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ABSTRACT

The modified Cowardin et al. (1979) classification described herein provides a

methodology to identify all wetlands along the central and southern California coast

and in the adjacent coastal watersheds from the Carmel River in Monterey County,
to the Tijuana River in San Diego County. Use of classification tables in association
with concepts of ecosystem context, site scale, and classification goals is intended to
result in the development of a code (wetland type number) and wetland name that
include information on the: (1) system, subsystem, class and subclass; (2) water
regime and water chemistry; (3) hydrogeomorphic unit; and (4) substrate, dominance,
or characteristic type of the wetland in question. A wetland data-page format also is

proposed that provides a method for organizing information on the site location,

characteristic species, ecosystem functions, socio-economic values, impacts, and con-
servation efforts for reference examples of the various wetland types.
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Seventeen years ago Cowardin et al. (1979) presented a nation-
wide framework that continues today as the single best method for
classifying wetlands on the national scale. Regionalization of this
effort has begun in the American West because many important
features of western wetlands were not covered with sufficient detail
in previous efforts to identify the richness of wetland types. Specif-
ically, in 1991, the United States Environmental Protection Agency
(EPA), Region IX, funded a study to produce a classification, in-
ventory, and description of wetland types along the coast and in
coastal watersheds of the Southern Coastal, Transverse, and Penin-
sular Ranges in central and southern California. This region extends
for approximately 400 miles, or about one-half the length of the
state, from the Carmel River (ca. 36°30’'N lat.) in Monterey County,
south to the Tijuana River (ca. 32°30'N lat.) in San Diego County.

The investment by EPA was based upon an earlier compilation
of wetland information (Ferren 1989) that was gathered in California
for more than ten years and organized according to a modified ver-
sion of the U.S. Fish and Wildlife Service (FWS) wetland classifi-
cation (Cowardin et al. 1979). This ten-year effort was initiated be-
cause, at the time, no existing vegetation or habitat classification
scheme (e.g., Munz 1959; Cheatham and Haller 1975; Holland
1986) adequately documented the great richness of wetland types in
California, or attempted to incorporate the special environmental
attributes that occur in the region as a result of the Mediterranean
and arid climates. Ferren (1989, p. 3) *“... found it necessary for
communication purposes to categorize wetlands into some hierar-
chical system that would delineate the types of wetlands according
to physical and biological criteria”. The Cowardin et al. (1979) sys-
tem is such a hierarchical classification, *‘. .. progressing from sys-
tem to subsystems, at the general levels, to classes, subclasses, and
dominance types. ... Modifiers for water regime, water chemistry,
and soils are applied to classes, subclasses, and dominance types™ .

Concern for the absence of thorough documentation of California
wetlands, however, is replaced by alarm when one considers the
extensive losses of wetlands (see Part I, Ferren et al. 1996a) that
have occurred in the coastal watersheds without previous documen-
tation of the habitat richness, ecosystem functions, and socio-eco-
nomic values of these wetlands. Extensive agricultural development,
rapid urbanization, flood control practices, and the continuing ex-
traction of physical resources (such as petrochemicals, gravel, and
water) are among the main contributors to these losses and to the
degradation of many of the remaining wetlands (e.g., California De-
partment of Parks and Recreation 1988; Dahl 1990; Leidy 1990;
National Audubon Society 1992). Furthermore, changes proposed to
the jurisdictional limits of wetlands as recognized by federal regu-
latory agencies would result in the elimination of federal jurisdiction
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over many types of wetlands in western North America, and would
exacerbate the potential threat of additional losses in California.
Thus, this study was motivated by an urgent need for a mechanism
to articulate the scope of the wetland heritage of California, partic-
ularly central and southern California, so that conservation efforts
can accurately protect these resources.

Study region. California is a state of many contrasts and contra-
dictions. Within its borders are the highest mountain (4420 m
[14,495 ft]) in the lower 48 states, Mt. Whitney, and the lowest
point on the continent, 85 m (276 ft) below sea level at Death Valley.
The Modoc Plateau in northeastern California i1s a region of rela-
tively low population density; southwestern California is one of the
most densely populations regions in the world. With regard to its
biotic reputation, California harbors one of the richest floras in the
world (Raven and Axelrod 1978) but supports a freshwater fish fau-
na that is notably depauperate (Moyle 1976). Both flora (Stebbins
and Major 1965; Fiedler 1995) and fauna (Moyle 1976) are renown
for their high endemism.

The study region for the proposed classification includes the
coastal boundary at Point Conception, Santa Barbara County, be-
tween northern and southern California biogeographic provinces,
which contributes to the many contrasts that affect wetlands. These
contrasts include differences between and among: (1) northern cool
and moist and southern warm and dry Mediterranean climates; (2)
Mediterranean and arid climates; (3) cold, high elevations and mild,
low elevations; (4) interior and coastal locations; (5) oceanic and
terrestrial processes; (6) intermittent and perennial water bodies; (7)
widespread and narrowly-restricted habitats and organisms; (8)
coarse-scale physiographic areas and fine-scale habitat sites; (9) his-
toric and current land use practices; (10) natural and artificial land-
forms; (11) pristine and degraded habitats; and (12) wilderness and
urbanized regions. Additional natural elements that contribute to the
region’s remarkable wetland diversity include the great variation in
water chemistry (e.g., fresh, salt, alkali, sulfur, petroleum) and nat-
ural processes (e.g., aeolian, fluvial, glacial, arid, volcanic, and struc-
tural). Refer to Part I of this treatise (Ferren et al. 1996a) for ad-
ditional aspects of the environmental setting of the region.

Thus it i1s with this frame of reference—diversity, anomaly, and
contrast—that the study region and its wetland resources are pre-
sented. As representative of California as a whole, the central and
southern coast and coastal watersheds illustrate the complexity of
the state’s physical and biological diversity that contribute to the
formation of the rich wetland heritage of the state.

Wetlands definition. Wetlands in California and elsewhere vary
widely in topographic setting, hydrology, chemistry, substrate, veg-
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etation physiognomy, and persistence. Before we proceed with the
examination of the Mediterranean-climate wetlands of California,
acceptance and consistent application of a wetland definition is es-
sential. We endorse for use in California the definition proposed by
Cowardin et al. (1979). At the state level, the Fish and Game Com-
mission, Department of Fish and Game, and the Coastal Commis-
sion also accept this definition and the associated technique for the
classification of wetlands (Gibbons 1992). At the regional level, the
County of Santa Barbara and the City of San Diego are examples
of governments that also accept this definition.

Cowardin et al. (1979) have provided some helpful insights con-
cerning the definition of wetlands. They suggest that the term wet-
lands *‘. .. has grown out of a need to understand and describe the
characteristics and values of all types of land, and to wisely and
effectively manage wetland ecosystems. There is no single, correct,
indisputable, ecologically sound definition for wetlands because of
the diversity of wetlands and because the demarcation between dry
and wet environments occurs along a continuum. . .. The primary
objective of this classification is to impose boundaries on natural
systems for the purposes of inventory, evaluation, and management”
(Cowardin et al. 1979:3). Their definition follows:

Wetlands are lands transitional between terrestrial and aquatic
systems where the water table is usually at or near the surface
or the land is covered by shallow water. For the purpose of
this classification, wetlands must have one or more of the fol-
lowing attributes: (1) at least periodically, the land supports
predominantly hydrophytes; (2) the substrate is predominantly
undrained hydric soil; (3) the substrate is nonsoil and is satu-
rated or covered with shallow water at some time during the
growing season of each year (Cowardin et al. 1979, p. 3).

This definition is broad enough to include the special nature of
wetlands in the California Chaparral and Estuarine Provinces, and
the Colorado Plateau and Desert Provinces in California (Bailey
1978; Cowardin et al. 1979). The National Research Council
(1995), however, has offered a new definition that refines some
aspects of the Cowardin et al. definition. In addition to the defi-
nition of wetlands, the following definition for deepwater habitat
has been offered by the U.S. Fish and Wildlife Service in Cowardin
ctval. (1979, p. 2

[Deepwater habitats are] permanently flooded lands lying be-
low the deepwater boundary of wetlands. Deepwater habitats
include environments where surface water is permanent and
often deep, so that water, rather than air, is the principal me-
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dium within which the dominant organisms live. . . . As in wet-
lands, the dominant plants are hydrophytes: however, the sub-
strates are considered nonsoil because the water is too deep to
support emergent vegetation. . . .

Use of these definitions in association with the modified hierar-
chical classification of wetlands and deepwater habitats requires
some additional explanation. The FWS classification is hierarchical
and progresses from systems and subsystems to classes, subclasses,
dominance types, and habitat modifiers (Cowardin et al. 1979). Sys-
tems and subsystems (Table 1) are delineated according to major
physical attributes such as tidal flushing, ocean-derived salts, and
the energy of flowing water or waves. Classes and subclasses de-
scribe the type of substrate and habitat or the physiognomy of the
vegetation or faunal assemblage. Wetland classes are divided into
physical types (i.e., rock bottom, unconsolidated bottom, streambed,
rocky shore, and unconsolidated shore) and biotic types (i.e., aquatic
bed, reef, moss-lichen wetland, emergent wetland, scrub-shrub wet-
land, and forested wetland).

PRELIMINARY QUESTIONS FOR CLASSIFICATION

To provide a basis for the classification proposed herein, a series
of questions can be raised and answered that will assist the classifier
in collecting information that will be necessary for the development
of a wetland name and numerical code. Answers to these questions
provide some of the basic information needed to identify a particular
wetland and to relate it to other wetlands. Below, we provide dis-
cussion for each question.

1. What are the goals of the project or task? Why is there a
need to classify and describe wetlands? A clear statement and
understanding of goals of a project or task will help determine the
scope, scale, and detail that a wetland classification must include. If
the goal of a project is to map and classify only vegetation, then
some form of vegetation nomenclature and classification will be
necessary. Such a project might generally ignore all of the non-
vegetated wetland habitats. However, if the goal of a project is to
identify hydrogeomorphic units and relate them to physical pro-
cesses, then a more detailed analysis and nomenclature is necessary.
Our modified Cowardin et al. approach provides the flexibility to
consider various levels of detail to meet the goals of a wide variety
of projects and tasks.

2. What is the ecosystem context of the wetland under con-
struction? It is essential for most projects that include classification
to determine the context in which occur the particular elements that
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are to be classified. For the purposes of wetland classification it is
important to identify the system of wetlands (and any associated
deepwater habitats) to which a wetland belongs (e.g., Marine, Es-
tuarine, Riverine, Lacustrine, Palustrine) or with which a wetland is
associated (e.g., a Palustrine Forested Wetland on a channel bar
within the Riverine System). In addition, it may also be important
to identify the broader ecosystem context within which smaller wet-
lands occur (e.g., vernal pools occurring within grassland or chap-
arral), to assess the various ecosystem functions the wetland may
provide.

3. At what scale will the classification be applied? Will the
scale include, for example, an entire river channel or only a bar
and/or back-bar channel within the main channel? The scale of
a site under consideration and the detail of the classification are
important factors to communicate so that it is clear what has been
identified or mapped, and what the wetland relationship is to the
ecosystem context as well as the goals of a project. Scale is often
a perplexing issue that can result in confusion over what is being
classified. Using our modified Cowardin et al. approach regarding
spatial scale, it i1s possible to identify both the coarser-scale hydro-
geomorphic or ecosystem context (e.g., type of natural lacustrine
environment such as a Montane-Alkali-Lake) and the finer-scale hy-
drogeomorphic unit (e.g., an intermittently-flooded, unconsolidated
shore), as well as the wetland associated with the latter (e.g., Emer-
gent Nonpersistent Wetland). In general, the finer the scale, the less
variable the site and easier it is to classify and name the wetland.
For example, a riparian corridor may be mapped as forested wetland
at a coarser-scale and yet perhaps contain four different types of
forested wetland at a finer-scale, each characterized by a different
water regime, hydrogeomorphic unit, dominance type, and ecosys-
tem function. There is a degree of fineness, however, that no longer
reflects a wetland type, but reflects instead, the individual organisms
or substrate types of a larger-scale wetland type. It is the best pro-
fessional judgement of the classifier that is generally the source of
this decision, and thus the more field experience one has, the more
accurate the decision becomes to split or lump hydrogeomorphic
units or sites.

Temporal scale is another issue that can cause confusion, partic-
ularly in the Mediterranean climatic portions of the study region.
Many wetlands types are flooded during part of the year and des-
iccated during another (e.g., vernal pools, vernal ponds, vernal lakes,
and margins of streams and rivers), or are only intermittently flooded
(e.g., playa lakes and some streams). Because a site may be char-
acterized by different flooding regimes and dominance types during
different times of the year, a single wetland site could be classified
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differently depending upon the time of year, which year, project
purpose, or the person doing the classifying. Such also is the case
for sites that receive periodic disturbance (e.g., streambeds, flood-
plains, and deltas), whereby one site characterized by wetlands from
a particular system, class, or subclass could be converted to wetlands
of another system, class, or subclass. Such conversion is often a
natural and characteristic process for the study region; thus temporal
scale, like spatial scale, is important in classification and adds to the
diversity and complexity of wetland types.

The modified Cowardin et al. approach provides flexibility to de-
scribe a specific wetland within the goals of a particular project.
This flexibility may result in confusion or even differences of ap-
plication to the same or similar sites. We believe, however, that it
is more useful and a better reflection of the field experience to in-
corporate a series of choices than to limit scale and miss opportu-
nities to identify particular types of wetlands. This belief has guided
the development of our classification hierarchy.

4. If the context and scale have been decided, what are the
class(es) and subclass(es) of wetlands that characterize the site?
Is the site in question dominated by abiotic and/or biotic wetland
classes? Although, in general, a particular wetland 1s characterized
by one class and subclass, in various cases, sites of larger scale will
have several attributes or mixtures of attributes at the class or sub-
class levels. Thus, it is important to determine the dominant char-
acteristic of the chosen scale. In general, the finer the scale of the
ecosystem or site context, the more homogeneous the wetland hab-
itat will be. For example, a dune swale wetland is a type of hydro-
geomorphic unit that, if sufficiently large and flooded seasonally,
may support examples of wetland types from palustrine aquatic bed,
emergent, scrub-shrub, and forested wetland classes.

In other examples, wetland sites (e.g., river channels, lake shores,
and marine beaches) can be characterized by episodes of natural or
artificial disturbance, and may support a mosaic of components from
different abiotic classes (e.g., unconsolidated shore) and biotic class-
es (e.g., emergent, scrub-shrub, and forested wetlands). It is impor-
tant, therefore to have some metric by which to assess dominance,
and to attribute a site or portions of a site to one or more classes
and subclasses of wetland (e.g., cobble-gravel, emergent-persistent,
broadleaved-deciduous). Some sites, wetland types, or ecosystem
contexts are problematic for other reasons (e.g., how should one
classify tenajas from the Santa Rosa Plateau?) or appear to be “‘hy-
brids™ (e.g., the Tijuana Estuary has characteristics of river-mouth
and bay types of estuaries). Thus classification of the associated
wetlands, including attribution of class and subclass, and a choice
of scale or type of ecosystem context, also can be difficult to decide.
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However, by having a predetermined goal and some sense of ap-
propriate scale and detail of classification needed, one can reduce
the number of problems encountered in the classification process.

5. What are the various hydrogeomorphic and geochemical
attributes of the wetland, such as water regimes, chemistry re-
gimes, and hydrogeomorphic units? Are more than one combi-
nation of attributes identifiable at the site? Although the system,
subsystem, class, and subclass descriptors provide the context and
structure to a wetland, it is the combination of hydrology, chemistry,
and geomorphology that provide the distinguishing features among
many wetland types. Differentiation among wetland types often is
dependent upon knowledge of ecosystem processes reflected in the
hydrogeomorphology and geochemistry of the ecosystem or wetland
site. Differentiation of water regimes (e.g., intertidal, permanently
flooded, seasonally flooded, and saturated) and chemistry regimes
(e.g., alkaline, hyperhaline, and euryhaline) can be important in dis-
tinguishing among related (e.g., proximally or structurally) but func-
tionally different wetlands. Although identification of physical attri-
butes may require some expertise, many clues (e.g., salt crusts, rack
from flooding, dried algal mats, mottled soil, etc.) can be found in
the field that reveal physical characteristics of wetlands.

6. What are the dominant substrate(s) or organism(s) of the
wetland that contribute to the character of the site? Descriptive
terminology for wetlands often includes types of substrate (e.g., un-
consolidated bottom, mud) and type of organism(s) (e.g., algae,
mosses, vascular plants) or particular organisms (e.g., Salicornia
virginica [Pickleweed]) that dominate or characterize the site or wet-
land. Some knowledge of substrates and organisms is essential for
classification, and the level of detail in classification will depend on
the specificity of the identifications. However, our modified Cowar-
din et al. approach allows for both generality (e.g., Class Forested
Wetland) and specificity (e.g., Subclass Broadleaved Deciduous,
Dominance Type Alnus rhombifolia [ White Alder]). Animals as well
as plants can be important components in the classification process,
as exemplified by estuarine intertidal mud flats (Class Unconsoli-
dated Bottom, Subclass Mud) that are dominated by horn snails
(Cerithidea californica).

7. What are the observed or inferred ecosystem functions and
socio-economic values of the wetland and/or the ecosystem con-
text within which the wetland occurs? One important goal in the
classification of wetlands is to differentiate wetland types that per-
form different ecosystem functions (e.g., hydrology) or groupings
of functions (e.g., food chain support, habitat, and hydrology/water-
quality). Some wetlands that are visually similar in hydrogeomor-
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phology and dominance type may in fact perform significantly dif-
ferent ecosystem functions. This difference may be a reflection of the
ecosystem context, disturbance history, or regional location, but none-
theless can be an important factor in the classification process. For
example, wetland riparian forests occur throughout the region along
rivers and streams and on margins of ponds and lakes of coastal
watersheds, but some of those associated with hydrogeomorphic units
that can occur in proximity (e.g., floodplains, banks, and bars) and
are dominated by the same combination of tree species (e.g., alders,
willows, and cottonwoods) may support different groupings of ripar-
ian-dependent migratory or resident bird species. The presence of
various rare and endangered species (e.g., Least Bell’s Vireo, Vireo
bellii pusillus; Yellow-breasted Chat, Icteria virens, Willow Fly
Catcher, Empidomox traillii; and Western Yellow-billed Cuckoo, Coc-
cyzus americanus occidentalis) apparently reflects the importance of
site characteristics that are not present in most of the riparian forests
extant in the region. In this example, habitat function for riparian bird
species is an important wetland feature to consider in the classification
process, which can result in the differentiation of some forested wet-
lands from others, particularly if those sites also are nesting habitat
for rare and endangered birds.

Socio-economic values are an important attribute that many wet-
lands have, but the value to humans (e.g., nonconsumptive types
such as recreation) generally does not directly affect the classifica-
tion process. However, indirectly, human land-use practices can
greatly affect wetlands by transforming them from one class (e.g.,
Forested Wetland) to another (e.g., Emergent Wetland) as a result
of deforestation, flood control, and other activities. Thus, some
knowledge of ecosystem functions and socio-economic values is im-
portant for understanding the interface between wetland classifica-
tion and the assessment of ecosystem functions and socio-economic
values, both at site-specific and ecosystem levels. Although we do
not include coding or nomenclature for ecosystem functions or so-
cio-economic values directly in our modified Cowardin et al. ap-
proach, such information can be included with the description of
wetland types (e.g., Table 10), and can be used in the rationale for
separating types that otherwise are similar in classification but sig-
nificantly different in ecosystem function (see Mertes et al. 1995).

A MODIFIED COWARDIN ET AL. APPROACH

Our starting point for this study was a draft classification prepared
by Ferren (1989), which was a previous compilation of information
on Santa Barbara regional wetlands, organized into an expanded
hierarchical version of Cowardin et al. (1979). Our original goal
was to locate and visit examples of all types of wetlands we would
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be able to classify for the study region. From a combination of team
field experience, references, assistance from others, and reconnais-
sance trips we compiled the information from which we developed
the classification and determined the types. The scope of our project
changed during the course of the three year effort, however, because
we realized that the nearly limitless variation of habitats and dom-
inance types would make it difficult for us to complete an inventory
of wetland types. Thus we narrowed our focus to include: (1) the
development of a methodology to identify and classify wetlands in
the study region according to a modified Cowardin et al. approach;
and (2) a presentation of an illustrated catalogue of examples or-
ganized according to this hierarchical classification.

Field methods. Field work was conducted from Fall 1991 to Sum-
mer 1994, and focused on: (1) visits to known sites of interest; (2)
reconnaissance trips into poorly explored regions; and (3) general-
ized transects from the intertidal marine shoreline to the crest of the
coastal watershed divides, extending from the Carmel River Water-
shed at the northern limit of the study region to the Tijuana River
Watershed at the southern limit of the region. We designed a data
sheet onto which we recorded information regarding the physical
attributes (e.g., ecosystem context, hydrogeomorphology, and geo-
chemistry) and biological attributes (e.g., vegetation physiognomy
and dominant or characteristic species) from ‘“‘reference site’” wet-
lands. Obtaining answers to the questions raised above was an im-
portant part of this process. Botanical vouchers of taxa unknown to
us or important records for sites or habitats were prepared and de-
posited at UCSB as part of the inventory of dominant and charac-
teristic species. Photographs were taken of virtually all sites, and,
along with field notes, were arranged partially for access by trip,
county, and system of classification. A literature and other resource
review, and interviews with regional and local specialists, contrib-
uted to the information base we have compiled. Early versions of
the new classification methodology were tested by various users,
and modifications were made over the course of three years.

Classification methods. To achieve the goal to classify the wet-
lands of the region, we developed a numerical, hierarchical presen-
tation of the modified Cowardin et al. (1979) approach to provide
a method to organize the wetland types. Our nomenclature for the
wetlands is generally derived from the orderly presentation of names
for the various categories of wetland information provided in the
wetland type number. To describe the rich variation in wetlands of
the study region, we added several categories of information to the
hierarchy by Cowardin et al. that aid in the characterization of Cal-
ifornia wetlands. Perhaps the most important categories are the site-
specific ‘“‘geomorphic” types we designate as hydrogeomorphic
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TABLE 1. GENERAL DESCRIPTION OF THE SYSTEMS AND SUBSYSTEMS OF WETLANDS AND
DEEPWATER HABITATS (ADAPTED FROM COWARDIN ET AL. 1979).

®Marine System (Fig. 3a): The open ocean overlying the continental shelf and the
adjacent coastline. Water regimes are determined by oceanic tides and salinities
from NaCl (halite) exceed 30 ppt (parts per thousand). Subsystems include inter-
tidal wetlands and subtidal deepwater habitats. See Lafferty et al. (1995).

eEstuarine System (Fig. 3b): Coastal embayments that have at least occasional ac-
cess to the ocean, and thus water with ocean-derived salts entering with the
tides, and in which the ocean water is at least occasionally diluted by freshwater
runoff from the adjacent land. Subsystems include intertidal wetlands and subti-
dal deepwater habitats. See Ferren et al. (1995c¢).

eRiverine System (Fig. 3c): Wetlands and deepwater habitats within a channel that
are influenced strongly by the energy of flowing water. The Riverine System ex-
cludes (1) stands of persistent vegetation such as trees, shrubs, and some forms
of emergent vegetation; and (2) channels with ocean-derived salts in excess of
0.5 ppt (i.e., estuarine channels). Subsystems include tidal; upper, mid, and lower
perennial; and upper, mid, and lower intermittent categories. See Leidy et al.
(1995).

®Lacustrine System (Fig. 3d): Wetlands and deepwater habitats located in large, at
least intermittently-flooded depressions, or dammed canyons, river valleys, or
montane valleys. Shoreline features and vegetation are influenced by the energy
of waves and lack stands of trees, shrubs, persistent emergents, and mosses and
lichens that exceed 30% cover. Total area generally exceeds 8 hectares (20
acres); in smaller examples the limnetic subsystem is not present. Subsystems
include littoral (wetland) and limnetic (deepwater habitat) types. See Fiedler et
al. (1995).

eoPalustrine System (Fig. 3e): The nontidal wetlands dominated by trees, shrubs,
persistent or nonpersistent emergents, mosses or lichens, and such wetlands in
tidal areas where salinity from ocean-derived salts is below 0.5 ppt. Also includ-
ed are wetlands that lack vegetation but: (1) are less than 8 hectares; (2) lack
wave-formed shorelines; (3) have water depths less than 2 meters (6.6 feet) at
low water; and (4) have salinity due to ocean derived salts less than 0.5 ppt.
Thus palustrine wetlands lack the physical and biological attributes of the other
four systems but often are in proximity to examples of those systems. The Palus-
trine System lacks subsystems, and thus all palustrine types are classified directly
into classes and subclasses. See Ferren et al. (1995b).

units (e.g., land forms such as flats, slopes, pools, channels, beds),
many of which are defined in a glossary provided herein (Appendix
I). Use of hydrogeomorphic units results in the ability to differen-
tiate wetlands of similar hydrology, chemistry, or dominance type
that occur in different topographic landforms and that may have
different ecosystem functions and socio-economic values.

For the purposes of the classification and partial inventory of
California wetlands, we also have provided keys to the level of
wetland subclasses and a catalogue of selected types for each system
(see Part III, Ferren et al. 1996b). Hierarchical information for each
of the types or group of types has been organized in tabular form,
and additional information (e.g., description, functions and values,
characteristic species, examples, impacts, and literature) is catego-
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TABLE 2. SYSTEMS, SUBSYSTEMS, CLASSES, AND SUBCLASSES OF WETLANDS AND DEEP-
WATER HABITATS. Nomenclature adopted or modified form Cowardin et al. (1979).
Asterisk (*) indicates new subsystem, class, or subclass added to Cowardin et al.
(1979). For this classification, the user would choose one from each of the system,
subsystem, class, and subclass categories. Because of potential temporal changes or
issues of scale, a particular site may be classified in more than one way. However,
for each purpose, a single wetland numerical code and name would be developed.
See key to systems, subsystems, and classes in Part III (Ferren et al. 1996b).

I. THE SYSTEMS AND SUBSYSTEMS

10.000 System Marine
11.000 Subsystem Intertidal (Wetlands)
12.000 Subsystem Subtidal (Deepwater Habitats)

20.000 System Estuarine
21.000 Subsystem Intertidal (Wetlands)
22.000 Subsystem Subtidal (Deepwater Habitats)

30.000 System Riverine
31.000 Subsystem Tidal (Wetlands)
32.000 Subsystem Upper Intermittent (Wetlands)*
33.000 Subsystem Mid Intermittent (Wetlands)*
34.000 Subsystem Lower Intermittent (Wetlands)*
35.000 Subsystem Upper Perennial (Wetlands)*
36.000 Subsystem Mid Perennial (Wetlands)*
37.000 Subsystem Lower Perennial (Wetlands)*
38.000 Subsystem Limnetic (Deepwater Habitats)

40.000 System Lacustrine
41.000 Subsystem Littoral (Wetlands)
42.000 Subsystem Limnetic (Deepwater Habitats)

50.000 System Palustrine
50.000 There are no subsystems; all habitats are wetlands.

II. THE WETLAND CLASSES AND SUBCLASSES
00.100 Abiotic Classes and Subclasses

00.110 Class Rock Bottom
00.111 Subclass Bedrock
00.112 Subclass Rubble/Boulder

00.120 Class Unconsolidated Bottom
00.121 Subclass Cobble-Gravel
00.122 Subclass Sand
00.123 Subclass Mud
00.124 Subclass Organic
00.125 Subclass Vegetated

00.130 Class Riverbed or Streambed
00.131 Subclass Bedrock
00.132 Subclass Rubble/Boulder
00.133 Subclass Cobble-Gravel
00.134 Subclass Sand
00.135 Subclass Mud
00.136 Subclass Organic
00.137 Subclass Vegetated Streambeds

00.140 Class Rocky Shore

00.141 Subclass Bedrock
00.142 Subclass Rubble/Boulder
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TABLE 2. CONTINUED

00.150 Class Unconsolidated Shore
00.151 Subclass Cobble-Gravel
00.152 Subclass Sand
00.153 Subclass Mud
00.154 Subclass Organic
00.155 Subclass Vegetated

00.200 Biotic Classes and Subclasses

00.210 Class Aquatic Bed
00.211 Subclass Attached Algal*
00.212 Subclass Floating Algal*
00.213 Subclass Aquatic Moss
00.214 Subclass Rooted Vascular
00.215 Subclass Floating Vascular

00.220 Class Reef
00.221 Subclass Coral
00.222 Subclass Mollusc
00.223 Subclass Worm

00.230 Class Moss-Lichen Wetland
00.231 Subclass Moss
00.232 Subclass Lichen

00.240 Class Emergent Wetland
00.241 Subclass Persistent
00.242 Subclass Nonpersistent

00.250 Class Scrub-Shrub Wetland
00.251 Subclass Broadleaved Deciduous
00.252 Subclass Needleleaved Deciduous
00.253 Subclass Broadleaved Evergreen
00.254 Subclass Needleleaved Evergreen
00.255 Subclass Mixed Deciduous*
00.256 Subclass Mixed Evergreen*
00.257 Subclass Mixed Deciduous and Evergreen®
00.258 Subclass Dead

00.260 Class Woodland and Forested Wetland
00.261 Subclass Broadleaved Deciduous
00.262 Subclass Needleleaved Deciduous
00.263 Subclass Broadleaved Evergreen
00.264 Subclass Needleleaved Evergreen
00.265 Subclass Mixed Deciduous*
00.266 Subclass Mixed Evergreen*
00.267 Subclass Mixed Deciduous and Evergreen*
00.268 Subclass Dead

rized and presented on a sample ‘“‘wetland data page’ (Table 10)
for a selected wetland type.
There are six approaches to the classification technique:

(1) use of modified Cowardin hierarchy tables for choice of wet-
land system, subsystem, class, and subclass and correspond-
ing numerical code (Tables 1, 2);

(2) use of water regime tables for choice of appropriate wetland
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TABLE 3. WATER REGIMES: WETLANDS AND DEEPWATER HABITATS. Nomenclature
adopted or modified from Cowardin et al. (1979). Asterisk (*) indicates new water
regime added to Cowardin et al. 1979. This table provides a numerical, hierarchical
listing of water regimes that are ranked by tidal water-regimes and nontidal water-
regimes and from which a type would be selected for a wetland classification. All
water regime terms are defined in the accompanying Glossary (Appendix I).

(10.0) Tidal Water-Regimes
(11.0) Subtidal Regime
(12.0) Irregularly-Exposed Regime
(13.0) Regularly-Flooded Regime
(14.0) Irregularly-Flooded Regime
(15.0) Seasonally-Exposed Regime*
(16.0) Seasonally-Flooded Regime*

(20.0) Nontidal Water-Regimes
(21.0) Permanently-Flooded Regime
(22.0) Intermittently-Exposed Regime
(23.0) Semipermanently-Flooded Regime
(24.0) Seasonally-Flooded Regime
(25.0) Permanently-Saturated Regime
(26.0) Seasonally-Saturated Regime*
(27.0) Temporarily-Flooded Regime
(28.0) Intermittently-Flooded Regime
(29.0) Phreatophytic Regime*

hydrology descriptor and corresponding numerical code (Ta-
ble 3);

(3) use of water/soil chemistry tables for choice of appropriate
wetland chemistry descriptor and corresponding numerical
code (Table 4); '

(4) use of hydrogeomorphic tables for choice of appropriate hy-
drogeomorphic unit and corresponding numerical code (Table
5 and Tables 6 and 7 in Appendix II);

(5) use of dominance/substrate tables for choice of appropriate sub-
strate or biotic dominance (or characteristic) type(s) and corre-
sponding numerical code (Tables 8, 9 in Appendix II); and

TABLE 4. WATER/SOIL CHEMISTRY: WETLANDS AND DEEPWATER HABITATS. This table
provides a numerical listing of nine alternatives for water/soil chemistry and from
which a type would be selected for a wetland classification. All water/soil chemistry
terms are defined in the accompanying Glossary (Appendix I).

(00.1.000) Fresh Water (Circumneutral)
(00.2.000) Fresh Water (Acidic)

(00.3.000) Fresh Water (Alkaline)

(00.4.000) Saline, Haline (Eusaline, Euhaline)
(00.5.000) Brackish (Mixosaline, Mixohaline)
(00.6.000) Eurysaline, Euryhaline

(00.7.000) Hypersaline, Hyperhaline
(00.8.000) Sulfur-Affected

(00.9.000) Petroleum-Affected
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TABLE 5. HYDROGEOMORPHIC UNITS: MARINE, ESTUARINE, RIVERINE, LACUSTRINE, AND
PALUSTRINE WETLANDS. This table provides an overview of the high-order categories
(hundred-level series) of hydrogeomorphic (HGM) units for all wetland systems of
the central and southern California coast and coastal watersheds. Specific HGM units
for the combined marine and estuarine systems and the combined riverine, lacustrine,
and palustrine systems are presented in Tables 6 and 7, respectively, in Appendix IL

(00.0.100.0000) Water Bodies (Hydrogeomorphic Context)
(00.0.200.0000) Channels, Fissures, Drainages, Inverts, Falls
(00.0.300.0000) Shores, Beaches, Banks, Benches, Margins
(00.0.400.0000) Beds, Bottoms, Bars, Reefs

(00.0.500.0000) Flats, Plains, Deltas, Washes, Floodplains, Terraces
(00.0.600.0000) Headlands, Bluffs, Slopes, Fans

(00.0.700.0000) Seeps, Springs

(00.0.800.0000) Pools, Ponds, Lakes, Meadows, Marshes, Swales
(00.0.900.0000) Artificial Structures

(6) creation of a wetland data page (Table 10) for each example
that includes: (a) wetland name and numerical code; (b) the
above information, nos. 1-5, in a hierarchical format; (b) list
of characteristic and associated species; (d) an estimate of the
wetland’s ecosystem functions and socio-economic values; (e)
a discussion of the impacts and conservation efforts; and (f)
a list of references or available sources of additional infor-
mation.

We wish to emphasize that each of the classification components
can be used individually to achieve a specific goal or answer a
particular question. Again, they are designed to be combined to pro-
vide a methodology for the classification of wetlands and the com-
pilation of a catalogue of the types. The hierarchical nature of the
numerical code, classification tables, and catalogue allow the ap-
proach to be open ended. This results in the ability in most cases
for a user to add new elements to the classification in virtually all
levels of the hierarchy. Thus, in the tradition of the Cowardin et al.
approach, we have designed a classification scheme that can be tai-
lored to the needs of the user, the complexity of the site, and the
level of information available at the time the classification is applied.
In other words, the classification can be “‘lumped-up’ for less detail,
a generalization of the wetland ecosystem or habitat, or for the clas-
sification of coarse-scale sites (e.g., channels or estuaries). In con-
trast, the classification also can be ‘“‘split-down” for more detail
(e.g., substrate particle size) or for the classification of fine-scale
sites (e.g., channel-bars or estuarine flats).

We have modified the Cowardin et al. (1979) approach to the
classification of wetlands, however, in a number of significant ways:

(I) elements have been added to the original classification such
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System
[30.000 Riverine System]

Subsystem Subsystem Subsystem
[37.000 Lower-Perennial Subsystem]

Class Class
[37.120 Unconsolidated-Bottom Class]

Subclass Subclass
[37.121 Cobble-Gravel Subclass]

Water Regime Water Regime
[37.121(24.0) Seasonally-Flooded Water Regime]

|

Water Chemistry Water Chemistry
[37.121(24.1) Fresh Circumneutral Water Chemistry]

Hydrogeomorphic Hydrogeomorphic Hydrogeomorphic
Unit Unit Unit
[37.121(24.1.483)

Valley River-Channel Bar
Hydrogeomorphic Unit]

Substrate/Dominance Substrate/Dominance
Type Type
[37.121(24.1.483.7000)
Mixed-Vascular Plant Type]

FiG. 1. Diagram of the Wetland Classification Hierarchy. Selected elements of the
sample hierarchy are in bold face and examples are in small italic. The example
provided demonstrates a riverine wetland with the corresponding numerical and writ-
ten elements taken from the classification tables. The wetland example is identified
as follows: No. 37.121 (24.1.483.7000) = Riverine Lower-Perennial Unconsolidated-
Bottom (Cobble-Gravel) Seasonally-Flooded Valley River-Channel Bar Wetland. The
dominance type (Mixed-Vascular Plant Type) could be added to the subclass desig-
nation (Cobble-Gravel), but this addition perhaps would be most meaningful if the
wetland classification was identified as Class Vegetated, Subclass Nonpersistent.
Nonetheless, the pioneering, nonpersistent vegetation on river bars could be included
in this name as (Cobble-Gravel/Mixed-Vascular-Plant).

as new subsystems to the Riverine System and new subclasses
to various classes;

(2) a numerical code has been applied to the modified classifi-
cation;

(3) the original classification has been expanded to include the
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Cowardin et al. modifiers and other modifiers for water re-
gimes and soil/water chemistry;

(4) a classification of hydrogeomorphic units (tidally-influenced
and nontidally-influenced) created for this hierarchy has been
added to the numerical code; and

(5) a classification of substrate, dominance, and/or characteristic
types has been created and added to the code.

The result is a hierarchical classification with multiple descriptors
(elements) and descriptor states (specific examples) that includes a
code generally composed of a 15 digit number, with decimal points
and parentheses separating various descriptors identifying a partic-
ular type of wetland. A comma can be used to separate a series of
descriptor states if more than one is used for a descriptor (see ex-
ample below). An explanation of the code follows and an example
is diagrammed in Figure 1:

¢00.000(00.0.000.0000)"!

“00” = the system and subsystem descriptor (Table 2)
00.‘000”" = the class and subclass descriptor (Table 2)
00.000.(*‘00’) = the water regime descriptor (Table 3)

00.000.(00.“0”") = the water chemistry descriptor  (Table 4)
00.000.(00.0.°000*) = the hydrogeomorphic descriptor
(Table 5 and Tables 6 and 7 in Appendix II)
00.000.(00.0.000.°0000”°) = the substrate, dominance, and/or
characteristic type descriptor (Tables 8, 9 in Appendix II)

The hydrogeomorphic descriptor (.000) includes the category lev-
el (e.g., .100), the series level (e.g., .110), and the units level (e.g.;
111). Substrate/dominance/characteristic types (.0000) include hi-
erarchies for substrates, biotic kingdoms, families, genera, species,
physiognomy, and persistence.

Example Wetland Code Number: 41.125(28.3.442.1800, 5241,
5554, 5559)

“41” = System: Lacustrine (40); Subsystem: Littoral (41)

41.“125” = Class: Unconsolidated Bottom (120); Subclass:
Vegetated (125)

41.125(*°28’) = Water Regime: Intermittently-Flooded (28)

41.125(28.3) = Water Chemistry: Alkali (3)

41.125(28.3.°442”’) = Hydrogeomorphic Unit: Montane-
Lake-Bed (442)

41.125(28.3.432.1800, 5241, 5554, 5559°) = Substrate and
Dominance Types: Mud (1800), Heliotropium (5241),
Chenopodium (5554), and Suaeda (5559)

! Zeros = empty descriptor states.
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TABLE 10. EXAMPLE OF LACUSTRINE WETLAND DATA PAGE.

LACUSTRINE WETLAND  No.: 41.125(28.3.442.1800,5241,5554,5559), Fig.
2a and 2b.

NAME: LACUSTRINE-LITTORAL UNCONSOLIDATED-BOTTOM-VEGE-
TATED (MUD, HELIOTROPIUM, CHENOPODIUM, SUAEDA) INTERMIT-
TENTLY-FLOODED ALKALI MONTANE-LAKE-BED WETLAND

CLASSIFICATION:

System: Lacustrine
Subsystem: Lacustrine littoral
Class: Unconsolidated Bottom
Subclass: Vegetated
Water Regime: Intermittently Flooded
Water Chemistry: Alkaline
HGM Unit: Montane lake-bed

Substrate/Dominance Type: Mud
Substrate/Dominance Type: Heliotropium
Substrate/Dominance Type: Chenopodium
Substrate/Dominance Type: Suaeda

DESCRIPTION: The unconsolidated bottom of the only natural alkali montane lake in
the study region, when flooded, is represented by the subclass aquatic bed, with
characteristic species that include Zannichellia palustris, Ruppia cirrhosa, Potomo-
geton spp. and others. When desiccated, as shown here, the montane lake-bed be-
comes vegetated with annual species.

SpECIES: Characteristic: Suaeda calceoliformis, Chenopodium macrospermum, Heli-
otropium curassavicum. Associated: Atriplex rosea, Bassia hyssopifolia.

EcosysTEM FUNCTIONS: Baldwin Lake serves as foraging and nesting habitat for
several raptors, including the bald eagle.

REFERENCE EXaMPLE: Baldwin Lake, San Bernardino Mountains, San Bernardino
Co.

IIMPACTS: Proposed is a plan to raise the lake level to enhance endangered species
habitat for the bald eagle and the shay meadows stickleback. Groundwater in the Big
Bear Basin is being overdrafted for competing domestic and municipal uses as well
as recreational and downstream commitments.

CONSERVATION EFFORTS: Lands north of Baldwin Lake have been purchased by The
Nature Conservancy (TNC), and are to be designated as the “North Baldwin Lake
and Holcomb Valley Special Interest Area” within the San Bernardino Forest.

LITERATURE: U.S. Forest Service 1988; Stevenson 1990.

_)

FiG. 2A,B. Lacustrine-Littoral Unconsolidated-Bottom-Vegetated (Mud, Heliotro-
pium, Chenopodium, Suaeda) Intermittently-Flooded Alkali Montane-Lake-Bed Wet-
land. San Bernardino Co., San Bernardino Mountains, Baldwin Lake. Plants dominant
or characteristic of the intermittently-flooded alkali lake-bed include Atriplex rosea,
Bassia hyssopifolia, Chenopodium macrospermum, Heliotropium curassavicum, and
Suaeda calceoliformis. Wetland Type No.: 41.125(28.3.442.1800,5241,5554,5559).
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Nomenclature for this wetland includes the name of the descriptor
states in hierarchical order as presented in the wetland number code,
except for types of substrates and dominance or characteristic spe-
cies that help describe the wetland, which are placed in parentheses
following the subclass names. The above example reads as follows:

Lacustrine-Littoral Unconsolidated-Bottom-Vegetated
(Mud, Heliotropium, Chenopodium, Suaeda) Alkali
Montane-Lake-Bed Wetland

This example is a type of lacustrine wetland at Baldwin Lake in the
San Bernardino Mountains (Fig. 2a, b). If a user of the classification
does not have information for each of the descriptors, then an ab-
breviated version of the classification can be employed. For exam-
ple, if the lake water chemistry was unknown and the lake-bed either
was: (A) not colonized by nonpersistent plants; or (B) the names of
them were unknown; or (C) the user wanted only to describe the
wetland class and its corresponding water regime and hydrogeo-
morphic unit, the classifications and nomenclature alternatives
would be as follows:

Example A: 41.123(28.0.442.1800)
Lacustrine-Littoral Unconsolidated-Bottom (Mud) Inter-
mittently-Flooded Montane-Lake-Bed Wetland

Example B: 41.125(28.0.442.1800,7200)
Lacustrine-Littoral Unconsolidated-Bottom (Mud, Mixed-
Nonpersistent Vascular-Plants) Intermittently-Flooded
Montane-Lake-Bed Wetland

Example C: 41.120(28.0.442.0000)
Lacustrine-Littoral Unconsolidated-Bottom Intermittent-
ly-Flooded Montane-Lake-Bed Wetland

The wetland classification methodology presented herein is de-
signed to accommodate differences among classification goals,
scope, and degree of detail, depending on the immediate project
needs or background of the classifier. We hope the flexibility to
“lump up’” or “‘split down” in the classification will meet the needs
of many users; however, we also recognize that this ““fluidity’” may
be less suited for those who prefer fewer choices and more rigid
application. We do not intend this classification to be exhaustive.
We realize that the vastness of the study region and complexity of
the environment limit our ability to include descriptor states for all
types at this time, particularly at the rank of dominance type. Thus,
we suggest this treatment be considered open-ended, as Cowardin
et al. (1979) was intended to be open-ended and expandable. Ad-
ditional field work and research will reveal more examples below
the level of subclass, including additional hydrogeomorphic units.
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CONCLUSIONS

Successful conservation of California’s wetland heritage will de-
pend on the compilation of details that enable us to identify the
multitude of wetland types still found in the state. Although we may
never know much about the approximately 90% of the wetland re-
sources that have been lost, there are opportunities to conserve the
richness that remain. Extensive inventory of all wetland types and
documentation of their ecosystem functions are vital. Unique and
vulnerable examples in particular need to be identified and protected.
Furthermore, a framework with which to demonstrate wetland char-
acteristics and relationships is needed that is sufficiently detailed to
achieve the identification of the integrity and salient features of an
enormous range of wetland types. We believe our classification
methodology provides a regional example of such a framework.

With the great quantity of new information on wetlands being
published at a national scale, and with the many alternatives to iden-
tification and classification of wetland types and their functions, we
express hope that enough coordination will take place to establish
standards by which at least regional priorities for wetland study and
conservation can be initiated. We suggest several key opportunities
that users of this classification could seize:

1. Field test this methodology and identify potential gaps in its
flexibility to provide suggestions for its improvement.

2. Conduct inventories and mapping of wetlands throughout the
study region in a coordinated effort to identify and conserve
the diversity of wetlands and wetland resources and functions
in central and southern California coastal watersheds.

3. Classify wetlands at disturbed sites and restored sites to mon-
itor the change of particular wetlands from one type and set
of functions to another type and set of functions, as a dem-
onstration of the need for flexibility when interpreting wetlands
in a Mediterranean climate.

4. Develop workshops on wetland classification, mapping, and
functional assessment to broaden the participation and under-
standing of wetland inventory, conservation, and restoration.

5. Expand this methodology to other ecoregions in California to
produce an integrated, statewide classification that can be used
to identify the wetland richness at a broader scale.

6. Develop a computerized database version of the numerical,
hierarchical classification of wetlands so that the potentially
vast amount of information obtained through inventory and
classification can be manipulated for research, conservation,
and managerial purposes.

We encourage others to continue our regionalization effort, and
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Fic. 3. 3A. Marine Wetland System:
Ventura Co., Ventura River Delta. Ma-
rine-Intertidal  Unconsolidated-Shore
(Cobble-Gravel) Regularly-Flooded Del-
ta-Shore Wetland; and Marine-Intertidal
Aquatic-Bed Algal (Mixed-Protista) and
Rooted-Vascular-Plant (Phyllospadix)
Regularly-Flooded and Irregularly-Ex-
posed Delta-Shore Wetlands.

3B. Estuarine Wetland System: Santa
Barbara Co., Carpinteria Salt Marsh. Es-
tuarine-Intertidal Unconsolidated-Shore (Mud) Regularly-Flooded Tidal-Marsh-Chan-
nel Wetland; and Emergent-Persistent (Salicornia) Irregularly-Flooded Middle-Salt-
Marsh Wetland.

3C. Riverine Wetland System: Monterey Co., Big Sur River. Riverine Lower-Peren-
nial Unconsolidated-Bottom (Cobble-Gravel) Permanently-Flooded River-Bed Wetland;
and Palustrine-Forested Needleleaved-Evergreen (Sequoia) Temporarily-Flooded River-
Bank and Broadleaved-Deciduous (Alnus) Seasonally-Flooded River-Bank Wetlands.

3D. Lacustrine Wetland System: San Diego Co., Cuyamacha Lake. Lacustrine-Lit-
toral Unconsolidated-Shore (Mixed-Coarse and Mixed-Fines) Intermittently-Flooded
Montane-Lake-Shore Wetland; and Emergent-Nonpersistent (Polygonum) Intermittent-
ly-Flooded Montane-Lake Wetland.

3E. Palustrine Wetland System: Santa Barbara Co., Foothills of the San Rafael Moun-
tains. Palustrine Emergent-Persistent (Eleocharis) Seasonally-Flooded Vernal-Marsh
Wetland; and Palustrine Unconsolidated-Bottom (Mud) Seasonally-Flooded Vernal-
Pond Wetland.
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we offer this methodology as a test to categorize the wetlands by a
modified Cowardin et al. (1979) approach. An additional emphasis
on hydrogeomorphic information will help differentiate wetlands
based upon detailed physical as well as biological attributes. In the
end, conservation of California’s remaining wetlands may lie in our
ability to discern the details of their form and function.
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APPENDIX 1: GLOSSARY

Below is a listing of terms cited in this treatise, and their definitions. Sources of
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GLOSSARY

algal. Subclass in the Cowardin et al. wetland classification referring to algal com-
munities found in the aquatic bed subclass (Cowardin et al. 1979).

alkaline (alkali). Pertaining to habitats or substances having a pH greater than 7;
basic (Lincoln et al. 1982).

alluvial. Having stream deposits and sediments formed by the action of running water
(California Coastal Commission 1987).

alluvial fans. A low, outspread, relatively flat to gently sloping mass of loose rock
material, shaped like an open fan or a segment of a cone, deposited by a stream



1996] FERREN ET AL.: II: CLASSIFICATION METHODOLOGY 151

(esp. in a semiarid region) at the place where it issues from a narrow mountain
valley upon a plain or broad valley, or where a tributary stream is near or at its
junction with the main stream, or wherever a constriction in a valley abruptly
ceases or the gradient of the stream suddenly decreases; it is steepest near the
mouth of the valley where its apex points upstream, and it slopes gently and
convexly outward with gradually decreasing gradient (Bates and Jackson 1980).

aquatic. Growing or living in or frequenting water; taking place in or on water
(Warner and Hendrix 1984).

aquatic bed. Class in the Cowardin et al. wetland classification referring to wetland
and deepwater habitats dominated by plants that grow principally on or below
the surface of the water for most of the growing season in most years (Cowardin
et al. 1979).

aquatic moss. Subclass in the Cowardin et al. wetland classification referring to
mosses, and presumably other bryophytes, that are found in the aquatic bed
subclass (Cowardin et al. 1979).

artificially flooded. Water regime in the Cowardin et al. wetland classification in
which the amount and duration of flooding is controlled by means of pumps or
siphons in combination with dikes or dams (Cowardin et al. 1979).

backbar channel. A channel formed behind a bar connected to the main channel but
usually at a higher bed elevation than the main channel. Backbar channels may
or may not contain flowing or standing water.

backshore. The zone of a typical beach profile above mean high water; also used
for the zone covered only in exceptionally severe storms (Lincoln et al. 1982).

backwater pools. A pool type formed by an eddy along channel margins downstream
from obstructions such as bars, rootwads, or boulders, or resulting from back-
flooding upstream from an obstructional blockage. Backwater pools are some-
times separated from the channel by and or gravel bars (American Fisheries
Society 1985).

bank. The portion of the channel cross section that restricts lateral movement of
water at normal levels. The bank often has a gradient steeper than 45° and
exhibits a distinct break in slope from the stream bottom. An obvious change in
substrate may be a reliable delineation of the bank (American Fisheries Society
1985).

bar. An elongated landform generated by waves and currents, usually running parallel
to the shore, composed predominantly of unconsolidated sand, gravel, stones,
cobbles, or rubble and with water on two sides (Cowardin et al. 1979).

bay. A wide, curving indentation, recess, or arm of a sea or lake into the land or
between two capes or headlands, larger than a cove, and usually smaller than,
but of the same general character as, a gulf (Bates and Jackson 1984).

beach. A sloping landform on the shore of larger water bodies, generated by waves
and currents and extending from the water to a distinct break in landform or
substrate type (e.g., a foredune, cliff, or bank) (Cowardin et al. 1979).

bed. The substrate plane, bounded by banks, over which the water column at some
point in time resides (American Fisheries Society 1985).

bedrock. Subclass in Cowardin et al. referring to classes in which the bedrock covers
70% or more of the surface (Cowardin et al. 1979).

bench. A long, narrow, relatively level terrace or platform breaking the continuity of
a slope. The term sometimes denotes a form cut in solid rock, as distinguished
from one in unconsolidated material (Bates and Jackson 1984).

berm. a levee, shelf, ledge or bench along a stream bank that may extend laterally
into the channel to partially obstruct the flow, or parallel to the flow to contain
the flow within its stream banks. Berms may be natural or artificial (American
Fisheries Society 1985).

bluff. A high bank or bold headland, presenting a precipitous front; a steep cliff
(Bates and Jackson 1984).

bottom. The floor upon which any body of water rests (Bates and Jackson 1984).
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bottomland. A lowland, usually highly fertile, along a stream; an alluvial plain (Bates
and Jackson 1984).

brackish. Marine and estuarine waters with mixohaline salinity. The term should not
be applied to inland waters (Cowardin et al. 1979).

breakwater. An offshore structure (such as a wall or jetty) that, by breaking the
force of the waves, protects a harbor, anchorage, beach, or shore area (Bates and
Jackson 1984).

broad-leaved deciduous. Subclass in the Cowardin wetland classification referring
to wetlands in which the predominant trees or shrubs are angiosperms that lose
their leaves once a year.

broad-leaved evergreen. Subclass in the Cowardin wetland classification referring
to wetlands in which the predominant trees or shrubs are angiosperms that retain
their leaves for longer than one year, and that always have some canopy.

canyon. A stream-cut chasm or gorge, the sides of which are composed of cliffs or
a series of cliffs rising from its bed. Canyons are characteristic of arid or semiarid
regions where downcutting by streams greatly exceeds weathering (Bates and
Jackson 1984).

cascades. A habitat type characterized by swift current, exposed rocks and boulders,
high gradient and considerable turbulence and surface agitation, and consisting
of a stepped series of drops (American Fisheries Society 1985).

channel. An open conduit either naturally or artificially created which periodically
or continuously contains moving water, or which forms a connecting link be-
tween two bodies of standing water (Langbein and Iseri 1960).

channel bank. The sloping land bordering a channel. The bank has steeper slope
than the bottom of the channel and is usually steeper than the land surrounding
the channel (Cowardin et al. 1979).

circumneutral. Term applied to water with a pH of 5.5 to 7.4 (Cowardin et al. 1979).

cliff. Any high, very steep to perpendicular or overhanging face of rock (Bates and
Jackson 1984).

cobble-gravel. Subclass in the Cowardin et al. wetland classification referring to
unconsolidated particles smaller than stones, sometimes intermixed with finer
sediments (Cowardin et al. 1979).

community. An association of living organisms having mutual relationships among
themselves and their environment and thus functioning, at least to some degree,
as an ecological unit (Warner and Hendrix 1984).

coral. Subclass in the Cowardin et al. wetland classification referring to widely dis-
tributed, well-adapted, highly diverse and productive ecosystems characteristic
of shallow waters in warm seas (Cowardin et al. 1979).

cove. A small narrow sheltered bay, inlet, creek, or recess in a coast, often inside a
larger embayment; it usually affords anchorage to small craft (Bates and Jackson
1984).

culvert. Any covered structure, not classified as a bridge, that constitutes a transverse
drain, waterway, or other opening under a road, railroad, canal, or similar struc-
ture (Bates and Jackson 1980); any covered structure that acts as a drain (Bates
and Jackson, 1984).

dam. An artificial barrier or wall constructed across a watercourse or valley for one
or more of the following purposes: creating a pond or lake for the storage of
water; diverting water from a watercourse into a conduit or channel; creating a
hydraulic head that can be used to generate power; improving river navigability;
controlling floods; or retention of debris. It may be constructed of wood, earth
materials, rocks, or solid masonry (Bates and Jackson 1980).

dead. Subclass in the scrub-shrub wetland and forested wetland classes of the Co-
wardin et al. wetland classification in which forested wetlands are dominated by
dead woody vegetation (Cowardin et al. 1979).

deepwater habitat. Permanently flooded land below the deepwater boundary of wet-
land (Cowardin et al. 1979).
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delta. A fan-shaped alluvial deposit at the mouth of a river (California Coastal Com-
mission 1987).

dike. A tabular body of igneous rock that cuts across the structure of adjacent rocks
or cuts massive rocks. A massive wall or embankment built around a low-lying
area to prevent flooding (Bates and Jackson 1984).

ditch. A long, narrow excavation artificially dug in the ground; especially an open
and usually unpaved waterway, channel, or trench for conveying water for drain-
age or irrigation, and usually smaller than a canal. Some ditches may be natural
watercourses (Bates and Jackson 1980).

dominant. An organism or other abiotic component exerting considerable influence
upon a community by its size, abundance, or coverage; the highest ranking in-
dividual in a dominance hierarchy (Lincoln et al. 1982).

drainage. (1) An artificial water course, such as a ditch or trench; (2) a natural
watercourse modified to increase its flow (Stein 1973).

dune pond (‘“lake’’). A lake occupying a basin formed as a result of the blocking
of the mouth of a stream by sand dunes migrating along the shore (Bates and
Jackson 1980).

dune swale. A low place among sand dunes, typically moister and often having
distinctive vegetation differing from the surrounding sand environment.

ecosystem. A community of organisms and their physical environment interacting as
an ecological unit; the entire biological and physical content of a biotype; bios-
ystem; holocoem (Lincoln et al. 1982).

ecosystem context. Environmental setting of habitats comprising an ecosystem.

ecosystem functions. Processes that are necessary for the self-maintenance of an
ecosystem such as primary production, nutrient cycling, decomposition, etc. The
term is used primarily as a distinction from values (L. C. Lee & Associates, Inc.
1994).

emergent. Having part of a plant aerial and the rest submersed; with parts extending
out of the water (Little and Jones 1980).

emergent hydrophytes. Erect, rooted, herbaceous angiosperms (flowering plants)
that may be temporarily to permanently flooded at the base but do not tolerate
prolonged inundation of the entire plant (e.g., bulrushes, saltmarsh cordgrass)
(Cowardin et al. 1979).

emergent wetland. Class in the Cowardin et al. wetland classification characterized
by erect, rooted, herbaceous hydrophytes, excluding mosses and lichens, and
which is present for most of the growing season (Cowardin et al. 1979).

ensaline (euhaline). Salinity approximating seawater (33%o).

falls. A waterfall or other precipitous descent of water (Bates and Jackson 1980).

fault sag ponds. A small, enclosed depression along an active or recent fault. It is
caused by differential movement between slices and blocks within the fault zone
or by warping and tilting associated with differential displacement along the
fault, and it forms the site of a sag pond (Bates and Jackson 1980).

flat. A level landform composed of unconsolidated sediments—usually mud or sand.
Flats may be irregularly shaped or elongate and contiguous with the shore,
whereas bars are generally elongate, parallel to the shore, and separated from
the shore by water (Cowardin et al. 1979).

floating vascular. Subclass in the Cowardin et al. wetland classification referring to
a large array of vascular plants floating above a substrate and that are found in
the aquatic bed subclass (Cowardin et al. 1979).

floodplain. The deposit of alluvium that covers a valley flat, which is the fundamental
land form produced by lateral erosion of meandering streams and rivers (Thorn-
bury 1969).

forested wetland. Class in the Cowardin et al. wetland classification referring to
woody vegetation that is 5 m (15 ft) tall or taller found in all water regimes
(Cowardin et al. 1979).
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fresh water. Water having a salinity of less than 0.5 ppt, or, alternatively, less than
2 ppt (Lincoln et al. 1982).

freshwater marsh. An circumneutral ecosystem of more or less continuously water-
logged soil dominated by emersed herbaceous plants, but without a surface ac-
cumulation of peat.

fringe marsh. A saturated, poorly drained area, intermittently or permanently water
covered, close to and along the edge of a land mass.

geomorphic. Referring to the shape of a land surface (L. C. Lee & Associates, Inc.
1994).

habitat. The ecological and/or physical place determined and bounded by the needs
and the presence of a specific plant or animal population, which contains a
particular combination of environmental conditions sufficient for that popula-
tion’s survival (Warner and Hendrix 1984).

haline. Term used to indicate dominance of ocean salt (Cowardin et al. 1979).

haline marshes. A saturated, poorly drained area, intermittently or permanently water
covered, having aquatic and grasslike vegetation, influenced predominately by
ocean salts.

halophyte. A plant living in saline conditions; a plant tolerating or thriving in an
alkaline soil rich in sodium and calcium salts; a seashore plant (Lincoln et al.
1982).

headland. A point of land, usually high and with a sheer drop, extending out into a
body of water, especially the sea; a promontory (California Coastal Commission
1987).

herbaceous. A plant having the characteristics of an herb; having the texture and
color of a foliage leaf (Little and Jones 1980).

hogback ridge. Any ridge with a sharp summit and steep slopes of nearly equal
inclination on both flanks, and resembling in outline the back of a hog (Bates
and Jackson 1984).

hydric soil. Soil that is wet long enough to periodically produce anaerobic conditions,
thereby influencing the growth of plants (Cowardin et al. 1979).

hydrogeomorphic unit. A land form characterized by a specific origin, geomorphic
setting, water source, and hydrodynamic.

hydrophyte. Any plant growing in water or on a substrate that is at least periodically
deficient in oxygen as a result of excessive water content (plants typically found
in wet habitats) (Cowardin et al. 1979).

hyperhaline. Term used to characterize waters with salinity greater than 40 ppt (parts
per thousand) due to ocean-derived salts (Cowardin et al. 1979).

hypersaline. Term used to characterize waters with salinity greater than 40 ppt due
to land-derived salts (Cowardin et al. 1979).

intermittently exposed. Water regime in the Cowardin et al. wetland classification
in which surface water is present throughout the year except in years of extreme
drought (Cowardin et al. 1979).

intermittently flooded. Water regime in the Cowardin et al. wetland classification in
which the substrate is usually exposed, but surface water is present for variable
periods without detectable seasonal periodicity (Cowardin et al. 1979).

intertidal zone. The shore zone between the highest and lowest tides; eulittoral zone;
littoral; tidal zone (Lincoln et al. 1982).

irregularly exposed. Water regime in the Cowardin et al. wetland classification in
which the land surface is exposed by tides less often than daily (Cowardin et al.
1979).

irregularly flooded. Water regime in the Cowardin et al. wetland classification in
which tidal water alternately floods and exposes the land surface less often than
daily (Cowardin et al. 1979).

islet. A small or minor island (Bates and Jackson 1984).

lacustrine. Pertaining to, produced by, or inhabiting a lake or lakes (Bates and Jack-
son 1984).
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lagoon. A shallow body of water separated from a larger bay or from the open ocean
by a land form such as a sand spit or reef (California Coastal Commission 1987).

lake. Any inland body of standing water, larger and deeper than a pond [usually
greater than 20 acres]. The term includes an expanded part of a river, a reservoir
behind a dam, and a lake basin formerly or intermittently covered by water (Bates
and Jackson 1984).

levee. An artificial embankment along a watercourse or an arm of the sea, to protect
land from flooding (Bates and Jackson 1984).

lichen. Subclass in the Cowardin class moss-lichen wetland in which areas with
reindeer moss (Cladonia rangiferina) is dominant (Cowardin et al. 1979).

littoral. Inhabiting bottom of sea or lake near shore, roughly within a depth to which
light and wave action reach. For sea, usually taken as between high tide mark
and 200 meters (i.e., approximately to limit of continental shelf). For lakes,
approximately down to 10 meters (Abercrombie et al. 1983).

macroalgae. A large, macroscopic algae, typically referring to kelps.

macroinvertebrate. A large, macroscopic animal species without a spinal column,
typically referring to large insects.

macrophyte. A large, macroscopic plant, used especially of aquatic forms such as
kelp (Lincoln et al. 1982).

main channel pool. A pool formed by mid-channel scour that encompasses greater
than sixty percent of the wetted channel (California Department of Fish and
Game 1991).

marine. Of, or belonging to, or caused by the sea (Bates and Jackson 1984).

marsh. A saturated, poorly drained area, intermittently or permanently water covered;
having aquatic and grasslike vegetation, especially without the formation of peat
(Bates and Jackson 1984),

mesohaline. Term used to characterize waters with salinity of 5 to 18 ppt due to
ocean-derived salts (Cowardin et al. 1979).

mesosaline. Term used to characterize waters with salinity of 5 to 18 ppt due to land-
derived salts (Cowardin et al. 1979).

mixohaline. Term used to characterize water with salinity of 0.5 ppt to 30 ppt due
to ocean-derived salts (Cowardin et al. 1979).

mixosaline. Term used to characterize water with salinity of 0.5 to 30 ppt due to
land-derived salts (Cowardin et al. 1979).

mollusk. Subclass in the Cowardin et al. wetland classification referring to reef sys-
tems formed by members of the invertebrate phylum Mollusca (Cowardin et al.
1979).

montane. Of, pertaining to, or inhabiting cool upland slopes below the timber line,
characterized by the dominance of evergreen trees (Bates and Jackson 1980).

montane alkali lakes. Lakes with a water pH greater than 7 found in cool; upland
habitats below the timber line.

montane freshwater lakes. Circumneutral lakes found in cool, upland habitats below
the timber line.

moss. Subclass in the Cowardin class moss-lichen wetland in which areas with moss-
es, typically peats, are dominant (Cowardin et al. 1979).

moss-lichen wetland. Class in the Cowardin et al. wetland classification that includes
areas where mosses or lichens cover substrates other than rock and where emer-
gents, shrubs, or trees make up less than 30% of the areal cover. The only water
regime is saturated (Cowardin et al. 1979).

mud. Wet soft earth composed predominantly of clay and silt-fine mineral sediments.
Also refers to a subclass within the Cowardin et al. wetland classification system
(Cowardin et al. 1979).

needle-leaved deciduous. Subclass in the Cowardin et al. wetland classification re-
ferring to wetlands where trees or shrubs are predominantly conifers that shed
their leaves once a year.

needle-leaved evergreen. Subclass in the Cowardin et al. wetland classification re-
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ferring to wetlands where trees or shrubs are predominantly conifers that retain
their leaves for longer than one year.

nonpersistent. Subclass in the Cowardin et al. wetland classification referring to
wetlands dominated by plants which fall to the surface of the substrate or below
the surface of the water at the end of the growing season, so that, at certain
seasons of the year, there is no obvious sign of emergent vegetation (Cowardin
et al. 1979).

nonpersistent emergent. Emergent hydrophytes whose leaves and stems breakdown
at the end of the growing season so that most above-ground portions of the
plants are easily transported by currents, waves, or ice. The breakdown may
result from normal decay or the physical force of strong waves or ice. At certain
seasons of the year there are no visible traces of the plants above the surface of
the water (Cowardin et al. 1979).

organic. Subclass in Cowardin et al. wetland classification referring to unconsolidated
material smaller than stones that is predominantly organic in origin (Cowardin
et al. 1979).

palustrine. Pertaining to wet or marshy habitats (Lincoln et al. 1982).

permanently flooded. Water regime in the Cowardin et al. wetland classification in
which water covers the land surface throughout the year in all years (Cowardin
et al. 1979).

persistent. Subclass in the Cowardin et al. wetland classification referring to wetland
dominated by species that normally remain standing at least until the beginning
of the next growing season, found only in the estuarine and palustrine systems
(Cowardin et al. 1979).

persistent emergent. Emergent hydrophytes that normally remain standing at least
until the beginning of the next growing season (e.g., bulrushes and cattails)
(Cowardin et al. 1979).

petroleum-affected. Influenced by an oily, thick, flammable substance that is usually
formed from a mixture of various hydrocarbons.

phreatophyte. A perennial plant which is very deeply rooted, deriving its water from
a more or less permanent, subsurface water supply; it is thus not dependent upon
annual rainfall for survival (Little and Jones 1980).

phytoplankton. The photosynthesizing organisms residing in the plankton (Levinton
1982).

plain. Any flat area, large or small, at a low elevation; specifically an extensive region
of comparatively smooth and level or gently undulating land, having few or no
prominent surface irregularities but sometimes having a considerable slope, and
usually at a low elevation with reference to surrounding areas. A plain may be
either forested or bare of trees, and may be formed by deposition or by erosion
(Bates and Jackson 1980).

playa lake. A shallow, intermittent lake in an arid region, occupying a playa in the
wet season but drying up in the summer; an ephemeral lake that upon evapo-
ration leaves or forms a playa (Bates and Jackson 1984).

polyhaline. Term used to characterize water with salinity of 18 to 30 ppt due to
ocean-derived salts (Cowardin et al. 1979).

polysaline. Term used to characterize water with salinity of 18 to 30 ppt due to land-
derived salts (Cowardin et al. 1979).

pond. A natural body of standing fresh water occupying a small surface depression,
usually smaller than a lake and larger than a pool (Bates and Jackson 1980).

pool. Channel or floodplain habitats containing water with no, or reduced current
velocities; a small depression containing water at least seasonally or intermit-
tantly.

rapids. A part of a stream where the current is moving with a greater swiftness than
usual and where the water surface is broken by obstructions but without a suf-
ficient break in slope to form a waterfall, as where the water descends over a
series of small steps. It commonly results from a sudden steepening of the stream
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gradient, from the presence of a restricted channel, or from the unequal resistance
of the successive rocks traversed by the stream (Bates and Jackson 1980).

reference wetland. A wetland within a relatively homogeneous biogeographic region
that is representative of a specific hydrogeomorphic wetland type (L. C. Lee &
Associates, Inc. 1994).

reef. A class in the Cowardin et al. wetland classification referring to ridge-like or
mound-like structures formed by the colonization and growth of sedentary in-
vertebrates (Cowardin et al. 1979).

regularly flooded. Water regime in the Cowardin et al. wetland classification in
which tidal waters alternately flood and expose the land surface at least once
daily (Cowardin et al. 1979).

reservoir. A pond or lake, natural or artificial, from which water may be withdrawn
for irrigation or water supply (Bates and Jackson 1984).

revetment. A structure built along the coast to prevent erosion and other damage by
wave action; similar to a sea wall (California Coastal Commission 1987).

riffle. A shallow rapids where the water flows swiftly over partially or completely
submerged obstructions to produce surface agitation, but standing waves are
absent (American Fisheries Society 1985).

riparian. Pertaining to the banks and other adjacent terrestrial (as opposed to aquatic)
environs of freshwater bodies, watercourses, estuaries, and surface-emergent ag-
uifers (springs, seeps, oases), whose transported fresh waters provide soil mois-
ture sufficiently in excess of that otherwise available through local precipitation
to potentially support the growth of mesic vegetation (Warner and Hendrix 1984).

river. A natural or human-modified watercourse that contains water for at least part
of the year.

river banks. The portion of the channel cross section that restricts lateral movement
of water at normal discharges. Banks often have a gradient steep than 45° and
exhibit a distinct break in slope from the stream bed (American Fisheries Society
1985).

river channels. Natural or artificial open conduits which continuously or periodically
contain moving water, or which forms a connection between two bodies of water
(Langbein and Iseri 1960).

rock bottom. Class in the Cowardin et al. wetland classification referring to all
wetlands and deepwater habitats with substrates having an areal cover of stones,
boulders, or bedrock 75% or greater and vegetative cover of less than 30%.

rocky shore. Class in the Cowardin et al. wetland classification referring to all wet-
land environments characterized by bedrock, stones, or boulders which singly or
in combination have an areal cover of 70% or more and an areal coverage by
vegetation of less than 30% (Cowardin et al. 1979).

rooted vascular. Subclass in the Cowardin et al. wetland classification referring to
a large array of vascular plants rooted in a substrate and that are found in the
aquatic bed subclass (Cowardin et al. 1979).

rubble. Subclass in Cowardin et al. wetland classification referring to classes with
less than 70% areal cover of bedrock, but stones and boulders alone, or in com-
bination with bedrock, cover 70% or more of the surface (Cowardin et al. 1979).

runs. An area of swiftly flowing water, without surface agitation or waves, which
approximates uniform flow and in which the slope of the water surface is roughly
parallel to the overall gradient of the stream reach (American Fisheries Society
1985).

sag pond. A small body of water occupying an enclosed depression or sag formed
where active or recent fault movement has impounded drainage; specifically one
of many ponds and small lakes along the San Andreas Fault in California (Bates
and Jackson 1984).

saline. General term for waters containing various dissolved salts. Use of saline can
be restricted to inland waters where the ratios of the salts often vary; the term
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haline can be applied to coastal waters where the salts are roughly in the same
proportion as found in diluted sea water (Cowardin et al. 1979).

saline marsh. A saturated, poorly drained area, intermittently or permanently water
covered, having aquatic and grasslike vegetation whose water chemistry contains
various dissolved salts.

salinity. The total amount of solid material in grams contained in 1 kilogram of water
when all the carbonate has been converted to oxide, the bromine and iodine
replaced by chlorine, and all the organic matter completely oxidized (Cowardin
et al. 1979).

sand. Subclass in the Cowardin et al. wetland classification referring to unconsoli-
dated particles smaller than stones, sometimes intermixed with finer sediments
(Cowardin et al. 1979).

saturated. Water regime in the Cowardin et al. wetland classification in the substrate
is saturated to the surface for extended periods during the growing season, but
surface water is seldom present (Cowardin et al. 1979).

scour pools. A pool formed by flow directed either laterally or obliquely against a
partial channel obstruction or bank (California Department of Fish and Game
1991).

scrub-shrub wetland. Class in the Cowardin et al. wetland classification referring to
areas dominated by woody vegetation less than 5 m (15 feet) tall.

seasonally flooded. Water regime in the Cowardin et al. wetland classification in
which surface water is present for extended periods especially early in the grow-
ing season, but is absent by the end of the season in most years (Cowardin et
al. 1979).

seasonally flooded (estuarine). Water regime in estuaries with seasonally-closed
mouths and seasonally-flooded habitats.

sea stack. A small, steep-sided rocky projection above sea level near a cliffed shore
(California Coastal Commission 1987).

sediment. Fine-grain material and organic material in suspension, in transit, or de-
posited by air, water, or ice on the earth’s surface (California Coastal Commission
1987).

seep. An area of minor groundwater outflow onto the land surface or into a stream
channel or other waterbody. Flows are usually too small to be a spring (American
Fisheries Society 1985).

semipermanently flooded. Water regime in the Cowardin et al. wetland classification
in which surface water persists throughout the growing season in most years
(Cowardin et al. 1979).

shore. The narrow strip of land immediately bordering any body of water, especially
a sea or a large lake (Bates and Jackson 1984).

slope. The inclined surface of any part of the Earth’s surface; also, a broad part of a
continent descending toward an ocean (Bates and Jackson 1980).

socioeconomic values (ecosystem). Society’s perceptions of the worth of an ecosys-
tem, typically stemming from whether the system provides a form of pleasure
or recreation, such as fishing, boating, etc.

spring. A place where ground water flows naturally from a rock or the soil into the
land surface or into a body of surface water. Its occurrence depends on the nature
and relationship of rocks, especially permeable and impermeable strata, on the
position of the water table, and on the topography (Bates and Jackson 1980).
cold spring. A spring whose water has a temperature appreciably below the

mean annual atmospheric temperature in the area (Bates and Jackson 1980).
hot spring. A thermal spring whose temperature is above that of the human
body (Bates and Jackson 1980).

stream. Any body of running water that moves under gravity to progressively lower
levels, in a relatively narrow but clearly defined channel on the surface of the
ground, in a subterranean cavern, or beneath or in a glacier (Bates and Jackson
1980).
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stream bed. Class in the Cowardin et al. wetland classification referring to wetlands
contained within the intermittent subsystem of the riverine system and all chan-
nels of the estuarine system or of the tidal subsystem of the riverine system
(Cowardin et al. 1979).

stream channel. The bed where a natural stream of water runs or may run; the long
narrow depression shaped by the concentrated flow of a stream and covered
continuously or periodically by water (Bates and Jackson 1980).

submersed. Under water, submerged (Little and Jones 1980).

subtidal. Water regime in the Cowardin et al. wetland classification in which the
substrate is permanently flooded with tidal water (Cowardin et al. 1979).

sulfur-affected. Influenced by the non-metallic element sulfur.

swamp. Wet, spongy ground, saturated or intermittently inundated by standing water,
typically dominated by woody plants but without an accumulation of surface
peat (Lincoln et al. 1982).

temporarily flooded. Water regime in the Cowardin et al. wetland classification in
which surface water is present for brief periods especially early in the growing
season, but the water table usually lies well below the soil surface for most of
the year (Cowardin et al. 1979).

tenaja. Pools in seasonal streams that may support a flora similar to vernal pools
upon desiccation.

terrace. A relatively level bench or steplike surface breaking the continuity of a
slope. The term is applied to both the lower or front slope (the riser) and the flat
surface (the tread) (Bates and Jackson 1984).

tidal. Water regime in the Cowardin et al. wetland classification are largely deter-
mined by oceanic tides (Cowardin et al. 1979).

tide. The periodic rise and fall of the ocean water masses and atmosphere, produced
by gravitational effects of the moon and sun on the Earth (Lincoln et al: 1982).

tide cycle. The duration of a given tidal sequence, as for example a lunar month or
a tidal day (Lincoln et al. 1982).

tide gate. A gate through which water flows when the tide is in one direction and
which closes automatically when the tide is in the opposite direction (Stein
1973).

tideland. The coastal area of land that is regularly covered and uncovered by the rise
and fall of a normal daily tide (Lincoln et al. 1982).

tide pool. Habitat in the rocky intertidal zone that retains some water at low tide
(California Coastal Commission 1987).

tidal flat. An extensive flat tract of land alternatively covered and uncovered by the
tide, and comprising mostly unconsolidated mud and sand; tide flat (Lincoln et
al. 1982).

tidal marsh. A low elevation marshy coastal area formed of mud and the root mat
of halophytic plants, regularly inundated during high tide (Lincoln et al. 1982).

unconsolidated bottom. Class in Cowardin et al. wetland classification referring to
all wetland and deepwater habitats with at least 25% cover of particles smaller
than stones, and a vegetative cover less than 30% (Cowardin et al. 1979).

unconsolidated shore. Class in Cowardin et al. wetland classification referring to all
wetland habitats having three characteristics: (1) unconsolidated substrates with
less than 75% areal cover of stones, boulders, or bedrock; (2) less than 30%
areal cover of vegetation other than pioneering plants; and (3) any of the follow-
ing water regimes: irregularly exposed, regularly flooded, irregularly flooded,
seasonally flooded, temporarily flooded, intermittently flooded, saturated, or ar-
tificially flooded (Cowardin et al. 1979).

upland. The ground above a floodplain; that zone sufficiently above and/or away
from transported waters as to be dependent upon local precipitation for its water
supplies (Warner and Hendrix 1984).

vegetated. Subclass in the Cowardin et al. wetland classification referring to nontidal
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areas exposed for a sufficient period to be colonized by herbaceous annuals or
seedling herbaceous perennials (pioneer plants) (Cowardin et al. 1979).

vegetated streambed. Subclass in the class streambed in the Cowardin et al. wetland
classification referring to streambeds exposed long enough to be colonized by
herbaceous annuals or seedling herbaceous perennials (pioneer plants) (Cowardin
et al. 1979).

vernal pond. A body of water usually smaller than a true lake and larger than a pool
(i.e., vernal pool), that fills with seasonal rain and usually desiccates sometime
before the next rain season. All vernal ponds are wetlands.

vernal pool. Wetlands that occur in shallow basins that are generally underlain by
an impervious subsoil layer (e.g., a ““clay pan™ or “hard pan”) or bedrock out-
crop, which produces a seasonally perched water table. Zedler (1987) defines the
habitat as follows: ‘‘a vernal pool is a natural habitat of the Mediterranean cli-
mate region of the Pacific Coast [of North America] covered by shallow water
for extended periods during the cool season but completely dry for most of the
warm season drought.” He has identified four important phases of the habitat
cycle: wetting phase; aquatic phase; drying phase; and drought phase.

wash. A watercourse associated with an alluvial fan, stream, or river channel. Washes
are often associated with arid environments and are characterized by large, high
energy discharges with high bed-material load transport. Washes are often inter-
mittent and their beds sparsely vegetated.

watershed. A geographical region which drains into a particular body of water (Little
and Jones 1980).

water table. The upper surface of a zone of saturation. No water table exists where
that surface is formed by an impermeable body (Cowardin et al. 1979).

wave cut platform. A gently sloping surface produced by wave erosion, extending
far into the sea or lake from the base of the wave cut cliff (Bates and Jackson,
1984).

wetlands. Wetlands are lands transitional between terrestrial and aquatic systems
where the water table is usually at or near the surface or the land is covered by
shallow water. For the purposes of this classification wetlands must have one or
more or the following three attributes: (1) at least periodically, the land supports
predominantly hydrophytes; (2) the substrate is predominantly undrained hydric
soil; and (3) the substrate is nonsoil and is saturated with water or covered by
shallow water at some time during the growing season of each year (Cowardin
et al. 1979).

worm. Subclass in the Cowardin et al. wetland classification referring to large col-
onies of Sabellariid worms living in individual tubes constructed from cemented
sand grains. Worm reefs are generally confined to tropical waters (Cowardin et
al. 1979).
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