of marine
resource issues are mounting, the need for additional habitat observations is growing but
the fiscal resources to address these needs are diminishing. Under such circumstances, it
IS imperative that existing and new data be used to their fullest extent. As a first step,
there must be agreement on the identities of the ecosystems under study. Adoption of a
national classification standard for coastal and marine ecosystems would be a major step
toward this goal.

Many marine habitat classifications are available in the literature. Table 1.1 lists several
representative, widely applied approaches. Unfortunately, none of these provide universal
coverage and none are universally accepted. Classifications tend to focus on specific
geographic regions, distinct biotic groups, characteristic environmental features, or
limited portions of the seascape. The veracity or utility of these classifications for the
purposes for which they were developed is not at issue, but their application for wider use
has been problematical. Parks (2002) calls for a lingua franca for marine habitat
classification in the face of this fractionation; CMECS aspires to meet this need.

1.3 Scope

The domain of CMECS encompasses waters from the head of tide or inland incursion of
ocean salinity to the splash zone of the coasts to the deepest portions of the oceans and
the deep waters of the Great Lakes. This domain includes all marine and coastal waters
under U.S. jurisdiction for which no FGDC-endorsed classification standard currently
exists.

CMECS addresses attached or suspended biota in the water column and on or in bottom
sediments. Scale size ranges from colonies or aggregations of microscopic organisms to
megafauna and megaflora. CMECS addresses the grain size and composition of marine
substrates and major structural features of the environment (geoforms and hydroforms) to
characterize coastal and marine ecosystems. These are discussed and presented in the
context of the major marine Biogeographic Settings.

CMECS Version 4.0 was developed primarily for application in the territorial waters of
the United States (including the Exclusive Economic Zone); however, its architecture and
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underlying approach do not preclude application of the standard in other parts of the
marine world.

Development of the units in this document has been focused on estuarine and marine
systems. Many of the concepts and units are applicable to the Great Lakes but additional
work is needed to develop a comprehensive list of units for this area.

Table 1.1. Modern coastal, marine, and Great Lakes habitat classifications. This list
is not exhaustive; it references some of the more widely used approaches.

Reference Name Location
FGDC 1996b Classification of Wetlands and Deepwater u.S.
Habitats in the United States
Dethier 1990 A Marine and Estuarine Habitat Washington
Classification System for Washington State
Madley, Sargent, and | Development of a System for Classification Florida
Sargent 2002 of Habitats in Estuarine and Marine
Environments (SCHEME) for Florida
Resource Information | British Columbia Marine Ecological British
Standards Committee | Classification: Marine Ecosections and Columbia,
2002 Ecounits, Version 2.0 Canada
Connor et al. 2004 The National Marine Habitat Classification Britain and
for Britain and Ireland Ireland
Davies et al. 2004 EUNIS Habitat Classification Europe
Ministry of Fisheries | Marine Protected Areas: Classification, New Zealand
and Department of Protection Standard and Implementation
Conservation 2008 Guidelines
Commonwealth of National Marine Bioregionalization of Australia
Australia 2010 Australia

1.4 Application

Among the most fundamental questions asked by resource managers are:

e What resources are out there?
e Where are they located?

e How abundant are they?

e How are they doing?
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The first question can be addressed using well-defined taxonomies (for species) or
classifications (for communities and ecosystems), which provide comprehensive lists
with definitions of potential resource units. The second and third questions can be
answered by applying inventory, observation, and mapping techniques that enumerate
and place the resource on the seascape. The fourth question requires condition assessment
studies as well as status and trend monitoring.

While CMECS Version 4.0 is relevant to all four questions, it speaks specifically to the
first question. The remaining questions all require that a standard classification be in
place before they can be answered efficiently. Section 12 of this document touches on
aspects of the second and third questions in regards to using CMECS in data development
and mapping. Specific implementation and mapping guidance will be offered in a
companion document, which will be produced after the publication of CMECS Version
4.0. The companion document will include standards for sampling, inventorying, and
mapping the ecological units described in CMECS Version 4.0. It also will address issues
such as appropriate remote sensing technologies, map scales and minimum mapping
units, recommended technology, timing and frequency of sampling, mapping conventions
for “split” map classes, and best practices for addressing spatially and temporally variable
units.

Issues pertaining to the fourth question (on habitat and resource quality) will be
addressed in one or more subsequent documents. These will discuss methods for
assessing and monitoring the ecological integrity and condition of the units defined in
CMECS Version 4.0.

1.5 Relationship to Previous FGDC Standards

CMECS strives to accommodate all relevant data, to facilitate the use of historical data in
combination with data from ongoing or future activities, and to be compatible with or
complementary to applicable FGDC standards. Many refinements (discussed below) were
made to align CMECS in this fashion.

At the highest level of the organization, CMECS adopts the terms Marine System,
Estuarine System, and Lacustrine System; these corresponds to terms found in FGDC-
STD-004 (FGDC 1996b), although some modifications were made the Estuarine
System’s boundaries. The CMECS Estuarine System extends upstream to the head of tide
or to waters of salinity lower than 0.5, whichever is most inland. Downstream, the
Estuarine System extends to an imaginary line closing the mouth of the river, bay, or
sound at the seaward end of the estuary. Head of tide is identified in accordance with
FGDC-STD-001.2-2001 (FGDC 2001):

“The inland or upstream limit of water affected by the tide. For
practical application in the tabulation for computation of tidal datums,
head of tide is the inland or upstream point where the mean range
becomes less than 0.2 foot. . .”
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CMECS subsystems provide more delineation than those proposed in FGDC-STD-004
(FGDC 1996b), which permits the capture of significant ecological distinctions. For
example, in FGDC-STD-004, Tidal Riverine is a subsystem of the Riverine System (non-
tidal freshwater). However, since CMECS does not address Riverine System
environments, Tidal Riverine is adopted to delineate subsystems of the CMECS Estuarine
System. Tidal Riverine portions of an estuary include those areas where ocean-derived
salts measure less than 0.5 during the period of average annual low flow, upriver to the
head of tide, where the mean tidal range becomes less than 0.2 foot or 0.06 meters
(FGDC 2001).

The CMECS Substrate Component (SC) is compatible with sediment-related elements of
FGDC-STD-004 (FGDC 1996b). The Soil Geographic Data Standard, FGDC-STD-006
(FGDC 1997) is referenced in the SC for the benefit of investigators concerned with
marine soils. Marine sediments traditionally have not been considered soils; hence, the
SC follows the approaches of Wentworth (1922) to define sediment particle sizes and
Folk (1954) to describe mixes.

Classes and subclasses of the Biotic Component (BC) are determined by the dominant
biota (defined as most abundant in terms of percent cover) of the substrate. These closely
track units identified in FGDC-STD-004 (FGDC 1996b), where the classifications
coincide in domain, but refer to Appendix G for a comparison of departures from the
earlier standard.

Some BC subclasses are equivalent to and provide good linkages with the formation,
group, and association levels of FGDC-STD-005-2008 (FGDC 2008). A protocol for the
addition of new biotic groups and biotopes is included in CMECS (Section 13). This
protocol is modeled on the one proposed in FGDC-STD-005-008, and it also draws from
the approach outlined in Marine Habitat Classification for Britain and Ireland (Connor et
al. 2004).

1.6 Development Procedures

CMECS was developed based on literature review, expert opinion, field testing, and peer
review. To date, CMECS is not based on quantitative analysis of new data, although
analysis of field-collected, quantitative data across the range of coastal and marine
environments is a long-term goal.

Development of the standard began in the late 1990s. Previous versions of CMECS
(Madden and Grossman 2004; Madden, Grossman, and Goodin 2005; FGDC 2010) and a
precursor classification framework (Allee et al. 2000) were developed with the assistance
of over 100 coastal and marine habitat experts, who represented agencies of federal, state
and local governments, academia, non-governmental organizations, and industry.
Contributors included scientists from the United States, Canada, Australia, and several
European countries. Expert input was collected via four major workshops and via
extensive reviews by internal and external experts.
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As CMECS matured, efforts were made to encourage pilot applications and comparisons
(or crosswalks) with other classifications. Tests by scientists who were not directly
involved in developing CMECS were of special interest. To date, applications across a
variety of habitats in various parts of the United States have been undertaken. These
applications confirmed the utility of CMECS and the basic soundness of the logic behind
the standard. Outside the U.S., comparisons and trials of CMECS relative to local
classifications have been done in Argentina, Australia, Canada, Chile, Denmark,
Germany, Iran, Mexico, Norway, and Uruguay.

In mid-August 2010, a Federal Register announcement opened CMECS for a 120-day
public comment period. Subsequently, the standard was peer reviewed by over a dozen
scientists representing a broad range of geographic and technical expertise.

Revisions to CMECS, including evaluating and responding to comments from the public
and peer reviews, were the work of over thirty scientists and managers drawn from
federal and state governments, academia, and non-governmental organizations.
Organizations represented in this group are listed in Table 1.2. The names and affiliations
individuals who commented on or assisted with the final development of CMECS appear
in Appendix J.

Table 1.2. Organizations whose personnel were involved in development of
CMECS.

Type of Organization Organization Name

U.S. Government National Oceanic and Atmospheric Administration
Environmental Protection Agency

U.S. Geological Survey

U.S. Fish and Wildlife Service

National Park Service

U.S. Army Corps of Engineers

State Government Massachusetts Division of Marine Fisheries
Texas Parks and Wildlife Department
Oregon Coastal Management Program

Academia Florida International University
Texas A&M University

University of Miami

University of Rhode Island
University of Southern Mississippi
Virginia Institute of Marine Science
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Type of Organization Organization Name
Nongovernmental NatureServe
Organizations The Nature Conservancy

1.7 Guiding Principles

Five central premises directed the development and testing of CMECS.

1.7.1 Build a Scientifically Sound Ecological Classification

CMECS is based on the best available scientific knowledge about the relationships
between the environment and the biota. Distinctions between units in CMECS were
chosen specifically to reflect factors believed to shape biological communities. This is
true for the Biotic Component (BC) as well as for the abiotic components.

Many of the common, pre-existing classification schemes were used to inform CMECS
units. This process included drawing upon local or regional scientific studies to illustrate
the specific environmental patterning of groups of units (e.g., local studies on lichen
zonation [Fletcher 1973]), as well as considering comprehensive classifications
developed for individual states and countries (see examples in Table 1.1). The intent of
this effort was to take advantage of existing information and arrange it into a consistent,
more broadly applicable framework. A common framework allows legacy datasets and
new data to be incorporated into a single structure, which will ensure that existing
scientific data and knowledge are preserved and available for future use.

1.7.2 Meet the Needs of a Wide Range of Users

The audience for CMECS includes coastal managers and planners, academic scientists,
and educated lay users. Such users are drawn from a broad variety of backgrounds,
including biology, geology, oceanography, applied mathematics, engineering, and
mapping. CMECS is designed to meet the varied needs of this broad audience. It provides
detailed units for those who require specific knowledge of the components, as well as
more general units for those who need less specificity.

CMECS also is developed to address applications whose scales range from local to
national to global. Most classification systems are keyed to regional or local applications.
Their operational scales (meters to kilometers) reflect the scales at which state and local
governments monitor and manage resources. Local and regional approaches do not
readily support national comparisons across ecosystems, methods of observation, or
analytical techniques. CMECS is designed to provide the specificity needed by local
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applications, while at the same time allowing aggregation and assessment across diverse
systems at regional, national or global scales—without loss of utility at local levels.

CMECS is designed to operate at multiple spatial scales in order to allow users to address
different objectives. For example, a federal management agency seeking to identify and
catalog the benthic ecosystems of the large estuaries in North America may restrict its
analysis to the upper three levels of the Biotic Component (BC). On the other hand, a
local agency classifying ecosystems within a single estuary may want to use the lower
two or three levels of the BC hierarchy. Using CMECS as a common standard, both
agencies will be able to organize and compare results by applying a unified vocabulary
within a common and interoperable data framework. The framework provides the end-
user with the tools to build the bottom levels of ecosystems and biology into the larger
conceptual framework.

1.7.3 Create a Comprehensive Internally Consistent Classification

CMECS provides a comprehensive approach to classify all recognized marine ecological
units—similar to the Linnaean goal of classifying and describing all species on earth (but
without the aim of inferring evolutionary relationships). CMECS attempts to answer the
question: What is out there? At the upper levels of each component, the lists of units—
when completely elaborated—are intended to provide complete coverage of the biota,
substrate features, geomorphic structures, aquatic features, and biogeographic influences
that shape biological communities.

CMECS is not technology-constrained; units (especially lower-level units on the scale of
meters) are not defined solely on what is identifiable from remote imagery or other
currently available sensing technology. Likewise, CMECS is a classification of existing
units—that is, those documented to exist in a given place at a given time. Therefore,
CMECS is not constrained to units that are spatially or temporally static. Units that vary
in time and space (such as phytoplankton blooms) provide a mapping challenge.
However, they are classified and described in CMECS because they represent
recognizable, consistently repeating ecological units that are of conservation and
management value.

CMECS also strives to be internally consistent. As a rule, CMECS employs comparable
concepts and classifiers at analogous levels within a component to the extent practical.

CMECS units are intended to be unique and non-duplicative. Every effort was made to
define thresholds between units to avoid conceptual overlap and so that units can be
unambiguously applied and to facilitate unambiguous application.

Clearly documented terminology is essential to a comprehensive and internally consistent
standard. Each CMECS unit is defined in the sections for the individual components, and
boundaries and thresholds between are identified.
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1.7.4 Meet Mapping Needs

Although CMECS units are not defined on the basis of “map-ability,” mapping is a
primary application of the system. Each classification unit represents a measurable space,
and it can be ascribed to a specific place with defined geographic boundaries. The ability
to map each classification unit has been considered in the process of defining the unit,
and ease of mapping application was accommodated wherever possible. Because current
mapping technology is limited in the details that can be interpreted, ground-based data
collection will be required for identifying and mapping many lower-level features.

1.7.5 Create a Flexible Classification

Having a broad audience of users requires that CMECS be flexible enough to meet a
variety of needs. CMECS is designed with multiple components to allow users to select
the components that most effectively describe the ecological units under observation.
Within individual components, users apply CMECS at the level of specificity that best
meets their circumstances.

Users specializing in one aspect of CMECS or in or local applications of the standard
may be interested in tracking a finer level of detail than is offered by the standard
catalogue of types. Two options are available, one or both of which may be used.
CMECS includes a standard list of modifiers that allow users to further parse standard
features according to qualities such as energy, turbidity, or characteristic structural
components. This provides flexibility to local and specialized users. Modifiers are
intended for broad application and add detail at all levels of the classification. The second
option is to introduce finer, non-standard levels of classification beyond the lowest tiers
of the CMECS components.

Though CMECS provides clear thresholds for the boundaries between the units, some
users applying CMECS may be interested in capturing information on additional
characteristics of a unit that fall outside of the threshold. For example, a given area on the
bottom might be classified according to CMECS as a seagrass bed, because of the area is
dominated by a given seagrass species. However, that same area also may contain a
moderate (but not dominant) cover of soft corals that are of interest to the user. CMECS
enables users to classify the unit as a seagrass bed, while also cataloging the soft corals as
a Co-occurring Element. This flexibility allows consistent application of the standard,
while meeting the individual needs of the practitioner. See Section 10 for a discussion of
this methodology.

The nature of scientific inquiry is that understanding improves over time. CMECS is a
dynamic content standard and offers the flexibility to add or refine units based on new
information through a moderated, peer-reviewed, transparent process. See Section 13 for
a discussion of CMECS as a dynamic content standard.
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1.8 Maintenance Authority

The National Oceanic and Atmospheric Administration (NOAA) was assigned
responsibility to coordinate, manage, and disseminate marine and coastal spatial data
under the policy guidance and oversight of the FGDC. CMECS was developed under the
authority of the Office of Management and Budget Circular A-16 (OMB 2002). Through
the Marine and Coastal Spatial Data Subcommittee, NOAA will oversee the maintenance
and updating of the Standard through periodic review. In addition, NOAA will oversee
the maintenance, updating, dissemination, and implementation of CMECS, based on this
Standard, in collaboration with member agencies, professional societies, and other
organizations. Future revision of this Standard shall follow the standards development
process described in the FGDC Standards Reference Model (FGDC 1996a). The dynamic
content of the CMECS shall be updated under the direction of a national review board
authorized by NOAA through the Subcommittee. For more information about the Marine
and Coastal Spatial Data Subcommittee or the review board, please contact:

NOAA Coastal Services Center
Attn: FGDC Marine and Coastal Spatial Data Subcommittee
2234 South Hobson Avenue
Charleston, SC 29405-2413

10
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2. Overall Structure

CMECS characterizes marine and coastal environments in terms of two settings and four
components (Figure 2.1). Settings offer alternate but complementary approaches for
partitioning the marine and coastal world. Components provide specific tools for
describing observation (sampling) sites. Settings are applicable to all components.

Figure 2.1 CMECS settings and components.

CMECS users may employ one or both settings and one or more components to classify
environmental units, depending on their interests, observation methods, and objectives.
Introductory overviews of CMECS settings and components are provided below.

1.1 Settings

CMECS provides two broad based, complementary settings within which to partition the
coastal and marine world—the Biogeographic Setting (BS) and the Aquatic Setting (AS).
These may be used independently or together. Each setting is described briefly below;
more complete accounts are presented in Sections 3 and 4.

11
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2.1.1 Biogeographic Setting (BS)

The BS identifies ecological units based on species aggregations and features influencing
the distribution of organisms. Coastal and marine waters are organized into regional
hierarchies composed of realms (largest), provinces and ecoregions (smallest).

CMECS adopts the approach described by Spalding et al. (2007) in Marine Ecosystems of
the World (MEOW) to characterize Biogeographic Settings occurring in the Estuarine
System and in the Marine Nearshore and Marine Offshore Subsystems. MEOW is
worldwide in coverage and identifies five realms, eight provinces, and 24 ecoregions in
U.S. waters (Appendix A). Representative units include the Gulf of Maine/Bay of

Fundy, Carolinian, and Southern California Bight ecoregions.

Biogeographic Settings for the CMECS Oceanic Subsystem are defined in the Global
Open Ocean and Deep Seabed (GOODS) Biogeographic Classification (UNESCO 2009).
As in MEOW, hierarchies composed of regions, provinces, and ecoregions are identified,
but separate suites of terms are applied to benthic and water column habitats. Additional
information about the BS is provided in Section 3.

2.1.2 Aguatic Setting (AS)

CMECS also divides the coastal and marine environment into three Systems: Marine,
Estuarine, and Lacustrine. These conform to those described in the Classification of
Wetlands and Deepwater Habitats in the United States, FGDC-STD-004 (FGDC 1996b).
Secondary and tertiary layers of the Aquatic Setting describe Subsystems (e.qg.,
Nearshore, Offshore, and Oceanic within the Marine System) and Tidal Zones within the
Estuarine System and Marine Nearshore Subsystem. See Section 4 for a more
comprehensive treatment of the aquatic setting.

2.2 Components

CMECS is organized into four components to record and define the attributes of
environmental units and biota within each setting--the Water Column Component (WC),
the Geoform Component (GC), the Substrate Component (SC), and the Biotic
Component (BC) (Figure 2.1). Each component is a stand-alone construct that can be
used on its own or in combination with other components or settings. CMECS
components include a variety of modifiers to enhance the specificity and detail of
resulting descriptions and classifications.

Units within the BC and SC are organized into traditional hierarchical frameworks;

however, this is not the case for the WC and the GC. Units within each of the latter
overlap significantly in nature and do not lend themselves to hierarchies. CMECS

12
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organizes the WC and GC into subcomponents that may be used on their own or in

combination (Table 2.1)

In-depth descriptions of CMECS components are provided in Sections 5-8. Brief

synopses of each, with examples, are presented below as an introduction.

Table 2.1. CMECS settings and components. AS, BS, BC, and SC are internally
hierarchical. WC and GC include non-hierarchical subcomponents.

Biogeographic Aquatic Water Column Geoform Substrate Biotic
Setting Setting Component Component Component Component
(BS) (AS) (W) (60 (S0) (BC)
Layer Tectonic Setting Substrate Onigin |Bictic Setting
Subcomponent Subcomponent Substrale Class Bictic Class
Substrale Subclass Biotic Subclass
Substrate Group Biotic Group

Salinity Physiographic Setting Substrale Subgroup Biotic Communily
Subcomponent Subcomponent
Temperature Level 1 Geoform
Subcomponent Subcomponent

- Geaform Crigin

Realm System N
Frovince Subsystem Ls:_e.’ : .G;ngrmﬂ T
Ecoregion Tidal Zone S ype
Hydroform Level 2 Geoform
Subcomponent Subcomponent
Hydroform Class Geoform Ongin
Hydroform Level 2 Geoform
Hydroform Type Level 2 Geoform Type

Biogeochemical Feature
Subcomponent

2.2.1 Water Column Component (WC)

The WC represents a new approach to the ecological classification of open water settings.
The component describes the water column in terms of vertical layering, water
temperature and salinity conditions, hydroforms, and biogeochemical features. Modifiers
allow users to further subdivide water column units. Representative units include “cold,
oligohaline estuarine open water surface layer” and “warm marine offshore western
boundary current oceanic epipelagic upper layer.” See Section 5 for more details.

2.2.2 Geoform Component (GC)

The GC describes the major geomorphic and structural characteristics of the coast and
seafloor. This component is divided into four subcomponents that describe tectonic and
physiographic settings and two levels of geoform elements that include geological,

biogenic, and anthropogenic geoform features. Representative units include lagoon,
ledge, tidal channel/creek, and moraine. See Section 6 for more details.

2.2.3 Substrate Component (SC)

The SC describes the composition and size of estuary bottom and sea bed materials in all
CMECS systems. This component is hierarchical and encompasses substrates of
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geologic, biogenic, and anthropogenic origin. Particle size classes conform to those
developed by Folk (1954). Representative units include sandy mud, coral sand, and
construction rubble. See Section 7 for more details.

2.2.4 Biotic Component (BC)

The BC is a hierarchical decision-tree classification that identifies (a) the composition of
floating and suspended biota and (b) the biological composition of coastal and marine
benthos. Representative units include Sargassum raft, jellyfish aggregation, Oculina reef,
embedded/surficial Crassostrea bed, and Rhizophora mangle fringe forest. Units are
compatible with terms used in FGDC-STD-004 (FGDC 1996b) and FGDC-STD-005-
2008 (FGDC 2008). See Section 8 for more details.

2.3 Modifiers

CMECS incorporates a list of standard modifiers—a consistent set of characteristics and
definitions— as part of each component to describe the nature and extent of observed
variability within ecological units. Modifiers allow users to customize the application of
the classification in a standardized manner. See Section 10 for more details.

2.4 Using the Components

Each CMECS component is autonomous (i.e., designed to be classified and mapped
independently of the others), but components can be combined as necessary, depending
on application. This is analogous to combining information from independent land cover,
landform, and soil classifications (in terrestrial classifications) to describe specific
locations on land.

For example, a CMECS user requiring an inventory of seagrass distribution might
categorize and map biological units using the BC to arrive at estimates of total seagrass
acreage or coverage by a single species. Users interested in mapping benthic cover by
conventional means (i.e., via downward-looking sensors) would use the SC and the BC
together. However, users concerned with the global distribution of seamounts would
focus on the GC instead. Those users with interest in the zonation of biotic communities
on seamounts might overlay the BC on the GC, to provide insight into how patterns in the
biology vary with geologic structure.

CMECS allows users to examine relationships between biotic and abiotic features and
processes in different ecological units at comparable scales. This can be done
qualitatively (using the scales implied within the components) and quantitatively (either
by creating maps of ecological units or by using spatial and temporal modifiers).

The aim of modifiers is to better characterize relationships among multi-scale
quantitative ecological data, natural variability, and human influence in order to provide
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the best information for effective management and assessment of these ecosystems
(Guarinello, Shumchenia, and King 2010). For example, spatial modifiers help relate the
geographic extent of features to one another—especially when mapping or geographic
information system (GIS) tools are not a part of the classification effort. Temporal
modifiers help distinguish features based on expected temporal persistence or variability.

While the natural inclination of many users may to apply CMECS from the “top-
down”—from the broadest elements of the classification to increasingly narrow (i.e.,
more precise) elements—the system works equally well when applied from the “bottom-
up.” Such analyses may involve one or more components and permit examinations such
as those evaluating factors influencing the occurrence or success/failure of biotic
assemblages in space and time.

The CMECS components enable the development of sophisticated analyses of physical,
chemical, and biological information—and they permit users to explore complex
ecological interactions. The application and combination of components is further
discussed in Section 12.

2.5 Ecological Foundation

The goal of CMECS is matching specific aspects of the physical environment—defined
in ecological units—to organisms and biological associations that use the environment.
Physical, geological, and chemical characteristics of the environment interact with the
requirements and behaviors of organisms to create the patterns of life observed in benthic
and water column settings. In turn, patterns of environmental stresses and drivers,
resource utilization, nutrient transformation, reproduction, population dynamics, and
community structure reflect the availability of habitat in time and space (Cushing 1990).
Many of these processes are not uniformly applicable across all aspects of CMECS, and
some may conflict at different scales. The multiple-component structure of CMECS is
designed to accommodate for both of these concerns.

CMECS addresses the full range of natural processes—from short to long timescales.
Drivers of ecological interactions operate at specific frequencies to which the biota is
matched (Ulanowicz 1996), and life cycles and behavior are tuned to temporal and
resource patterns to optimize resource use, survival, and recruitment. Multiple scales of
energy, temperature, light, and resource sufficiency are captured in the CMECS structure.
Many processes are hierarchical, in that a larger-scale process drives or influences
smaller-scale, internal processes. Identifying those drivers that organize the geo-physical
environment (and the organisms that inhabit it) is a significant challenge facing CMECS
(Pahl-Wostl and Ulanowicz 1993).

2.5.1 Temporal and Spatial Variation

Units that experience change over time can be described by repeated assessment.
Individual CMECS characterizations represent snapshots of the state of ecosystem units
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at given points in time. Temporal variability or change may be examined by comparing
time series of individual characterizations. In the same way that animation achieves a
sense of movement by juxtaposing a succession of individual illustrations, studying
multiple, successive characterizations of CMECS ecological units demonstrates the
nature and rate of changes occurring on (or within) a unit of substrate or the water
column. Because analytical contexts are determined by the observer—and are dictated in
part by the scope of the available data and the nature of analytical techniques at hand,
CMECS may be considered temporally neutral, accommodating with equal facility
variation ranging from short term (fractions of seconds to hours) to long term (years to
centuries).

The wide range of spatial and temporal scales in marine and coastal systems is a
challenge for ecological classification, because measuring tools capture only portions of
the space-time continuum. CMECS integrates components of large- and small-scale
geologic, biotic, water column, and sediment-related processes within a common
hierarchical framework. Analyses of species-environment relationships can be structured
to use time, spatial replication, or spatial contrast as the basis for experimentation and
hypothesis testing (Murawski et al. 2010). Because spatial and temporal scales are linked,
complex ecosystems can be deconstructed and understood in space and time
simultaneously (Wu 1999). A further discussion of time and space considerations in the
context of CMECS is presented in Section 11.

2.5.2 Nature of CMECS Units

CMECS provides a standardized framework for naming ecological units in coastal and
marine settings. Units are conceptual and circumscribed by defined conceptual
boundaries based on consensus best professional judgment and observations by the
community of practice. Unit definitions include a limited degree of variation consistent
with what is observed in nature across the range of occurrence. Ideally, over time, the
conceptual boundaries that delimit CMECS units will be based on analysis of data
collected across the range of each unit.

Assemblages classified by CMECS as ecological units occur multiple times in nature.
Contrary to animal and plant taxonomy where a species may be described on the basis of
a single specimen, CMECS units reflect recurring observations in space and time.
Similarly, the occurrence of a single specimen with a unit of the ecosystem is insufficient
to characterize that unit. Evidence of an aggregation or assemblage that repeats on the
seafloor (or in the water column), the presence of dominant or representative species, or
the occurrence of characteristic geological, chemical, or physical attributes is required
before units can be classified. A photo of a single sea cucumber is insufficient to
characterize a holothurian biotic community.

CMECS provides a systematic approach for classifying continuously-varying,
multidimensional assemblages. Ecological units often span physical, chemical, or
geological gradients in space or time; the units may transition gradually or sharply,
depending on the abruptness of the determining feature (Gleason 1926; Curtis 1959;
Whittaker 1962). Classification frameworks impose boundaries across gradients to define
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units, under the assumption it is reasonable and useful to separate a continuum into
meaningful units (Whittaker 1975; MclIntosh 1993). Units based on “natural breaks”
generally are more easily applied and are of greater utility.

In cases where no discontinuities occur and there is strong reason to favor differentiation,
boundaries may reflect consensus professional opinion about meaningful breakpoints or
non-environmental realities such as analytical or measurement limitations. CMECS
provides a systematic approach for classifying continuously-varying, multi-dimensional
assemblages. As a result, CMECS units are largely homogeneous in composition or
structure, recognizing limited natural variability or a limitation in an analytical
approach’s ability to discern differences within a unit.

CMECS units are spatial tessellations, defined on the basis of attributes observed in
specific areas of the seafloor (as viewed from above) or specific segments of the water
column (in three-dimensional space). As such, definitions of benthic BC units generally
note that the area is dominated by a particular organism, to indicate the units are
representations of the organisms on a specific area of the bottom. For each component,
one patch of seafloor (or one segment of the water column) corresponds to one CMECS
unit.

CMECS units are not constrained to specific observational approaches (e.g., satellite
imagery, benthic grab samples) or specific sample areas or volumes (e.g., 1- meter square
guadrats). CMECS units are scale-independent; they can be fitted to the requirements of
individual studies.

CMECS encompasses both natural and anthropogenic features. Humans impact the
seascape for good and for bad; these influences shape the seafloor and affect conditions
in the water column. The inclusion of anthropogenic features within CMECS allows the
classification of all environmental components presently found in nature.
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3. Biogeographic Setting

The composition and characteristics of biological communities vary with latitude and
longitude and are functions of factors including climate, geological setting and
evolutionary history. Variation across time and space of elements such as temperature,
insulation, water and food availability, degree of isolation, and presence of suitable
habitat affect the abundance, activity, reproductive capacity, and ecological
competitiveness of individual species. This, in turn, produces changes in species
dominance, food-web complexity, and the functioning of regional and local ecosystems.

Over the past century and a half, considerable effort has been invested in describing and
deciphering the factors responsible for observed geographic patterns in animal and plant
community distributions. Notable successes have been achieved for terrestrial and
freshwater settings (Bailey et al. 1994, Omernik 1995, Keys et al. 1995, EPA 2001,
Cleland et al. 2005, Abell et al. 2008), and valuable regional and local characterizations
have been produced for estuarine and nearshore coastal settings. However,
comprehensive national and international biogeographic assessments for marine systems
have been lacking until recently (e.g., see Wilkinson et al. 2009, pp. 5-7). CMECS draws
from some of the most recent publications and divides the Biogeographic Setting into
three hierarchical categories (Table 3.1).

Table 3.1. Biogeographic Setting Classification Structure.

Biogeographic Setting
Realm
Province
Ecoregion

3.1 Biogeographic Units--Estuarine System and Marine
Nearshore and Offshore Subsystems

In 2007, Spalding et al. proposed a new approach for characterizing bioregions of marine
coastal and shelf environments. The Marine Ecoregions of the World (MEOW) technique
affords global coverage and creates a nested, three-tiered system of realms, provinces,
and ecoregions (moving from larger-scale to smaller-scale units). The classification
builds upon existing global and regional literature, and the classification has achieved
significant acceptance—especially within the international community. Water column
and benthic environments are addressed in the classification, and it deals with all waters
under U.S. jurisdiction, including those adjacent to U.S. commonwealths and territories.
CMECS proposes to use the MEOW realms, provinces, and ecoregions for describing
biogeographic elements of the Estuarine System and the Marine Nearshore and Offshore
Subsystems. The following definitions of these descriptors are from page 575 (Spalding
et al. 2007):
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Realms: “Very large regions of coastal, benthic, or pelagic ocean across which
biota are internally coherent at higher taxonomic levels, as a result of a shared and
unique evolutionary history. Realms have high levels of endemism, including
unique taxa at generic and family levels in some groups. Driving factors behind
the development of such unique biota include water temperature, historical and
broad scale isolation, and the proximity of the benthos.” Examples include Arctic,
Temperate Northern Pacific, and Tropical Atlantic.

Provinces: “Large areas defined by the presence of distinct biota that have
at least some cohesion over evolutionary time frames. Provinces will hold
some level of endemism, principally at the level of species. Although
historical isolation will play a role, many of these distinct biota have
arisen as a result of distinctive abiotic features that circumscribe their
boundaries. These may include geomorphological features (isolated island
and shelf systems, semi-enclosed seas); hydrographic features (currents,
upwellings, ice dynamics); or geochemical influences (broadest-scale
elements of nutrient supply and salinity).” Examples include Cold
Temperate Northeast Pacific, Tropical Northwestern Atlantic, and Cold
Temperate Northeast Pacific.

Ecoregions: “Areas of relatively homogeneous species composition,
clearly distinct from adjacent systems. The species composition is likely to
be determined by the predominance of a small number of ecosystems
and/or a distinct suite of oceanographic or topographic features. The
dominant biogeographic forcing agents defining the eco-regions vary from
location to location but may include isolation, upwelling, nutrient inputs,
freshwater influx, temperature regimes, ice regimes, exposure, sediments,
currents, and bathymetric or coastal complexity.” Examples include
Virginian, Northern Californian, and Eastern Caribbean.

Figure 3.1 illustrates the global distribution of MEOW realms, provinces, and ecoregions.
Appendix B lists the MEOW units impinging upon U.S. waters.

3.2 Biogeographic Units--Marine Oceanic Subsystem

MEOW coverage does not extend much beyond the edge of the U.S. Exclusive Economic
Zone (Spalding et al. 1997). However, the principles guiding the MEOW approach were
applied to oceanic benthic and water column settings and published as the Global Open
Oceans and Deep Seabed Biogeographic Classification (GOODS) by scientists working
under the aegis of UNESCO (United Nations Educational, Scientific and Cultural
Organization)(UNESCO 2009).
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Figure 3.1. MEOW realms, provinces, and ecoregions.
At top (a), biogeographic realms with ecoregion boundaries outlined; at bottom (b),
provinces with ecoregions outlined (from Spalding et al. 2007, 577).

As in MEOW, GOODS partitions the marine system into realms, provinces, and
ecoregions; however, separate units are defined for benthic and water column settings.
Figure 3.2 illustrates the pelagic provinces proposed in GOODS, and Figures 3.3 and 3.4
depict the lower bathyl and abyssal provinces identified in GOODS. GOODS remains
under development and refinements are expected over time. However, the biogeographic
units are sufficiently well-defined for application as part of the CMECS Biogeographic
Settings.
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Abyssal Provinces of the World Ocean (3500 - 6500 m)
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Figure 3.4. Abyssal benthic biogeographic provinces proposed in GOODS
(UNESCO 2009).

3.3 Biogeographic Units--Lacustrine System (Great Lakes)

MEOW does not extend inland to include freshwater systems; however, a rich heritage of
biogeographic study exists for the Great Lakes. CMECS proposes the approach taken by
Abell et al. (2008) as an interim means for defining biogeographic units in the Great
Lakes. A more definitive treatment of biogeographic units for the Great Lakes will be
developed under the dynamic standard provisions of CMECS.
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4. Aquatic Setting

The Aquatic Setting (AS) is comprised of three hierarchical levels (System, Subsystem
and Tidal Zone) and provides the context for all CMECS components. It distinguishes
oceans, estuaries and lakes, deep and shallow waters and submerged and intertidal
environments within which more refined classification of geological, physicochemical,
and biological information can be organized.

Table 4.1. Aquatic Setting Classification Structure.

Agquatic Setting
System
Subsystem
Tidal Zone

4.1 Aquatic Setting Hierarchical Structure

4.1.1 System

The CMECS Systems—Lacustrine, Estuarine, and Marine—are based on salinity and
geomorphological characteristics of the setting. System (as defined in CMECS) is
equivalent in concept to system as defined in Classification of Wetlands and Deepwater
Habitats in the United States, FGDC-STD-004 (FGDC 1996b). The definition and units
of the Lacustrine System are similar to the analogous system of FGDC-STD-004. The
Great Lakes are classified as a Lacustrine System in CMECS and coincide with the
definitions and concepts of FGDC-STD-004. The Estuarine System has basic similarity
with FGDC-STD-004, but includes the tidal freshwater portion of the Riverine System as
defined in FGDC-STD-004. This is done to unify the tidal fresh and low-salinity portions
of estuaries within the CMECS Estuarine System umbrella. The Marine System has been
elaborated significantly in CMECS, to include the ocean environments and habitats.

4.1.2 Subsystem

Each system is divided into subsystems based on depth and position relative to the
shoreline. Lacustrine Systems include the Subsystems Littoral and Limnetic, conforming,
respectively to shoreline and deepwater habitats. The Estuarine System has four
Subsystems: Coastal, Open Water, Tidal Riverine Coastal and Tidal Riverine Open
Water. The Marine System is comprised of three Subsystems: Nearshore, Offshore, and
Oceanic, distinguished by total water depth.
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4.1.3 Tidal Zone

Tidal zone is an important determinant of biological and abiotic processes in the
environment. Habitats in the littoral zone support life forms that can tolerate the
sometimes highly energetic physical processes of tide, wave and current action. Biota in
these areas are also subjected to alternate submergence and drying/desiccation.
Temperatures in littoral and intertidal habitats are more extreme than in the buffered
subaqueous environment, and excessive light and radiant energy can present a challenge
for some biota. Evaporation, drying and concentration of salts creates sometimes harsh
conditions for vegetation and fauna at the land-sea margin and the high energy of coastal
situations increases erosional depositional forces.

Subtidal environments are presented with a different set of challenges in that oxygen,
light, nutrients and temperature are often reduced with respect to biological requirements
and species and communities have developed characteristic strategies to optimize access
to resources in these environments. In CMECS each Subsystem in the Estuarine and
Marine System is distinguished by tidal zone (Figure 4.1).

4.2 Aquatic Setting Units

4.2.1 Lacustrine System

The CMECS Lacustrine System includes (a) all deepwater areas of the Great Lakes and
(b) shoreline areas of the Great Lakes with less than 30 percent areal coverage by trees,
shrubs, and persistent emergents. In areas with a greater percentage of vegetative cover,
the appropriate Palustrine FGDC-STD-004 should be used for classification. Where a
river enters or leaves a lake, the extension of the lacustrine shoreline forms the riverine-
lacustrine boundary.

e Subsystem: Lacustrine Littoral — The Littoral Subsystem includes shallow
habitats in the Lacustrine System. The shoreward boundary of this subsystem
extends to the landward limit of non-persistent emergents. The lakeward
boundary includes all waters to a depth of 2 meters below Mean Lower Low
Water (MLLW), or to the maximum extent of non-persistent emergents,
whichever depth is greater.

e Subsystem: Lacustrine Limnetic — The Limnetic Subsystem includes all
deepwater habitats within the Lacustrine System. “Deepwater habitats” are
those that occur at depths greater than 2 meters below MLLW—unless there
are non-persistent emergents in those areas. In which case, “deepwater habits
are those beyond the limit of occurrence of non-persistent emergents.
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Figure 4.1. Aquatic Setting hierarchy showing System, Subsystem and Tidal Zone.

4.2.2 Estuarine System

The Estuarine System is defined by salinity and geomorphology. This System includes
tidally influenced waters that (a) have an open-surface connection to the sea, (b) are
regularly diluted by freshwater runoff from land, and (c) exhibit some degree of land
enclosure.
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The Estuarine System extends upstream to the head of tide and seaward to the mouth of
the estuary. Head of tide is identified in accordance with the Metadata Profile for
Shoreline Data, FGDC-STD-001.2-2001 (FGDC 2001) as the inland or upstream limit of
water affected by a tide of at least 0.2 foot (0.06 meter) amplitude. The mouth of the
estuary is defined by an imaginary line connecting the seaward-most points of land that
enclose the estuarine water mass at MLLW. Islands are included as headlands if they
contribute significantly to the enclosure.

Estuaries occur on continents or on islands and include waters of any depth. In CMECS
they are defined as waters bounded by significant enclosure by land, having a direct
connection to the sea and receiving measurable freshwater input to some part of the
enclosed system during an average year. Salinity, a dimensionless conductivity ratio as
measured on the practical salinity scale (PSS), was established by the IAPSO
(International Association for the Physical Sciences of the Oceans) in 1978 (UNESCO
1981), and is of prime importance in distinguishing freshwater from saline estuarine
environments and differentiating among estuarine and marine environments of differing
salinity. The range of salinity considered in the CMECS classification extends from zero
to hyperhaline (>300) but in practical terms, oceanic salinities normally encountered
throughout the world range from 30-40 on the PSS scale. Highly saline negative estuaries
such as Laguna Madre and Florida Bay may experience salinity as high as 70-80.
Extreme environments like the Dead Sea have salinity near 300.

The tidally influenced part of the estuary may occur in a fresh reach where salinity is
<0.5. According to FGDC-STD-004, this area would be classified within the Riverine
System. However in CMECS, the Tidal Riverine area is considered to be an integral part
of the ecology of the estuarine ecosystem, so it is classified within the Estuarine System
instead.

The Estuarine System has four subsystems: Coastal, Open Water, Tidal Riverine Coastal,
and Tidal Riverine Open Water.

e Subsystem: Estuarine Coastal — The Estuarine Coastal Subsystem extends
from the supratidal zone at the land margin up to the 4 meter depth contour in
waters that have salinity greater than 0.5 (during the period of average annual
low flow). The Estuarine Coastal Subsystem would be considered the shallow
perimeter in a deeper estuary, although many estuaries may be entirely less
than 4 meters deep and be classified as completely in the Coastal Subsystem.
The 4 meter contour was selected as a cutoff between “coastal” and “offshore”
estuarine waters because it identifies (somewhat arbitrarily) a region that is
both shallow and generally in close proximity to the shore, making the
substrate-to-water volume ratio here the highest in the entire estuary. A
convening of experts delineated this 4 meter contour as described in Reilly,
Spagnolo, and Ambrogio (1999) as important in both an ecological and a
regulatory sense in estuarine systems and CMECS has adopted it to emphasize
the significant human and natural processes that occur there.
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The high wetland-water ration and pelagic-benthic connectivity makes the
Estuarine Coastal Subsystem an extremely dynamic and active area in terms
of hydrodynamics, geology, and biology. It is this area in shallow coastal
waters where maximum interaction between estuarine waters, and adjacent
wetlands or developed shoreline and often where intense juxtaposition of
human activity and the natural system occurs. Watershed, point and non-point
inputs to the estuary are often maximal in this shallow zone.

Because the Coastal Subsystem tends to receive an abundance of light, these
waters and bottom areas are usually sites of high primary production. In water
columns, shallow waters typically support high phytoplankton productivity
while shallow water bottoms are covered in highly productive
microphytobenthos, macroalgae and/or rooted macrophytes and their attached
epiphytic communities. As regions of high primary production, shallow
waters attract an abundance of higher trophic level organisms that feed on
plants and on their grazer communities. Strong physical subsidies from
flowing waters and wind stresses create waves and currents that generally
maintain the shallow waters in a well-oxidized state. Surface waters of the
Coastal Subsystem tend to be well-mixed and are affected by strong physical
processes that impact the bottom: resuspending sediments, reducing light and
altering spectral characteristics of the light climate. The estuarine bottom in
shallow waters is also subject to frequent wind-induced reworking and
transport of sediments and dynamic bedforms.

The Estuarine Coastal Subsystem is divided in three zones based on tidal action:

o Tidal Zone: Estuarine Coastal Subtidal — The substrate is
generally continuously submerged in this zone and includes those
areas below MLLW.

o0 Tidal Zone: Estuarine Coastal Intertidal — The substrate in this
zone is regularly and periodically exposed and flooded by tides.
This zone extends from MLLW to Mean Higher High Water
(MHHW). The Coastal Intertidal is exposed regularly to the air by
tidal action.

o Tidal Zone: Estuarine Coastal Supratidal — This zone includes
areas above MHHW; areas in this zone are affected by wave splash
and overwash. It does not include areas affected only by wind-
driven spray, which may extend further inland.

e Subsystem: Estuarine Open Water — The Open Water Subsystem includes

all waters of the Estuarine System with a total depth greater than 4 meters,
exclusive of those waters designated Tidal Riverine Open Water.
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The Open Water Subsystem is subject to a number of physical factors that
make it distinct from the Coastal Subsystem, including reduced air-water
exchange, potentially reduced light at depth, reduced physical impact from
waves and surface currents and reduced interaction between the water column
and the bottom. Moreover, because of the formation of stratified layers in the
Estuarine System, the Open Water Subsystem is often “capped” by a
relatively strong density or stability gradient that distinctly separates the lower
water column from the upper water column, separated by a zone of transition
(such as a pycnocline, halocline, or thermocline).

The Open Water Subsystem may be heterotrophic, because it often acts as a
receiving basin for organic material settling from the shallower, better lit
surface waters, especially when the waters are stratified and form shallow
flanks of the water body. At times, this role as a heterotrophic zone may
support high rates of respiration (relative to production) and therefore
consume much of the available oxygen and lead to the formation of hypoxic
or anoxic zones, generally in the deeper parts of these waters. Additionally,
stratification and the mechanics of estuarine circulation often promote the
formation of a salt wedge intrusion (from the marine environment) that
renders the bottom waters more saline than waters in the surface layer above.

o Tidal Zone: Estuarine Open Water Subtidal — The substrate is
generally continuously submerged in this zone and includes those
areas below MLLW.

e Subsystem: Estuarine Tidal Riverine Coastal — This Subsystem includes
the most upstream region of the estuary, in those areas between MHHW to the
4 meter depth contour below MLLW in waters that (a) can be regularly
influenced by tides and (b) where salinity is below 0.5 during the period of
annual low flow. The areas with this salinity may extend upriver to the head
of tide, which is identified as the point where the mean tidal range becomes
less than 0.2 feet (0.06 meters) (FGDC 2001).

The Tidal Riverine Coastal Subsystem includes upstream areas that are
influenced by ocean tides, but do not experience significant salinity. The
hydraulic gradient is low and water stage and velocity fluctuate under tidal
influence. Water is always present and is confined within a channel, and is
usually flowing. The Tidal Riverine Coastal Subsystem is a critical part of the
ecology and habitat of the estuary. This area is the site of significant
ecological activity and a number of estuarine and coastal species depend on
Tidal Riverine Coastal areas for breeding habitats, nursery habitats, and
migratory pathways (e.g., striped bass, wading birds, and anadromous fishes).
The Tidal Riverine Coastal Subsystem also supports unique hydrological
features, for example the Estuarine Turbidity Maximum, tidal bores and
Coriolis deflections.

28



Federal Geographic Data Committee FGDC Document Number XX
Coastal and Marine Ecological Classification Standard Version 4.0

o Tidal Zone: Estuarine Tidal Riverine Coastal Subtidal — The
substrate is generally continuously submerged in this zone and
includes those areas below MLLW.

o Tidal Zone: Estuarine Tidal Riverine Coastal Intertidal — The
substrate in this zone is regularly and periodically exposed and flooded
by tides. This zone extends from MLLW to the extent of tidal
inundation, i.e., the extreme high water of spring tides. The Coastal
Intertidal is exposed regularly to the air by tidal action.

e Subsystem: Estuarine Tidal Riverine Open Water — The Tidal Riverine
Open Water Subsystem includes tidal freshwater areas with a salinity of <0.5
and a depth of greater than 4 meters at MLLW.

The Estuarine Tidal Riverine Open Water Subsystem is the most upstream
portion of the estuary and subject to river and watershed influences, including
high nutrient and sediment loads and low salinity. Similar to the Estuarine
Open Water Subsystem, physical impact from waves and surface currents is
reduced interaction at depth. This zone may be the site of the upper limit of
the salt wedge and of a turbidity maximum zone, important as feeding and
aggregation sites for plankton and benthic species. This zone is also
potentially subject to high organic loading and formation of hypoxic waters.
Primary production is often low, due to high turbidity and deep, dimly lighted
water columns, especially in the river channel. For this reason, the Tidal
Riverine Open Water Subsystem may be heterotrophic with net negative
metabolic rates.

o Tidal Zone: Estuarine Tidal Riverine Open Water Subtidal — The
substrate is generally continuously submerged in this zone and
includes those areas below MLLW.

4.2.3 Marine System

The Marine System is defined by salinity, which is typically about 35, although salinity
can measure as low as 0.5 during the period of average annual low flow near fresh
outflows. This system has little or no significant dilution from fresh water except near the
mouths of estuaries and rivers. The Marine System includes all non-estuarine waters from
the coastline to the central oceans. The landward boundary of this system is either the
linear boundary across the mouth of an estuary or the limit of the supratidal splash zone
affected by breaking waves. Seaward, the Marine System includes all ocean waters.

The Marine System is typified by waves, currents and coastal water regimes determined
by oceanic tides. Coastal indentations and bays that do not receive appreciable and
regular freshwater inflow are part of the Marine System. Areas where river plumes
discharge directly into marine waters without geomorphological enclosure are also part of
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the Marine System. In such areas, (e.g., Mississippi River plume, Chesapeake Bay
plume), low salinity water and fresh plumes may discharge from the seaward boundary of
the estuary, extending far into the Marine System beyond the enclosed part of the estuary.
These freshwater features are considered to be Hydroforms within the Marine System
(see Section 5).

The Marine System has three subsystems (which are defined by depth): Nearshore,
Offshore, and Oceanic.

Subsystem: Marine Nearshore — The Marine Nearshore Subsystem extends
from the landward limit of the Marine System to the 30 meter depth contour.
The 30 meter depth contour was selected as a useful cutoff between shallower
nearshore and deeper offshore waters. It is intended to represent an
ecologically significant depth to which water column and benthic processes
are strongly coupled in the Nearshore Subsystem. Surface currents and waves
impinge the bottom at the storm wave base (Keen and Holland, 2010) and
vertical circulation generally distributes nutrients and sediments throughout
the water column. The photic zone extends through the entire water column
except in extreme cases (Kleypas, McManus and Menez, 1999). The presence
of nutrients and light support the growth of vegetation on the bottom including
seagrass and macroalgal beds and 30 meters generally represents the depth to
which most living coral is found.

o Tidal Zone: Marine Nearshore Subtidal — The substrate is generally
continuously submerged in this zone and includes those areas below
MLLW.

o Tidal Zone: Marine Nearshore Intertidal — The substrate is
regularly and periodically exposed and flooded by tidal action. This
zone extends from MLLW to MHHW.

o0 Tidal Zone: Marine Nearshore Supratidal — This zone includes
areas above MHHW that are affected by wave splash and overwash
but does not include areas affected only by wind-driven spray. This
zone is subjected to periodic high wave energy, exposure to air, and
often to variable salinity.

Subsystem: Marine Offshore — The Marine Offshore Subsystem extends
from the 30 meter depth contour to the continental shelf break, as defined by
the maximum slope discontinuity with a rapid change in gradient of 3° or
greater at the outer edge of the continental shelf. This shelf break boundary
generally occurs between 100 - 200 meters depth. In the case of steep-sided,
oceanic islands, where a continental shelf is not present, the offshore
boundary of the Offshore Subsystem is defined at a bottom slope discontinuity
occurring between 100-200 meters, or at 200 meters if no such discontinuity
exists.
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The waters and benthos of the Offshore Subsystem are less coupled to each
other and typically less influenced by terrigenous processes than in the
Nearshore Subsystem. Distance from shore can vary greatly, depending on
shelf morphology, and waters at the 30 meter isobath can be quite distant from
the shore or may lie relatively close to land.

The Offshore Subsystem may be strongly influenced by open-ocean
biogeochemistry and physical processes. Often distinct water layers at the
surface and bottom may be present. Because Offshore Subsystem waters are
less influenced by coastal inputs, they generally are less turbid than those of
the Nearshore Subsystem. Light penetration in the Offshore Subsystem can
extend to significant depths and often reach the ocean bottom.

o Tidal Zone: Marine Offshore Subtidal — The substrate is
subtidal and continuously submerged in this zone and includes
those areas below MLLW.

e Subsystem: Marine Oceanic— The Marine Oceanic Subsystem represents the
open ocean, extending from the continental shelf break to the deep ocean.
Oceanic waters typically have salinity levels of > 36. Water depths typically
range from 100 - 200 meters at their shallowest at the shelf break to over
11,000 meters at the deepest point in the ocean.

The great depth of the Oceanic Subsystem is responsible for many of its
characteristics. The oceanic water column tends to be more stable
physicochemically; undergoing changes in temperature and salinity relatively
slowly. Greater depth also diminishes the influence of the sea bottom on the
overlying water column. Surface and bottom processes generally are poorly
coupled and separated by great distances and thermocline layers. The waters
of the Oceanic Subsystem receive little direct terrigenous input; the inputs
from land typically occur indirectly, after passage through the substantial
coastal water masses or atmospheric deposition.

Conditions in the Oceanic Subsystem are a function of the properties of the
water column. For example, light penetration diminishes with depth (as sea
water absorbs component wavelengths); thus, the quality and intensity of
ambient light changes with depth. Little surface light penetrates below the
photic zone (~200 meters). At greater depths, light is limited to that produced
locally by bioluminescence. Water pressure also increases directly with depth
because of the weight of the overlying water column, and water temperatures
diminish with depth.

o0 Tidal Zone: Marine Oceanic Subtidal — The substrate is subtidal
and continuously submerged in this zone.
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5. Water Column Component

The Water Column Component (WC) describes the water column environment of the
estuaries and oceans of North America. The water column presents unique challenges to
classification and characterization—due to its three-dimensional structure; a high degree
of temporal variability; a wide, dynamic range in environmental characteristics (across
multiple spatial scales); and the inherent challenges of measuring the various parameters.
The WC identifies the structures, patterns, properties, processes, and biology of the water
column relevant to ecological relationships and habitat-organism interactions. This
component extends from the land-sea margin to the deep oceans and vertically from the
surface of the water to the benthic interface. The WC encompasses the Lacustrine,
Estuarine, and Marine Systems. The water column component of the Lacustrine System
will be fully addressed in a later document, while the latter two systems are described
here.

Because the water column is highly variable in both time and space, it is difficult to
assign structures or properties to a specific location or depth with certainty. The
characteristics of the water continuously change over time. For example, in the clear
waters of the open ocean, the well-lit zone of photosynthesis generally extends
throughout the upper 200 meters of the water column. In estuaries and coastal waters,
surface conditions and water constituents reduce the depth of the photic zone by orders of
magnitude. Nearshore photic depths can be quite shallow and variable from place to place
or over short time periods. In shallow waters, optical dynamics are compressed in the
vertical dimension and their effects are amplified—strongly influencing biota in the water
column and in the benthos.

The WC is designed to accommaodate the high degree of spatio-temporal variability of the
water column with a simple and flexible structure and a comprehensive array of units and
modifiers. The WC provides a way to define and organize key information most
commonly required to characterize the water column. Spatially, the WC can be applied to
points or profiles within the water column, as well as to water masses, regions, entire
water bodies and entire oceans.

The WC contains five subcomponents that can be used alone or in combination (Table
5.1): Layer, Salinity, Temperature, Hydroform and Biogeochemical Feature. The Layer
subcomponent indicates vertical position within the water column, using a set of defined
layers associated with each subsystem and gives information about relative proximity to
the atmosphere, mid-depth or benthos. Units in the Salinity and Temperature
subcomponents describe the salinity and temperature characteristics of a water parcel
within standard ranges. Hydroform Classes, their hydroforms, and hydroform types
describe physical hydrographic features such as currents, waves, water masses, gyres,
upwellings and fronts. The Biogeochemical Features subcomponent describes such
phenomena as biofilm, thermocline and turbidity maximum—features of the water
column that include properties and constituents beyond simple hydrodynamics. Modifiers
can be selected from a comprehensive list and applied to any component to define
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additional characteristics such as trophic status, oxygen status, tide regime and energy

regime.

Table 5.1. Water Column Classification Structure.

Water Column Component

Layer Salinity Temperature Hydroform Biogeochemical
Subcomponent | Subcomponent | Subcomponent Subcomponent Feature
Subcomponent
List of layers List of salinity List of Hydroform Class List of
ranges temperature Hydroform biogeochemical
ranges Hydroform Type | features

5.1 Water Column Layers

The Water Column Layer Subcomponent resolves the water column vertically into its
major coherent layers based on position relative to the surface and to the pycnocline or
mid-depth. These layers reflect ecologically important characteristics of the water column
structure. The layers for all cross-shelf waters include Surface Layer, Upper Water
Column, Pycnocline and Lower Water Column. In the Marine Oceanic Subsystem,
additional divisions (described below) are based on depth in the water column. The Layer
subcomponent works with the Subsystem of the Aquatic Setting described in Section 4 to
define the estuarine and marine water column as a grid. The grid framework is composed
of horizontal regions (x-y axes) divided on the basis of position relative to land and total
water depth, and vertical layers (z-axis) defined by depth below the surface. This
structural arrangement provides a fixed frame of reference for describing position within
the water column and accommodates the variability in water column features, conditions
and movements by applying additional subcomponents.

One set of Water Column Layers is defined for application to all Estuarine Subsystems
and the two Marine Subsystems (Nearshore and Offshore) in cross shelf waters where the
total water depth is relatively shallow.

For all subsystems (except the Marine Oceanic) the following Water Column Layers are

defined:

e Surface Layer: The interface between the water column and the atmosphere,
extending to a depth of several centimeters, represents the surface of maximum
exchange of atmospheric gases, heat and light. Surface films, floating vegetation

and aggregations of materials or biota accumulate at this interface.

e Upper Water Column: The area from just below the surface to the boundary of
the pycnocline, if present. (If a pycnocline is not present or is not detected, the
region above mid-depth in the water column is defined as the Upper Water
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Column.) The upper water column layer is in close contact with the atmosphere;
usually oxygenated, well-mixed and well-lighted; and is generally marked by high
rates of photosynthesis and net autotrophic production.

e Pycnocline: The zone of maximum change of density of a particular
physicochemical variable—normally salinity or temperature—that segregates two
distinct layers, which are of relatively homogeneous density. The presence of a
pycnocline provides a barrier to vertical mixing between the upper and lower
water columns, and this layer enhances the stability of the water column.

e Lower Water Column: Below the pycnocline (or, if absent, below mid-depth in
the water column), the lower portion of the water column is often dimly or
negligibly illuminated (particularly in estuaries) and can be heterotrophic. These
deeper waters have limited contact with the atmosphere, may be reduced in
oxygen content, and can have a high degree of interaction with bottom sediments.
This layer receives organic and mineral material from upper waters and is
frequently the site of anoxia. In estuaries, the salt wedge and counter current flow
occur in this layer.

For shallow subsystems, the Water Column Layers are:

e Estuarine Coastal :

o Estuarine Coastal Surface Layer: Estuarine waters between the shore and
the 4 meter depth contour at the surface of the water column to a depth of
a few centimeters.

o Estuarine Coastal Upper Water Column: Estuarine waters above the
pycnocline (or the mid depth) between the shore and the 4 meter depth
contour.

o Estuarine Coastal Pycnocline: Estuarine waters within the pycnocline,
between the shore and the 4 meter depth contour.

0 Estuarine Coastal Lower Water Column: Estuarine waters below the
pycnocline (or mid-depth) and between the shore and the 4 meter depth
contour.

e Estuarine Open Water:

o Estuarine Open Water Surface Layer: Estuarine waters at the surface, at or
beyond the 4 meter depth contour.

o0 Estuarine Open Water Upper Water Column: Estuarine waters above the
pycnocline (or mid-depth), at or beyond the 4 meter depth contour.

o0 Estuarine Open Water Pycnocline: Estuarine waters within the pycnocline,
at or beyond the 4-meter depth contour.

o0 Estuarine Open Water Lower Water Column: Estuarine waters below the
pycnocline (or mid-depth), at or beyond the 4 meter depth contour.
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e Estuarine Tidal Riverine Coastal:

(0}

Estuarine Tidal Riverine Coastal Surface Layer: Tidal fresh waters at the
surface, from the land-water interface up to the 4 meter depth contour.

Estuarine Tidal Riverine Coastal Upper Water Column: Tidal fresh waters
above the pycnocline (or mid-depth), from the land-water interface up to
the 4 meter depth contour.

Estuarine Tidal Riverine Coastal Pycnocline: Tidal fresh waters within the
pycnocline, from the land-water interface up to the 4 meter depth contour.

Estuarine Tidal Riverine Coastal Lower Water Column: Tidal fresh waters
below the pycnocline (or mid-depth), from the land-water interface up to
the 4 meter depth contour.

e Estuarine Tidal Riverine Open Water:

o

o

Estuarine Tidal Riverine Open Water Surface Layer: Tidal fresh waters at
the surface, at or beyond the 4 meter depth contour.

Estuarine Tidal Riverine Open Water Upper Water Column: Tidal fresh
waters above the pycnocline (or mid-depth), at or beyond the 4 meter
depth contour.

Estuarine Tidal Riverine Open Water Pycnocline: Tidal fresh waters
within the pycnocline, at or beyond the 4 meter depth contour.

Estuarine Tidal Riverine Open Water Lower Water Column: Tidal fresh
waters below the pycnocline (or mid-depth), at or beyond the 4 meter
depth contour.

e Marine Nearshore:

o

o

Marine Nearshore Surface Layer: Marine waters at the surface, from the
land-water interface up to the 30 meter depth contour.

Marine Nearshore Upper Water Column: Marine waters above the
pycnocline (or mid-depth), from the land-water interface up to the 30-
meter depth contour.

Marine Nearshore Pycnocline: Marine waters within the pycnocline, from
the land-water interface up to the 30 meter depth contour.

Marine Nearshore Lower Water Column: Marine waters below the
pycnocline (or mid-depth), from the land-water interface up to the 30
meter depth contour.

e Marine Offshore:
o Marine Offshore Surface Layer: Marine waters at the surface, between the

30 meter depth contour and the shelf break.
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0 Marine Offshore Upper Water Column: Marine waters above the
pycnocline (or mid-depth), between the 30 meter depth contour and the
shelf break.

o Marine Offshore Pycnocline: Marine waters within the pycnocline,
between the 30 meter depth contour and the shelf break.

o Marine Offshore Lower Water Column: Marine waters below the
pycnocline (or mid-depth), between the 30 meter depth contour and the

shelf break.
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Figure 5.1. Marine Subsystems, Oceanic Water Column Layers, and Oceanic
Benthic Depth Zones.

The Marine Oceanic Subsystem lies beyond the shelf break, extending to waters of great
depth in the central ocean. The shelf break is defined as the point of maximum change in
slope, a grade of up to 3" at the outer Continental Shelf, generally occurring between 100-
200 meters. The depth zones for this subsystem are scaled differently from those of the
other subsystems, because of the large spatial scale and the complexity and depth of the
oceanic water column. Eight Marine Oceanic layers are defined using what are
considered traditional oceanographic depth criteria and terminology:
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e Marine Oceanic Surface Layer: The interface between the atmosphere and the
water column, extending to a depth of several centimeters. Surface films, floating
vegetation, and aggregations of materials or biota accumulate at the surface,
which also represents the surface of maximum exchange of atmospheric gases,
heat, and light.

e Marine Oceanic Epipelagic Upper Layer: The Epipelagic layer is the upper 200
meters of the oceanic water column. Within the Epipelagic, the Marine Oceanic
Epipelagic Upper Layer is the region between the sea surface and the Epipelagic
Pycnocline, if present, or mid-depth in the Epipelagic zone at 100 meters. This
layer is generally well-mixed, well-lighted, and highly oxygenated, and supports
photosynthesis largely throughout, although weakly in the lower depths. It has no
contact with, and very minimal influence from land, and is very clear compared to
coastal water masses. It is the zone of maximal productivity in the Oceanic
Subsystem.

e Marine Oceanic Epipelagic Pycnocline: Within the Epipelagic Layer, the
Marine Oceanic Epipelagic Pycnocline is the zone of maximum vertical change in
density of the water normally due to a salinity or temperature gradient, which
segregates the water column into two distinct layers that are of relatively
homogeneous density. The presence of a pycnocline provides a barrier to mixing
between the upper and lower water columns, and this layer enhances the stability
of the water column preventing mixing to the bottom.

e Marine Oceanic Epipelagic Lower Layer: Within the Epipelagic layer, the
region below the Epipelagic pycnocline if present (or below mid-depth [100
meters]). Photosynthesis can generally occur through this layer although
diminishing with depth to the critical depth for phytoplankton, which represents
the point where production and respiration are in balance and no net productivity
occurs. The lower bound of the Epipelagic Lower Layer is the bottom of the
Epipelagic layer at 200 meters.

e Marine Oceanic Mesopelagic Layer: The region where light is vertically
attenuated to below the level required for photosynthesis, generally between
200 meters and 1000 meters in depth. Oxygen declines rapidly to a minimum,
corresponding with the lower limit of the Mesopelagic Zone—due to high
bacterial respiration from settling organic material.

e Marine Oceanic Bathypelagic Layer: The region where light does not penetrate,
rendering the water column totally dark except for bioluminescence, generally
from 1000 meters to 4000 meters depth. Organisms at these depths are subjected
to immense pressure; food webs depend on organic detritus rather than active
photosynthetic production. Waters in this layer generally are composed of cold,
bottom currents (from sinking water masses descending from polar latitudes).
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e Marine Oceanic Abyssopelagic Layer: The region of the water column that is
generally in contact with the abyssal seafloor, except in deep basins and trenches
and represents the bottom layer of the ocean, generally from 4000 meters to 6000
meters depth. This layer is aphotic; it receives biogenic, detrital and mineral
material descending from above and this layer acts as an accumulation zone.
Oozes from tests of planktonic organisms form on the seafloor and fans of
sedimentary material accumulate here. There are diverse and specialized faunal
communities at these depths. Trophic webs are based on chemoautotrophic
processes, hydrothermal vents, decomposition of organic matter and bacterial
production.

e Marine Oceanic Hadalpelagic Layer: The deepest waters of the globe occur in
trenches and deep basins generally at depths greater than 6000 meters. There is a
high degree of tectonic and thermal activity in these areas. Waters in this layer
have unique characteristics of immense pressure, strong currents, accumulation of
sediments and organic material; macrofauna that occur at these extreme depths
have special feeding strategies and adaptations to intense pressure and total
darkness.

5.2 Salinity Subcomponent

Salinity is a measure of the mass fraction of salts in seawater, including bromine, iodine,
and (principally) sodium chloride, generally measured as electrical conductivity. Most
marine waters have salinities between 34 and 35, while in estuaries and coastal waters
salinity can vary considerably from zero to hyperhaline (> 40). In estuaries, the salinity
distribution is a function of direct precipitation, the influx of freshwater supplied by
rivers, groundwater sources and runoff from the land and marine water supplied by
exchange with the ocean as a function of tidal regime. Salinity is an indicator of the
dynamic or conservative nature of mixing within the water body, and is one of the
defining features of the structure of coastal waters. Most aquatic organisms function
optimally within a narrow range of salinities, which has impact on the ecological balance
and trophic structure of communities. Salinity categories and ranges for CMECS are
provided in Table 5.2.

Table 5.2. Categories and ranges for the Salinity Subcomponent.

Salinity Regime Salinity (Practical Salinity Scale)
Oligohaline <5
Mesohaline 5to<18
Lower Polyhaline 18to <25
Upper Polyhaline 25t0< 30
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Salinity Regime Salinity (Practical Salinity Scale)
Euhaline 30to <40
Hyperhaline > 40

5.3 Temperature Subcomponent

Temperature is a measure of kinetic energy, and in most cases decreases with depth in the
water column. The mean temperature of oceanic seawater, which by volume is
principally at depth, is generally low, 0 — 5° C, but higher in the water column
temperatures tend to converge toward air temperature at the surface. Marine waters are
structured vertically with a mixed surface layer having little gradient in temperature, a
thermocline with a highly variable gradient, and underlying waters with little
stratification. A thermocline is established between an upper layer of one temperature and
a lower layer of another and can be seasonal or permanent depending on the circulation
and weather patterns. Pronounced thermoclines occur in the tropics, and essentially none
occur in polar regions. In estuaries, temperatures are more variable because waters are
shallower and under more influence of the temperature of inflowing freshwaters or of
tidal marine waters. Temperature has a considerable impact on ecosystem functioning,
affecting photosynthesis, growth, metabolism, and mobility of organisms. Rates of
microbial processes of decomposition, nitrogen fixation and denitrification generally
double with each increase of 10° C. Organisms tolerate a particular temperature range,
and the temperature optimum range may span only a few degrees. The solubility of gases
and pH are dependent on temperature, and temperature influences the ability of water to
hold oxygen or oxic status.

Temperature categories are established in intervals of sufficient range and resolution to
provide meaningful ecological differences yet yield a parsimonious number of categories.
Temperature categories are based on the British Columbia Marine Ecological
Classification for Canada (Howes, Harper, and Owens 1994, Zacharias et al. 1998,
Resource Information Standards Committee 2002), modified to add the higher
temperature ranges typical of the subtropics and tropics. Categories for water mass
temperature are established in Table 5.3.

Table 5.3. Categories for water temperature.

Temperature Category Degrees (C)
Frozen/Superchilled 0 and below
Very Cold 0 to < 5 (liquid)
Cold 5t0<10
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Temperature Category Degrees ('C)
Slightly Cold 10to< 15
Slightly Warm 15t0< 20
Warm 20to <25
Very Warm 251t0< 30
Hot 30to <35
Very Hot >35

5.4 Application of Water Column Layer (L), Salinity (S) and
Temperature (T) Subcomponent Units

Many applications of classification may be satisfied by characterizing the water column
using any of the subcomponents singly. However, more powerful information can be
developed by combining subcomponents. Salinity (S) and/or Temperature (T) can be
combined with Layer (L) to produce unique S-L, T-L or T-S-L combinations as needed.
It is highly recommended that the Layer information always be applied to the other
subcomponents when data are available. All possible combinations of units are too
numerous to practically display; however, below are examples of how the Water Column
Layers can be combined to create combinations pertinent to several subsystems. The
order of subcomponents is: Temperature, Salinity, and Layer.

Layer: Estuarine Coastal Surface Layer
Example SL: Upper Polyhaline Estuarine Tidal Riverine Coastal Surface
Layer
Example TL: Warm Estuarine Tidal Riverine Coastal Surface Layer
Example TSL: Warm Upper Polyhaline Estuarine Tidal Riverine Coastal
Surface Layer

Layer: Estuarine Coastal Upper Water Column
Example SL: Mesohaline Estuarine Coastal Upper Water Column
Example TL: Cool Estuarine Coastal Upper Water Column
Example TSL: Cool Mesohaline Estuarine Coastal Upper Water Column

Layer: Estuarine Coastal Pycnocline
Example SL: Euhaline Estuarine Coastal Pycnocline
Example TL: Cold Estuarine Coastal Pycnocline
Example TSL: Cold Euhaline Estuarine Coastal Pycnocline
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Layer: Marine Nearshore Lower Water Column
Example SL: Upper Polyhaline Marine Nearshore Lower Water Column
Example TL: Moderately Warm Marine Nearshore Lower Water Column
Example TSL: Moderately Warm Upper Polyhaline Marine Nearshore
Lower Water Column

Layer: Marine Offshore Upper Water Column
Example SL: Euhaline Marine Offshore Upper Water Column
Example TL: Warm Marine Offshore Upper Water Column
Example TSL: Warm Euhaline Marine Offshore Upper Water Column

Layer: Marine Oceanic Mesopelagic Layer
Example SL: Euhaline Marine Oceanic Mesopelagic Layer
Example TL: Cool Marine Oceanic Mesopelagic Layer
Example TSL: Cool Euhaline Marine Oceanic Mesopelagic Layer

5.5 Hydroform Subcomponent Hierarchical Structure

Hydroforms are physical entities that have a coherent, definable structure with
identifiable boundaries and characteristic physical properties. The Hydroform
Subcomponent is a hierarchy of three levels consisting of Hydroform Classes,
Hydroforms and Hydroform Types. Hydroforms are ecologically important because they
shape their environment by creating gradients, surfaces, barriers, compartments and
energy vectors. They strongly influence the distribution and condition of biota and often
act as habitat by creating a complex environmental structure, by facilitating and
enhancing transport of materials and energy, cycling nutrients, providing refugia,
aggregating food resources, and providing migration paths. They influence the transfer of
heat, salts, oxygen, carbon dioxide, trace elements, momentum, predicted trajectory,
temporal persistence and associated fauna. Hydroforms vary extensively in size, volume,
areal extent, persistence, and ecological significance.

In this standard hydroforms are represented conceptually as the average expression of
their defining characteristics. The boundaries of the hydroforms are to be determined by
methodology, technology limits, user objectives and application and lie along a
continuum. Implementation guidance will be developed to assist in determining
quantitative cutoffs that define their boundaries.

5.5.1 Hydroform Classes

Hydroform Classes are major groups of oceanic and coastal water column forms:
Currents, Water Masses, Fronts, and Waves. Currents represent the advective movement
of a mass of water, important in transport and circulation. Water masses are large,
coherent parcels of water that reflect homogeneous properties and are distinct from
surrounding waters. They may be moving or stationary. Front form at the interface
between waters of two different masses or types with distinctly different characteristics.
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The frontal boundary represents the intense gradient between them. Waves are the
propagation of energy through the water column and impact water column mixing,
movement of biota, shoreline impact, and oxygenation and represent an input
disturbance. These basic units are found throughout the world’s estuaries and oceans
across multiple temporal and spatial scales and each major Hydroform Class can be
broken into many more specific forms as described below.

5.5.2 Hydroforms and Hydroform Types

Hydroforms are nested within Hydroform Classes and are distinguished by scale, system,
location or other attributes of the Hydroform Class. Examples include Langmuir
circulation (Current), Mesoscale Lens (Water Mass), Tidal Front (Front), and Internal
Wave (Wave). Hydroforms can be broken down further into Types based on
distinguishing characteristics such as temperature, energy level, circulation patterns, and

geography.
5.6 Hydroform Classes, Hydroforms and Hydroform Types

Hydroform Class: Current

Water that is undergoing coherent mass movement, either as laminar or turbulent flow,
relative to surrounding waters and fixed structural, landform or geologic features;
directional, coherently flowing water mass. Currents operate on a wide range of temporal
and spatial scales from huge ocean gyres and major surface and deepwater currents of the
ocean operating on annual timescales to tidal currents that operate on sub daily
timescales. However, all currents have features in common: the advective movement and
transport of water, constituents (such as particulates and dissolved compounds), qualities
(such as temperature and salinity) and biota (such as plankton, nekton, and megafauna).
Currents are driven by gravity flow, geostrophic flow, density differences, hydraulic
differential or energy input. They may be isolated from land and freely flowing in the
water column as is the Gulf Stream, or they may be in channelized flow or long-shore
flow. Currents that impact land also shape the littoral zone or sea bottom by winnowing
sediments, physically mixing or shearing substrates and biota and creating geoforms such
as sand ripples and bars.

e Hydroform: Boundary current — The portion of an ocean gyre that
moves along the continental boundary.

o Hydroform Type: Eastern boundary current (EBC) — The
eastern portion of the great ocean gyres circulating in the ocean
basins against west continental coasts. The EBC is typically
shallow and slow-flowing compared to the Western boundary
current; they may be broad or narrow and meandering. They
transport colder water into the tropics. EBCs may be associated
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with upwellings and nutrient rich seas that can support very
productive fisheries, such as in the Peruvian Upwelling.

o Hydroform Type: Western boundary current (WBC) — The
western portion of the great ocean gyre circulation, which moves
along the eastern coasts of the continents. These currents are
deeper (up to 1,000 meters) and faster moving than eastern
counterparts. The western intensification, due to Coriolis forces
being stronger in the latitudes of the Westerlies that steer Western
boundary currents, is responsible for the great speed and intensity
of these currents. WBCs transport warmer tropical waters into the
higher latitudes and have a great effect on both oceanic and
terrestrial climate, water temperatures and distribution of biota.

Hydroform: Buoyancy flow — Current flow created by discontinuity in
buoyancy of two juxtaposed water masses of different density, causing
one to flow relative to the other toward buoyancy equilibrium.

o Hydroform Type: Downwelling — Downwardly-directed current
caused by convergence of water masses.

o Hydroform Type: Upwelling — Upwardly-directed current caused
by divergence of water masses

Hydroform: Current meander — A current that deviates from a straight
line flow, which is often the result of incursion by lateral currents or the
presence of a physical or density barrier. Meanders can pinch off from the
main current flow and form rings.

Hydroform: Deep boundary current — A current that connects high-
latitude ocean waters (where deep water is formed) with upwelling
regions. The core depths of these currents are between 1,500 meters and
4,000 meters. Western-located Deep Boundary Currents lie adjacent to
continental slopes in all ocean basins.

Hydroform: Deep circulation — The mass circulation of the oceans
carries cold polar surface to depth, sinking due to higher density and wind
forcing. The mass transport also carries salt, oxygen, and other properties.
Deep circulation is wind driven, with a tidal mixing component. It cools
the surface and evaporates water, which determines where deep
convection occurs. Wind-driven turbulence in the deep ocean mixes cold
water upward at lower latitudes. Deep circulation has relative slow
current movements but transport of water is comparable to surface
transport and is responsible for closing the Earth’s heat budget and
determining climate.
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(0]

Hydroform Type: Abyssal deep circulation — Deep, slow
circulation in the abyssal zone driven by horizontal differences in
density of water masses. The vast majority of ocean circulation is
of this type, initiating by the sinking of cold water in the high
latitudes to the ocean bottom, and spreading throughout the abyssal
plains of the ocean basins.

Hydroform Type: Bathyl deep circulation — Deep, slow
circulation in the bathyl zone driven by horizontal differences in
density of water masses. Water sinks down the continental slope
and through the bathyl zone as part of thermohaline ocean
circulation.

Hydroform: Deep convection — Large mass flows of water in the deep
ocean that form critical parts (and return paths) of the great ocean
circulation.

Hydroform: Density flow — Flow caused by differential density between
two convergent water masses—or by a parcel of denser water flowing
along a sloping bottom under a column of less-dense water.

Hydroform: Ekman flow — The flow of water at 90° to the direction of
the wind, at steady state, due to earth’s rotational effect.

(o}

Hydroform Type: Ekman Upwelling — Upward-directed current
resulting from either the divergence of water masses or from
movement of surface water away from the coast. At the divergence
of two water masses (or the wind-driven movement of water away
from a coastline), continuity of mass flow will move water from
depth to the surface as replacement. In the nearshore, the
circulation will bring the water from the shallow bottom. In deeper
waters, the upwelling will carry water from a variety of depths—
from near the surface to depths to as great as 500 meters (below
the pycnocline). Because the upwelled water is working against
gravity, its maximum influence is not as great as downwelled
water (which is aided by gravity); however, the upwelling can
reach into the mesopelagic zone.

Hydroform Type: Ekman Downwelling — Downwardly directed
current, resulting from either the convergence of water masses or
from the convergence of a water mass with a coastline. At this
convergence, gravity will force water into a downwelling, which
will carry surface water to greater depths. In the nearshore, the
circulation will take the water to the shallow bottom and then
move seaward. In deeper waters, the downwelling will carry water
to a depth determined by energy dissipation and relative density

44



Federal Geographic Data Committee FGDC Document Number XX
Coastal and Marine Ecological Classification Standard Version 4.0

considerations; the maximum downwelling depth can be into the
abyssalpelagic zone.

Hydroform: Inertial current — Currents that continue motion through
inertia. Due to the rotation of the earth, inertial currents tend to form
circular gyres.

Hydroform: Langmuir circulation — Rotational oscillatory motion of
surface waters induced by wind and Coriolis deflection. This circulation is
caused by the transport of a parcel of water obliquely to the direction of
wind transport due to the apparent Coriolis force imparted by the rotation
of the earth. In the Northern Hemisphere this vector is to the right of the
wind direction, in the Southern Hemisphere, it is to the left. This causes a
piling of water in cells lateral to the direction of travel. The piled water
sinks to balance forces, and it also circulates to create elongated tubular
circulations of water at the surface. Langmuir cells are important to
productivity by circulating water through the water column, and form
fronts at the junction of two Langmuir cells that are important points of
aggregation and feeding of plankton and higher trophic levels (Wetzel
2001).

Hydroform: Mean surface current — The time-averaged steady state
ocean surface current pattern responsible for mean oceanic water motions.

o Hydroform Type: North Equatorial surface current — The
southern portion of the northern ocean gyres. This current flows
westward, is maintained by the trade winds, and entrains some
water from southern oceans into the northern oceans. It is
accompanied by a weaker easterly-flowing counter current.

o Hydroform Type: South Equatorial surface current — The
counterpart to the North Equatorial current, also flows east to west,
forming the northern limb of the southern ocean gyres.

Hydroform: Mesoscale eddy — Rotational features that (a) break off of
ocean gyres or large currents (such as the Gulf Stream) and (b) persist
autonomously for some period (from days to months) at sizes of 20
kilometers to 500 kilometers. These eddies play an important role in ocean
mixing—and in sheltering and acting as nursery waters for biota. The most
energetic eddies are at the smaller end of the spatial scale. The larger
eddies (called mesoscale eddies) are slower moving, but they persist for
many months and are ubiquitous in the global oceans. Mesoscale Eddies
are most prevalent in the North Atlantic and North Pacific, but they can
occur in all oceans.
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Hydroform Type: Cold core ring — Eddies that form when a
boundary current meander pinches off and closes, trapping a parcel
of colder water in a surrounding ring of warmer water. The ring
measures up to 300 kilometers and extends to 4,000 meters depth
or the ocean bottom. The colder water in the core tends to be
higher in nutrients and more productive than that in the
surrounding ring, so they become islands of biological activity as
they move through the ocean. Rings form in all oceans and can
persist for months to years.

Hydroform Type: Warm core ring — Eddies that form when a
boundary current pinches off a parcel of warmer water. The ring
measures 100-200 kilometers and extends to 1,500 meters depth.
The warm water in the core tends to be less productive than the
colder, nutrient rich waters in the ring.

e Hydroform: Residual current — Current movement resulting from
asymmetry in tidal flow—notably within a partially enclosed estuary or
embayment—that results in characteristic estuarine circulation patterns.

(o}

Hydroform Type: Fjord circulation — Estuaries that possess a
sill at the seaward end, inhibiting inflow of seawater into the
bottom waters. Seawater flows over the sill mixing into the
intermediate water of the estuary, and sinking to the bottom. The
estuary receives freshwater input in excess of evaporation and the
resulting brackish mixture is exported across the sill into the ocean
end-member. The limited exchange of bottom waters can promote
hypoxic conditions in some fjord estuaries.

Hydroform Type: Partially mixed domain — An intermediate
level of advective and tidal energy, can disrupt the density barrier
between the fresher upper and salty lower water column of an
estuary, entraining water in both directions. This results in a
gradient of increasing salinity from top to bottom, with no barrier
to mixing.

Hydroform Type: Reverse estuarine flow — Where evaporation
greatly exceeds freshwater input, as in hot dry climes, salinity is
concentrated within the estuarine basin. This results in a salinity
maximum in the estuary that can far exceed seawater salinity.

Hydroform Type: Salt wedge domain — Estuaries that have an
unimpeded connection of bottom waters to the sea develop a
wedge-shaped formation of high-salinity water in the bottom, with
lower salinity water from upstream freshwater loading in the upper
water column. The wedge form is developed as hydrostatic
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pressure of river water pushes against the incoming seawater and,
being less dense, rides over it. The difference in salinity and
density is important in estuarine chemistry and biology as the
density barrier between upper and lower water columns restrains
mixing and transport across the transitional gradient, called the
pycnocline. This leads to an upper, autotrophic and lower,
generally heterotrophic portion of the water column.

o Hydroform Type: Well-mixed domain — In estuaries where the
tidal flux and/or the river discharge is sufficient to overcome the
salt-wedge structure, the water column becomes well-mixed and
vertical homogeneous.

Hydroform: Sub-mesoscale eddy — A reverse current with rotational
movement created when fluid flows past an obstacle. Sub-mesoscale
eddies are of size scale smaller than 20 kilometers.

Hydroform: Thermohaline eddy — Eddy formation due to the interaction
of temperature and salinity differences between two water masses
initiating convective flow.

Hydroform: Tidal flow — Advective flow resulting from of tidal
movement, often amplified in velocity when moving through an inlet, pass
or channel. Tides are important in mixing the water column and
transporting water, salt, nutrients and biota, particularly weak-swimming
larval or non-motile planktonic forms. The life cycles of many organisms
depend on tidal transport for survival.

o Hydroform Type: Diurnal tidal flow — Normally, in most oceans
there are two tides per day. However, in some cases, as in the Gulf
of Mexico, due to the geometry of the ocean basin and obstructions
presented by land, the second daily tide is suppressed, resulting in
a single or diurnal tide regime with one high and one low tide per
day.

o Hydroform Type: Mixed semi-diurnal tidal flow — Occurs when
the amplitudes of two semi-diurnal tides are unequal, resulting in a
stronger and a weaker high and low tide each day.

o Hydroform Type: Semi-diurnal tidal flow — Results from the
gravitational action of the sun and moon on earth’s oceans,
creating two high and two low tides per day of relatively equal
amplitude.

Hydroform: Turbidity flow — A flow of water down slope carrying a
dense suspension of fluid mud or unconsolidated material.

47



Federal Geographic Data Committee FGDC Document Number XX
Coastal and Marine Ecological Classification Standard Version 4.0

Hydroform: Wave-driven current — Residual current caused by
asymmetrical force created by wave motion.

(0]

Hydroform Type: Longshore current — A current that moves
parallel to or at an oblique angle to the shoreline, carrying water
and often transporting soft sediments downstream. Prevailing wind
and wave directions can persist in a longshore direction for long
periods, and are commonly responsible for the formation of spits,
bars and many barrier islands.

Hydroform Type: Rip current — Formation of seaward flow of
water generated by wave action and local topography nearshore.
Shallow depressions in the sea floor or breaks in a bar will channel
receding water at high velocity away from shore and through the
surf zone after onshore wave action.

Hydroform Type: Undertow — Seaward-directed current
generated by water that is receding from the shoreline after wave
action.

Hydroform: Wind-driven current — Current caused by wind shear as
distinguished by those caused by density differences, which result in
thermohaline circulation. Though only a portion of the oceans are exposed
to wind energy, winds are responsible for the great ocean gyres, dominant
features of ocean circulation.

Hydroform Class: Front

Front Hydroforms are linear features formed at the conjunction of two or more water
masses with different properties. Fronts are formed in many different ways when two
water masses juxtapose. The front itself becomes a third water feature, and it has several
distinctive properties of its own, including current speed and direction, physicochemical
properties derived from the two merging water masses, sharp gradients in properties
(such as salinity, temperature, nutrients and water clarity) and an accumulation of matter
and biota. In estuaries, fronts can occur at the boundaries of horizontal layers between
fresher upper layers and saltier bottom waters; in the ocean, fronts can occur between the
upper mixed layer and lower layers.

Hydroform: Coastal upwelling front — Where a nearshore upwelling
occurs due to local turbulent mixing, a frontal interface develops between
the upwelling water and the coastal water mass.

Hydroform: Shelf-break front — Forms where cross-shelf waters
encounter slope waters from the deeper oceans, often associated with
upwelling. The seasonally transitional features are sites of high
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temperature, salinity and density gradients and often of high productivity
where deep upwelled water contributes high nutrients.

e Hydroform: Tidal front — The linear convergence of two water masses
brought into juxtaposition by tidal action. Generally the two masses will
have differential characteristics such as temperature, density, and often of
color and productivity. Fronts can be maintained as distinct due to these
differences, which inhibit mixing across a density barrier. There is often
strong vertical mixing on either side of the front, producing upwelling and
aggregations of biota feeding on the material grown in situ or accumulated
at the front.

Hydroform Class: Water Mass

The Mass Hydroform Class refers to a parcel of water with homogeneous properties (e.g.,
chemical, physical). If no other hydroform applies (or sufficient information is not
available to classify the hydroform), the default would be a water mass that describes the
general properties of the parcel. Any physicochemical property (or properties) can define
a water mass. Common water mass types are those of homogeneous salinity, temperature
or density—or a combination of those properties. The properties of a water mass
generally change relatively slowly, because the factors that created and constrain the
homogeneity tend to be buffered by the inertial properties of water itself. Thermal mass
of water, for example, means that the water temperature will change much more slowly
than air temperature. Non-conservative properties (such as nutrient concentration or pH)
can change much more quickly, because biological processes can alter them.

e Hydroform: Background mesoscale field — Organized ocean-surface
currents formed by coupled eddies (at the mesoscale length scale);
responsible for much of water movement on the ocean surface.

e Hydroform: Fumerole Plume — Undersea venting of steam and other hot
gases associated with volcanic or tectonic activity from cracks in the
earth’s crust; often a site of significant chemoautotrophic activity.

e Hydroform: Hydrothermal plume — Discharge of hot fluids sea-bottom
vents associated with volcanic or tectonic activity. The fluids are often
laden with high concentrations of minerals, which impart either a dark—
even black—color or a white color. These minerals precipitate readily out
of supersaturation.

o Hydroform Type: Detached hydrothermal plume — A parcel of

hot, mineral rich water that has become detached from its source
and forms a persistent lens within the water column.

e Hydroform: Ice — Frozen form of water, which is less dense than liquid
water; ice floats on the surface of liquid water, sometimes extending into
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deep water zones. This property drives a number of important biological
and physical processes in the ocean, including preventing freezing of the
ocean to the bottom. Ice either floats on—or forms a solid cover on—the
underlying water, which isolates atmospheric input for the duration of
cover. Nonetheless, strong circulation and water motion occurs in the
aquatic system under the ice (driven by advection of adjacent water
masses or thermal convection). Because freshwater freezes at a higher
temperature than salt water, surface freezing of the ocean concentrates salt
brine in the liquid water below the ice. Ice formation and ice cover
maintenance is relatively stable in both spatial and temporal terms,
determined by relative air and water temperatures, velocity of water
movements, and geomorphology of the setting.

o Hydroform Type: Drift ice — Ice that floats freely on the sea
surface.

o Hydroform Type: Fast ice — Ice that is attached to a land mass
such as the coast or, in shallow water, the sea floor.

o Hydroform Type: Frazil or grease ice — Forms when super
cooled water is turbulently mixed, permitting development of
small ice crystals which continually fragment and break up without
forming ice cover. Over time a slushy suspension of increasing
density forms on the surface of the water. In quiet conditions frazil
crystals can freeze together to form a continuous thin sheet of
young ice.

o Hydroform Type: Ice field — Expanse of ice greater in size than
an ice floe (>10 kilometers in any dimension).

o Hydroform Type: Ice floe — Large floating ice chunk less than 10
kilometers on its longest axis.

o Hydroform Type: Pack ice — Accumulation of drift ice into a
large floating mass, often against a continental shoreline.

o Hydroform Type: Pancake ice — Thin plaques of compressed ice
particles formed by wave action into plates several meters in
diameter that float on the sea surface.

o Hydroform Type: Polnya — An area of open, liquid seawater
surrounded by ice.

e Hydroform: Mesoscale Lens — Trapped, homogeneous parcels of water

lying within (or atop) larger ocean fields due to density differences. These
hydroforms are 30 - 300 kilometers in size.
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Hydroform Type: River/estuary plume — Formation resulting
from the discharge of low-salinity water into marine waters of the
ocean, forming a distinct layer of water on top of the seawater due
to its lower density. The plume can extend for many kilometers
and persist for months after the freshwater flow has stopped before
being entrained into the seawater. These plumes are typically
higher in nutrients, turbidity and productivity than the surrounding
seawater and can gradually deliver those water quality
characteristics to the adjacent ocean water.

Hydroform Type: Meddy — A lens of water that enters the eastern
Atlantic from the Mediterranean Sea, flows down the Continental
slope and pinches off at the depth of neutral buoyancy, about 1000
meters. The salty warm water rotates clockwise and travels slowly
westward in the Atlantic, persisting for many months.

Hydroform: Microscale lens — Homogeneous parcels of water on the
order of meters to a few kilometers positioned within (or atop) larger
ocean fields of different density.

(o}

Hydroform Type: Small Freshwater plume — Similar to a river
plume but on smaller scale and can be initiated from variety of
sources such as a groundwater seep, a non-point source or a
transient discharge.

Hydroform: Winter water mass — The mass of water produced—and
introduced to oceans—as a result of melting winter ice formations. These
water masses tend to be fresher than surrounding waters, and they often
flow over the denser salt water.

Hydroform Class: Wave

The Wave Hydroform Class is a propagation of energy that moves through the water,
causing a vertical, oscillatory motion with characteristic wavelength, amplitude, and
celerity. Waves are of several types: internal, standing, and surface. Each type of wave
propagates energy and impacts the waters, substrate, and biota that it contacts. Waves are
initiated by an energy source (such as wind, landslides, earthquakes, or volcanic
eruptions), and they can occur at any depth in the water column. Wave energy varies
depending on type and intensity of energy input; the wave regime can change on hourly

timescales.

Hydroform: Anthropogenic wave — Boat wake or other wave energy
caused by human activity.

Hydroform: Coastally trapped wave

51



Federal Geographic Data Committee FGDC Document Number XX
Coastal and Marine Ecological Classification Standard Version 4.0

o Hydroform Type: Internal Kelvin wave — Subsurface gravity
wave with a rotational component propagated along a density
interface against a vertical barrier such as a coast or the wall of a
basin.

o Hydroform Type: External Kelvin wave — Surface gravity wave
with a rotational component propagated along the sea surface
against a vertical barrier such as a coast or the wall of a basin.
Such Kelvin waves are important at the equator in determining the
presence and strength of EI Niflo/ENSO events.

o Hydroform Type: Shelf wave — A wind-induced wave guided by
continental shelf topography.

o Hydroform Type: Topographic wave — A sub-basin scale wave
that is driven by wind-stress from the passage of cyclones across or
along the shelf, with long period (~ 5 days) and to which a
vorticity is imparted by the apparent Coriolis effect.

e Hydroform: Edge wave — A wave that move along a trapping barrier,
such as the continental shelf, the continental margin or an inertial water
mass.

e Hydroform: Equatorial wave — A wave that is trapped by and moves
along the Equatorial water mass, which forms a density barrier.

e Hydroform: Non-equatorial wave — A wave that is propagated along an
edge or barrier, such as a continental margin, and that is not associated
with an Equatorial water mass.

e Hydroform: Internal wave — A wave that propagates along a density
surface within the water column, below the water’s surface.

e Hydroform: Seiche — A long-period, standing wave that creates an
oscillatory sloshing of water within an enclosed water body. This is due to
wind or pressure effects that cause water motions that resonate with the
length scale of the water body.

¢ Hydroform: Storm Surge — Storm surges are associated with intense
meteorological and wind activity as with a tropical storm. The surge of
water from deep into shallow waters and onto land is caused by wind
forcing in the forward, shoreward direction and by pressure differential
within a cyclonic storm that positions extreme low pressure over a section
of ocean, permitting tides to rise above normal range.
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Hydroform: Surf Zone — Zone with incipient wave breaks, which are the
result of an increase in the steepness of the wave as the water depth
decreases. The surf zone is the region extending from the seaward
boundary of wave breaking to the limit of wave uprush. The surf zone is
the specific subset of the wave hydroform where waves are breaking
against a shoreline. This relatively narrow area occurs when waves
encounter bottom friction and break, forming a region of high turbulence,
mixing, and intense energy. This occurrence affects biota in the water
column, as well as bottom and shore substrates and biota. The surf zone is
highly variable temporally and spatially in extent, energy characteristics,
and physicochemical properties; this variability is due to the tight coupling
between the water column and the substrate it impacts. In areas of soft
sediments, high turbidity can result. Benthic biota (such as diatom mats)
can be mixed into the water column, imparting its photosynthetic
parameters to the water column and elevating water-column productivity.
Nutrients can also be mixed from disturbed sediments into the water
column, elevating concentrations there.

Hydroform: Surface wave — A wave generated by energy input from
sources such as wind, landslides, tidal action, or current action, and that
moves along the surface of the ocean.

Hydroform: Surface wind wave — A surface wave generated by direct
wind action on the water’s surface producing shear, piling up water in the
direction of the wind and generating a wave.

Hydroform: Surface swell — A surface gravity wave propagating into an
area from a distant source of energy/disturbance and that is not caused by
direct local action of the wind.

Hydroform: Tsunami — A large long-wavelength (tens or hundreds of
kilometers) ocean wave that is generated by a powerful undersea
disturbance such as a landslide, earthquake, or volcano. The wave is
nearly imperceptible in the open ocean but as it approaches land, it can
reach heights of many tens of meters. They can have enormous destructive
impact on the coast (and inland), as well as the biology of the nearshore
zone.

5.7 Biogeochemical Feature

The Biogeochemical Feature more specifically defines the water column by identifying
factors including constituent composition (e.g., chlorophyll maximum, turbidity
maximum), physical energy (e.g., light, surface mixed layer,), and gradients (halocline,
thermocline). The Biogeochemical Feature subcomponent provides information that
conveys the structure and the processes that form and sustain the feature—as well as its
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potential relationship with the biota. The feature integrates specific information, which
may include ecoregion, climate zone, position in the water column, position relative to
land and spatial scale that is ecologically relevant. The Biogeochemical Feature also
conveys information about properties of the other water column subcomponents.

5.7.1 Biogeochemical Feature Subcomponent Units

e Benthic Boundary Layer — The layer formed at the interface between the lower
water column and the benthic substrate.

e Boundary Layer — Layer formed at the interface between water and another
water mass (or solid interface) where frictional shear forces on water motion
cause exponential damping of movement with proximity to the interface.

e Chlorophyll Maximum — A feature in deeper water columns (often in the ocean),
where phytoplankton production is locally high at depths along a surface of
nutrient (nitrate) entrainment from lower-water layers.

e Chlorophyll Minimum — A layer of low chlorophyll—and hence
phytoplankton—concentration (relative to adjacent waters) due to highly
concentrated grazing activity.

e Drifting Fine Woody Debris — Aggregations of floating or suspended fine
woody material such as small tree branches, husks or fibrous seeds, with a median
particle size < 64 millimeters.

e Drifting Herbaceous Debris — Floating or suspended detached, decaying
herbaceous plant matter such as leaves, forbs or grasses, including deciduous
leaves or needles, palm leaves, seagrass debris, Spartina debris.

e Drifting Trees — Floating or suspended large dead trees or very large branches,
with a median particle size of greater than 4096 millimeters.

e Drifting Woody Debris — Floating or suspended detached large branches with a
median particle size of 64 millimeters to < 256 millimeters such as Mangrove
branches, coconut rafts.

e Euphotic Zone — The zone of the water column that is sufficiently illuminated for
photosynthesis to occur.

e Halocline — The zone of rapid salinity change with depth in the water column,
often separating two layers of different, homogeneous salinity. As the density of
water changes with salinity, the halocline presents a barrier to vertical circulation
and enhances water column stability
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e Lens— A homogeneous parcel of water that—by composition—maintains
coherence within water of different properties. Often a freshwater lens will sit
perched atop saline ocean waters for long periods.

e Lysocline — Depth in the ocean at which calcium dissolution increases due to
increased pressure. This depth is around 4000 meters in the Pacific Ocean and
5000 meters in the Atlantic Ocean, owing to differences in temperature and
chemistry. Below this depth, the precipitation of calcium carbonate decreases
rapidly to the point where no calcite is deposited.

e Marine Snow Aggregation — A concentration of organic material in the ocean
water column. Composed of a mix of mineral, dead organic materials, and—
sometimes—a rich microbial community, in this hydroform small particles
aggregate through attractive ionic forces and then begin to fall through the water
column.

e Microlayer — Any extremely thin layer of material, nutrients, organisms or
specific properties that exists on or in the water column. The microlayer can be a
surface film or at depth and often refers to a microbial film.

e Nepheloid Layer — Layer of water that contains a high concentration of silt and
sediment—usually at the benthic-water column interface. This layer can be nearly
a fluid mud. In the deep oceans, the layer can be hundreds of meters thick; in
shallower waters with less fine sediments, it can be much thinner (only a few
centimeters in places) or absent. Thickness is determined by substrate
composition and current shear.

e Neustonic Layer — Layer of biota that lives at the surface of the water. These
organisms are either positively buoyant, maintain position by taking advantage of
surface tension, or live on other biotic or abiotic material. Epineuston floats atop
the water, hyponeuston lives just under the surface.

e Nutrient Maximum — A layer or region in the water column that has high
concentrations of a particular nutrient or nutrients due either to biological
transformation or to abiotic factors such as advection or entrainment from
adjacent water masses.

e Nutrient Minimum — A layer in the ocean where net nutrient accumulation is at a
minimum, often due to a locus of high biological activity drawing down nutrient
stocks.

e Nutricline — The zone of rapid nutrient change with depth in the water column,

often as a result of entrainment of water from a lower depth that is higher in
concentration of a particular nutrient. The nutricline can be a rich source of a
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limiting nutrient and hence, the site of intense microbial or photosynthetic
activity.

e Oxygen Maximum — A layer in the ocean where oxygen concentration is at a
minimum, often due to a locus of high respiratory activity, notably microbial.

e Oxygen Minimum — Region in the water column where oxygen is reduced
(relative to surrounding waters) due to high respiration rates, usually associated
with high concentrations of organic matter.

e Oxycline — Zone in the water column where oxygen concentration changes
rapidly with depth, often as a result of biological or abiotic processes that
consume oxygen. Deep, bottom water that contains no photosynthetic
organisms—yet receives much deposited organic matter—can generate both high
respiration rates and extremely low oxygen concentrations. The transition layer
between hypoxic bottom water and oxygenated surface water is the oxycline.

e Sea Foam - Sea foam is produced by turbulent mixing and agitation of surface
waters, enhanced by high concentrations of dissolved organic matter (DOM).

e Seep — Area on the ocean bottom where fluid slowly emerges. Cold seeps are
usually at the continental margins; waters in these seeps are often highly
concentrated in minerals and dissolved gases, such as hydrogen sulfide, methane,
and hydrogen. Cold-fluid seeps and oil seeps are sources of energy for
chemoautotrophic communities of bacteria and archaea, which in turn support
communities of clams, mussels and vestimentiferan tubeworms.

e Surface Film — Thin layer of materials and biota that exist on the surface of the
water, often only a few microns thick. The surface film can contain a rich
microbial community that consumes the material that concentrated in the film.
Dissolved Organic Carbon (DOC) is concentrated up to five times in the surface
microlayer. These films are often aggregated and concentrated at frontal
convergences of two water masses and can lead to formation of a rich community
that feeds on the material.

e Surface Mixed Layer — The layer of water at the ocean surface that is mixed by
wind. Water of homogeneous density is easily mixed to a depth determined by the
intensity of wind shear and density of the water. Often wind mixing of the surface
occurs to the pycnocline depth where density increases rapidly. The mixed layer
depth is an important determinant of the extent and intensity of photosynthetic
production as plankton cells are mixed through the vertical light gradient.

e Thermocline — The zone of rapid temperature change with depth in the water
column, often separating two layers of different, homogeneous temperature. As
the density of water changes with temperature, the thermocline presents a barrier
to vertical circulation and enhances water column stability.
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e Turbidity Maximum — Region in an estuary where turbidity is high, due to
concentration of particulates in the water column. This occurs as a result of the
increasing ionic strength of the water from the introduction of salt in the
downstream direction (generally at around areas with a salinity of 5), which
causes particle aggregation. This process is enhanced by the mixing regime
particular to this upper estuary region, in which countercurrent flows from the salt
wedge are entrained into the seaward-flowing, upper-water layer. As particles
settle out of the upper layer, they are carried upstream in the lower layer and so
circulate within a zone of maximum turbidity.

5.8 Water Column Modifiers

A wide range of modifiers that can be used to further define the water column are
described in Section 10. Modifiers that are particularly important and widely applied to
the water column are listed below and further defined in Section 10.

e Physical

o Tidal Regime (amplitude)

0 Wave Regime (amplitude)
e Physicochemical

o0 Oxygen

o Turbidity

o Water Column Stability
e Temporal

0 Temporal Persistence
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6. Geoform Component

The geomorphology of an area has a determinative influence on the character and
stability of soil and sediment, and local topography has a powerful influence on plant and
animal communities. In CMECS, the geological context—and associated features of the
landscape and seascape—are captured in the Geoform Component (GC), which describes
the physical structure of the environment across multiple scales. Geoform units provide
structure, channel energy flows, and regulate bioenergetics. They also control such
processes as water exchange rates and water turnover times; hydrologic and energy
cycling; shelter and exposure to energy inputs; and migration and spawning. Because of
these diverse interactions, it is impossible to fully understand a biotic community without
also considering the geological context in which the organisms are found. The GC
addresses five aspects of the coastal and seafloor morphology: tectonic setting,
physiographic setting, geoform origin, geoform, and geoform type. The framework for
the GC adopts most of the structures described by Greene et al. (2007) and the estuary
types outlined in Madden et al. (2008), but expands the options to include a larger
number of coastal and nearshore features.

The GC is not intended to be a geological classification per se. Rather, it provides a way
to present the structural aspects of the physical environment that are relevant to—and
drivers of—biological community distribution. This component does not include surface
geology attributes (such as hardbottom, softbottom, sand, gravel, and cobble as in Greene
et al. (2007), because these attributes are included in the Substrate Component which
describes the character and composition of the seafloor. Used together, geoform and
substrate component units, reflect the physical environment in which benthic/attached
biota occur.

The GC is organized into four subcomponents that occur along a spatial continuum
(Table 6.1): tectonic setting and physiographic setting describe large, global features,
while the level 1 and level 2 geoform subcomponents describe meso- and microscale
units (extending down to features at the meter scale). Each subcomponent has a general
scale range associated with it, but features within these categories will naturally overlap
one another—because of the natural gradients and transitions between geologic units and
processes. Similarly, regional differences in processes will cause units to respond
differently on spatial and temporal scales (Harris et al. 2005).

There are no mapping scales explicitly associated with the geoform levels. Users should
determine a spatial scale for their work based on (a) project objectives and (b) the
observational technologies to be employed. Users should then apply the appropriate GC
units based on that scale; they are free to use any subcomponent singly or in combination.
Modifiers are available to further describe geoform features.

The GC features listed in this document are meant to be an initial list; they are subject to
modification as the standard is applied over time. See Appendix D for a table of the GC
units and Section 10 for more details on CMECS modifiers.
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Table 6.1. Geoform Component Classification Structure.

Geoform Component

Level 1 Geoform Type

Tectonic Physiographic Level 1 Geoform Level 2 Geoform
Setting Setting Subcomponent Subcomponent
Subcomponent Subcomponent
List of tectonic List of physiographic | Geoform Origin Geoform Origin
settings settings Level 1 Geoform Level 2 Geoform

Level 2 Geoform Type

6.1 Tectonic Setting Subcomponent

At the largest scales, the GC is divided into eight planetary features that reflect global
tectonic processes (both past and present). Generally, these features are thousands of
square kilometers or larger in size. They include both continental and oceanic crustal
units, and the tectonic setting features form the context for all of the smaller-scale

geoforms.

e Abyssal Plain — A flat region of the deep ocean floor (with a slope less than
1:1,000) that was formed by the deposition of pelagic and gravity-current
sediments, which obscure the pre-existing topography. Vast areas of the ocean
floor fall within this setting, which can be subdivided into smaller basins based on
regional topography.

e Convergent Active Continental Margin — Intense areas of active magmatism,
where the oceanic lithosphere is subducted beneath the continental lithosphere.
This results in chains of volcanoes near the continental margin; the leading edge
of the continental plate is usually studded with steep mountain ranges.

e Divergent Active Continental Margin — Areas where tensional tectonic forces
result in the crustal rocks being stretched and—ultimately—split apart or rifted.
These areas are marked by subsidence and a continental rise.

e Fracture Zone — An elongate zone of unusually irregular topography (on the
deep seafloor) that often separates basins and regions of different depths; fracture
zones commonly follow (and extend beyond) offsets of the mid-ocean ridge.

e Spreading Center — Spreading centers are areas where tectonic plates are moving
apart, allowing new oceanic crust to reach the surface of the sea floor.

e Mid-Ocean Ridge — An extremely large, global spreading center. The mid-ocean
ridge is a continuous, seismically active, median mountain range extending
through the North Atlantic, South Atlantic, Indian, and South Pacific Oceans. It is
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a broad, fractured swell with a central rift valley and usually extremely rugged
topography. The ridge is 1-3 kilometers in height, about 1,500 kilometers in
width, and over 84,000 kilometers in length. Sections of this feature are
sometimes named based on the ocean region in which this feature occur (for
example, Mid-Atlantic Ridge).

Passive Continental Margin — The transition between oceanic and continental
crust that is not an active plate margin. This feature was constructed by
sedimentation above an ancient rift, now marked by transitional crust. Major
tectonic movement is broad, whereas regional vertical adjustment, earthquakes,
and volcanic activity are minor and local.

Transform Continental Margin — A feature defined by the transform fault that
develops during continental rifting. These margins differ from rifted or passive
margins in two key ways; they have a narrow continental shelf (less than 30
kilometers) and a steep ocean-continent transition zone (Keary et al. 2009).

Trench — A narrow, elongate depression of the deep seafloor associated with a
subduction zone. These can be oriented parallel to a volcanic arc and are
commonly aligned with the edge of the adjacent continent, between the
continental margin and the abyssal hills. Trenches are commonly greater than 2
kilometers deeper than the surrounding ocean floor, and they may be thousands of
kilometers long.

6.2 Physiographic Setting Subcomponent

Spatially nested within the tectonic settings, physiographic describe landscape-level
geomorphological features from the coast to mid-ocean spreading centers. These large
features—generally on the scale of hundreds of square kilometers—can cross tectonic
settings, and they can be delineated at a scale of 1:1,000,000 (or greater) using
bathymetric maps and other remote sensing d