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PREFACE

On December 8, 1976, the Oregon Land Conservation and Development

Commission (LCDC) adopted the Estuarine Resources Goal, one of four planning

goals specifically concerned with Oregon's coastal zone. The goal requires

that coastal cities and counties establish policies for the conservation and

development of estuarine resources as part of their comprehensive land and

water use plans.	 In order to fulfill the goal, local jurisdictions must first

complete inventories of the physical, social, and economic resources of each

estuary "in sufficient detail to establish a sound basis for estuarine manage-

ment and to enable the identification of areas for preservation and areas of

exceptional potential for development" (LCDC 1977b).

In February, 1978, the Oregon Department of Fish and Wildlife (ODFW)

received a grant from LCDC to assist local jurisdictions in completing the

resource inventory requirements of the Estuarine Resources Goal. The project

had two primary objectives:

(1) To assemble biological and physical data for selected Oregon estuaries,

(2) To identify data gaps and suggest future research needed for planning

and management of each estuary.

In meeting these two objectives, ODFW has provided several types of

information, including the material presented in this series of reports. This

report is a general introduction to the methods and study design of the

technical assistance project, as well as a guide to collecting and organizing

resource information for planning. 	 It is also intended to be a reference for

the other reports published in this series.

This volume is divided into two parts. Part 1 discusses estuary and

estuarine habitat classification as a basis for resource planning. A hier-

archical classification system is presented and suggested as an appropriate



system for Oregon estuaries. Part 2 of the report suggests guidelines for

estuarine resource inventories, including a list of specific categories of

data and methods of data collection most needed for planning. The guidelines

are also presented as a checklist for identifying research needs for estuaries

where these data are not currently available.

Volume 2 in this series consists of several reports summarizing current

physical and biological data and describing the habitats for selected Oregon

estuaries. Specific management and research recommendations are discussed in

each estuary report. Estuaries without a previously completed planning inven-

tory or with special planning needs were given priority for these reports.

Table i summarizes the information compiled during this project. 	 In

addition to the separate estuary reports in volume 2, we have collected data

and classified habitats in 16 Oregon estuaries as described below :

Data Notebooks

ODFW photocopied and assembled in notebooks available physical and

biological data for each of 15 Oregon estuaries. The information was organized

by subject according to the data categories in the inventory guidelines

described in Part 2 of this report. The notebooks serve as a technical

reference to the existing resource data for each estuary. The notebooks are

organized so that additional information can be added as new research is

completed. A complete set of the notebooks is on file with LDCD, Salem,

Oregon.

Estuarine Habitat Maps

For each of the estuaries in Table i, intertidal and subtidal habitats

were mapped using a modified version of a U.S. Fish and Wildlife Service

(USFWS 1977) estuarine habitat classification system. The system is described in



detail in Part 1 of this report. Habitats were delineated by a numerical code

on base maps at scales ranging from 1:12,000 to 1:24,000. Full scale copies

of the habitat maps may be obtained from ODFW, Research and Development Section,

Corvallis, Oregon.

Table	 i.	 Products available for each estuary studied during the ODFW technical
assistance project.a

Data Notebook Habjtat Map
Resource Inventory

Report

Necanicum X X
Nehalem X X
Tillamook b X
Netarts X X X
Sand Lake X X X
Nestucca X X X
Salmon River X X
Siletz X X X
Yaquina X X
Alsea X X c
Siuslaw X X
Umpqua X X X
Coos X X X
Coquille X X X
Rogue X X X
Chetco X X X

b A notebook was not completed for Tillamook Bay because Tillamook County
planners had already compiled a similar reference.
Brief summary and planning recommendations are available for the Alsea
estuary, but are not included among this series of reports.

a Estuaries for which the information is available are shown by "X".
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Part I - Estuary and Estuarine Habitat

Classification



INTRODUCTION

An estuary is defined by Pritchard (1967b) as "a semi-enclosed coastal

body of water which has a free connection with the open sea and within which

sea water is measurably diluted with fresh water derived from land drainage."

There are 21 major estuaries (Fig. 1) along Oregon's coastline. Their

dimensions vary considerably, ranging from the 93,782 acre Columbia River estuary

(Division of State Lands [DSO 1973) at the northern border to the 130 acre Win-

chuck estuary (Percy et al. 1974) in the extreme south. The ecological charac-

teristics of Oregon estuaries also vary significantly in terms of river flow,

depth, salinity, mixing, sediment composition, and shape. Corresponding

differences in the composition and distribution of the biological communities

represented in each system are also evident.

Economic and social activities associated with Oregon estuaries are as

varied as their physical and biological features. A variety of user groups

compete for limited estuarine space for boat moorage, water-born transpor-

tation, shoreland development, waste disposal, recreation, harvest of fish and

shellfish, and scientific research. The division of resources among these

diverse interests requires difficult choices between preservation and develop-

ment of specific sites within each estuary. 	 In order to make informed decisions,

planners must consider the physical and biological factors that typify each

estuarine system and the potential effects of each proposed activity.

Resource planning and management decision-making for most natural systems

are complex due to the large number of variables that interact and influence

the cycling of materials, flow of energy, and distribution of species. This

is particularly true of estuarine systems, where dramatic environmental changes

occur throughout tidal, diel, and seasonal cycles. Because ecosystems are

complex, resource classifications have often been developed as a convenient



Fig. 1.	 Oregon estuaries.
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method for simplifying, generalizing, and categorizing information. Ecologi-

cal classifications help to identify controlling factors in natural environ-

ments. They also highlight similarities and differences among biological and

physical resources and processes that may warrant similar or distinct manage-

ment strategies. Classification systems that can be applied to specific geo-

graphical zones can be particularly useful to resource managers. Regulatory

boundaries can be superimposed over those natural features that are most

important to the management program.

This report describes a physical and biological classification system

developed to facilitate resource management decisions and impact assessments

of Oregon estuaries. LCDC's Estuarine Resources Goal (LCDC 1977b) requires that

coastal planning agencies establish regulatory boundaries or management units

to govern uses anc' protect the diversity of Oregon estuaries. This resource

classification system is based on many of the habitats and communities discussed

in the Estuarine Resources Goal, and,therefore, has direct application for

designating appropriate management units for particular estuarine locations.

CRITERIA FOR ESTUARINE CLASSIFICATION

Several classifications have been used to describe major physical features

typical of entire estuarine systems. Pritchard (1967b) identified four major

categories of estuaries according to their geomorphology: drowned river valley,

fjord, bar-built, and tectonic. Of the 21 major estuaries in Oregon, all but

two fall under the drowned river category. Although drowned river estuaries

have been further defined according to their mixing characteristics (Pritchard

1967a), the majority of Oregon estuaries experience large seasonal variations

in river flow that can result in a variety of mixing classifications.

Geographical classifications have been used to differentiate estuaries

according to biological, geological, and climatic characteristics (Hedgpeth 1957).

1



Most geographical approaches have not been helpful in identifying types of

Oregon estuaries because they have focused on very broad regional differences.

West coast biogeographical provinces have not been satisfactory for Oregon

estuarine classification either, since local environmental variations in depth,

circulation, degree of exposure, and river flow are generally more significant

than coastal climatic differences, upon which biogeographical distinctions are

based.

In 1974, during the early phases of development of Oregon's coastal zone

management program, twelve categories of estuaries were identified in the

state (Table 1) according to four criteria: geomorphology, mixing character-

istics, relative amounts of tidelands and eelgrass, and "terrestrial and

marine biological value" (Wilsey and Ham 1974). The categories were used in

a broad evaluation of the "tolerance of use" or a general impact analysis for

each class of estuary.

This classification is inadequate for selecting areas within estuaries

appropriate for development or preservation for a variety of reasons. There

are more than half as many categories as there are major estuaries in Oregon.

Thus, it does little to highlight similarities. Geomorphology and mixing type

alone provide little basis for differentiating Oregon estuaries. The remaining

factors--amount of tidelands and eelgrass and terrestrial and marine biological

value-- are ill-defined and were subjectively applied.

Researchers have also developed more detailed classifications, but these

have often tended to overemphasize single factors. Carriker (1967), for example,

divided estuaries geogr..phically according to salinity ranges and resulting

species distributions (Table 2). However, seasonal variability in Oregon

estuariescomplicates salinity patterns, particularly in estuaries having large

drainages.	 Salinity gradients in estuaries with small drainages are compressed

over relatively short distances and are not easily defined.
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Table I. Classification of 20 major Oregon estuaries (Wilsey and Ham 1974).

Physical	 type Mixing
characteristics

Marine biological/
terrestrial	 value

Percentage
eelgrass/
tideland Estuaries

Blind well-mixed moderate/low low/low Elk River
Pistol	 River
Sixes River
Winchuck River

Bar-built high/moderate-high moderate-high/
moderate-high/

Netarts Bay
Sand Lake

Drowned river low/moderate low/low a

low-moderate/low low-moderate/
low-moderate

Isthmus and Davis Sloughs
Shinglehouse, Coalbank,
Pony and Kentuck Sloughs
(Coos Bay)

low-moderate/moderate-
hiah

moderate/moderate Coos Bay/Coos River

moderate/moderate low/high Biggs Cove (Tillamook Bay)
Catching Slough (Coos Bay)
Lint and Eckman Sloughs
(Alsea Bay)

moderate/high moderate-high/
moderate-high

McCaffery and Poole's
Sloughs	 (Yaquina Bay)
North, Haynes, South, and
Joe Ney Sloughs (Coos Bay)
South Slough	 (Siuslaw River)

partially mixed low/low-moderate low-moderate/ Necanicum River

or two-layered 10.-mcaerate Chetco River	 .

low/moderate-high moderate/moderate-
high

Little Nestucca
Salmon River

moderate/moderate- low-moderate/ Alsea Bay	 (including Drift

high low-moderate Creek)
Coquille River
4,6elem Gay

high/moderate low-moderate/ Nestucca Bay/Nestucca River
I	 low-moderate Rogue River

high/high moderate/moderate Siletz	 Bay	 (including	 Drift
and Schooner Creeks)

Tillamook Bay, Miami	 Cove
Umpqua River	 (including Smith
River)
Yaquina Bay
Siuslaw

a The minor estuaries in this category are not among the 20 estuaries considered in this report.
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Perhaps one of the most common approaches to ecological classification of

marine and estuarine environments is based on characteristic associations of

benthic species (Petersen 1913; Thorson 1957).	 In many cases ecologists also

have attempted to correlate observed benthic distributions with sediment

characteristics (Sanders 1958). Although sediment may be the major factor in

relatively stable marine communities, salinity, temperature, and degree of

exposure may prove to be of equal or greater importance in determining community

composition and distribution, particularly in Oregon's relatively small,

shallow estuaries.

In order to consider a number of factors that may concurrently influence

community distribution, biologists have identified major geographic, biologic,

or geomorphic features that appear to represent distinct estuarine environments.

For example, Ricketts and Calvin (1968) identified typical species associated

with a number of ecological subdivisions within estuaries such as rocky shores,

wharf pilings, and sand, mud, and eelgrass flats. Although the method of

Odum et al. (1974) also included some habitat categories (e.g. marshes,

temperate grass flats), it did not incorporate the full range of estuarine

habitat types and generally confused entire ecological systems with sub-

divisions of those systems.

The following criteria were stressed in developing an estuarine classifi-

cation system for Oregon in light of planning and management needs and the

inadequacies of existing classifications:

1. The categories chosen for a classification system should reflect

the particular goals of the management program. For example, it is

important to classify those processes or features that are vital to

estuarine productivity such as salt marshes, submerged grass beds,

etc. The degree of specificity of the classification system is also

7



dependent upon the management goals. Very broad management objectives

may be served by a classification of estuary types, but decisions con-

cerning the siting of facilities within an estuary require much more

detailed habitat analyses.

2. The components of the classification system should be readily

identifiable and measurable. Factors that are highly variable season-

ally or spatially are more difficult to define than those that are

more stable.

3. The classification should be immediately useful but flexible so

that it can be revised and updated as new information is available.

The USFWS developed a habitat classification system (Cowardin et al. 1977)

for estuaries that satisfies many of the above criteria (Fig. 2). Their classifi-

cation is hierarchical, ranging from the broad categories of subtidal and inter-

tidal to more specific characteristics (e.g. sediment types). As a result, it

can be adapted to general estuarine management policies or site-specific pro-

posals. The hierarchy can be readily updated and more detail can be added as new

resource data become available.

The habitat categories in the USFWS classification characterize ecological

subunits within estuaries that control the density and composition of biological

communities. The class level of the hierarchy consists of natural features

that can be easily mapped from aerial photos or observations, while more in-

tensive sampling programs may be required to determine subclass and community-

type categories. The USFWS classification also lists additional factors or

"modifiers" of the classification to describe salinity range, degree of tidal

inundation and exposure, and types of man-made alterations.

We have modified and expanded the USFWS classification system to include

estuary and subsystem types as well as habitats. The following discussion

8



c
C

rn m

4-,
E

a

co

_o
ro

— C m

ea

7

Dead

Broad-leaved Evergreen 	 Rhizophora mangle

c — Dead
m Broad-leaved Evergreen 	 Conocarpus erecta

Lt, — Broad-leaved Deciduous 	 Iva frutescens

% rr1- 13s7 1-s st iersi ttent	4--
Nuphar advena
Spartina alterniflora

Sand 	 Emerita

1— Cobble/gravel Tn
Tn
Ol

	 Boulder 	 Acmaea

— Bedrock 	 Chthamalus
M

a)
— Organic
-- Mud
	  Sand 17

	 Cobble/gravel
m
3
0

Vegetated 	 Macroalgalmat

	  Organic U)
Mud 	 Nereis 4I

-- Sand 	 Uca

— Cobble/gravel 	 Mytllus
J3

Worm
1—

SabelIaria _C

Ostrea
a)

Mollusc 	

Submergent vascular 	 Zostera
=
4-4
0
0

0
Worm 	 Sabellaria

Mollusc 	 C
0

Crassostrea

U

l n-n 	 -10

— Floating 	
-- Floating-leaved 	

Elchhornia crassipes aI
CU
UNymphaea odorata

T, aCO7 -- Submergent vascular 	 Ruppla maritima

— Submergent algal 	 Ulva U)

_o
z

0 E
o 0

4.4
-- Organic
-- Mud 	 Macoma

U)
(U

0

0	 4-,U
C

-- Sand 	
-- Cobble/gravel 	

Renilla
MDendraster

0 Boulder 	 Cnemidocarpa
—Li

0	 4-, Bedrock 	 Muricea (U
W 0

a 0

a
U
C

L
a)

0
o
7

u

0.
c	 E
E 0. X
o T w

CV

Le)	 U V1
Cn

LL

9



describes this classification as it applies to the various types of estuaries

in Oregon.

PHYSICAL CLASSIFICATION OF OREGON ESTUARIES

In developing an estuary classification system for Oregon, we have examined

the 20 larger estuaries shown in Fig. 1, excluding the Columbia River estuary.

The LCDC Estuarine Resources Goal (1977b) defines the upstream boundary of these

estuaries as the head of tide. Many researchers emphasize the extent of salt

water intrusion as the inland limit of estuarine conditions (Pritchard 1967b).

In a number of Oregon's larger drowned river estuaries, tidal influence continues

far beyond the zone of fresh and saltwater mixing, and there is often a marked

ecological transition from deeper tidewater sections to the fast flowing rivers

and tributaries that rise in the coastal mountains. For consistency with

Oregon's present management program, the following classification incorporates

LCDC's tidal definition of estuaries.

Physiographic Provinces

Although similar climatic conditions prevail throughout most of the Oregon

coast, two major physiographic provinces divide north and south coast estuaries.

The Coast Range 

A primary feature of the central and northern coast of Oregon is the

Coast Range (Fig. 3), bounded on the east by the Willamette River, on the north

by the Columbia River, and on the south by the Coquille River (Dicken 1965).

The irregular coastline in this region consists of beaches interrupted by

basaltic headlands, river mouths, and shallow bays. Although a number of rivers

descend the western slopes within a short distance of the Willamette Valley, only

the Umpqua crosses the entire province.

Geologic features of the Coast Range influence the physical and biological

10
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characteristics of the northern Oregon estuaries and distinguish them from those

to the south. Predominant formations include sandstone, shales, and intrusions

of igneous rock (Dicken 1965). North coastal soils in this region are much less

stable. As a result, ample material has been available to build dunes, particu-

larly between Coos Bay and the Columbia River. The dunes have had a major impact

on the north coast, changing river courses and blocking smaller drainages to form

coastal lakes. Extensive deposits of fine Coast Range sediments, which have

created productive intertidal habitats, occur in numerous north coast estuaries.

The Klamath Mountains 

South of the Coquille River and east of the Cascade lava plateau (Fig. 3),

the land is highly dissected, and the rock formations are relatively old and

metamorphosed (Smith 1940). Folding and faulting is relatively more complex,

topography is generally steeper, and the rock is more resistant to erosion than

in the Coast Range (Dicken 1965). Consequently, the sediment load of estuarine

tributaries is low, and the broad productive tidal flats and marshes associated

with the larger, shallow embayments of the north coast are less characteristic of

estuaries in the Klamath Mountain province. The steep slopes restrict the land-

ward extent of the tide and, hence, the size of estuaries located in the region.

Tidal influence on the Rogue River, the largest drainage on the south coast

(5100 mi l ) and the only river-to traverse the entire Klamath region, extends

only about 4.5 miles from the estuary mouth.

Geomorphology

Within the two major physiographic provinces of the Oregon coast, several

classes of estuaries have already been identified according to their geomorphology

(Wilsey and Ham 1974). This classification distinguishes three primary types

of estuaries (Table 1).

12



Drowned river valley estuaries 

Most of Oregon's estuaries are drowned river valleys, formed as the lower

portions of rivers were inundated by a rise in sea level. Along the East

Coast of the United States, such estuaries are often associated with broad

coastal plains (Pritchard 1967b). However, the coastal plain in Oregon is

narrow, and the estuaries are relatively small. 	 In the drowned river estuaries

of the Coast Range with low gradients, tidewater often extends beyond the

maximum extent of saltwater intrusion. On the Coquille, for example, tidal

influence extends 41 miles to Myrtle Point, although salinity only extends to

approximately River Mile 26.

Blind estuaries

Blind estuaries are a special type of drowned river valley where river

flows are very 1„w during the summer and often insufficient to maintain the

opening at the estuary mouth (Wilsey and Ham 1974). The tide and waves from

the ocean build a bar across the mouth that may temporarily close the estuary

or form a sill that retards tidal mixing of marine and river waters.	 In the

Pistol River estuary, mass mortalities of marine organisms in the estuary have

been documented (Clifton et al. 1973) when salinities dropped following long

periods of fresh water ponding behind the bar.

Bar-built Estuaries 

Bar-built estuaries are formed by the buildup of spits or barrier beaches

between headlands. The barrier beach may be broken by inlets (unlike blind

estuaries), which remain open due to tidal action rather than river flow

(Wilsey and Ham 1974). Bar-built estuaries are often fed by several small

drainages, and the total freshwater input is small. They are frequently

elongate and parallel the coastline (Pritchard 1967b), as exemplified by

Netarts and Sand Lake, the only two bar-built estuaries in Oregon.

13



Drainage Area vs. Estuarine Surface Area

By definition estuaries are transitions between marine and freshwater

environments and, as such, contain both similar and distinct features. Bio-

logical and physical characteristics within estuaries are largely influenced

by the relative contribution of each of these environments. Therefore, it is

useful to further classify Oregon estuaries according to the size of the

drainage area feeding each system and the total area influenced by the tide.

Figure 4 illustrates a continuum of Oregon estuaries ranging from relatively

small estuaries with small drainages to larger systems with large drainages.

Estuarine mixing characteristics (mixing of salt and freshwater) reflect

the balance between tidal and river forces. In systems where the ratio of

river flow to tidal flow is very high seasonally or throughout the year, strati-

fication generally occurs. This is typical of many of the drowned river

estuaries on larger drainages of the north coast. Marine dominated systems in

Oregon characterized by relatively low river flows are generally completely

or partially mixed due to tidal and, in some cases, wind energies. The smaller

bar-built estuaries are examples of marine dominated systems.

River dominated estuaries may approach fresh conditions very near the

mouth, particularly during seasonally high flows. 	 In marine dominated

estuaries not only are salinities generally higher further up the estuary, but

seasonal variations related to flow conditions are likely to be much less

severe. Although local geological characteristics ultimately determine the

composition of estuarine deposits, the distribution and particle size of

sediments deposited in the estuary will vary with river and tidal currents. For

example, fine terrestrial materials transported downstream may not be deposited

during high flows in river dominated systems. On the other hand, shallow

protected sloughs and embayments may serve as settling basins for river-born

silts and clays.	 The sediment distribution in Yaquina Bay (Fig. 5) illustrates

14
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L

the influence of tidal and river flows on the deposition of marine and riverine

sediments in an estuary.

Species composition and distribution also directly and indirectly reflect

the relationship between tidal and river forces in Oregon estuaries. Variations

in sediment distribution are important in determining the composition and dis-

tribution of benthic faunal communities. Benthic floral communites are also

affected by factors such as current, salinity, sediment type, and morphology

of the estuary basin. Major salt marsh or eelgrass assemblages occur in larger

bays in broad valleys or flats and in sloughs. These conditions are not

common in river-dominated estuaries, where the shoreline is straight and

steeply sloped and freshwater flows predominate.

The physical and biological variations resulting from the assorted sizes

of Oregon estuaries and their drainages are complex. Figure 6 outlines a

classification of these estuaries.	 In the Klamath Mountain region the slope

of drainage is steep, and even estuaries on larger rivers are very small.	 In

the Coast Range where river gradients are generally less severe, the range of

estuary sizes is more directly related to the size of each drainage. The

classification groups estuaries according to major physical features which

influence biological communities.

OREGON ESTUARINE SUBSYSTEMS

The influence of geologic, riverine, and tidal forces on the composition

and distribution of materials and species makes it possible to identify

characteristic sub-environments or subsystems within Oregon estuaries. The

presence and size of a particular subsystem in a given estuary is a reflection

of the relative influence of these factors. Although exact boundaries cannot

be drawn due to the dynamic nature of estuaries, it is possible to broadly

define four principal types of subsystems that occur in Oregon estuaries:
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marine, bay, slough, riverine (Fig. 7).

Marine Subsystem

The marine subsystem is a localized area near the estuary mouth. It is

a high energy zone subject to frequent or constant wave and tidal surges.

Salinities are generally high, although on large river systems values may be

lower, particularly at low tide and during heavy winter flows. Sediments are

generally coarse, clean sands of marine origin. Rocky substrates are also

common, and in larger estuaries, rock jetties have been constructed to

stabilize the estuary mouth and ensure a navigable entrance. Usually only a

small percentage of the marine subsystem is intertidal.

Benthic invertebrates in this zone may include species found along the

outer coast as well as those that require the slightly more protected environ-

ment found within the estuary mouth. Turbulent conditions in the marine sub-

system often require plants and animals to have specialized adaptat:ons for

attaching themselves to hard, wave-battered substrates or for rapid burrowing in

shifting sand. Kelp and other large algal species may be found on rocky

substrates, but unconsolidated sediments are generally devoid of larger plants.

Most fishes utilizing Oregon estuaries are marine species. This subsystem

often harbors the most diverse assemblage of fishes in the estuary.

Due to its proximity to the mouth and its relatively deep conditions

compared to locations further up the estuary, the marine subsystem is often

a preferred site for boat basins and marinas. Commercial and industrial

development is also common where coastal towns are located adjacent to the

estuary. Although flushing is usually rapid in this subsystem, crowded marinas,

where sewage, fish wastes, and petroleum residues may concentrate, and boat

basins with constricted entrances that reduce tidal exchange potentially

threaten water quality. Dredging of boat basins and ship channels commonly
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alters benthic habitats in the marine subsystems of many Oregon estuaries.

The total impacts of these various disturbances are not easily predicted.

Bay Subsystem

The bay subsystem is a transition zone between marine and fresh water.

In many estuaries it is characterized by a broad embayment between the con-

stricted estuary mouth and narrow, upriver tidewater sectors. In some cases

the bay subsystem may be less conspicuous but identifiable by a relatively

large percentage of intertidal land. Salinities in this region may be quite

variable due to seasonal changes in river flow, although moderate to high

salinity ranges are usual. As an intermediate environment, sediment types in

the bay subsystem range from coarse marine sands to fine riverine materials

(Fig. 5). Bay subsystems are best represented by estuaries in the Coast

Range province, where soft parent materials have eroded and been deposited to

create broad intertidal flats.

The bay subsystem is a relatively protected environment, isolated from

turbulence near the mouth and strong currents during peak flows in the riverine

portion of the estuary. The mixture of marine and riverine sediments and a

variety of vegetation types provide a diversity of habitats for benthic species.

In many Oregon estuaries major clam and shrimp beds typically occur in pro-

ductive intertidal flats of the bay environment. Extensive marsh and eelgrass

habitats are also common in the larger Coast Range estuaries.

Development in the bay subsystem is varied. 	 Periodic dredging in larger

estuaries has been necessary to maintain ship channels, In some areas dredged

materials have been dumped in the bay, smothering benthic organisms. Marshes

and flats have been filled to provide more area for development. As in the

marine subsystem, commercial and industrial facilities are common along the

bay shoreline of many estuaries and in the past have contributed pollutants from
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runoff or direct discharge. Because the bay subsystem is usually an area of

very high biological productivity, it is also a favorite site for bird watching,

clamming, and occasional crabbing and fishing.

Slough Subsystem

Isolated arms or sloughs have often formed in minor drainages entering

the bay and marine subsystems of many larger estuaries. Salinity and other

characteristics of a slough subsystem will vary with its location relative to

the estuary mouth and the volume of freshwater entering its upper reaches.

Sloughs are usually sheltered environments with fine organic sediments, except

where tidal currents sweep through narrow channels. Often sloughs are

shallow with a high percentage of intertidal land.

Larger slough subsystems may be a microcosm of the entire estuary and,

like the bay subsystem, encompass a variety of intertidal and subtidal habitat

types. Productive marshes, eelgrass, and mudflat communities are common. In

many areas sloughs and marsh channels provide protected rearing sites for

juvenile fishes and crabs as well as prime resting and feeding sites for

waterfowl.

In Oregon many marshes bordering sloughs have been diked for agricultural

uses, restricting tidal flushing and the flow of nutrient-rich organic material

into the estuarine system. Residential and commercial development is also

common along some sloughs. Isthmus Slough in Coos Bay provides an example of

industrial development in a slough subsystem. Mills along the banks have used

the area for log storage, which has reduced dissolved oxygen levels and degraded

water quality. Pollutant discharges and septic tank failures may also threaten

water quality in slough subsystems where freshwater input is negligible and

flushing is often poor.
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Riverine Subsystem

The riverine subsystem includes the upper tidewater portions of the larger

tributaries entering the estuary. Much of the subsystem is subtidal along

narrow, deep river channels. Salinities are low most of the year, and stretches

of tidewater are fresh on larger drainages. Large seasonal variations in river

flow have a dramatic influence on this portion of the estuary. During low

flows, flushing time may be very long in upper riverine locations. During peak

flows, erosion of river banks and high turbidity are common and may impact

lower sections of the estuary.

Salt marshes may extend along the borders of the riverine subsystem,

grading into fresh marshes or shrub wetlands beyond saltwater influence.

Riparian vegetation on banks and dikes protects the shoreline and provides

shade and cover for organisms in the shallow areas. The river transports

organic matter and nutrients from these and other terrestrial sources that may

be important to the total productivity of the estuary.

Many riverine subsystems also serve as rearing and holding areas for

juvenile anadromous and freshwater fishes. They are also corridors for

adult salmonids during spawning migrations and are heavily fished by sportsmen.

Adult striped bass and shad congregate and spawn in the upper tidewater of

several larger estuaries (e.g. Coos, Umpqua, Coquille).
•

A number of activities frequently associated with the riverine sybsystems

have altered Oregon estuaries. The construction of dikes and bulkheads, with-

drawal of water for irrigation, and the introduction of non-point pollutants

(fertilizer, pesticides, sediment, and livestock wastes) associated with

agricultural uses may affect fish and wildlife habitat, estuarine hydrology,

and water quality. In a number of estuaries, huge expanses of salt and fresh-

water marsh have been diked to create pasture. Riprap and bulkheads placed
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along the riverine shore to protect residential homes and property frequently

cause erosion along other stretches of the river. Pollutants introduced in

this section of the estuary during seasonally low flows may remain for long

periods due to the slow rate of flushing.

OREGON ESTUARINE HABITAT CLASSIFICATION SYSTEM

Within Oregon estuaries and their component subsystems a number of en-

vironmental factors influence the composition, distribution, and production of

biological communities. The environment occupied by a species often varies

considerably with its life cycle and activities. For example, there are often

distinct locations for feeding, resting, rearing, and spawning for a single

species, each characterized by a unique set of environmental conditions.

Despite changes through time in the ecological requirements of each organism

and the biological and physical characteristics of each estuary, it is possible

to identify unique environments within a system or subsystem that tend to

control the production and composition of the communities that utilize them.

For purposes of classification and estuary management we will refer to these

environments as habitats. Fig. 8 illustrates a variety of typical habitat

types and associated communities in a cross section of the Siletz estuary.

Classification of habitats and their communities is useful in considering

site-specific proposals and evaluating potential environmental impacts in

estuaries. Fig. 9 outlines an estuarine habitat classification system for

Oregon incorporating tidal regime, land form, and sediment or vegetation type

as primary factors controlling biological communities. Obviously, a classifi-

cation of benthic substrates does not address all types of communities in

estuaries, but sessile plants and invertebrates are directly influenced by

bottom types, and adaptations for burrowing, attachment, and feeding are

closely linked to specific types of substrate. The distribution of fishes and
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other mobile species are also related to feeding and spawning areas and pro-

tective cover along the estuary bottom. Benthic filter feeding invertebrates

also can influence the distribution and density of phytoplankton and zoo-

plankton in the water column.

Sediment distribution reflects not only the source of parent material but

also the velocity and direction of tidal or river forces transporting the

sediment. Therefore, habitat distribution is also influenced by the

balance of these forces. River dominated systems, for example, have a

high percentage of low salinity subtidal habitat containing terrestrial

sediments. Marine sediments and high salinities are infrequently found in

these systems. Estuaries with large intertidal habitats in bay and slough

subsystems and a generous mixture of marine and riverine sediments offer a

greater diversity of habitat types and, in turn, probably support a greater

diversity of species. Although each subsystem may have a full range of sub-

strate and vegetation types, Table 3 illustrates the habitat types most

commonly associated with each of the four major subsystems in Oregon estuaries.

It is important to distinguish between sediment type and habitat type,

since similar classes of substrate alone do not represent similar environments.

For example, communities that inhabit subtidal sand bottoms in the lower

and upper estuary may differ significantly due to variations in salinity or

other factors independent of substrate type. The use of salinity and tidal

modifiers in the USFWS (Cowardin et al. 1977) habitat classification system is

one method to distinguish otherwise similar environments. The designation

of habitat types by subsystem should also provide adequate differentiation,

since we have defined subsystems according to salinity, currents, and other

factors that vary along a gradient from lower to upper estuary.

The classification system presented here is a conceptual model of

community - habitat - subsystem relationships in Oregon estuaries.
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Verification of these relationships will require surveys of benthic communities

and substrates and may necessitate revision of the model. The major categories

of habitats shown in Fig. 9 are defined in Appendix A and described below:

Tidal Regime

The tide is a major limiting factor for many species in estuaries and

nearshore marine environments. The classification in Fig. 9 distinguishes

intertidal and subtidal habitats, since biological communities may differ

significantly according to the degree of tidal influence. Special adaptations

are required by intertidal species to resist dessication and tolerate large

variations in temperature and salinity that may be associated with tidal

exposure.

Within intertidal areas, a marked zonation of species is often apparent

due to variation in the frequency and duration of exposure between lower and

upper intertidal elevations. The USFWS classification (Cowardin et al. 1977)

includes modifiers for irregularly exposed, regularly flooded, and irregularly

flooded intertidal areas. These modifiers are appropriate to further differen-

tiate intertidal habitats represented in Oregon estuaries. However, intertidal

elevations are not presently mapped for any Oregon estuaries.

Habitat Classes

Unconsolidated bottom 

Physiological and morphological adaptations of benthic organisms allow

certain species to flourish in particular types of sediment. The habitat

classification system (Fig. 9) identifies a range of sediment sizes that

represent unique environments of particular benthic species. For example,

feeding adaptations of invertebrates are related to sediment size. Coarse,

clean sands are generally inhabitated by organisms that filter food from the
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water column.	 In quiet waters where fine, organically rich muds occur, deposit

feeding polychaetes or other invertebrates ingest the sediment directly. The

unconsolidated bottom class only applies to subtidal substrates and communities.

Most invertebrates in unconsolidated sediments live within the substrate.

Some species maintain permanent burrows, while others live on the surface.

Sediment type influences the construction and burrowing methods and,therefore,

the composition of benthic invertebrate communities. The importance of sub-

tidal benthic habitats to fishes varies with the availability of preferred

food items in each type of substrate.

Because sediments largely influence the type of invertebrates colonizing

an area, activities which alter sediment characteristics have a significant

impact on benthic communities. Although dredge or spoil sites can be recolon-

ized, community structure will vary with new sediment properties. Activities

or structures that alter existing current patterns can have a similar impact

on benthic communities if established patterns of erosion or deposition are

affected. Construction of jetties, dikes, and breakwaters and the dredging of

navigation channels can alter flow rates and patterns, eroding or depositing

sediment. Where deposition is rapid, benthic communities may be smothered,

and where erosion is significant, only orgranisms adapted to unstable sub-

strates may be able to survive. An important consideration in evaluating

proposed development in estuaries is the impact on current patterns and sedi-

mentation processes and the resulting effects on benthic habitats and commun-

ities.

Rock bottom 

Rock habitats in the high salinity zone near estuary mouths are very

productive environments for marine fishes and invertebrates. Most subtidal

rock habitats in Oregon estuaries are located near the mouth, where strong
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tidal currents and turbulence require that organisms be firmly attached or

seek the protection of sheltered cracks and crevices. Rock outcrops also

extend into the upper estuary, particularly in the smaller systems of the

Klamath region. Jetties have created the most extensive rock bottom habitats

in Oregon estuaries.

Specialized and diverse fauna are adapted for attachment or browsing

along rock substrates. Sucking devices, such as the tube feet of star fish,

or more permanent methods of attachment, such as the byssus threads of

mussels, are examples of adaptations for rocky substrates. Soft silt and

sandstone outcrops in a few locations provide a unique habitat for highly

specialized piddock clams capable of boring into the rock. A diversity of

algal species attach to rocky substrates with a strong basal holdfast.

In the well flushed environment near estuary mouths, few alterations

directly threaten subtidal rock habitats. However, in calmer waters excessive

shading or turbidity may decrease plant and animal production, and rapid

sedimentation can cover attached species.

Aquatic bed (intertidal and subtidal)

The aquatic bed categories (Fig. 9) refer to algal and eelgrass beds that

frequently occur subtidally and intertidally in bay and slough subsystems.

In Oregon, Zostera marina is the most common species of eelgrass. It can be

found growing in sand as well as mud substrates. 	 It is a rapid growing

plant that provides habitat for a diverse community of estuarine plants and

animals (Thayer and Phillips 1977). 	 Its leaves support large numbers of

algal and invertebrate epiphytes which are consumed by fish and larger

invertebrates. Numerous clam species are often associated with eelgrass beds.

Eelgrass leaves are the primary food of black brant during their migration

along the Oregon coast. However, most of the energy in eelgrass is utilized

33



Eelgrass (Zostera marina) blankets the water's surface as the rising tide in-
nundates this aquatic bed in Netarts estuary. Productive eelgrass beds
stabilize sediments, contribute rich organic matter at the base of estuarine
food chains, and provide habitat for fish and a variety of clams and other
invertebrates.	 (P. Howell)
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via detrital food chains as dead leaves decay and nutrients are released. In

some estuaries, eelgrass leaves provide a spawning surface for herring (Miller

and McRae 1978). Thick beds of eelgrass reduce currents near the bottom and

promote deposition of sediment, while roots and rhizomes bind sediments and

prevent erosion (Zieman 1977).

Diverse algal beds occur in Oregon estuaries over unconsolidated or rock

substrates, which also provide a habitat for fish and invertebrates. Huge

mats of Enteromorpha, Ulva, and other algal species turn broad intertidal flats

bright green during spring and summer. During late fall and winter biomass

declines as the algae decays, contributing rich sources of organic matter and

nutrients to the system. In some deeper, high salinity areas where there is

suitable substrate for attachment, long blades of kelp (e.g. Nereocystis

luetkeana) may be seen floating at the water's surface. Kelp holdfasts

represent a unique microhabitat for a rich community of invertebrates (Markham

1967).

Plant production in Oregon estuaries is highly seasonal. The timing of

fish migrations and spawning and invertebrate reproduction in estuaries

corresponds closely with dramatic increases in plant production during the

spring and summer. Algal and eelgrass communities probably represent a signi-

ficant portion of the primary production in many Oregon estuaries.

Estuary plans should protect aquatic beds both as a source of organic

matter for the entire system and as a habitat for fish and invertebrates.

Reduction of light penetration due to shading or turbidity can limit plant

growth. Logging and road construction in the upper watershed and dredging

activities in the estuary can increase turbidity. Reduced flushing of eelgrass

and some algal communities may decrease nutrient and gas exchange and, as a

result, plant production. Significant modification of temperature or salinity
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Dense mats of green algae appear
the spring and summer, providing
source of organic material. A th
covers this cobble/gravel flat.

along the flats of many Oregon estuaries during
estuarine food chains with another important
ick growth of sea lettuce (Ulva lacctuca)
(P. Howell)
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patterns from changes in freshwater flow or estuarine circulation may further

threaten aquatic beds.

Shore

Shores are narrow, steeply sloped intertidal habitats that occur where

river and tidal currents are relatively strong. Because these are generally

high energy environments, rocky substrates or coarse sediments often predomi-

nate. Algal and invertebrate species are firmly attached to rocky shores, but

waves and currents may limit plant and animal production on unstable, uncon-

solidated shores. As in other intertidal habitats, there is a pronounced

zonation of plant and animal species from lower to upper intertidal elevations

with generally fewer species inhabiting the upper intertidal zone.	 In some

estuaries, mud and sandy shores are inhabited by burrowing or tube dwelling

invertebrates, which are food sources for bottom feeding fishes at high tide.

In some locations, intertidal shores serve as haul out areas for harbor seals.

Shore habitats are most directly impacted by development along adjacent

uplands. Shading by docks, log rafts, and other structures can reduce plant

and animal production along estuarine shores. Communal dock facilities help

prevent the proliferation of shoreline structures than can reduce benthic

communities and alter flow patterns in the immediate vicinity. 	 In a few

estuaries logs stored along riverine shores ground at low tide crushing

benthic organisms and contribute large quantities of decaying bark debris that

degrade sediment and water quality. Destruction of riparian vegetation above

intertidal shores increases bank erosion and losses of property and shore

habitat. Sloped shores dissipate current energies and therefore are more re-

sistant to erosion than vertical banks. Where possible, vegetation is

preferred to riprap for controlling erosion along estuarine shores.
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Flat

Broad intertidal flats commonly occur in slough and bay subsystems of

Oregon estuaries. Large shallow flats store heat and may have an important

role in the temperature budget of the entire estuary. They are generally

sheltered from strong currents and wave action, and their gradual slopes tend

to dissipate wave and tidal energies. As a result, flats form a relatively

stable environment for colonizing species as reflected in the high density

and diversity of organisms that generally live there.

Sediments of flats vary from fine mud to coarse cobble or gravel. Shallow

depths, maximum light, and warm temperatures often result in extensive growths

of algae during the spring and summer, when many of these flats may be class-

ified as intertidal aquatic beds. Even where macrovegetation is not evident,

the yellow-brown coloration at the surface of some mudflats suggests benthic

diatoms may be a very significant source of production.

Cockle (Clinocardium nutallii), gaper (Tresus capax), butter (Saxidomas

giganteus), littleneck (Protothaca staminea), and softshell (Mya arenaria)

clams and mud (Upogebia pugettensis) and ghost (Callianassa californiensis)

shrimp are frequently associated with Oregon mud and sand flats. Recreational

clamming is popular in these areas during low tides, particularly in the

spring and summer. Bottom feeding fishes graze over flats during high tide.

Great blue heron (Ardea heriodias), great egret (Casmerodius albus), and a

variety of shorebirds feed in the shallows as the tide recedes.

Benthic organisms of tideflats are specially adapted for particular grain

sizes of sediment and the temperatures and exposure of an intertidal environment.

Activities which alter sediment characteristics or tidal elevations can

therefore be expected to influence benthic communities. Filling and dredging

represent the most obvious threats to flat habitats. 	 In the past broad flats
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have been filled to extend the area of level upland available for shoreland

development in estuaries. In a few locations grounding of logs stored on

intertidal flats and shores at low tide has decimated benthic populations

(Zegers 1978). Accumulations of bark and wood debris near log storage sites

contribute leachates, reduce oxygen levels, which can adversely affect

subtidal and intertidal benthic communities. Sewage, fish wastes, or

other organic pollutants discharged over flats may also accumulate in the

sediments and reduce oxygen levels. Large numbers of opportunistic poly-

chaetes (e.g. Capitella capitata) or other invertebrates indicative of

degraded habitats colonize these areas, and species diversity decreases. ,

In some estuaries logging activities in the upper watershed have tre-

mendously increased the rate of sedimentation. Tillamook Bay is a prime

example of an estuary that has rapidly filled since the area was first settled.

This has greatly increased the acreage of flats and decreased the area of

subtidal habitat.

Because of their very high productivity and their role in temperature

regulation and nutrient cycling, estuarine tideflats should be protected in

local comprehensive plans. Dredge and fill; tideland log storage; pollutants,

such as sewage and sulphite waste liquor; and activities that threaten circu-

lation and sediment characteristics are of primary concern. Research is also

needed to evaluate the feasibility and impact of habitat restoration in those

few instances where filling has been extensive. 	 In all cases strict regulation

of activities in upper watersheds is imperative in maintaining the balance and

diversity of habitat types within Oregon estuaries.

Beach/bar 

Beach/bar habitats are highly dynamic environments subject to strong

tidal currents and wave and river energies. Bars occur within estuaries as
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elongate ridges of coarse sand, cobble, or gravel, which are bordered by water

on at least two sides. In Oregon, bars form during summer at the mouths of

smaller blind estuaries and, in some cases, prevent marine water from entering

the estuaries. Shifting bars also occur near the mouths of larger estuaries

or in upper riverine sections. Because bars continually shift with the currents,

colonization is limited to rapidly burrowing and opportunistic species, in-

cluding molluscs, crustaceans, and polychaetes.

Shallow intertidal bars may extend as spits from shores near the mouths of

estuaries. In larger systems these may be periodically dredged to provide

access and a navigable route for ships passing through the estuary. Gravel

removal operations have occurred on bars in the riverine sections of a few

south coast estuaries. The impacts on these habitats and the estuary as a whole

have not been studied. A sand bar that formed near the entrance of the

Charleston boat basin in Coos Bay was colonized by a dense population of razor

clams (Siliqua patula).

Tidal marsh 

Tidal marsh habitats, characterized by rooted herbaceous or woody hydro-

phytes that grow between lower high tide and the line of non-aquatic vegetation,

occur in many Oregon estuaries. These can be divided into four major sub-

classes: high and low salt marsh in marine and brackish areas and fresh and

shrub marshes beyond saltwater influence. Community composition of these

marshes varies with tidal elevation and frequency of flooding, sediment type,

and salinity regime.

Salt marshes have been ranked among the most productive ecosystems in the

world (Niering and Warren 1977). Plant producers in salt marshes include not

only marsh grasses but also macroalgae entwined among the grass stems, micro-

algae on the mud surface, and phytoplankton in the water column. Organic
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material and nutrients stored by marsh producers are consumed directly or

transferred to other portions of the estuary as detritus.

Marshes are an important habitat for invertebrates, waterfowl, and small

terrestrial mammals. A diversity of insects live in and graze on marsh grasses.

Detritus-feeding snails, scavenging crabs, and a variety of amphipods and

other invertebrates seek the food and/or protection of marshes. The well

defined channels of high marshes in Oregon's bays and sloughs are heavily used

by juvenile Dungeness crab (Cancer magister) and a variety of small fishes

(e.g. Gasterosteus aculteatus). In some areas they may provide important

rearing habitat for juvenile chinook salmon (Dunford 1972). Marshes also pro-

vide resting and feeding areas for large numbers of migrating waterfowl.

Estuarine marshes are important sediment traps that reduce the frequency

of dredging required for navigation (Niering and Warren 1977). They help to

stabilize the shore, dissipate flood waters, and protect shoreland property

from storms. Marshes also filter and process nitrates, phosphates, and other

wastes, thus providing a pollution buffer between adjacent upland activities

and the estuary.

Tremendous areas of Oregon marsh have been diked to create upland for

pasture and other uses. This has greatly reduced the habitat and productivity

of the estuaries. Extensive diking of fresh marshes along riverine and other

subsystems has altered marsh community composition, channelized the estuarine

water course, reduced productive intertidal surface area, and restricted the

transport of organic materials and nutrients to and from the estuary. Con-

struction of causeways and roadbeds has similarly restricted tidal flow and

modified marsh communities. Filling for shoreland development has sacrificed

huge expanses of marsh in many Oregon estuaries. Clark (1977) notes "the

higher the degree of shorelands development, the greater is the need to pre-

serve coastal wetlands." In view of the extensive losses in many of our
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estuaries, comprehensive plans should prevent further draining, filling, diking,

and polluting of estuarine marshes. The effects of breaching dikes to restore

the natural functions of tidal marshes in the estuary should receive a high

priority for research in Oregon, both as a means of habitat restoration and as

potential mitigation for estuary filling.

ESTUARY CLASSIFICATION AND THE LCDC ESTUARINE RESOURCES GOAL

The LCDC Estuarine Resources Goal (1977b) establishes its own type of

classification system to guide planning decisions in Oregon estuaries. The cen-

tral concept of the goal is diversity--management of estuaries and areas within

estuaries so that a wide range of uses and activities can occur without causing

severe damage to the estuarine ecosystem. For planning purposes it is important

to understand the relationship between the classification of estuaries described

in this report and the classification established by LCDC (1977a,b).

To provide for a diversity of uses, the Estuarine Resources Goal (LCDC

1977b) requires that local comprehensive plans classify each estuary into

management categories and "establish policies and use priorities for each

management unit." The goal describes three types of management units--develop-

ment, conservation, and natural--and defines the criteria for the areas included

and the uses that will be allowed for each of these categories. Tables 4 and

5 describe the purpose, areas of concern, and permissible activities for each

LCDC management unit.

LCDC also adopted an administrative rule (1977a) classifying estuaries

according to "the most intensive level of development or alteration allowable."

The classification designates shallow and deep draft development, conservation,

and natural estuaries. Each of these categories includes specific management

units. Development estuaries have all three types of management units; conser-

vation estuaries have conservation and natural units; and natural estuaries only
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Table 4. Purpose and area of concern for natural, conservation, and develop-
ment management units in Oregon estuaries.a

Natural Management Unit 
Purpose

To assure protection of significant fish and wildlife habitats,
continued biological productivity, and scientific, research, and
educational needs; To preserve natural resources in recognition
of dynamic, natural, geological, and evolutionary processes.

Areas of Concern
At a minimum, all major tracts of salt marsh, tideflats, and
seagrass and algal beds.

Conservation Management Unit 
Purpose

For long-term uses of renewable resources that do not require major
alterations of the estuary, except for the purpose of restoration;
To conserve natural resources and benefits including areas needed
for maintenance and enhancement of biological productivity, recreational
and aesthetic uses, and aquaculture.

Areas of Concern
Tracts of significant habitat smaller or of less biological importance
than Natural Management areas and oyster and clam beds. Partially
altered areas or estuarine areas adjacent to existing development
of moderate intensity (unless otherwise needed for preservation or
development consistent with the Oregon Estuary Classification).

Development Management Unit 
Purpose

To provide for navigation and other identified needs for public,
commercial, and industrial water-dependent uses, consistent with
the level of development or alteration allowed by the Oregon
Estuary Classification.

Areas of Concern
Deep-water areas adjacent or in proximity to the shoreline,
navigation channels, subtidal areas for in-water disposal of
dredged material and areas of minimal biological significance
needed for uses requiring alteration of the estuary.

a M
anagement Unit designations from LCDC (1977b).
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Table 5. Permissible uses for natural, conservation, and development manage-
ment units in Oregon estuaries.a

Natural Management Unit 

1. Undeveloped low-intensity water-dependent recreation
2. Research and educational observation
3. Navigation aides, such as beacons and buoys
4. Protection of habitat, nutrient, fish, wildlife, and aesthetic resources
5. Passive restoration measures

And, where consistent with the resource capabilities of the area and the
purposes of this management unit:

6. Aquaculture
7. Communication facilities
8. Active restoration measures

Conservation Management Unit 

1. Uses allowed in natural management unit
2. Active, restoration measures
3. Aquaculture
4. Communication facilities

And, where consistent with the resource capabilities of the area and the
purposes of this management unit:

5. High-intensity water-dependent recreation
6. Maintenance dredging of existing facilities
7. Minor navigational improvements
8. Mining and mineral extraction

Development Management Unit 

1. Uses allowed in Natural and Conservation Management Units
2. Navigation
3. Water-dependent commercial and industrial uses

And, where consistent with the resources capabilities and purposes of this
management unit:

4. Water-related and non-dependent, non-related uses not requiring fill
5. Mining and mineral extraction.

As appropriate needs for the following uses also shall be included:
a. Dredge or fill as allowed in the LCDC Goal
b. Water transport channels where dredging may be necessary
c. Disposal of dredged material
d. Water storage area where needed for products used in or resulting from

industry, commerce, and recreation
e. Marinas
f. Aquaculture
g. Extraction of aggregate resources
h. Restoration

a Permissible uses from LCDC (1977b).
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have natural management units. Table 6 describes LCDC's "Oregon Estuary

Classification" and shows how each estuary has been categorized.

The LCDC estuary classification is based on existing development patterns,

rather than physical or biological characteristics. Development estuaries

have maintained jetties and channels associated with ship or small boat

traffic. Conservation estuaries lack maintained jetties but have urban

development along adjacent shorelands. Natural estuaries have no jetties and

no urban development.

Figure 10 shows the relationship between the LCDC classification of

estuaries according to allowable activities and the classification we have

prepared based on physical characteristics. Although the LCDC classification

includes a diversity of activities among estuaries, these uses are not dis-

tributed uniformly among different estuary types. For example, all develop-

ment estuaries are large drainage/drowned river systems, while natural estuaries

are small bar-built, drowned river, or blind estuaries with small drainages.

There are only two natural estuaries among the 14 Coast Range systems, while

three of the six Klamath estuaries are designated as natural.

Development patterns have been a major factor influencing future manage

ment goals for Oregon estuaries. However, the estuaries classified for

development are often the most biologically productive. Large drainage/drowned

river systems in this category are often characterized by large intertidal

vegetated flats and a high diversity of species and habitat types. In order

to protect the diversity of Oregon estuaries, comprehensive plans must care-

fully protect the range of estuary types as well as the habitats and communit-

ies within them. This is especially important in the larger conservation

and development estuaries, where the potential for environmental degradation

is greatest.
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The designation of management units as specified in the Estuarine

Resources Goal (LCDC 1977b) will determine the balance between development

and resource protection within each Oregon estuary. Although the goal

broadly defines the purpose of each management unit, the size of a unit and

its location in relation to other management units will be established in

each local comprehensive plan. Local comprehensive plans should designate the

size and location of management units that will insure protection of major

ecological subunits. This may correspond to specific habitats, groups of

habitats, or entire subsystems. The classification of estuarine subsystems

and habitats (Fig. 9) can be useful in superimposing LCDC management boun-

daries over functional ecological units.

To a large degree the Estuarine Resources Goal is already directed

toward the use and protection of habitats. For example, it specifically

requires that "all major tracts of salt marsh, tideflats, and seagrass and

algae beds" (LCDC 1977b) be included in natural management units, while deep

water habitats near shorelines and navigation channels are suggested as

potential development sites. The emphasis on maintaining a diversity of uses

and resources within estuaries further suggests that the range of habitats

should be identified in planning inventories, so that examples of each type

can be protected in the comprehensive plan. The proposed classification system

(Fig. 9) categorizes the diversity of habitats represented in Oregon estuaries,

including those that are specifically mentioned in the Estuarine Resources

Goal.

Although management unit boundaries may be defined by habitat types, it

is not sufficient to merely protect a variety of habitats. Habitats, their

associated communities, and the processes that characterize them are inter-

related. Management based solely on individual habitats may not protect the
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areas intended or provide for the uses that are most needed. Activities in

adjacent natural and development management units, for example, may be incom-

patible due to the interactions between habitats and communities nearby.

The subsystems illustrated in Fig. 7 represent larger ecological units

characterized by distinct habitat and community assemblages. The habitats

within these subsystems interact and are influenced by an array of environ-

mental factors such as flow, salinity, energy regime, sediment type, and

organic carbon sources. The designation of management units and the policies

regulating their use must take into account the interactions between habitats

at the subsystem level of organization.

Shoreland and estuarine activities tend to be segregated by subsystem.

For example, agricultural uses often occur along riverine subsystems, which

require different management strategies than marine subsystems where commer-

cial development is often focused. This also suggests that the subsystem may

be the logical level for management unit designations in many cases. Resource

inventories should identify and classify estuaries into subsystems as well as

habitats to identify the diversity of subsystem types and to allow planners

to select the most appropriate form of management.

Existing land and water uses and the distribution of habitats within a

large subsystem may warrant more than a single management designation for that

particular region. Functional units or habitat assemblages can be identified

within large subsystems. A major marsh-mudflat complex, for example, generally

justifies a distinct management designation from the dredged channel within

the same subsystem. Policies within a given development unit must provide for

adequate protection of natural or conservation units within the same subsystem.

The LCDC (1977a,b) classification of estuaries and management units constit-

utes broad development goals. Management units are established to permit

development in suitable locations and to protect other areas from environmental
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alteration and degradation associated with construction, fill and removal, and

commercial and agricultural operations. However, the most complicated resource

problems remain after the management units are designated. Policies for each

unit, siting decisions for particular development proposals, and performance

standards for permissible uses must consider not only direct habitat losses,

but also indirect and oftentimes subtle effects on the estuary as a whole.

The timing of pollutant discharges or dredging in relation to mixing and

flushing characteristics; the size, timing, and numbers of private hatchery

salmon released in an estuary; or the cumulative effects of numerous small

activities on the entire system extend well beyond the immediate location of

the activity or the broad management designation governing it.

Estuary planning in Oregon, like the habitat classification system we

have proposed, represents a hierarchy from broad to specific. As planning

advances from general guidelines to decisions controlling specific projects,

increasingly detailed resource data will be required. 	 Fig. 11 illustrates

the relationship between estuary development plans and the resource infor-

mation needed to evaluate and implement these plans.

As we have shown, broad management designations can be determined on the

basis of relatively broad inventories that classify the communities, habitats,

and subsystems in each estuary. As general policies are established within

each management unit and as specific development proposals are made, more

detailed and site-specific inventories and classifications will be necessary to

evaluate the potential impact on a given site. However, environmental impact

analyses must also consider effects beyond the immediate area, and simple

inventories alone are not sufficient. The more detailed questions of estuary-

wide impacts demand predictive capabilities requiring systems analysis, modelling

techniques, and studies of causal relationships. Data requirements do not stop
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with the resource inventories nor does management cease with the desgination

of natural, conservation, and development areas. Research must keep pace

with development plans, particularly as development in estuaries proceeds,

and the potential for detrimental impact through intense multiple use

increases.
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PART II - Resource Inventories For Estuary

Planning and Management
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INTRODUCTION

Since the LCDC Estuarine Resources Goal (1977b) requires broad management

unit designations and evaluations of site-specific development proposals,

basic physical and biological information about each Oregon estuary must be

available. The goal includes some general guidelines for the types of resource

data that should be assembled in a planning inventory (Table 1), but it does

not detail how this information should be used in the inventory or the compre-

hensive plan. The goal also calls for the Department of Land Conservation and

Development (LCDC) with the assistance of other agencies to develop more

comprehensive inventory guidelines and to standardize methods for data col-

lection. As part of this project, we have developed a more specific list of

estuary inventory standards and have compiled existing inventory data for many

Oregon estuaries.

Table 1. LCDC (1977b) guidelines for estuarine resource inventories.

In detail appropriate to the level of development or alteration proposed, the
inventories for estuarine features should include:

	

1.	 Physical characteristics

A. Size, shape, surface area, and contour, including water depths;
B. Water characteristics including, but not limited to, salinity,

temperature, and dissolved oxygen. Data should reflect average and
extreme values for the months of March, June, September, and December
as a minimum; and

C. Substrate mapping showing location and extent of rock, gravel, sand,
and mud.

	

2.	 Biological characteristics
Location, description, and extent of:

A. The common species of benthic (living in or on bottom) flora and fauna;
B. The fish and wildlife species, including part-time residents;
C. The important resting, feeding, and nesting areas for migrating and

resident shorebirds, wading birds and wildfowl;
D. The areas important for recreational fishing and hunting, including

areas used for clam digging and crabbing;
E. Estuarine wetlands;
F. Fish and shellfish spawning areas;
G. Significant natural areas; and
H. Areas presently in commercial aquaculture.
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RESOURCE INVENTORY GUIDELINES

In developing standards for planning inventories, we have concentrated on

information needed to classify estuarine habitats and to describe the major

environmental factors influencing particular habitats and the estuary as a

whole. The inventory standards were designed to include physical and biologi-

cal characteristics needed to designate management units and establish general

planning and management policies within them.

The guidelines we have suggested do not address the more detailed types

of research (e.g. ecological models, bioassays) that may be necessary to

adequately predict the impact of a specific proposal. These research needs

will become increasingly important as the estuary management program is further

defined (Part I, Fig. 11).

Guidelines for physical and biological resource inventories are given in

Appendix Tables B and C. In addition to listing the estuarine data needed,

suggested planning, management, and research applications of that data are

included. Suitable methods for data collection based on previous and proposed

studies are also briefly outlined.	 In those cases where the data are already

available for many or all Oregon estuaries, the source of information is

shown.

Inventory of Physical Characteristics

The guidelines for physical data (Appendix Table B) range from general

descriptions of the estuary basin to more specific definitions of the processes

of each estuary. Generally there are three major criteria for the physical

data listed in the guidelines:

1)	 Many of the data categories in Appendix Table B directly or indirectly

influence the abundance and distribution of biological communities

in estuaries. Physical factors such as hydrological characteristics,
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water quality, or sediment type are necessary to determine relation-

ships between species and habitat distributions. The potential im-

pact of changes in the physical environment should be a prime con-

sideration in selecting management alternatives and evaluating

development proposals.

2) Some of the data--drainage area and river discharge, estuary shape,

surface area, and sediment type--are needed to apply the proposed

estuary and estuarine habitat classification system (Part I, Figs. 6

and 9).

3) Hydrological characteristics (circulation, mixing, and flushing) are

not only important biologically, but are needed to predict the movement

of pollutants and the effects of local alterations on the estuary.

The flow of water and the distribution of water-born materials in

each subsystem determine whether the effects of development will be

localized or transported to other areas and whether pollutants will

remain for long periods or will be quickly flushed from the estuary.

4) Past and current water and sediment quality data are key indicators

of the environmental conditions of an estuary, which should be con-

sidered by planners when establishing suitable locations for and the

intensity of future development. An ongoing water quality sampling

program to continually monitor the effect of the management program

is particularly important in estuaries classified for development.

Inventory of Biological Characteristics

The designation of management units requires judgements concerning the

most appropriate uses of specific sites within each estuary. The resource

inventory should identify and describe the distribution of important species in

estuarine food chains. Whenever possible, life histories and distributions
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should be correlated with habitats and/or subsystems, so that critical areas

for feeding, reproduction, rearing, and other life functions can be protected

in the comprehensive plan.

The biological data suggested for a resource inventory are shown in

Appendix Table C. The list includes all major plant and animal groups that

occur in the sediment or water column. Among the data categories are plant

groups (e.g. marshes, algal and eelgrass beds) that also provide habitat for

other plant and animal species.

In addition to the identification and classification of major plant groups,

the guidelines have also singled out plant productivity as an important factor

for estuary planning. Because plants function as the source of carbon that

fuels estuarine food chains, relative productivity of various plant communities

is particularly important in managing development estuaries. There is currently

very little information concerning plant production in Oregon estuaries.

The list of inventory data in Appendix Table C is similar for most groups

of species and includes broad survey data for each estuary tc:

1) identify the diversity of species utilizing the estuary,

2) describe the seasonal and, in some cases, historical distribution of

species or communities,

3) determine relative abundance or biomass of each species or community

as an indication of their contribution to estuarine productivity,

4) correlate water quality or sediment data (Appendix Table B) with

observed distributions and relative abundance.

RESEARCH NEEDS FOR OREGON ESTUARIES

The inventory guidelines in Appendix Tables B and C provide a standard

for evaluating the adequacy of existing resource data for planning and manage-

ment of Oregon estuaries. To complete such an evaluation, we have reviewed
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published and unpublished data for 16 Oregon estuaries.

Physical Characteristics

Table 2 summarizes the current physical data for Oregon estuaries in

relation to the data categories listed in the inventory guidelines. The major

inventory needs are briefly highlighted below:

Physical dimensions 

Many Oregon estuaries lack published base maps at a scale sufficient for

planning or plan implementation. In most cases DSL tideland maps at a scale

of 1:12000 provide an adequate planning base. However, these maps do not

extend to the head of tide of most estuaries, and, consequently, do not include

the entire estuary as defined by the Estuarine Resources Goal (LCDC 19770.

There are no DSL base maps for the smaller south coast estuaries -- the Elk,

Sixes, Pistol, and Winchuck. Although a 1:12000 scale is generally adequate

for planning purposes, a larger scale is preferable for plan implementation.

Planning base maps (1:12000) and implementation base maps (1:3600) which include

the entire estuary should be established for all major Oregon estuaries (Part

I, Fig.	 1).

Surface area measurements for many Oregon estuaries are inaccurate due to

the inadequacy of existing base maps. DSL tideland maps are drawn to the line

of Mean High Water (MHW), which excludes high marshes above that point. Since

many of these maps do not extend to the head of tide, surface area measurements

may be further underestimated. Planners require accurate estimates of the

total area of each major habitat type in each estuary to monitor changes in

the extent and diveristy of habitats and to determine appropriate uses for

specific estuarine locations.
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Table 2. Physical and chemical data available for major Oregon estuaries.a
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Information on the depths of many Oregon estuaries is also lacking. Most

soundings for Oregon estuaries are available from U.S. Army Corps of Engineers

(USAGE) dredging reports and National Ocean Survey (NOS) charts. These data

are generally confined to the lower subtidal and dredged portions of larger

estuaries. Depth information is useful in understanding biological distri-

butions and observed circulation and mixing characteristics, monitoring erosion

and desposition rates, and siting proposed facilities. Depth profiles to the

head of tide are needed for most Oregon estuaries.

Hydrological characteristics 

The LCDC Esutarine Resources Goal (1977b) defines a number of estuarine

boundaries in relation to tidal datums. The Oregon Estuarine Habitat Classifi-

cation System (Part I, Fig. 9) employes some of these same definitions. How-

ever, most existing tidal information does not correspond with the LDCD

definitions. The DSL tideland maps only show boundaries for MHW and Mean Low

Water (MLW). For a few larger estuaries, NOS charts plot soundings relative

to a MLLW datum. There are no maps clearly defining the line of non-aquatic

vegetation or MHHW, as LCDC defines the upland/estuary boundary. Although

habitats have been classified and mapped for most Oregon estuaries (ODFW 1978),

intertidal/subtidal boundaries at ELW are gross estimates from aerial photos

and field observations. Tide gauges exist in some of Oregon's larger estuaries

and additional gauges should be placed so that tidal boundaries defined by

LCDC can be drafted on appropriate base maps.

Most hydrological data for Oregon estuaries are very sketchy. Some infor-

mation on mixing, circulation, and flushing are contained in student theses

for several estuaries. But these studies do not include the seasonal range

of flow conditions or major tributaries. The only reported mixing data for

many estuaries are from Burt and McAlister (1959), who classified the mixing
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types of Oregon estuaries from a very limited number of sampling periods and

stations during 1959.

Circulation and flushing characteristics are basic for an understanding

of biological and material distributions in estuaries and are needed to evaluate

the siting and operation of proposed developments. A standard physical in-

ventory program should be developed to characterize mixing and circulation

patterns and flushing characteristics for all conservation and development

estuaries.

Water quality 

The Oregon Department of Environmental Quality (DEQ) maintains a water

quality monitoring program for Oregon estuaries. Data collected include

temperature, salinity, dissolved oxygen, BOD, pH, turbidity, coliform, and

streptococci. Tillamook, Coos, and Yaquina estuaries are sampled regularly

three times per year, while other estuaries are sampled three times every

third year. Sampling stations are not always distributed throughout the

estuaries or on all major tributaries, which precludes a fully representative

profile of water quality.

Ideally, a water quality monitoring program should sample conservation

and development estuaries seasonally. Sampling should include upper riverine

sections to estimate non-point sources of pollution from agricultural and other

land uses. Conditions in riverine and slough subsystems during periods of low

flow and poor flushing may be particularly important.	 In development estuaries,

annual or semi-annual surveys covering 24-hour periods at a few select sites

would help to document daily fluctuations in water quality. Because many

water quality parameters are also important to biological and physical surveys,

monitoring programs should be designed to maximize their value to estuarine

researchers. Salinity profiles from surface to bottom, for example, could be

valuable in characterizing seasonal mixing processes.
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Sediments 

Sediment particle size and organic content are major factors influencing

benthic community composition and distribution in estuaries. Since many fish

feed heavily on benthic organisms, their distribution is indirectly related to

sediments as well. The Oregon Estuarine Habitat Classification System (Part I,

Fig. 9) relies on sediment type as a primary factor defining estuarine habi-

tats and associated communities, which are essential considerations in

estuarine planning. Sediment type and quality are also important data to con-

sider in dredge disposal planning in development estuaries.

Sediment distribution has been studied in some detail in Tillamook (Avolio

1973), Netarts (Stout 1976), and Yaquina (Kulm and Byrne 1967) estuaries.

Surveys of clam beds in many estuaries provide qualitative data on substrate

distribution. Sediment types shown on ODFW habitat maps (1978) reflect data

from the literature on qualitative observations. Complete sediment surveys

should be conducted in conjunction with benthic invertebrate studies, parti-

cularly in conservation and development estuaries.

Biological Characteristics

Table 3 indicates a large gap of basic inventory information on many plant

and animal groups in Oregon estuaries. The most notable deficiencies are

briefly described below:

Algae 

Studies of phytoplankton and benthic micro- and macroalgal communities are

primarily scattered among student reports and theses for a few estuaries.

Habitat maps classifying algal "aquatic beds" (ODFW 1978) are based on aerial

photos and field observations from only a single summer. The LCDC Estuarine

Resources Goal (1977b) emphasizes that all major algal beds should be included

in a natural management designation. Despite the assumed importance of algal
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Table 3. Biological data available for major Oregon estuari es .a
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Table 3. (Continued)
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• Eelgrass beds are delineated on base maps for all estuaries (ODFW 1978).
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Research in progress on productivity and invertebrate and fish utiliaation of Retorts and Siletz marshes

(Morgan and Holton 1977).

5 E 
YoQ

Ny

67



communities at the base of food chains in Oregon estuaries, there have been no

extensive quantitative surveys of the seasonal distribution, composition, bio-

mass, or productivity of micro- or macroalgal communities. Nor has the impor-

tance of various macroalgal communities as habitat for invertebrates, fish,

and birds been studied.

Seagrasses 

Eelgrass species have also received little research attention in Oregon.

The U.S. Environmental Protection Agency (EPA) is currently studying the

productivity of Zostera marina in the Netarts and Siletz estuaries (Morgan and

Holton 1977). ODFW habitat maps (1978) indicate approximate summer distribution

from aerial photos and field observations. However, seasonal changes in cover

and biomass have not been documented, nor have concurrent changes in associated

benthic species been studied. There has been no research in Oregon on a second

species of eelgrass, z. nana, which has been discovered at higher intertidal

elevations in a number of estuaries. Basic seasonal surveys of eelgrass dis-

tribution, biomass, and associated animal species are needed for most Oregon

estuaries.

Tidal marshes 

Jefferson (1975; Akins and Jefferson 1973) has conducted broad surveys of

salt marsh communities in Oregon estuaries. ODFW habitat maps (1978) show the

approximate distribution of high and low salt, fresh, and shrub marshes.

However, neither of these sources map distribution to the head of tide on all

estuaries. The results of current EPA studies of marsh productivity (Morgan

and Holton 1977) in the Siletz and Netarts estuaries may be applied to other

estuaries if biomass or density of cover are determined for similar marsh

types in these other systems.
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Tremendous expanses of salt marsh have been diked in Oregon, producing a

significant impact on many estuaries. There have been no comprehensive surveys

of diked marshes to the head of tide on most Oregon estuaries, although some

have been identified on ODFW habitat maps (1978). Breaching dikes on salt

marshes is a possible method of habitat restoration or mitigation for estuary

filling as specified in the LCDC Estuarine Resources Goal (1977b). Surveys

should document the location and ownership of diked marshes, the state of

repair or disrepair of dikes and tidegates, and the species composition and

stage of succession for each diked marsh community. Studies are needed to

evaluate the impact of dike removal and to compare the utilization of diked and

undiked marshes by birds, mammals, and invertebrates. A study of the Salmon

River estuary (Morgan and Holton 1977) will provide data concerning plant

succession in a high marsh following dike breaching, but additional research is

required to document changes in animal utilization after removing dftes on this

and other marsh types.

Zooplankton and invertebrates 

Zooplankton surveys are available from reports and theses for the Netarts

(Zimmerman 1972), Yaquina (Frolander et al. 1973; Zimmerman 1972), and Alsea

(Matson 1972) estuaries only. Studies of the distribution and abundance of

larval crab and clam species would be valuable for most estuaries. Crab larvae

are abundant in many estuaries during the summer, but the growth and survival

of crabs from larvae to adults in Oregon estuaries has not been studied.

Most benthic invertebrate surveys have been restricted to adult clams and

crabs. ODFW has been conducting surveys of clam and shrimp populations in many

estuaries (Hancock et al. 1979). However, information concerning age classes,

harvest rates, and spawning periods is lacking for most systems. ODFW resource

use surveys (e.g. Gaumer et al. 1973) provide crab harvest data by summer month
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for many estuaries, but the distribution, relative abundance, size class, and

annual variability in the sport catch of Dungeness (Cancer magister) and red

rock (C. productus) crabs have not been documented.

There have been few general surveys of benthic invertebrate communities

in Oregon. Limited information is available from student reports and theses for

Netarts (Stout 1976), Yaquina (Markham 1967), and Coos (Jefferts 1977; USACE

1975) estuaries. Because changes in the estuary bottom brought about by

dredging, filling, alteration of flow patterns, and other disturbances have a

direct effect on the benthic community in the area, information concerning the

composition, distribution, and abundance of benthic invertebrates is essential

for planners to designate appropriate uses for particular sites in the estuary.

The identification of characteristic invertebrate assemblages is also needed

to define the major types of habitats that occur in Oregon estuaries.

Fish

There have been a number of studies of fish communities in Oregon estuaries.

A 2.5-year survey was completed on Tillamook Bay (Bottom and Forsberg 1978;

Forsberg et al. 1977). Less extensive sampling programs were conducted on the

Coos (Cummings and Schwartz 1971; Hostick 1975), Umpqua (Mullen 1977), and

Netarts (Stout 1976) systems. ODFW annual surveys have been conducted on the

Siuslaw, Umpqua, and Coos estuaries; and a 6-month study of Yaquina Bay fishes

was completed by EPA; however, the results of these surveys have not yet been

published. ODFW also completed sportfishing creel surveys for many Oregon

estuaries (e.g. Gaumer et al. 1973), and there are plans to update these in

1981. Most other ODFW fish studies have been related to salmonids and hatchery

operations (e.g. Reimers 1974). The only published survey of larval fishes was

conducted on the Yaquina estuary (Pearcy and Myers 1974). Other studies on

Yaquina Bay have emphasized particular species of interest (Beardsley 1969;

Gnose 1968).
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Despite these recent efforts to catalog and describe estuarine fishes,

general surveys covering annual periods are lacking for many Oregon estuaries.

Where broad inventories have been conducted, species of interest need to be de-

fined in order to complete in-depth studies of life history, food habits, and

habitat requirements. Concurrent studies of food habits and benthic or epi-

faunal invertebrate distributions are needed to determine feeding habitats for

estuarine-dependent species. As fish surveys are completed for a variety of

estuary types, species composition, abundance, and distribution should be com-

pared with the habitat types in each stream to help determine the habitat re-

quirements of fishes found in Oregon estuaries.

Birds and mammals 

Inventory information concerning birds and mammals of Oregon estuaries is

not extensive. Little quantitative data are available for estuarine use by

waterfowl and shorebirds. Most data consist of species lists, sometimes in-

dicating qualitative categories of relative abundance (Batterson 1971; Bayer

1978). The USACE Wetlands Reviews for the Alsea (USAGE 1976a), Nehalem (USAGE

1976b), and Siletz (USAGE 1976c) estuaries list presence or absence of species

by habitat type.	 Information concerning specific habitat requirements is very

limited. Waterfowl hunting and bird watching may also be important considerations

in comprehensive estuary plans, but published information is lacking.

Data concerning marine mammals in Oregon are also generally qualitative

(USAGE 1976a,b,c). Ongoing studies of population, growth, and feeding habits

of harbor seals in Netarts and Rogue estuaries (Morgan and Holton 1977) will

provide the most quantitative information to date concerning the utilization

of estuaries by marine mammals.

Although there are qualitative listings of terrestrial mammals for several

estuaries (e.g. USAGE 1976 a,b,c), community composition and abundance by habi-

tat type are generally unavailable.
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Research Priorities

As planning proceeds and development goals identified in local plans are

implemented, basic inventory data will become increasingly important to all

local, state, and federal agencies involved in estuary management. A standard,

coordinated inventory program to provide this information is essential to ensure

that the most pressing research needs have priority, that research time and

dollars are spent most effectively, and that results achieve a high degree of

transferability. The Oregon Estuarine Research Council, composed of state and

federal agencies and institutions, could help to coordinate research efforts

and prevent duplication in future estuary inventories.

Establishing priorities for estuarine resource inventories in Oregon is

difficult, since the list of data needed is both long and broad. Life history

studies, primary productivity measurements, and hydrologic and faunal surveys

are all important research needs at this early stage of estuary planning and

management. To date the most extensive research has been on large development

systems, including Coos, Tillamook, and Yaquina estuaries. Among conservation

estuaries, the most comprehensive inventories are from the USACE Wetlands

Reviews for the Alsea (USACE 1976a), Siletz (USACE 1976c), and Nehalem (USAGE

1976b) systems and a student research project on the Netarts estuary (Stout

1976). Generally, there has been very little research on the smaller south

coast estuaries classified by LCDC (1977a) for development or conservation.

The potential and pressure for development of these systems combined with the

lack of available resource data suggest that the following estuaries receive

the highest priority for research: Siuslaw, Umpqua, Coquille, Rogue, and Chetco.

Among conservation estuaries, the Necanicum and Nestucca are in greatest need

of inventory work.

Although there is more immediate need for research on particular develop-

ment and conservation estuaries, natural systems may provide the best
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opportunity for studies of undisturbed habitats or communities. Smaller un-

altered systems may be very useful for modelling and studies of factors in-

fluencing species distributions. Results of this research may be applied and

tested in larger, more complex systems.

Research design and methods that provide information which is useful beyond

the immediate focus of a particular research project may be as important as

the specific subject matter of the study. Standard methods for collecting,

analyzing, and reporting ecological data are needed so that results are com-

parable from one study site to another. Habitat classification provides a

standard means of organizing resource inventories and survey findings and

assembles the information in a highly usable form for planners and resource

managers. Representative estuary types should be selected to maximize the

application of findings to other similar estuaries and to define subsystem

habitat-community associations that will verify or modify the Oregon Estuarine

Habitat Classification System (Part I, Fig. 9). The classification of estuary

types (Part I, Fig. 6) may be useful in selecting appropriate estuaries for

this research.

The timing of research activity is equally critical. Surveys of impact

studies frequently are initiated long after development plans are well under-

way. As a result, findings often lag behind the important phases of decision-

making. Impact studies should not be confined to short-term analyses of

specific alterations but should also assess long-term effects of development

projects and the cumulative results of a large number of activities. Standard

indicator species should be selected for bioassays and studies to monitor chronic

impacts and the synergistic effects of increasing levels of development in

estuaries.

A combined program of broad inventories for general planning applications

together with detailed research on estuarine processes and the impact of
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alterations would best serve immediate and long-term planning needs in Oregon

estuaries. However, a monitoring program should continue so the management

strategies implemented for each estuary can be evaluated and revised where

necessary.
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Appendix A

OREGON ESTUARINE HABITAT CLASSIFICATION SYSTEM*

* Modified from Cowardin et al. (1977). Entire sections of the
USFWS classification system were used in the definition of terms.

The preparation of this document was financed in part by funds
from the Oregon Land Conservation and Development Department and
the Office of Coastal Zone Management, National Oceanic and Atmos-
pheric Administration, U.S. Department of Commerce, and by the
Oregon Department of Fish and Wildlife. Additional funds for
completing the Oregon Estuarine Habitat Classification System were
provided by the National Area Preserves Advisory Committee.
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ESTUARINE SYSTEM

An estuarine system has been defined as "a semi-enclosed coastal body of

water (including submerged land, tideland, and tidal marsh) which has a free

connection with the open sea and within which sea water is measurably diluted

with freshwater derived from land drainage" (Pritchard 1967). Estuaries

extend upstream to the head of tidewater and landward to the line of non-

aquatic vegetation where marshes border the estuary, or to mean higher high

water (MHHW) where the line of non-aquatic vegetation cannot be determined.

The seaward limit of an estuary is defined by a line across the mouth of the

estuary, although estuarine conditions may extend seaward of this line during

periods of high freshwater runoff. The distribution of plants and animals in

the estuarine system primarily reflects differences in salinity, substrate

composition, and elevation.

SUBSYSTEMS

Marine

The marine subsystem is a high energy zone located near the estuary

mouth. The bottom is influenced by strong currents, and the substrate is

primarily coarse marine sand, cobble, and rock. Salinities are generally high

due to the dominance of ocean water, but may be greatly reduced during high

river flows in winter. Kelp and other algal species often cover the rock

substrates and form microhabitats for many species (Markham 1967). Benthic

invertebrates in this zone may include marine and estuarine species. Most

fish utilizing this subsystem are marine species.

Bay

The bay subsystem is a relatively protected environment, often character-

ized by a broad embayment between the estuary mouth and narrow, upriver reaches

of tidewater. Normally the bay subsystem has a large percentage of intertidal
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land. Because it is a transition zone between marine and freshwater environ-

ments, sediments of the marine subsystem are primarily a mixture of coarse

marine sands and fine river-borne silts and clays. Salinities during summer

are moderate to high depending on the size of the drainage, but may vary

considerably with tidal stage and freshwater flow. Most bays have a wide

diversity of habitats with extensive intertidal flats, eelgrass beds, algal

beds, and marshes.

Slough

The slough subsystem is a sheltered environment, which is usually a

narrow, isolated arm of the estuary. Freshwater drainage into the slough

subsystem is either low or dispersed by a number of small creeks, so that the

current flowing through the slough channel is slow. The salinity is influenced

by the proximity of the slough to the estuary mouth. Sloughs usually have fine

organic sediments and high percentages of intertidal land, consisting of

extensive flats, eelgrass beds and marshes.

Riverine

The riverine subsystem includes the upper tidewater portions of the

larger tributaries which enter the estuary. A large percentage of the sub-

system is narrow, subtidal river channel. Current velocities exhibit dramatic

seasonal changes which influence benthic communities. Salinities are low most

of the year, and portions of the subsystem may be entirely fresh water.

Sediments range from fine silts and clays to cobble and gravel. Small fringing

marshes occur on the narrow, intertidal portions of the river bank.

TIDAL REGIME

Subtidal

Subtidal habitats are below the extreme low water (ELW) tide level and
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have continuously submerged substrates.

Intertidal

Intertidal portions of the estuarine system are exposed and flooded by

tides as frequently as twice daily or as infrequently as a few times a year.

Intertidal habitats are above ELW and include tidal marsh areas. The upper

limit of the intertidal zone is defined as the line of non-aquatic vegetation,

or as MHHW in areas where the line of non-aquatic vegetation cannot be deter-

mined.

SUBTIDAL CLASSES AND SUBCLASSES

Unconsolidated Bottom Class

This class includes subtidal habitats with bottoms composed of unconsoli-

dated sediments that are less than 30% covered by vegetation. Coarse substrates

are usually found in the marine and riverine subsystems, while fine material

is deposited in sloughs and low energy portions of the bay subsystems (Kulm

and Byrne 1966). Unconsolidated bottoms do not have large, stable surfaces

for plant and animal attachment. They are found in high and low energy regimes

and may be very unstable. Exposure to wave and current action, sediment size,

temperature, salinity, and light penetration influence the composition and

distribution of organisms. Consequently, plant and animal communities occupying

consolidated bottom habitats will vary from the open ocean to the upper end of

the estuary. The majority of animals in unconsolidated sediments live within

the substrate. Some animals, such as certain polychaetes, maintain permanent

burrows, and other animals may live on the surface, especially in coarse

sediments.
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Subclasses of unconsolidated bottom 

(1) Sand. The substrate is primarily sand (75% or more of the sediment is

0.0625-1 mm in diameter) in the Wentworth sediment classification system),

although finer or coarser sediments may be intermixed. The sand bottom

has a less diverse fauna and flora than either mud, mixed sand-mud, or

cobble/gravel bottoms.

(2) Sand-mud mixed. The substrate is a mixture of sand and mud. These

habitats are typically higher in organic content than sand and are firmer

and more aerated than mud.

(3) Mud. The substrate is primarily silt and clay (75% or more of the sediment

is less than 0.625 mm in diameter), although coarser sediments and organic

material may be intermixed. Organisms living in mud must often tolerate

low oxygen concentrations.

(4) Shell. The surface of the substrate is at least 75% shell.

Subtidal shell bottoms may be covered with a layer of shell several

centimeters thick.

(5) Wood debris/organic. Substrates composed of primarily wood debris and

other organic material usually occur where current velocities are low,

and/or there is a steady supply of additional organic material.

(6) Cobble/gravel. The substrate is primarily cobble and gravel

(fragments less than 256 mm, but greater than 1 mm in diameter), although

finer sediments may be intermixed.

Rock Bottom Class

This class includes subtidal habitats with rock substrates that are less

than 30% covered with vegetation. 	 It is usually a high energy habitat with

well aerated waters. The firm substrate is a primary factor determining

abundance, composition, and distribution of organisms. Temperature, salinity,
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current, and light penetration are other important factors affecting the

composition of the benthic community. Animals are generally firmly attached

to the rocky surface by hooking or sucking devices. Some species move about

over the substrate in search of food, while others are permanently attached to

the rock surface. A few animals hide in rocky crevices and under rocks, and

others burrow into finer substrates between boulders. Plants are firmly

attached. Most rock bottoms occur in the marine subsystem.

Subclasses of rock bottom 

(1) Boulder. The substrate consists of rock fragments larger than 256 mm in

diameter. Often finer material is mixed with the larger fragments.

(2) Bedrock. The substrate consists primarily of bedrock surfaces. Unconsoli-

dated sediments may seasonally cover portions of the rock surfaces.

Piddock clams may burrow into soft sedimentary rock (Ricketts and Calvin

1968).

Aquatic Bed Class

This class includes subtidal habitats with substrates that are at least

30% covered by submergent plants for the majority of the growing season. The

plants greatly influence the composition of the resident animal species.

Subclasses of aquatic beds 

(1) Seagrass. Subtidal seagrass beds are composed primarily of vascular

aquatic seed plants, principally eelgrass (zostera marina). Eelgrass

leaves support many epiphytes which are consumed by fish and larger

invertebrates (Thayer and Phillips 1977). Eelgrass beds reduce currents

and promote sediment deposition.

(2) Algal. Subtidal algal beds consist of macroalgae attached to rock sub-

strates and unconsolidated substrates. Genera common in Oregon estuaries
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include Enteromorpha, Ulva, and Fucus spp. Beds of kelp with holdfasts

(order Laminariales) occur in the marine subsystem near the mouths of

some estuaries and contain many invertebrates (Markham 1967). Many

macroalgae attach to unconsolidated substrates by means of a basal holdfast

or disc. However, in sand and mud, algae penetrate the substrate, and

higher plants can successfully root if wave action and currents are not

too strong.

INTERTIDAL CLASSES AND SUBCLASSES

Shore Class

This class includes intertidal habitats with rock or unconsolidated

substrates occurring as a narrow band between uplands (or tidal marshes) and a

subtidal water course. Shores are generally high energy habitats which are

exposed to strong waves and tidal and river currents. Shores are usually

unvegetated because of the scouring effect of the currents but may have fringing

marshes and seasonal algal cover. 	 In shore habitats with unconsolidated

substrates, scattered perennial emergents and shrubs may occur but not in

sufficient density (less than 30% cover) to classify the area as tidal marsh.

On rocky shores the substrate is stable enough to permit the attachment and

growth of sessile or sedentary invertebrates, algae, and lichens. Shores

usually display vertical zonation, which is a function of tidal range, river

flow, wave action, and degree of exposure.

Subclasses of shores 

(1) Sand. The substrate is primarily sand (75% or more of the sediment is

0.0625-1 mm in diameter), which occasionally may be scoured by storm

waves or flood currents to expose boulders or bedrock.
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(2) Sand-mud mixed. The substrate consists of mixed sand and mud. The mud

may be removed from shores subject to seasonally varying water velocities

during high flows, or the entire substrate may be periodically swept

away.

(3) Mud. The substrate is primarily silt and clay (75% or more of the sediment

is less than 0.0625 mm in diameter). The substrate of shores subject to

seasonally varying velocities may change from mud to sand-mud mixed.

(4) Shell. The surface of the substrate is at least 75% shell fragments.

Very few unaltered areas would be classified as shell shore, since shell

is usually a small fraction of the substrate composition in intertidal

areas.

(5) Wood debris/organic. The substrate is predominantly wood debris and

other organic material. Scouring may also periodically change the sub-

strate of these shores.

(6) Cobble/gravel. The substrate is primarily cobble or gravel (fragments

less than 256 mm but greater than 1 mm in diameter) often carried down-

stream with high winter flows, deposited on the estuary shore at the

mouths of small steep creeks, or fragmented from estuarine headlands and

islands.

(7) Boulder. The substrate consists primarily of rock fragments larger than

256 mm in diameter. Often finer material is mixed with the larger fragments.

(8) Bedrock. The substrate consists primarily of bedrock surfaces. Unconsol-

idated sediments may seasonally cover portions of the rock surfaces.

Flat Class

This class includes intertidal landforms with a gradual slope, which

normally occur in areas sheltered from strong currents and wave action.

Shapes and locations of flats vary, but most flats occur in the bay and slough

87



subsystems. Flats are broader, more gradual in slope, and subject to slower

current than adjacent shores. This class includes vegetated flats less than

30% covered by plants during the summer. More densely vegetated flats are

classified as aquatic beds or tidal marshes.

Community structure is influenced by sediment characteristics, currents,

wave action, temperature, and salinity. Regularly flooded flats support

diverse populations of tube-dwelling and burrowing invertebrates including

worms, clams, and crustaceans. These invertebrates are primarily detritus

feeders. Flats also are commonly colonized by macroalgae, diatoms, and sea-

grasses. Animals and plants have adapted to the wide ranges of temperature

and salinity characteristic of flats. A flat may be relatively stable, or may

increase in total area, elevation, or percentage of vegetative cover. Flats

seldom decrease in elevation or size under natural conditions.

Subclasses of flat 

(1) Sand. The substrate is composed primarily of sand (75% or more of the

sediment is 0.0625-1 mm in diameter), often with particles of other sizes

intermixed. Although population densities may be very high, species

diversity is often low.

(2) Sand-mud mixed. The substrate is a mixture of sand and mud. Sand-mud

flats are typically higher in organic content than sand flats and are

firmer and more aerated than mud flats.

(3) Mud. The substrate is primarily silt and clay (750 or more of the sediment

is less than 0.0625 mm in diameter) and is often anaerobic below the

surface. Organic content is generally higher than in the other subclasses

of flats (except wood debris/organic).

(4) Shell. The substrate is at least 75% shell. This type of flat is not

common under natural conditions.
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(5) Wood debris/organic. The substrate is primarily waterlogged wood debris,

peat, and other organic material.

(6) Cobble/gravel. This substrate consists primarily of cobbles or gravel

(fragments less than 256 mm but greater than 1 mm in diameter), often

with shell fragments or finer sediments intermixed.

Aquatic Bed Class

This class includes mainly lower intertidal habitats with at least a 30%

vegetative cover during the majority of the growing season. As in the sub-

tidal aquatic bed class, two subclasses of plants are dominant in the com-

position of the resident community.

Subclasses of aquatic beds 

(1) Seagrass. Intertidal seagrass beds are composed primarily of vascular

aquatic seed plants, such as eelgrass (Zostera marina, Z. nana).

(2) Algal.	 Intertidal algal beds consist of macroalgae attached to rock and

unconsolidated substrates. Genera common in Oregon estuaries include

Enteromorpha, Ulva, and Fucus spp.

Beach/Bar Class

This class includes sloping intertidal landforms created by waves and

currents, which are composed primarily of unconsolidated sand, gravel, or

cobbles. These high energy habitats have less than 30% vegetative cover.

Beaches are limited to areas in the marine subsystem influenced by ocean waves

and currents, and extend landward to a distinct break in landform or substrate

type (e.g., a foredune, cliff, or bank) or to the point where vegetation

covers 30% or more of the substrate. Bars are elongate ridges, banks, or

mounds with water on at least two sides. Bars most often occur in the marine

and riverine subsystems. Bars may only be irregularly or seasonally flooded.
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Beaches and bars are characterized by a shifting, unstable substrate with high

permeability, variable surface moisture, and low percentage of organic matter.

The surface layer has a high oxygen content, but there is often a deeper

anaerobic layer. Beaches and bars may be sparsely vegetated and are populated

by specialized burrowing invertebrates, such as molluscs, crustaceans, and

polychaetes. Faunal distribution is influenced by waves, currents, interstitial

moisture, salinity, and sediment grain size.

Subclasses of beach/bar 

(1) Sand. The substrate is primarily sand (75% or more of the substrate is

0.0625-1 mm in diameter). Cobble or gravel may be intermixed.

(2) Cobble/gravel. Cobble and gravel (fragments less than 256 mm but greater

than 1 mm in diameter) dominate the substrate, although sand is usually

mixed with these larger particles. Some of the larger cobbles and

occasional boulders found in these areas may support sessile organisms.

Cobble/gravel beaches and bars typically form where wave action or currents

are particularly strong. As a result, sand and silt particles may be

eroded and transported from the beach or bar and deposited in deeper

waters.

Tidal Marsh Class

This class includes higher intertidal landforms that are more than 30%

covered by erect, rooted herbaceous, or woody hydrophytes. The tidal marsh

generally occurs from slightly below mean high water (MHW) inland to the line

of nonaquatic vegetation. Community composition varies primarily with tidal

elevation but is also influenced by sediment type and salinity. Plant producers

in salt marshes include not only marsh grasses but also macroalgae entwined

among the grass stems, microalgae on the mud surface, and phytoplankton in the

water column. Organic material and nutrients stored by marsh producers are
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consumed directly or transported to other portions of the estuary as detritus.

Marshes provide habitat for fish, invertebrates, waterfowl, and small terres-

trial mammals. A diversity of insects live among and graze on marsh grasses.

Subclasses of tidal marsh

(1) Low salt marsh. Low salt marshes are entirely flooded by most high tides,

and, therefore, contribute to the estuarine food supply on a daily basis.

Tidal runoff is generally diffuse rather than contained by deep ditches.

The marsh surface is generally flat but slopes slightly upward toward

land. Depending on the substrate a colonizing marsh community near mean

high water is comprised of seaside arrow grass (Triglochin maritime),

seacoast bullrush (Scirpus maritimus), or Lyngbye's sedge (Carex lyngbyei)

(Frenkel and Eilers 1976). This lower intertidal marsh frequently shows

high species dominance and low diversity (Eilers 1975).

(2) High salt marsh. High salt marshes usually rise abruptly 0.3 to 1 m

above the adjacent flat, shore, or low marsh (Jefferson 1975). The marsh

surface is irregular with generally continuous plant cover interspersed

with pot holes, salt pans, and channels. The marsh surface is covered by

most higher high tides and tidal runoff follows well defined channels

with natural levees. Diversity is usually greater in high marsh communities

than in low marshes. Typical high marsh and transition zone species are

described by Frenkel et al. (1978).

(3) Fresh marsh. Fresh marshes occur inland of salt marshes where soil

salinity is low or in the upstream portion of the estuary where fresh

water under tidal influence periodically inundates the marsh. Vegetation

is herbaceous with sedge (Carex sp.), bullrush (Scirpus sp.), and cattails

(Typha sp.) usually dominant (Akins and Jefferson 1973).
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(4) Shrub. Shrub wetlands may occur at the inland boundary of the estuary.

In Oregon, willow (salix sp.) is the primary semi-aquatic woody plant

that is likely to occur. Willow, however, has a low salinity tolerance

and, therefore, is most often found in the riverine subsystem.

MODIFIERS

Several modifiers of this habitat classification system help to more

accurately characterize estuarine habitats. These modifiers may be applied to

any level of the classification system.

Tide Level and Salinity

Tidal elevation and salinity regime are the primary physical factors

influencing community composition in an estuary. A marked vertical and longi-

tudinal zonation of species occurs in estuaries due to changes in tidal level

and salinity.	 Intertidal species exhibit special adaptations to resist

dessication, to tolerate large variations in temperature due to tidal exposure,

and to regulate internal salinity. For a broad level habitat description,

suitable modifiers include the general categories used by Cowardin et al.

(1977) (irregularly exposed, regularly flooded, irregularly flooded) and the

subsystem categories described previously (marine, bay, slough, riverine).

For more specific habitat characterizations, tidal levels and salinity should

be quantified.

Special Modifiers

Some estuarine habitats have been modified by human activity. Since these

modifications may greatly influence the community composition, the following

modifiers may be used to describe such habitats.
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Excavated 

The excavated modifier is used to describe estuarine basins or channels

which receive periodic dredging. Benthic invertebrate and plant communities

are kept at a low level of succession by the periodic removal of the substrate

surface.

Diked 

The diked modifier is used to describe habitats (usually marsh) in which

the natural flushing is severely restricted by dikes or barriers. Some areas

that are partially diked or have open culverts or tidegates may permit reduced

exchange of water between the diked area and main body of the estuary. Often

these areas have large algal blooms, low oxygen concentrations, and exhibit

different floristic characteristics than similar undiked areas.

Artificial 

The artificial modifier refers to estuarine substrates resulting from

man-made alterations. Jetties, breakwaters, riprap, artificial reefs, docks,

piers, and pilings are examples of artificial habitats. Dredge spoil and log

storage areas are also included in the artificial category.
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