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NOAA's Estuarine Living Marine Resources Program

The Strategic Environmental Assessments (SEA) Division of NOAA's Office of Ocean Resources Conservation
and Assessment (ORCA) was created in response to the need for comprehensive information on the effects of
human activities on the nation's coastal ocean. The SEA Division performs assessments of the estuarine and
coastal environments and of the resources of the U.S. Exclusive Economic Zone (EEZ).

In June 1985, NOAA began a program to develop a comprehensive information base on the life history, relative
abundance and distribution of fishes and invertebrates in estuaries throughout the nation. The Estuarine Living
Marine Resources (ELMR) program has been conducted jointly by the SEA Division, the National Marine Fisheries
Service (NMFS), and other agencies and institutions. Three salinity zones as defined in Volume 1 of NOAA’s
National Estuarine Inventory Data Atlas (NOAA 1985) provide the spatial framework for organizing information on
species distribution and abundance within each estuary. These salinity zones are tidal fresh (0.0 to 0.5 ppt), mixing
(0.5 to 25 ppt), and seawater (>25 ppt). The primary data developed for each species include spatial distribution
by salinity zone, temporal distribution by month, and relative abundance by life stage, e.g., adults, spawning,
juveniles, larvae, and eggs. Life history summaries and tables are also developed for each species.

The nationwide ELMR data base was completed in January 1994, and includes data for 135 species found in 122
estuaries and coastal embayments. Nine reports and reprints are now available free upon request, and are listed
below. This report, Distribution and Abundance of Fishes and Invertebrates in West Coast Estuaries, Volume I:
Data Summaries, summarizes information on the distribution and abundance of 47 fish and invertebrate species
in 32 estuaries of the U.S. Pacific coast of Washington, Oregon, and California. This reportwas published in 1990,
and reprinted with revisions in November 1994. These data summaries complement information presented in
Volume II: Species Life History Summatries. A national report summarizing the data and results from the ELMR
program will be published in 1995.

Additional information on this or other programs of NOAA's SEA Division is available from:

NOAA/NOS SEA Division, NJORCA1
1305 East-West Hwy., 9th Floor
Silver Spring, Maryland 20910

Phone (301) 713-3000
Fax (301) 713-4384

Selected reports and reprints available from NOAA's Estuarine Living Marine Resources program include:
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Distribution and Abundance of Fishes and Invertebrates in West Coast Estuaries
Volume I: Data Summaries

Introduction

This report is the first of two volumes that present
information on the spatial and temporal distribution,
relative abundance, and life history characteristics of
47 fish and invertebrate species in 32 estuaries along
the contiguous west coast of the U.S. Its purpose is to
disseminate data developed by the National Oceanic
and Atmospheric Administration’s (NOAA) Estuarine
Living Marine Resources(ELMR) program (see inside
frontcover). The ELMR programis a cooperative study
of NOAA's National Ocean Service (NOS), National
Marine Fisheries Service (NMFS), and other research
institutions. The objective of the ELMR program is to
develop a consistent data base on the distribution,
abundance, and life history characteristics of important
fishes and invertebrates in the Nation’s estuaries. The
nationwide data base is divided into five study regions
(Figure 1). This data base contains the relative
abundance and monthly occurrence of each species’
life stage by estuary for three salinity zones (seawater,
mixing, and tidal fresh zones) identified in NOAA's
National Estuarine Inventory (NEI) Data Atlas - Volume
I (NOAA 1985). The Nationwide data base contains
information for approximately 135 fish and invertebrate
species in 122 U.S. estuaries.

Estuaries are among the most productive natural
systems and are important nursery areas that provide
food, refuge from predation, and valuable habitat for
many species (Gunter 1967, Joseph 1973, Weinstein
1979, Mann 1982). Estuarine organisms that support
importantcommercial and recreational fisheries include
salmonids, crabs, and molluscs. In spite of the well-
documented importance of estuaries to fishes and
invertebrates, few consistent and comprehensive data
bases exist which allow examinations of the
relationships between estuarine species found in or
among groups of estuaries. Furthermore, much of the
distribution and abundance information for estuarine-
dependent species (i.e., species that require estuaries
during their life cycle) is for offshore life stages and
does not adequately describe estuarine distributions
(Darnell et al. 1983, NOAA 1988).

Only a few comprehensive sampling programs collect
fishes and invertebrates with identical methods across
groups of estuaries within a region (Hammerschmidt
and McEachron 1986). Therefore, most existing
estuarine fisheries data cannot be compared among
estuaries because of the variable sampling strategies.
In addition, existing research programs do not focus on
how groups of estuaries may be important for regional
fishery management, and few compile information for
species having little or no economic value.

NOAA NMFS,
Hammond, OR

West Coast
32 estuaries,
47 species

NOAA NMFS,
Galveston, TX

North Atlantic
17 estuaries,
58 species
Maine DMR,
Boothbay Harbor, ME
UNH, Durham, NH
Mid-Atlantic

22 estuaries,

61 species
NOAA SEA Division,
Silver Spring, MD

VIMS, Gloucester Point, VA

NOAA NMFS, Beaufort, NC

Southeast

20 estuaries,
40 species

Gulf of Mexico
31 estuaries,
44 species

Figure 1. ELMR study regions and regional research institutions.




Because life stages of many species use both estuarine
and marine habitats, information on distribution,
abundance, temporal utilization, and life history
characteristics are needed to understand the coupling
of estuarine, nearshore, and offshore areas. To date,
a national, comprehensive, and consistent data base
of this type does not exist. Consequently, there is a
need to develop a program which integrates fragments
of information on marine and estuarine species and
their associated habitats into a useful, comprehensive,
and consistent format. The ELMR program was
designed to help fulfill this need by developing a
uniform nationwide data base on selected estuarine
species. Results will complement NOAA efforts to
develop a national estuarine assessment capability
(NOAA 1985), identify information gaps, and assess
the content and quality of existing estuarine fisheries
data.

Data Collection and Organization

Figure 2 shows the major steps taken to collect and
organize information onthe distribution and abundance
of fishes and invertebrates in West Coast estuaries.

Selection of Estuaries . Nineteen estuaries and marine
embayments of the West Coast were initially selected
from the National Estuarine Inventory Data Atlas,
Volume | (NOAA 1985). However, 13 additional west
coastestuaries were added because of theirimportance
as habitat for west coast fishes and invertebrates.

Data onthe spatial and temporal distributions of species
were compiled and organized based on three salinity
zones delineated for each estuary in the NEI; tidal fresh
(0.0 to 0.5%0), mixing (0.5 to 25.0%0), and seawater
(>25.0%0). Arepresentative map and datatable (Grays
Harbor, Washington) fromthe NElis shownin Appendix
1. Some West Coast embayments do not contain all
three salinity zones. For example, the southern
California estuaries and embayments generally only
have seawater zones and little or no tidal fresh and
mixing zones. However, they were included because
they provide important habitat for many euryhaline
species.

Compiling large amounts of data limits the amount of
information that can be organized and presented for
each species and estuary. It would be time and cost
prohibitive to map each species by life stage for each
estuary (Monaco 1986). Thus, the salinity zone
framework allows the available information on estuarine
fish and invertebrate distribution to be consistently
compiled and organized.

Figure 2. Major steps to complete the ELMR West Coast study.
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[ ] Zone not present*

*Freshwater inflow is relatively low
in many southern California
estuaries/embayments.

Figure 3. Location of the 32 west coast estuaries included in the ELMR program, and their salinity zones as
identified by the National Estuarine Inventory (NOAA 1985).

Selection of Species.  Four criteria were used to
develop a list of 47 species to be studied (Table 1).
Many of the selected species are either commercially
or recreationally important, while others have ecological
value or are indicators of environmental stress. Also,
several races of Pacific salmon (Oncorhynchus spp.)
were considered individually. The four criteria were:

1) Commercial value - a species that commercial
fishermen specifically try to catch (e.g., Pacific herring
and Dungeness crab), as determined from catch and
value statistics of the NMFS and state agencies.

2) Recreational value - a species that recreational
fishermen specifically try to catch that may or may not
be of commercial importance. Recreational species
(e.q., steelhead and California halibut) were determined
by consulting regional experts and NMFS reports.

3) Indicator species of environmental stress - identified
from the literature, discussions with fisheries experts,
and from monitoring programs suchas NOAA's National
Status and Trends Program (NOAA 1984). These
species (e.g., Pacific oyster and white croaker) are
molluscs or bottom fishes that consume benthic
invertebrates or have a strong association with bottom
sediments. Their physiological disorders, morphological
abnormalities, and ability to bioaccumulate
contaminantsindicate environmental pollution or stress.

4) Ecological value - based on several species attributes,
including trophic level, relative abundance, and
importance of species as a key predator or prey
organism (e.g., bay shrimp and topsmelt).




Table 1. ELMR West Coast species.

Scientific name

Common name

Mytilis edulis
Crassostrea gigas
Tresus capax

Tresus nuttallii

Tagelus californianus
Protothaca staminea
Venerupis japonica

Mya arenaria

Panopea abrupta
Crangon franciscorum
Cancer magister

Triakis semifasciata
Acipenser medirostris
Acipenser transmontanus
Alosa sapidissima
Clupea pallasi

Anchoa compressa
Anchoa delicatissima
Engraulis mordax
Oncorhynchus clarki
Oncorhynchus gorbuscha
Oncorhynchus keta
Oncorhynchus kisutch
Oncorhynchus mykiss
Oncorhynchus nerka
Oncorhynchus tshawytscha
Hypomesus pretiosus
Spirinchus thaleichthys
Thaleichthys pacificus
Microgadus proximus
Atherinops affinis
Atherinopsis californiensis
Gasterosteus aculeatus
Morone saxatilis
Paralabrax clathratus
Paralabrax nebulifer
Genyonemus lineatus
Atractoscion nobilis
Cymatogaster aggregata
Ammodytes hexapterus
Clevelandia ios
Ophiodon elongatus
Leptocottus armatus
Paralichthys californicus
Hypsopsetta guttulata
Pleuronectes vetulus
Platichthys stellatus

blue mussel

Pacific oyster
horseneck gaper 1
Pacific gaper
California jackknife clam 2
Pacific littleneck clam
Manila clam3
softshell

geoduck 4

bay shrimp 5
Dungeness crab
leopard shark

green sturgeon

white sturgeon
American shad
Pacific herring
deepbody anchovy
slough anchovy
northern anchovy
cutthroat trout

pink salmon

chum salmon

coho salmon
steelhead 6 (3 races)
sockeye salmon
chinook salmon (5 races)
surf smelt

longfin smelt
eulachon

Pacific tomcod
topsmelt

jacksmelt

threespine stickleback
striped bass

kelp bass

barred sand bass
white croaker

white seabass

shiner perch

Pacific sand lance
arrow goby

lingcod

Pacific staghorn sculpin
California halibut
diamond turbot
English sole

starry flounder

1 Also known as fat gaper (Turgeon et al. 1988).
2 Also known as California tagelus (Turgeon et al. 1988).
3 Also known as Japanese littleneck, Tapes phillippinarum (Turgeon

et al. 1988).

4 Also known as Pacific geoduck (Turgeon et al. 1988).
5 Also known as California bay shrimp (Williams et al. 1989).

6 The name steelhead refers to sea-run rainbow trout (Robins et al. 1980).

Data Sheets. A data sheet was developed for each
species in each estuary to enable quick compilation
and simple presentation of the data. Figure 4 depicts
the data sheet for Pacific herring in the Columbia River
estuary. A draft of each data sheet was developed by
project staff and reviewed by local experts. Data
compiled for each species include: 1) the salinity zone
itoccupies (seawater, mixing, and tidal fresh); 2) monthly
distribution in the zones; and 3) life stage(s) in a
particular zone and their relative abundance level. The
ELMR data are stored in a microcomputer data base
management system.

The relative abundance of a species was developed
using the following categories:

» Notpresent. species or life history stage not found,
guestionable data as to identification of species,
and/or recent loss of habitat or environmental
degradation suggests absence.

*  No information available: no data available, and
when after expert review it was determined that not
even an educated guess would be appropriate.

» Rare: species is present but not frequently en-
countered.

e Common: species is generally encountered but
not in large numbers, does not imply an even
distribution over a specific salinity zone.

e Abundant. species is often encountered in sub-
stantial numbers relative to other species.

*  Highly abundant. species is numerically dominant
relative to other species.

Adults were defined as sexually mature individuals,
juveniles as immature but otherwise similar to adults,
and spawning as the release of eggs and sperm
(fertilization). Afew exceptions existed, such as mating
of Dungeness crab, and parturition (live birth) of the
viviparous leopard shark and shiner perch. For Pacific
oyster, spawning, larvae, and eggs are not shown
because spawning is sporadic; most spat is hatchery
produced and placed on beds.

Because migrating juveniles of different races of chinook
salmon are difficult to distinguish in the field, the data
for juveniles of the different races of chinook salmon
include all races. Yearling juveniles (spring and winter
races) usually migrate earlier than subyearling juve-
niles (fall races). The following terms are defined to
help interpret the salmonid data:




* Race: A specific "run" of salmon defined by when
the adults enterrivers. Forexample, spring chinook
salmon is the race that enters rivers during spring.
A stock of salmon is usually defined by both the
time and location of spawning, thus, arace may be
composed of may stocks.

*  Half-pounder. Juvenile steelhead that migrate to
seain spring, but do not overwinter at sea their first
year. Instead, they return to rivers to overwinter,
and migrate to sea again the following spring.

e Kelt. Anadult steelhead or cutthroat trout that has
finished spawning.

For well-studied species such as salmon, quantitative
data were used to estimate abundance levels. For
many species, however, reliable quantitative data were
limited. Therefore, regional and local experts were
consulted to estimate relative abundance based on the
preceding criteria. Reference or guide species with
abundance levels corresponding to the preceding cri-
teria were developed for each estuary in cooperation
with local biologists. Other species were then placed
into the appropriate categories relative to the guide
species. These data represent relative abundances
within a specific estuary. Relative abundance levels
across West Coast estuaries could not be determined.

Pacific herring

Columbia River

Clupea pallasi Oregon/Washington
Reviewer: Bob Emmett
Salinity Life Relative Abundance by Month
Zone Stage
J FMAMJIJAS OND R
Adults 1
Tidal Fresh ?S\?gmgg i
0.0 - 0.5 ppt
PP Larvae 1
Eggs 1
Adults 1
Mixing Spawning 1
Juveniles 1
0.5-25.0 ppt Larvae 1
Eggs \ 1
Adults \ 1
Seawater Spawr_nng 1
>25.0 ppt | Juveniles 1
Larvae 1
Eggs 1

Peak Abundance: August to October

Legend: Relative Abundance:

S = Not Present

= No Data
| |=Rare

S = Common
- = Abundant
I - Hiohly Abundant

Comments: Only known spawning area in estuary is near Hammond, Oregon

Data Reliability (R):
1 = Highly Certain

2 = Moderately Certain

3 = Reasonable Inference

Figure 4. Example of a species/estuary data sheet: Pacific herring in the Columbia River estuary.

5



Data Verification. Approximately three years were
required to develop the 1,760 data sheets (Figure 4)
and consult with regional and local experts. Each data
sheet was carefully reviewed during consultations or
by mail. These consultations complemented the pub-
lished and unpublished literature and data sets com-
piled by NOAA. Ninety-one scientists at 26 institutions
or agencies were consulted. The names and affilia-
tions of these experts are listed in Appendix 3. Local
experts were particularly helpful in providing estuary/
species specific information. They also provided addi-
tional references and contacts and identified additional
species to be included in the ELMR data base.

Data summaries

The information compiled for each species and estuary
(1,760 data sheets) was organized into four data
summaries (p. 12-189). Tables 2 and 3 provide graphic
presentations of the spatial and temporal distributions
and relative abundance by life stage for each species
and estuary. The information shown represents a
species’ usual distribution in a particular estuary. Table
4 ranks the relative reliability of the information pre-
sented for each species life stage and estuary.

Spatial distribution and relative abundance. Table 2 (p.
13-49) summarizes the spatial distribution and relative
abundance by life stage for each species by salinity
zone in each estuary. The highest level of abundance
during the year in each estuary is depicted.

Temporal distribution. Table 3 (p.51-150) summarizes
the temporal distribution of each species by month and
life stage for each estuary. This table combines data
over the three salinity zones, with the highest level of
abundance for a particular life stage shown by month.

Occurrence of ELMR species in West Coast estuaries.
Table 5 (p. 188-189) was developed to readily convey
the occurrence of each ofthe 47 ELMR species in each
of the 32 West Coast estuaries. This table depicts the
highest relative abundance of the adult or juvenile life
stage of each species, in any month, in any salinity
zone within each estuary. The spawning, egg, and
larval life stages are not considered. This table also
suggests the zoogeography of species among estuar-
ies.

Data Content and Quiality

An important aspect of this study, especially since it
was based primarily on published and unpublished
literature and consultations, was to determine the
quality of the data used. Depending upon the ques-
tions addressed, some data may or may not be suitable
to use. A deliberate effort was made to assess the

overall reliability of the data base so that the informa-
tion could be used appropriately. Estimates of the
reliability of the distribution and abundance information
organized by species, life stage, and estuary are
presented in Table 5, Data reliability (p. 151-187). The
following criteria were used to assess data reliability:

Highly certain:. Considerable sampling data available.
Distribution, ecology, and preferred habitats well docu-
mented within an estuary.

Moderately certain. Some sampling data available for
an estuary. Distribution, preferred habitats, and ecol-
ogy well documented in similar estuaries.

Reasonable inference: Little or no sampling data
available. Information on species distributions, ecol-
ogy, and preferred habitats documented in similar
estuaries.

The quality and quantity of available data vary by
species and by estuary. For example, a large amount
of information is available on salmonids because they
are economically valuable. The lowest quality of data
and the least amount available are generally for spe-
cies’ spawning, egg, and larval stages. Except for a
few species (e.g., salmonids), very little research has
focused on species’ habitat preferences and environ-
mental tolerances. Thisis particularly true for the small
forage and/or non-commercial fishes and invertebrates.
Gear selectivity, difficulty in correctly identifying larval
stages, and difficulty of sampling various habitats limit
the reliability of this information.

Since the amount and quality of information vary by
species, life stage, estuary, and even within an estuary,
considerable scientific judgment is required to derive
or infer spatial and temporal distributions from existing
data and literature. Unfortunately, even the most
informed judgment is far from perfect due to the com-
plexity of estuarine systems. Consequently, informa-
tion on the level of certainty associated with each data
element must be presented (Table 5). Appendices 2,
3, and 4 provide a complete summary of the personal
communications and primary references used so that
readers can track and obtain additional information
efficiently.

Variability in Space and Time.  Species data were
organized according to the salinity zone boundaries
identified in each estuary of the NEI Data Atlas (NOAA
1985). However, these salinity zones are highly vari-
able due to interacting factors that affect salinity, such
as variations in freshwater inflow, wind, and tides. It
was assumed that if the area of a particular salinity
zone increases or decreases, the distribution of a
mobile species in that zone will correspondingly shift.




For example, if increased freshwater inflow shifts the
tidal fresh zone further down the estuary, the distribu-
tion of a species confined to that zone increases
accordingly. Foreuryhaline species, distributional shift
may or may not occur. The placement of species in a
salinity zone was ultimately determined by where they
have actually been observed or captured.

Species’temporal distributions are often dependenton
annual climatic conditions and water currents. Monthly
distributional patterns were derived based on the con-
sistent presence of a life stage within a particular
month. If a species is present in an estuary only in
unusual years (e.g., drought), it was not considered
present. However, if a species is typically found, even
during a restricted time period, it was considered
present. Greater temporal resolution, such as on a
biweekly rather than on a monthly basis, was not
possible.

Abundance Data . Except for a few important com-
mercial or recreational species, little or no quantitative
information was available to determine the relative
abundance of species across estuaries. Therefore,
relative abundance estimates were made compared to
other species within a specific estuary. For well-
studied species, quantitative data were used to esti-
mate the level of abundance within an estuary. How-
ever, in most cases the level of abundance assigned to
a species was determined by asking regional and local
biologists for expert opinions based on their knowledge
of individual species within an estuary. This effort
complemented the quantitative studies, and greatly
increased the reliability of the abundance information.
The relative abundance data shown in the data sum-
maries are the best that could be synthesized from
agency reports, academic studies, and expertreviews.

Use of ELMR Data

Classifying and Comparing Estuaries.  Althoughthe
gualitative nature of the distribution data precludes
statistical comparisons of species abundances among
estuaries, comparisons can be made using data on the
presence/absence of species in salinity zones. This
information, combined with the spatial and temporal
distribution data, is the strength of the ELMR data
base. Estuaries can be loosely categorized by their
physical and chemical characteristics and their associ-
ated species assemblages. The relative importance of
individual estuaries to specific species may also be
determined.

The species found in an estuary are sensitive indica-
tors of both the mean and extreme environmental
conditions within that estuary. Estuaries can be clas-
sified by the number of species present and by whether

the fauna are primarily marine, estuarine, or freshwa-
ter. Species assemblages may correlate with physical
characteristics, such as substrate, vegetation, areal
and temporal characteristics of salinity zones. The
information on species presence/absence or other
attributes can be used to determine the faunal similari-
ties and differences among estuaries.

A comparison of estuaries and associated species can
identify differing factors among those estuaries that
might account for shifts in species distribution and
relative abundance, helping to define ecological vari-
ables controlling species distributions. For example, a
species may show differing salinity tolerances among
estuaries, suggesting that some other factor, such as
temperature, competition, or predation may be regulat-
ing its distribution.

Linkages to Marine Ecosystems.  Estuaries provide
ayear-round home to many aquatic species; however,
a large number of species use estuaries for specific
parts of their life histories and spend the rest offshore.
Most of these latter species fall into four general
categories: 1) diadromous species, which use estuar-
ies as migration corridors and, in some instances,
nursery areas; 2) species that use estuaries for spawn-
ing, often at specific salinities; 3) species that spawn in
marine waters near the mouths of estuaries and de-
pend on tidal and wind-driven currents to carry eggs,
larvae, or early juveniles into estuarine nursery areas;
and 4) species that enter estuaries during certain times
of the year to feed on abundant prey. The biological
importance of an estuary can be assessed by the
intensity with which species use estuarine habitats.
Importance can be estimated both by the number of
species present as well as the density of specific life
stages in estuaries relative to offshore habitats. These
data may assist in identifying adverse effects of estua-
rine degradation on offshore populations.

Concluding Comments

This report is part of an effort to capture the Nation’s
data on fishes and invertebrates in estuaries (see
inside front cover). This research is one step in
developing an information base to bridge the gap
between site specific estuarine problems and formula-
tion of regional management strategies. Asitbecomes
apparent that the cumulative effects of small alter-
ations in estuaries have a systemic impact on coastal
ocean resources, it is more important than ever to
compile consistent information on the Nation’s estua-
rine fishes and invertebrates. Although the knowledge
available to effectively conserve and manage living
resources is limited, the ELMR program provides an
important tool for assessing the status of estuarine
fauna and examining their relationships with other




species and their environment. The ELMR data base
provides baseline information on the zoogeography
and ecology of estuarine fishes and invertebrates, and
identifies gaps in our knowledge of these resources.
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Data Summary Tables

Table 2. Spatial Distribution and Relative Abundance
Table 3. Temporal Distribution
Table 4. Data Reliability

Table 5. Occurence of ELMR species in West Coast estuaries

In each data summary table, species are listed in a phylogenetic order, as in Table 1, p. 4.
Estuaries are listed in a north to south order, as in Figure 3, p. 3. At the beginning of each data
summary is an index table showing the page location of each species and estuary within the
data summary.
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Table 2. Spatial distribution and relative abundance

Index to Table 2. Page location of spatial distribution table for each species and estuary.

| Estuary
Q
"
O\ A KY & A ALCD A Q\\OQ&OQ P DA %S
O3 S CRDS 5 Do aBS 3 a0 A R
s O S D AR E@B 58 ? PP 7 C AL P 3 PR LB E LSRN
Common and Scientific Name R R A R R e R R i R e R e

Blue mussel (Mytilus edulis)
Pacific oyster (Crassostrea gigas)
Horseneck gaper (Tresus capax)

Pacific gaper (Tresus nuttali) p.14 p.15 p. 16 p. 17
California jacknife clam (Tagelus californianus)
Pacific littleneck clam (Protothaca staminea)
Manila (Japanese) clam (Venerupis japonica)
Softshell clam (Mya arenaria)

Geoduck (Panope abrupta)

Bay shrimp (Crangon franciscorum) .18 p.19 p. 20 p.21
Dungeness crab (Cancer magister)
Leopard shark (Triakis semifasciata)
Green sturgeon (Acipenser medirostris)
White sturgeon (Acipenser transmontanus)
American shad (Alosa sapidissima)

Pacific herring (Clupea pallasi)

Deepbody anchovy (Anchoa compressa)
Slough anchovy (Anchoa delicatissima)
Northern anchovy (Engraulis mordax)
Cutthroat trout (Oncorhynchus clarki) p. 26 p. 27 p. 28 p. 29
Steelhead (Oncorhynchus mykiss)

Coho salmon (Oncorhynchus kisutch)
Chinook salmon (Oncorhynchus tshawytscha)
Chum salmon (Oncorhynchus keta)

Pink salmon (Oncorhynchus gorbuscha)
Sockeye salmon (Oncorhynchus nerka) p. 34 p. 35 p. 36 p. 37
Surf smelt (Hypomesus pretiosus)
Longfin smelt (Spirinchus thaleichthys)
Eulachon (Thaleichthys pacificus)
Pacific tomcod (Microgadus proximus)
Topsmelt (Atherinops affinis)
Jacksmelt (Atherinopsis californiensis) p. 38 p. 39 p. 40 p. 41
Threespine stickleback (Gasterosteus aculeatus)
Striped bass (Morone saxatilis)

Kelp bass (Paralabrax clathratus)
Barred sand bass (Paralabrax nebulifer)
White seabass (Atractoscion nobilis)
White croaker (Genyonemus lineatus) p.
Shiner perch (Cymatogaster aggregata)
Pacific sand lance (Ammodytes hexapterus)
Arrow goby (Cleviandia ios)

Lingcod (Ophiodon elongatus)

Pacific staghorn sculpin (Leptocottus armatus)
California halibut (Paralichthys californicus) p. 46 p. 47 p. 48 p. 49
Diamond turbot (Hypsopsetta guttulata)
English sole (Pleuronectes vetulus)
Starry flounder (Platichthys stellatus)

42 p. 43 p. 44 p. 45
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Table 2. Spatial distribution and relative abundance

West Coast Estuaries
Puget Hood Skagit Grays Willapa [Columbia |Nehalem | Tillamook
Sound Canal Bay Harbor Bay River Bay Bay
Species/Life Stage [T M ST M S|T M S|T M ST M SIT M S|T M S|[T M S
Blue mussel A L Bl - | (i oD oD _ ] V |
Mytilis S 20 | | oo oo Z ] ]
edulis J L Bl i | | oo oo Z ] V|
L L Bl - | (i oD oD _ ] Vo |
E 20 | | oo oo Z ] ]
Pacific oyster A Al ] Al ] )] Wl Wl
Crassostrea S
gigas J 2 e 2 e 0] L Al e e [
L
E
Horseneck gaper A i | ORI i | ] ] v 0 |
Tresus S 8] 0] o 0 0 O | @
capax J O | - | O |® O O Vv 0 |®
L oo i | oo Z Z |
E [ ] [ ] ] O |
Pacific gaper A @ @ i | 0| v v
Tresus S | | 0
nuttalli J CRIC CRIC [0 N N
L | - | o0
E | | [
California jacknife A
clam S
Tagelus J
californianus L
E
Pacific littleneck A ale ale ale 0|0 0|0 e O |
clam S L Bl L Bl L Bl oD oD [ ] O |
Protothaca J o e o e o e oo oo [ O |
staminea L L Bl L Bl L Bl oo oo & |
E L BL ) L BL ) L BL ) oD oD [ O |
T M ST M S|ITM SITM S|ITM S|ITM S|IT M S|IT M S
Puget Hood Skagit Grays Willapa [Columbia |Nehalem | Tillamook
Sound Canal Bay Harbor Bay River Bay Bay
West Coast Estuaries
Relative Abundance Salinity Zone Life Stage
[ Highly Abundant T - Tidal Fresh A - Adults
]} Abundant M - Mixing S - Spawning
] Common S - Seawater J - Juveniles
v Rare * - Salinity zone not present L - Larvae
Blank Not Present E - Eggs
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Table 2, continued. Spatial distribution and relative abundance

West Coast Estuaries
Netarts Siletz Yaquina | Alsea Siuslaw | Umpqua | Coos Rogue
Bay River Bay River River Rlver Bay River
Species/Life Stage [T M ST M S|T M S|T M ST M ST M S|T M S|[T M S
Blue mussel A O] v O] v ] [ ] v
Mytilis S ® Vv @ v ] ] ®
edulis J O] v O] v i o i Vv
L ] Vv ] Vv ] [ ]
E ] i ] i 1] [ ]
Pacific oyster A O] [ ] Cl Wl
Crassostrea S
gigas J O] [ ] (Nl
L
E
Horseneck gaper A (] i | ] [ ] v Al ]
Tresus S ) O @ O [ ] v O |
capax J - o | (] [ v D |-
L ] O | (] [ Vv |-
E ] O |m (] o i [y
Pacific gaper A ] v
Tresus S ] Vv
nuttalli J i v
L ] Vv
E ] v
California jacknife A
clam S
Tagelus J
californianus L
E
Pacific littleneck A (] e v v Al ]
clam S @ 0|0 Vv v O .
Protothaca J 0] oo v Vv oNl
staminea L i OO v v 1|
E ] [y Vv v [y
TMS|ITMSITM SITM SITM SITM SITM ST M S
Netarts Siletz Yaquina | Alsea Siuslaw | Umpqua | Coos Rogue
Bay River Bay River River Rlver Bay River
West Coast Estuaries
Relative Abundance Salinity Zone Life Stage
[ Highly Abundant T - Tidal Fresh A - Adults
L] Abundant M - Mixing S - Spawning
2 Common S - Seawater J - Juveniles
v Rare * - Salinity zone not present L - Larvae
Blank Not Present E - Eggs
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Table 2, continued. Spatial distribution and relative abundance

West Coast Estuaries

Klamath |Humboldt Eel Tomales C-' S. Fran/] _South Elkhorn Morro
Ri B Ri B Suisun / San| San Fran. S| h B
iver ay iver ay Pablo Bays Bay oug ay
Species/Life Stage ([T M ST M S|T M ST M S|T M S|* M S|* * S|* * S
Blue mussel A Al ] )] ] i | i | ] ]
Muytilis S L Bl ] ] C C ] ]
edulis J L Bl ] ] i | i | ] ]
L L Bl o ] (i (i ] -
E L Bl | ] ) Ol Ol ) ]
Pacific oyster A Al ] [ v v v [ ]
Crassostrea S
gigas J o9 [ Vv v v [ ]
L
E
Horseneck gaper A ORI
Tresus S - |
capax J |
L i |
E - |
Pacific gaper A OO (] v v (] ]
Tresus S oo (] v (] C]
nuttalli J oo ] v v ] ]
L oo ] v ] -
E oo ] v ] ]
California jacknife A V V V i
clam S v v v 0
Tagelus J Vv Vv Vv 2
californianus L N Ny N 0
E v v i i
Pacific littleneck A ORI ) v v ] i
clam S w @ @ v Vv ] o
Protothaca J - | 7] Vv Vv 0 i
staminea L i | ] v v Z ]
E - | ] v v Z [
T M SIT M SIT M S|IT M S|ITM S|* MS|* * S|[* * S
Klamath |Humboldt Eel Tomales C'. . Fran./| _South Elkhorn Morro
River Ba River Ba Suisun / San|San Fran. Slouah Ba
y y Pablo Bays| Bay 9 y
West Coast Estuaries
Relative Abundance Salinity Zone Life Stage
[ Highly Abundant T - Tidal Fresh A - Adults
L] Abundant M - Mixing S - Spawning
] Common S - Seawater J - Juveniles
v Rare * - Salinity zone not present L - Larvae
Blank Not Present E - Eggs
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Table 2, continued. Spatial distribution and relative abundance

West Coast Estuaries

Santa San . . . San ..
Monica | Pedro AIaBr2|tos Anggelm Neé/g;ort Mgzon Diego Eg?ua;ra
Bay Bay y y y Bay y
Species/Life Stage * * g * * g * * g * x g * * g * * g * x g * * g
Blue mussel A O] [ ] O] ] Cl ] ] )]
Mytilis S ] ] ] - . ] ] O
edulis J O] [ O] ] . i i .
L ] ] ] ] (] ] ] ]
E ] ] ] ] (] ] ] [
Pacific oyster A
Crassostrea S
gigas J
L
E
Horseneck gaper A
Tresus S
capax J
L
E
Pacific gaper A v ] v v v v v v
Tresus S v ) Vv Vv Vv Vv Vv Vv
nuttalli J V i v v Y N N N
L v ] v v v v v v
E v ] v v v v v v
California jacknife A )] )] i ] ] ] ] i
clam S C] C] O O O @ @ ®
Tagelus J ] ] i O O ] ] C]
californianus L ) ) [ D D ] ] ]
E ] ] [ (] (] ] ] ]
Pacific litleneck A ] O ] ] ] v v ]
clam S O O ] @ O v v ]
Protothaca J 0] 0] L] L] ] v v C]
staminea L [ o ] ] _ v v ]
E ] ] ] O] (] v v ]
* * S * * S * * S * * S * * S * * S * * S * * S
Santa San . . — San ..
Monica | Pedro AI%n;;:os Anggslm Neé/\g;/ort M:gs;;/on Diego 'ég;;fanr;
Bay Bay Bay
West Coast Estuaries
Relative Abundance Salinity Zone Life Stage
[ Highly Abundant T - Tidal Fresh A - Adults
L] Abundant M - Mixing S - Spawning
2 Common S - Seawater J - Juveniles
v Rare * - Salinity zone not present L - Larvae
Blank Not Present E - Eggs
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Table 2, continued. Spatial distribution and relative abundance

West Coast Estuaries
Puget Hood Skagit Gray's | Willapa |Columbia|Nehalem | Tillamook
Sound Canal Bay Harbor Bay River Bay Bay
Species/Life Stage [T M ST M S|T M S|T M ST M ST M S|T M S|[T M S
Manila clam A @O IR oo - |0 & |0 Z
Venerupis S| |@|o]| |®@|0] |[O|0| |@|O] |@|0 .
japonica J 8| - (O oo " | L_HIW _
L @O IR oo - |0 & |0 Z
E @O | oo | @ |0 Z
Softshell clam A ORI |0 8|0 m |0 m |0 )] [ ] m |
Mya S | oo 8|0 im | im | ] ] |
arenaria J IR oo @O - |0 - |0 ] ] m |0
L | oo @O | | ] [ ] - |
E | oo 8|0 im | im | ] ] |
Geoduck A ORI ORI il
Panope S O] O] ]
abrupta J - | | o
L i | i | ]
E ® 0 o
Bay shrimp A | oo | - | - | - | - | - |
Crangon S | oo | | | | | = |
franciscorum J i | ey iall RiCNienl RiCEienl RiCRIanl RiCRIanl RiClieRl RiC
L | oo | - | - | - | - | - |
E | oo | ) | ) | ) | ) | = |
Dungeness crab A | oo | oo oo oo O | |
Cancer M o i O
magister J L Bl L Bl L Bl L B L B L B L B L Bl
L oo oo oo oo oo oo ] [
E ] @] o
Leopard shark A
Triakis P
semifasciata J
M
E
T M ST M S|ITM SITM S|ITM S|ITM S|IT M S|IT M S
Puget Hood Skagit Gray's | Willapa |Columbia [Nehalem | Tillamook
Sound Canal Bay Harbor Bay River Bay Bay
West Coast Estuaries
Relative Abundance Salinity Zone Life Stage
[ Highly Abundant T - Tidal Fresh A - Adults
L] Abundant M - Mixing S - Spawning
] Common S - Seawater J - Juveniles
v Rare * - Salinity zone not present L - Larvae
Blank Not Present E - Eggs
P - Parturition
M - Mating
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Table 2, continued. Spatial distribution and relative abundance

West Coast Estuaries

Netarts Siletz Yaquina | Alsea Siuslaw | Umpqua | Coos Rogue
Bay River Bay River River Rlver Bay River
Species/Life Stage [T M ST M S|T M S|T M ST M ST M S|T M S|[T M S
Manila clam A ] v Zl
Venerupis S O o
japonica J O v 0
L o (]
E [ (]
Softshell clam A OO v 8|0 w0 [ [ " Al.]
Mya S oo v 8| " | [ ] [ ] 8|0
arenaria J oo v 8 |C ® O [ ] [ ] ®|C
L oo v L_HIn | ] ] @ |0
E [ v 8| " | [ [ 8|0
Geoduck A v
Panope S v
abrupta J v
L v
E v
Bay shrimp A oo | | - | - | - | - |
Crangon S oo | | | | | |
franciscorum J oyl ienl NONGR RIORISR] RICHIGN] NCHIeEl NCHIeRl RiC)
L oo | | - | - | - | - |
E [ | | | | | |
Dungeness crab A oo oo O | O | O | oo O | oo
Cancer M 8]
magister J e | e o9 o9 o9 o9 ]
L ] ] ] 2 2 2 |
E (]
Leopard shark A v
Triakis P
semifasciata J
M
E
T M SIT M SIT M SITM SITM S|ITM S|ITM SIT M S
Netafts Siletz Yaquina | Alsea Siuslaw | Umpqua | Coos Rogue
Bay River Bay River River Rlver Bay River
West Coast Estuaries
Relative Abundance Salinity Zone Life Stage
[ Highly Abundant T - Tidal Fresh A - Adults
L] Abundant M - Mixing S - Spawning
o Common S - Seawater J - Juveniles
v Rare * - Salinity zone not present L - Larvae
Blank Not Present E - Eggs
P - Parturition
M - Mating
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Table 2, continued. Spatial distribution and relative abundance.

West Coast Estuaries

Klamath |Humboldt Eel Tomales Sﬁi'sﬁhsrgr;r/] SaSnOllitrgn Elkhorn Morro
River Bay River Bay Pablo Bays Bay | Slough Bay
Species/Life Stage |T M S|{T M S|T M S|{T M S|T M S|[* M S|* * * xS
Manila clam A w0 Cl i | Wl v
Venerupis S ® O . ® |- e
japonica J w |O 0 w | a8 Vv
L - (O (] | o9
E [ (] CRL L AL
Softshell clam A im0 i l 1|0 SRR l v
Mya S - (O (] (] " | - |V _ v
arenaria J W (D ] ] (0 @ (D O Vv
L CR I (] (] | | - v
E w | [ (] " | " | [ v
Geoduck A v i
Panope S v ]
abrupta J v (]
L v (]
E v ]
Bay shrimp A v CRIC] (] IR w (O
Crangon S | O O | OO
franciscorum J CRICH (R RO w0 || i |
L oo | ] ) oo
E | (] | oo
Dungeness crab A 0O 0O 0O C v v v v
Cancer M
magister J O (O o @ L Al o e v |D v v
L ] o - YA YA IR v
E
Leopard shark A ORI ] 1 | [ AL ] ] i
Triakis P L] o o | o .
semifasciata J - | O] onle OO ] O
M (] (]
E
T M S|IT M S|ITM S|ITM S|ITM S|* MS|* * S|* * S
Klamath |Humboldt| Eel Tomales |C-S-Fran./| South | gjporm | Morro
River Bay River Bay puisun/San|San Fran.| gjq,gh Bay
Pablo Bays Bay
West Coast Estuaries
Relative Abundance Salinity Zone Life Stage
[ Highly Abundant T - Tidal Fresh A - Adults
L] Abundant M - Mixing S - Spawning
2 Common S - Seawater J - Juveniles
v Rare * - Salinity zone not present L - Larvae
Blank Not Present E - Eggs
P - Parturition
M - Mating
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Table 2, continued. Spatial distribution and relative abundance

West Coast Estuaries

Santa

San

San

. Alamitos | Anaheim | Newport | Mission : Tijuana
Monica | Pedro Diego
Bay Bay Bay Bay Bay Bay Bay Estuary
Species/LifeStage * x g * * g *x x g *x x G| * * G[x x g |*x x g[x x g
Manila clam A
Venerupis S
japonica J
L
E
Softshell clam A
Mya S
arenaria J
L
E
Geoduck A v
Panope S v
abrupta J v
L v
E v
Bay shrimp A
Crangon S
franciscorum J
L
E
Dungeness crab A
Cancer M
magister J
L
E
Leopard shark A il il v v v v v v
Triakis P o o
semifasciata J O O Vv Vv v v Vv v
M [ o
E
* * S * * S * * S * * S * * S * * S * * S * * S
Saljta San Alamitos | Anaheim | Newport | Mission S_an Tijuana
Monica | Pedro Bay Bay Bay Bay Diego Estuary
Bay Bay Bay
West Coast Estuaries
Relative Abundance Salinity Zone Life Stage
[ Highly Abundant T - Tidal Fresh A - Adults
L] Abundant M - Mixing S - Spawning
2 Common S - Seawater J - Juveniles
v Rare * - Salinity zone not present L - Larvae
Blank Not Present E - Eggs
P - Parturition
M - Mating
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Table 2, continued. Spatial distribution and relative abundance

West Coast Estuaries
Puget Hood Skagit Gray's | Willapa |Columbia [Nehalem | Tillamook
Sound Canal Bay Harbor Bay River Bay Bay
Species/Life Stage |T M S|T M ST M ST M S|IT M S|T M ST M S|IT M S
Green sturgeon A v agla] agla] agla]
Acipenser S
medirostris J vy
L
E
White sturgeon A v V |0 |0 |0 |0 )]
Acipenser S
transmontanus ~ J CRICRICR [CRICRICR RO e IeR e o
L
E
American shad A v VDO (O] | e (Y | V|V
Alosa S 0
sapidissima J mEIeRIeR CRICKCEICRICNICET B B B R RV Y v
L
E
Pacific herring A Al ] | Al ] Cl )] O] ]
Clupea S o0 o0 o0 . O ] ]
pallasi J ae a8 a8 | | a8 | O
L e e e oo oo oo - | O |
E a8 a8 a8 (] [ ] ]
Deepbody A
anchovy S
Anchoa J
compressa L
E
Slough anchovy A
Anchoa S
delicatissima J
L
E
TMS|ITMS|ITMS|ITMS|ITMS|ITM S|ITM SITM S
Puget Hood Skagit Gray's | Willapa |Columbia [Nehalem | Tillamook
Sound Canal Bay Harbor Bay River Bay Bay
West Coast Estuaries
Relative Abundance Salinity Zone Life Stage
[ Highly Abundant T - Tidal Fresh A - Adults
L] Abundant M - Mixing S - Spawning
2 Common S - Seawater J - Juveniles
v Rare * - Salinity zone not present L - Larvae
Blank Not Present E - Eggs
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Table 2, continued. Spatial distribution and relative abundance

West Coast Estuaries
Netarts Siletz Yaquina | Alsea Siuslaw | Umpqua | Coos Rogue
Bay River Bay River River Rlver Bay River
Species/Life Stage [T M ST M S|T M S|T M ST M ST M S|T M S|[T M S
Green sturgeon A v O v Vv oD oo|o (oo
Acipenser S
medirostris J v |O Vv Vv VoV QOO |0 |0
L
E
White sturgeon A |0 v YA Inlialla) )] )] )]
Acipenser S
transmontanus ~ J O oo v A RARAR o |o|o (O D
L
E
American shad A CRCRICE [CRICRICE [CRICRICE [CRICRICE [CRICRICT IO
Alosa S ]
sapidissima J CRICRICR [CRICEICR IORICEIOR ICRICRICEL B B JEORICRIC
L ]
E ]
Pacific herring A | | )] )] O] i | v
pallasi J | oo a8 oo oo a8 a8 oo
L " | | oo o - | |
E ] a8 [ [ ] CRL
Deepbody A
anchovy S
Anchoa J
compressa L
E
Slough anchovy A
Anchoa S
delicatissima J
L
E
TMS|ITMSITM SITM SITM SITM SITM ST M S
Netafts Siletz Yaquina | Alsea Siuslaw | Umpqua | Coos Rogue
Bay River Bay River River Rlver Bay River
West Coast Estuaries
Relative Abundance Salinity Zone Life Stage
[ Highly Abundant T - Tidal Fresh A - Adults
] Abundant M - Mixing S - Spawning
2 Common S - Seawater J - Juveniles
v Rare * - Salinity zone not present L - Larvae
Blank Not Present E - Eggs
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Table 2, continued. Spatial distribution and relative abundance

West Coast Estuaries

Klamath | Humboldt Eel Tomales C. S Fran. /| South Elkhorn Morro
River Ba River Ba Suisun / S. \San Fran. Slough Ba
Y y Pablo Bays Bay 9 y
Species/Life Stage |T M S|T M S|T M S|T M S|IT M S|* M S|* * S|* * §
Green sturgeon Alo (O[O oo (oo V|0 oo
Acipenser S
medirostris Jo oD oo |o (O oo o oo
L ]
E
White sturgeon A v 1 | )]
Acipenser S
transmontanus ~ J | [0 | v v O | O oo
L (]
E
American shad Al OO CRICRIC C AL Bl
Alosa S
sapidissima J|m | Ve |m | 88 oo
L
E
Pacific herring A N Al ) ale) 2 2 2 @ .
Clupea S [ O . . [ ] ]
pallasi J v O e e - | [ O | ol ] ]
L L Nl " | ] O | O | ]
E [ ] [ [ [ ]
Deepbody A
anchovy S
Anchoa J
compressa L
E
Slough anchovy A
Anchoa S
delicatissima J
L
E
T M S|IT M SITM S|ITM SITM S|* MS|* * S|* * S
Klamath | Humboldt Eel Tomales c. S Fran. /| South Elkhorn Morro
River Ba River Ba Suisun / S. \San Fran. Slough Ba
y y Pablo Bays Bay 9 y
West Coast Estuaries
Relative Abundance Salinity Zone Life Stage
[ Highly Abundant T - Tidal Fresh A - Adults
L] Abundant M - Mixing S - Spawning
2 Common S - Seawater J - Juveniles
v Rare * - Salinity zone not present L - Larvae
Blank Not Present E - Eggs
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Table 2, continued. Spatial distribution and relative abundance

West Coast Estuaries

San_ta San Alamitos | Anaheim | Newport | Mission San Tijuana
Monica | Pedro Bay Bay Bay Bay Diego Estuary
Bay Bay Bay

Species/LifeStage * x g [ *x x gf*x *x g *x x G| *x Gg[x x g |*x * g x x g

Green sturgeon

Acipenser
medirostris

White sturgeon

Acipenser
transmontanus

American shad

Alosa
sapidissima

mr «p>» | MEC @“O>»ME @O ME @O mME @O mMmr @0 >

Pacific herring v v
Clupea
pallasi v v

Deepbody Vv _ _ ] ] (] ]

anchovy 0 i@ i@ il il
Anchoa v i i ] (] ] ]
compressa . 0 ] ) 0

[ (] [ (] (]

Slough anchovy v [ v ) ) [ ] v
Anchoa [ ] ] [ ]
delicatissima Vv 0] Vv ] L] [ v

] [ [ ]
L & ] &
* * S * * S * * S * * S * * S * * S * * S * * S
Saljta San Alamitos | Anaheim | Newport | Mission S_an Tijuana
Monica Pedro Ba Ba Ba Ba Diego Estuar
Bay Bay y y y y Bay y
West Coast Estuaries
Relative Abundance Salinity Zone Life Stage
[ Highly Abundant T - Tidal Fresh A - Adults
] Abundant M - Mixing S - Spawning
2 Common S - Seawater J - Juveniles
v Rare * - Salinity zone not present L - Larvae
Blank Not Present E - Eggs
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Table 2, continued. Spatial distribution and relative abundance

West Coast Estuaries

Puget Hood Skagit Gray's | Willapa | Columbia| Nehalem| Tillamook
Sound Canal Bay Harbor Bay River Bay Bay
Species/Life Stage [T M ST M S|T M S|T M ST M ST M S|T M S|[T M S
Northern anchovy A oo o oo | o9 o9 oo oo
Engraulis S oo O oo
mordax J oo o oo w | a8 a8 a8 [ Al
L oo o oo oo oo oo oo oo
E [ [ [ oo oo oo
Cutthroat trout A oo oo o|oooo|o o oo o (O | (O o (]
Oncorhynchus S
clarki U nlinlieliskialin) s)iekiel afin)ie) e)iakia]l el inNiel (CRICRIC] IRl w]
L
E
Cultthroattrout- Al O (OO |C OO O (OO O O[O (O (OO 1O |0 O (O |[OfO OO
Kelts S
Oncorhynchus J
clarki (K) L
E
Steelhead - Fall A
Oncorhynchus S
mykiss (F) J
L
E
Steelhead - A
Half pounder S
Oncorhynchus ~ J
mykiss (H) L
E
Steelhead - Al OO0 OO0 |00 CRICRIC] oo o
Summer S
Oncorhynchus  J | |D OO O[O OO (O | | oo o
mykiss (S) L
E
TMS|ITMSITMSITM SITM SITM SITM S|T M S
Puget Hood Skagit Gray's Willaba Columbia |Nehalem | Tillamook
Sound Canal Bay Harbor Bay River Bay Bay
West Coast Estuaries
Relative Abundance Salinity Zone Life Stage
[ Highly Abundant T - Tidal Fresh A - Adults
] Abundant M - Mixing S - Spawning
2 Common S - Seawater J - Juveniles
v Rare * - Salinity zone not present L - Larvae
Blank Not Present E - Eggs
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Table 2, continued. Spatial distribution and relative abundance

West Coast Estuaries

Netarts Siletz Yaquina | Alsea Siuslaw | Umpqua| Coos Rogue
Bay River Bay River River Rlver Bay River
Species/Life Stage [T M ST M S|T M S|T M ST M ST M S|T M S|[T M S
Northern anchovy A o oo oo oo V|V YA RY " | oo
Engraulis S
mordax J o oo | oo YA RY i | a8 [ Al
L v |D (] oo v
E
Cutthroat trout A oo oo R (R N oo oo oo o
Oncorhynchus S
clarki U [nlinlieliekialin) sRieRiel [CRICHCECRIORC]E o) ieNie) (o) ieRie] IeRlaRe]
L
E
Cutthroat trout - AlO|O (OO |C OO O[O0 O O[O (O (OO |C OV [V | V|D|D|D
Kelts S
Oncorhynchus J
clarki (K) L
E
Steelhead - Fall A
Oncorhynchus S
mykiss (F) J
L
E
Steelhead - A
Half pounder S
Oncorhynchus ~ J CRICRI
mykiss (H) L
E
Steelhead - A oo (D oo o oo o CRICRIN
Summer S
Oncorhynchus J C oo oo o oo o CRICTRIC
mykiss (S) L
E
T M S|ITMSITMSITMSITM SITM SITM ST M S
Netarts Siletz Yaquina | Alsea Siuslaw | Umpqua | Coos Rogue
Bay River Bay River River Rlver Bay River
West Coast Estuaries
Relative Abundance Salinity Zone Life Stage
[ Highly Abundant T - Tidal Fresh A - Adults
] Abundant M - Mixing S - Spawning
2 Common S - Seawater J - Juveniles
v Rare * - Salinity zone not present L - Larvae
Blank Not Present E - Eggs
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Table 2, continued. Spatial distribution and relative abundance

West Coast Estuaries

Klamath |Humboldt Eel Tomales C.S.Fran./ South Elkhorn Morro
River Ba River Ba Suisun / S.|San Fran. Slough Ba
y y Pablo Bays Bay 9 y
Species/Life Stage |T M S|IT M S|IT M S|IT M S|IT M S|* M S |* * S|* * §
Northern anchovy A w | @ L Bl 0|0 ] e @ @ L o
Engraulis S | ]
mordax J ae ae o0 ] a8 w | [ [ ]
L v (] il | ] ]
E CRL CRL
Cutthroat trout A Olalv | v W |0
Oncorhynchus S
clarki Jo(oo]v ]| V] O |O|O
L
E
Cutthroat trout - Al ooy v v Iiololo
Kelts S
Oncorhynchus J
clarki (K) L
E
Steelhead - Fall A oD
Oncorhynchus S
mykiss (F) J|im | |
L
E
Steelhead - A
Half pounder S
Oncorhynchus  J | [0 | ey
mykiss (H) L
E
Steelhead - AlD DD BRTaRIN
Summer S
Oncorhynchus J |® (@ |@ WRICRIC
mykiss (S) L
E
TM SITM S|ITM S|ITM S|ITM S|* MS|* * S|* * §
Klamath |Humboldt Eel Tomales C.S.Fran./ South Elkhorn Morro
River Ba River Ba Suisun / S.|San Fran. Slough Ba
y y Pablo Bays Bay 9 y
West Coast Estuaries
Relative Abundance Salinity Zone Life Stage
[ Highly Abundant T - Tidal Fresh A - Adults
L] Abundant M - Mixing S - Spawning
2 Common S - Seawater J - Juveniles
v Rare * - Salinity zone not present L - Larvae
Blank Not Present E - Eggs
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Table 2, continued. Spatial distribution and relative abundance

Species/Life Stage

West Coast Estuaries

Santa
Monica
Bay

San
Pedro
Bay

Alamitos
Bay

Anaheim
Bay

Newport
Bay

Mission
Bay

San
Diego
Bay

Tijuana
Estuary

* *

* *

* *

* *

* * S

* *

S

Engraulis
mordax

Northern anchovy

o000 e® v

o000 e® v

oo0e @ v

o000 Ofo

EO0O® @ o

DoQo Ofe

-

Cutthroat trout

Oncorhynchus
clarki

Cutthroat trout -
Kelts

Oncorhynchus
clarki (K)

Steelhead - Fall

Oncorhynchus
mykiss (F)

Steelhead -
Half pounder

Oncorhynchus
mykiss (H)

Steelhead -
Summer

Oncorhynchus
mykiss (S)

Relative Abundance

[ Highly Abundant
] Abundant

Z Common
v Rare

Blank Not Present

* * S

* * S

* * S

* * S

* * S

* * S * *

S

Santa
Monica
Bay

San
Pedro
Bay

Alamitos
Bay

Anaheim
Bay

Newport
Bay

Mission
Bay

San
Diego
Bay

Tijuana
Estuary

West Coast Estuaries

Salinity Zone

T - Tidal Fresh
M - Mixing

S - Seawater
* - Salinity zone not present
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Life Stage

A - Adults

S - Spawning
J - Juveniles
L - Larvae

E - Eggs




Table 2, continued. Spatial distribution and relative abundance

West Coast Estuaries

Puget Hood Skagit Gray's | Willapa | Columbia| Nehalem| Tillamook
Sound Canal Bay Harbor Bay River Bay Bay
Species/Life Stage [T M ST M S|T M S|T M ST M ST M S|T M S|[T M S
Steelhead - Alo|o|o|o 0|00 |0(Cl@|0|O|®|(C|0|® @ |®|® |@® @0 |0 |0
Winter S
Oncorhynchus  J|O (O (OO (OO0 O(O|@[C(O|® |0 |(D]|® (@ |@|® |® @O |0 |0
mykiss (W) L
E
Coho salmon A oo oo ORI (ORI | | | ] ]
Oncorhynchus S
kisutch O eNiel IORIeN e [CRIeR el [CRICRCE [CRIORCE ICRICRICE [CRIORIC] ICRICRC)
L
E
Chlilnooksalmon-A@@Q@@@@@@@@@@@@@@@@@@@@@
Fa S
Oncorhynchus ~ J |m (@ (O |@ |0 |0 |@ (@ O (@ (@ (@@ @ |0 e @ | e & @
tshawytscha (F) L
E
Chinook salmon - A
Late Fall s
Oncorhynchus J
tshawytscha (LF) |
E
Chinook salmon - A
Winter S
Oncorhynchus J
tshawytscha (W) |
E
Chinook salmon - Al@ |@ [O|O |0 |O|® |@ @ |@ |® |@ ® |@ @ O |0 |0
Spring S
Oncorhynchus ~ J |® (@ |O |@ |2 |O |@ (@ (O |0 @ (. 88 o808
tshawytscha (Sp) |
E
TMS|ITMSITMSITM SITM SITM SITM S|T M S
Puget Hood Skagit Gray's Willaba Columbia |Nehalem | Tillamook
Sound Canal Bay Harbor Bay River Bay Bay
West Coast Estuaries
Relative Abundance Salinity Zone Life Stage
[ Highly Abundant T - Tidal Fresh A - Adults
L] Abundant M - Mixing S - Spawning
2 Common S - Seawater J - Juveniles
v Rare * - Salinity zone not present L - Larvae
Blank Not Present E - Eggs
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Table 2, continued. Spatial distribution and relative abundance

West Coast Estuaries

Netarts Siletz Yaquina | Alsea Siuslaw | Umpqua| Coos Rogue
Bay River Bay River River Rlver Bay River
Species/Life Stage |T M S|T M S|T M S|{T M S|T M ST M ST M S|T M S
Steelhead - Alv|viv|oo|olDo|oOle|@|@|Oo (00|00 |®|@ @@ |@ | ®
Winter S
Oncorhynchus  J |v |V |V |D|O|OlO (DOl (C OO0 |00 |00|® |@ @ |@ @
mykiss (W) L
E
Coho salmon A oo | ORI (ORI | | | ] ]
Oncorhynchus S
kisutch N aRial s} ICRICRICR IO B RICRICRICE ICRICRICE [CRICEIOE ICRICRIC] ICRIORIC
L
E
Chlilnooksalmon-A\/vvg@@@@@@@@@@@@@@@@@@@@
Fa S
Oncorhynchus  J |V [V [V |®@ @ @ @ (@ |@|® (@ @ | |@ |@|o |6 (| & & e & e
tshawytscha (F) L
E
Chinook salmon - A
Late Fall S
Oncorhynchus 3
tshawytscha (LF) |
E
Chinook salmon - A
Winter S
Oncorhynchus ~ J
tshawytscha (W) L
E
Chinook salmon - A oo o)o oo )oo |0 CRICRICE (SRR RO R
Spring S
Oncorhynchus  J CRICRICEL B R R CRICRIC L B N RICEL B AL B Al
tshawytscha (Sp) |
E
TMS|ITMSITMSITMSITM SITM SITM ST M S
Netarts Siletz Yaquina | Alsea Siuslaw | Umpqua | Coos Rogue
Bay River Bay River River Rlver Bay River
West Coast Estuaries
Relative Abundance Salinity Zone Life Stage
[ Highly Abundant T - Tidal Fresh A - Adults
L] Abundant M - Mixing S - Spawning
2 Common S - Seawater J - Juveniles
v Rare * - Salinity zone not present L - Larvae
Blank Not Present E - Eggs
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Table 2, continued. Spatial distribution and relative abundance

West Coast Estuaries

Klamath | Humboldt Eel Tomales C. S Fran./| South Elkhorn Morro
River Ba River Ba Suisun / S. (San Fran. Slough Ba
y y Pablo Bays Bay 9 y
Species/Life Stage T M S|ITM SITMSI|ITMSITMSI|* MS|* * S|[* *
Steelhead - Alolooloololoo|o|lo(oolo|o|o v
Winter S
Oncorhynchus J |@ |@ |® |0 |0 |O|@ (@ |@ |0 (O (0|0 |0 |D v
mykiss (W) L
E
Coho salmon Al O (OO || |O (O (DD 1O O
Oncorhynchus S
kisutch N ICRICRICH Ielial[e) (el el ie] a) ekl
L
E
Chinook salmon - Al @ (@ |0 |0 O @ | | | | v
Fall S
Oncorhynchus ~ J e e oo e e 88 ]
tshawytscha (F) |
E
Chinook salmon - A D0 O v
Late Fall S
Oncorhynchus 3 [ B B ]
tshawytscha (LF) L
E
Chinook salmon - A 20D
Winter S
Oncorhynchus 3 [ B RO ]
tshawytscha (W) |
E
Chinook salmon - A |@m | |® D0 O v
Spring S
Oncorhynchus J |l | |8 o8P | w ]
tshawytscha (Sp) |
E
T M ST M SITMSITM SITM S|[* MS|* * S|[* * S
Klamath |Humboldt Eel Tomales C._S.Fran./ South Elkhorn Morro
River Ba River Ba Suisun / S. |San Fran. Slouah Ba
y y Pablo Bays Bay g y
West Coast Estuaries
Relative Abundance Salinity Zone Life Stage
[ Highly Abundant T - Tidal Fresh A - Adults
] Abundant M - Mixing S - Spawning
(] Common S - Seawater J - Juveniles
v Rare * - Salinity zone not present L - Larvae
Blank Not Present E - Eggs
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Table 2, continued. Spatial distribution and relative abundance

Species/Life Stage

West Coast Estuaries

Santa
Monica
Bay

San
Pedro
Bay

Alamitos
Bay

Anaheim
Bay

Newport
Bay

Mission
Bay

San
Diego
Bay

Tijuana
Estuary

* * S

* * S

* * S

* * S

* * S

* * S *

*

S

Winter

Steelhead -

Oncorhynchus
mykiss (W)

Coho salmon

Oncorhynchus
kisutch

Fall

Chinook salmon -

Oncorhynchus
tshawytscha (F)

Chinook salmon -
Late Fall

Oncorhynchus
tshawytscha (LF)

Winter

Chinook salmon -

Oncorhynchus
tshawytscha (W)

Spring

Chinook salmon -

Oncorhynchus
tshawytscha (Sp)

mr > | MEC @“O>»ME @O ME @« mME @« mMmr @0 >

Relative Abundance
Highly Abundant

]
]
]
v
Blank

Abundant
Common
Rare

Not Present

* * S

* * S

* * S

* * S

* * S

* * S *

*

S

Santa
Monica
Bay

San
Pedro
Bay

Alamitos
Bay

Anaheim
Bay

Newport
Bay

Mission
Bay

San
Diego
Bay

Tijuana
Estuary

West Coast Estuaries

Salinity Zone
T - Tidal Fresh

M - Mixing

S - Seawater
* - Salinity zone not present
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Life Stage
A - Adults

S - Spawning

J - Juveniles
L - Larvae
E - Eggs




Table 2, continued. Spatial distribution and relative abundance

West Coast Estuaries
Puget Hood Skagit Gray's | Willapa | Columbia| Nehalem| Tillamook
Sound Canal Bay Harbor Bay River Bay Bay
Species/Life Stage [T M ST M S|T M S|T M ST M SIT M S|T M S|[T M S
Chinook salmon - A allalis]
Summer S
Oncorhynchus 9 o0
tshawytscha (Su) L
E
Chum salmon A 8w e e L B RCRICRICE] B oo oo ] ]
Oncorhynchus S
keta AL AL NICRL BL AL B AL B RICHICRICE] Bl Bl JielieNielekieRie]iCRICEC)
L
E
Pink salmon Al oo O B0 = @®|V|V |V 2
Oncorhynchus S
gorbuscha VAL AL B RICHICRICEL BT B )
L (]
E
Sockeye salmon A w0 v vy eI
Oncorhynchus S
nerka J|m @O ARAR O[O |O
L
E
Surf smelt A | | | oo oo oo | w
Hypomesus S L Bl [ ] e
pretiosus J " | " | " | oo oo - | | [
L | [ ] e e oo oo oo v | (]
E L AL [ L AL
Longfin smelt A ] ] DA DA (O v
Spirinchus S ® ® ®
thaleichthys J oo oo IR | @ |0
L oo RN eRl RICH(SR] RICH[SEl RICT
E [ ] ]
T M SIT M SITM SITM SITM S|ITM S|ITM SIT M S
Puget Hood Skagit Gray's | Willapa |Columbia|Nehalem | Tillamook
Sound Canal Bay Harbor Bay River Bay Bay
West Coast Estuaries
Relative Abundance Salinity Zone Life Stage
[ Highly Abundant T - Tidal Fresh A - Adults
] Abundant M - Mixing S - Spawning
2 Common S - Seawater J - Juveniles
v Rare * - Salinity zone not present L - Larvae
Blank Not Present E - Eggs
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Table 2, continued. Spatial distribution and relative abundance

West Coast Estuaries
Netarts Siletz Yaquina | Alsea Siuslaw | Umpqua| Coos Rogue
Bay River Bay River River Rlver Bay River
Species/Life Stage |T M S|T M S|T M S|{T M S|T M ST M ST M S|T M S
Chinook salmon - A
Summer S
Oncorhynchus ~ J
tshawytscha (Su) L
E
Chum salmon A | oo oo o oo v I|D|o v
Oncorhynchus S
keta JI|@ (e ®|C|0|0O0[D0)0|0[D]D|[0|0 oo
L
E
Pink salmon A vIivIvIvIv]vY v |V v
Oncorhynchus S
gorbuscha J
L
E
Sockeye salmon A
Oncorhynchus S
nerka J
L
E
Surf smelt A V|V | 0|0 |0 . 0| O |@ v
Hypomesus S
pretiosus J (. " | L Nl o8 | | o9 O |
L _ _ _ (] (] (] (] (]
E
Longfin smelt A SRIaRIn v v VO DO
Spirinchus S o o
thaleichthys J oo Vv Vv v oo
L (] oo o
E (] ]
T M S|ITMSITMSITM SITM SITM SITM ST M S
Netarts Siletz Yaquina | Alsea Siuslaw | Umpqua | Coos Rogue
Bay River Bay River River River Bay River
West Coast Estuaries
Relative Abundance Salinity Zone Life Stage
[ Highly Abundant T - Tidal Fresh A - Adults
L] Abundant M - Mixing S - Spawning
2 Common S - Seawater J - Juveniles
v Rare * - Salinity zone not present L - Larvae
Blank Not Present E - Eggs

35



Table 2, continued. Spatial distribution and relative abundance

West Coast Estuaries

Klamath |Humboldt Eel Tomales C'_S' Fran. /| South Elkhorn Morro
River Bay River Bay Suisun / San |San Fran. Slough Bay
Pablo Bays | Bay
Species/Life Stage |[T M ST M ST M ST M ST M S|* M S |* * S|* * §
Chinook salmon - A
Summer S
Oncorhynchus ~ J
tshawytscha (Su) L
E
Chum salmon Alv [V IV viviv ¥V
Oncorhynchus S
keta JIv |V |V
L
E
Pink salmon Alv v v
Oncorhynchus S
gorbuscha J
L
E
Sockeye salmon A
Oncorhynchus S
nerka J
L
E
Surf smelt A v oo v D )] vV v
Hypomesus S
pretiosus J oo - | . O YBRY v v
L oo oo (]
E
Longfin smelt A oo o|olo (oD CRICRIC] oo
Spirinchus S o o ®
thaleichthys J _ oo oo OBl N oo
L oo oo |o D (O oo
E (] (] ]
TMS|ITMS|ITMS|ITMS|ITM S|* MS|* * S[* *
Klamath |Humboldt Eel Tomales C'_S' Fran. /| South Elkhorn Morro
River Bay River Bay Suisun / San |San Fran. Slough Bay
Pablo Bays | Bay
West Coast Estuaries
Relative Abundance Salinity Zone Life Stage
[ Highly Abundant T - Tidal Fresh A - Adults
L] Abundant M - Mixing S - Spawning
2 Common S - Seawater J - Juveniles
v Rare * - Salinity zone not present L - Larvae
Blank Not Present E - Eggs
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Table 2, continued. Spatial distribution and relative abundance

West Coast Estuaries

San_ta San Alamitos | Anaheim | Newport | Mission San Tijuana
Monica | Pedro Bay Bay Bay Bay Diego Estuary
Bay Bay Bay
Species/LifeStage *x ok g | x % * x g *x x g |* * g |[* x g |*x x g[*x x g
Chinook salmon - A
Summer S
Oncorhynchus ~ J
tshawytscha (Su) L
E
Chum salmon A
Oncorhynchus S
keta J
L
E
Pink salmon A
Oncorhynchus S
gorbuscha J
L
E
Sockeye salmon A
Oncorhynchus S
nerka J
L
E
Surf smelt A
Hypomesus S
pretiosus J
L
E
Longfin smelt A
Spirinchus S
thaleichthys J
L
E
* * S * * * * S * * S * * S * * S * * S * * S
Saljta San Alamitos | Anaheim | Newport | Mission S_an Tijuana
Monica Pedro Bay Bay Bay Bay Diego Estuary
Bay Bay Bay
West Coast Estuaries
Relative Abundance Salinity Zone Life Stage
[ Highly Abundant T - Tidal Fresh A - Adults
L] Abundant M - Mixing S - Spawning
2 Common S - Seawater J - Juveniles
v Rare * - Salinity zone not present L - Larvae
Blank Not Present E - Eggs
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Table 2, continued. Spatial distribution and relative abundance

West Coast Estuaries
Puget Hood Skagit Gray's | Willapa | Columbia| Nehalem| -Tillamook
Sound Canal Bay Harbor Bay River Bay Bay
Species/Life Stage [T M ST M S|T M S|T M ST M ST M S|T M S|[T M S
Eulachon A Vv VOO |00 (0|0 ]|e (@ |
Thaleichthys S C]
pacificus J
L O OO | O ||
E ]
Pacific tomcod A ORI |0 ORI )] )] )] )] )]
Microgadus S o o o
proximus J " | oo L Nl [ B [ B @@ - | - |
L oo oo oo oo oo oo oo oo
E O O .
Topsmelt A v v v v v D
Atherinops S
affinis J v Vv v v v D
L
E
Jacksmelt A
Atherinopsis S
californiensis J
L
E
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Table 2, continued. Spatial distribution and relative abundance

West Coast Estuaries
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