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PREFACE

The Columbia River Estuary Data Development Program

This document is one of a set of publications and other materials
produced by the Columbia River Estuary Data Development Program (CREDDP).
CREDDP has two purposes: to increase understanding of the ecology of
the Columbia River Estuary and to provide information useful in making
land and water use decisions. The program was initiated by local

governments and citizens who saw a need for a better information base
for use in managing natural resources and in planning for development.
In response to these concerns, the Governors of the states of Oregon and
Washington requested in 1974 that the Pacific Northwest River Basins

Commission (PNRBC) undertake an interdisciplinary ecological study of
the estuary. At approximately the same time, local governments and port
districts formed the Columbia River Estuary Study Taskforce (CREST) to
develop a regional management plan for the estuary.

PNRBC produced a Plan of Study for a six-year, $6.2 million program
which was authorized by the U. S. Congress in October 1978. For the
next three years PNRBC administered CREDDP and $3.3 million was appro-
priated for the program. However, PNRBC was abolished as of October
1981, leaving CREDDP in abeyance. At that point, much of the field work
had been carried out, but most of the data were not yet analyzed and few
of the planned publications had been completed. To avoid wasting the
effort that had already been expended, in December 1981 Congress includ-
ed $1.5 million in the U. S. Water Resources Council (WRC) budget for
the orderly completion of CREDDP. The WRC contracted with CREST to
evaluate the status of the program and prepare a revised Plan of Study,
which was submitted to the WRC in July 1982. In September, after a
hiatus of almost one year, CREDDP work was resumed when a cooperative
agreement was signed by CREST and the WRC to administer the program and
oversee its completion by June 1984. With the dissolution of the WRC in
October 1982, the National Oceanic and Atmospheric Administration (NOAA)
assumed the role of the WRC as the federal representative in the
cooperative agreement.

CREDDP was designed to meet the needs of those groups who were
expected to be the principal users of the information being developed.
One such group consists of local government officials, planning commis-

sions, CREST, state and federal agencies, permit applicants, and others
involved in planning and permitting activities. The other major antici-
pated user group includes research scientists and educational institu-
tions. For planning purposes, an understanding of the ecology of the
estuary is particularly important, and CREDDP has been designed with
this in mind. Ecological research focuses on the linkages among differ-

ent elements in the food web and the influence on the food web of such
physical processes as currents, sediment transport, and salinity intru-
sion. Such an ecosystem view of the estuary is necessary to predict the
effects of estuarine alterations on natural resources.

Research was divided into thirteen projects, called work units.
Three work units, Emergent Plant Primary Production, Benthic Primary
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Production, and Water Column Primary Production, dealt with the plant 0
life which, through photosynthesis and uptake of chemical nutrients,
forms the base of the estuarine food web. The goals of these work units
were to describe and map the productivity and biomass patterns of the
estuary's primary producers and to describe the relationship of physical
factors to primary producers and their productivity levels.

The higher trophic levels in the estuarine food web were the focus
of seven CREDDP work units: Zooplankton and Larval Fish, Benthic
Infauna, Epibenthic Organisms, Fish, Avifauna, Wildlife, and Marine
Mammals. The goals of these work units were to describe and map the
abundance patterns of the invertebrate and vertebrate species and
describe these species' relationships to relevant physical factors. U

Three other work units, Sedimentation and Shoaling, Currents, and
Simulation, dealt with physical processes. The work unit goals were to
characterize and map bottom sediment distribution, to characterize sedi-
ment transport, to determine the causes of bathymetric change, and to
determine and model circulation patterns, vertical mixing and salinity
patterns.

Final reports on all of these thirteen work units have been pub-
lished. In addition, these results are integrated in a comprehensive
synthesis entitled The Dynamics of the Columbia River Estuarine
Ecosystem, the purpose of which is to develop a description of the
estuary at the ecosystem level of organization. In this document, the
physical setting and processes of the estuary are described first.
Next, a conceptual model of biological processes is presented, with
particular attention to the connections among the components represented
by the work unit categories. This model provides the basis for a dis-
cussion of relationships among physical and biological processes and the
functional groups of organisms in the estuary. Finally, the estuary is
divided into regions according to physical criteria, and selected biol-
ogical and physical characteristics of habitat types within each region
are described. Historical changes in physical processes are also
discussed, as are the ecological consequences of such changes.

Much of the raw data developed by the work unit researchers is
collected in a magnetic tape archive established by CREDDP at the U.S.
Army Corps of Engineers North Pacific Division Data Processing Center in
Portland, Oregon. These data files, which are structured for convenient
user access, are described in an Index to CREDDP Data. The index also
describes and locates several data sets which were not adaptable to
computer storage.

The work unit reports, the synthesis, and the data archive are in-
tended primarily for scientists and for resource managers with a scien-
tific background. However, to fulfill its purposes, CREDDP has developed
a set of related materials designed to be useful to a wide range of
people.

Guide to the Use of CREDDP Information highlights the principal
findings of the program and demonstrates how this information can be
used to assess the consequences of alterations in the estuary. It is
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intended for citizens, local government officials, and those planners
and other professionals <whose training is in fields other than the
estuary-related sciences. Its purpose is to help nonspecialists use
CREDDP information in planning and permitting processes.

A detailed portrait of the estuary, but one still oriented toward a
general readership, is presented in The Columbia River Estuary: Atlas
of Physical and Biological Characteristics, about half of which consists
of text and illustrations. The other half contains color maps of the
estuary interpreting the results of the work units and the ecological
synthesis. A separate Bathymetric Atlas of the Columbia River Estuary
contains color bathymetric contour maps illustrating the changes between
surveys. CREDDP has also produced unbound maps of the estuary designed
to be useful to resource managers, planners and citizens. These black-
and-white maps illustrate the most recent (1982) bathymetric data as
contours and show intertidal vegetation types as well as important
cultural features. They are available in two segments at a scale of
1:50,000 and in nine segments at 1:12,000.

Two historical analyses have been produced. Changes in Columbia
River Estuary Habitat Types over the Past Century compares information
on the extent and distribution of swamps, marshes, flats, and various
water depth regimes a hundred years ago with corresponding recent
information and discusses the causes and significance of the changes
measured. Columbia's Gateway is a two-volume set of which the first
volume is a cultural history of the estuary to 1920 in narrative form
with accompanying photographs. The second volume is an unbound, boxed
set of maps including 39 reproductions of maps originally published
between 1792 and 1915 and six original maps illustrating aspects of the
estuary's cultural history.

A two-volume Literature Survey of the Columbia River Estuary (1980)
is also available. Organized according to the same categories as the
work units, Volume I provides a summary overview of the literature
available before CREDDP while Volume II is a complete annotated
bibliography.

All of these materials are described more completely in Abstracts
of Major CREDDP Publications. This document serves as a quick reference
for determining whether and where any particular kind of information can
be located among the program's publications and archives. In addition
to the abstracts, it includes an annotated bibliography of all annual
and interim CREDDP reports, certain CREST documents and maps, and other
related materials.

To order any of the above publications or to obtain further infor-
mation about CREDDP, its publications or its archives, write to CREST,
P.O. Box 175, Astoria, Oregon 97103, or call (503) 325-0435.
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FOREWORD

Fisheries Research Institute, of the University of Washington's
College of Ocean and Fishery Sciences, was responsible for the Epiben-
thic Organisms Work Unit research under the original CREDDP* contract to
the prime contractor, Dames and Moore of Seattle, Washington. Pursuant
with the continuation of CREDDP in 1982, in November FRI was directly
contracted to complete the Epibenthic Organisms Work Unit research and
provide summary and interpretation of those results.

Acknowledgements are due many individuals who were involved in or
assisted FRI's CREDDP research on epibenthic organisms in the Columbia
River Estuary. Among the present project personnel, particular credit
is certainly due Jeff Cordell for his persistent efforts in elucidating
the complex taxonomy of the estuary's harpacticoid fauna. The author
also thanks William Kinney and George Williams, Project Leader and
Research Assistant, respectively, for their efforts on the initial
research project. Dames and Moore, and especially Jonathan Houghton,
are due considerable acknowledgement for their support during the earli-
er two years of the project. Jeff Cordell and a number of other exter-
nal reviewers contributed to the final quality of this document. The
Productivity of Estuaries Select Program of the College of Ocean and
Fisheries Sciences, University of Washington, provided support for the
completion of this report.

Whatever contributions this research has made to the growth of estu-
arine science and management are dedicated to Linda Matheson (deceased).

*See Appendix A for list of institutional acronyms.
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EXECUTIVE SUMMARY

Epibenthic animals in the Columbia River Estuary tend to fall into
two categories according to their usual position within the benthic
boundary layer, that region located at the interface between the water
column and the bottom sediment. These include: (a) large (>1 cm),
highly motile macroinvertebrates such as shrimps and crabs; and, (b)
small macro- (I cm to 0.500 mm), meio- (0.500 mm to 0.060 mm), micro-
fauna (<0.060 mm) such as harpacticoid copepods, gammarid amphipods, and
cumaceans, which are termed epibenthic zooplankton because of their
movement in and out of the water column.

These epibenthic organisms are found in all of the estuary's
habitats which are tidally inundated but tend to be concentrated in the
lower tidal elevation (i.e. >0.0 m above MLLW) of the tidal flats and
along the demersal slope habitats between 0.0 m and -1.0 m elevations.
The low frequency of tidal inundation in estuarine marsh and swamp
habitats and the excessive bottom current velocities in the deeper,
channel bottom habitats probably limit the development and maintenance
of epibenthic zooplankton in these habitats, but motile macroinverte-
brates are often common there.

Smaller, more planktonic forms were sampled from within the benthic
boundary layer of shallow (i.e. <1 m depth) habitats using a 0.10 m2
epibenthic suction pump and in channel bottom habitats using a 0.5-m
opening-closing epibenthic sled. The suction pump was a fixed sampler
which filtered 0.025 m3 of the water column over 0.1 m2 of the bottom
substrate with little or no contamination from outside this sampling
volume. The epibenthic sled filtered epifauna from within the benthic
boundary layer as it was towed over the bottom by a surface vessel. The
more evasive macrofauna had to be sampled with nets--a 37-m beach seine
for demersal slope habitats and a 4.9-m bottom trawl for tidal flat and
channel bottom habitats. Sampling procedures were standardized and
measurements taken which enabled estimation of the effort expended (i.e.
area or volume sampled) for each sample, thus allowing estimation and
comparison of epifaunal density (no. individuals m-2 or m-3) and
standing crop (g wet weight mn2 or m-3) in the different habitats.

Harpacticoid (including principally Scottolana canadensis, Micro-
arthridion littorale, and Tachidius spp.), calanoid (Eurytemora
affinis), and cyclopoid copepods (Cyclops spp.), ostracods (Limnocythere
sp.), cladocerans (Daphnia spp.) and rotifers were the prominent com-
ponents of the epibenthic zooplankton assemblages. The sand shrimp,
Crangon franciscorum, and Dungeness crab, Cancer magister, constituted
the principal motile macroinvertebrates. Mysids or "opossum shrimp,"
Neomysis mercedis, were common to both groups and, as such, may have
been under-represented in the collections due to their evasion of the
epibenthic pump and sled and the relatively large mesh sizes of the
beach seine and bottom trawl.

The epifauna sampled within the estuary included components which
were both indigenous to the system (i.e. their populations reproductive
wholely within the estuary) and exogenous animals which were passively
transported into the estuary from the Columbia River or the open ocean.
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Among the zooplankters, most of the cladocerans, cyclopoid copepods, and
rotifers were freshwater taxa which probably did not constitute viable
populations by the time they entered the estuarine mixing zone of the
estuary. Dungeness crabs also originated outside the estuary, including
principally juveniles which settled out of the water column after
metamorphosis from megalopae or migrated in as early instar stages via
the benthic (bedload) transport at the mouth of the estuary. Thus, the
principal indigenous epifauna were harpacticoid copepods, Eurytemora,
mysids, and crangonid shrimp.

As is being illustrated in other Pacific Northwest estuaries, epi-
benthic zooplankton play important roles in the food web by their conver-
sion and transfer of detrital organic matter to higher trophic levels.
Most of the epibenthic zooplankters, in fact, are capable of consuming
phytoplankton as well as detritus particles. This flexible feeding mode
allows them to exploit the variable composition of food particles which
are entrained within the benthic boundary layer at different times (tid-
al cycles, seasons) and regions of the estuary. The motile macroinverte-
brates illustrate similarly dynamic feeding behavior as true omnivores
which can exploit phytoplankton and detritus as well as prey upon in-
faunal and epibenthic animals. The importance of epifauna to the over-
all flow of trophic energy in the estuary is indicated by the strength
of food web linkages to prominent secondary (fishes) and tertiary
(marine mammals) consumers.

Seasonal patterns of epifauna distribution, density, and standing
crop indicate higher standing stock in tidal flat and demersal slope
habitats in the estuarine mixing zone of the estuary. In the case of
the epibenthic zooplankton, this involves considerable seasonal shift in
peak density from the region 10 km to 20 km from the mouth of the
estuary during the spring freshet season (e.g. -160,000 m-2 ) to the
region 25 km to 35 km from the mouth during the summer-fall low flow
season (e.g. -90,000 m-2). Motile macroinvertebrates maintain density
maxima (e.g. -0.6 to -0.9 mi2 ) in the same lower (closer to the mouth of
the estuary) region during both spring freshet and summer-fall low flow
seasons but also show another, slightly lower density maximum (e.g. -0.4
m-2) in the upper regions of the estuarine mixing zone during the
summer-fall low flow season.

Composition of epifaunal assemblages was also dynamic seasonally.
During the monthly sampling between March and August 1980, the numeric-
ally prominent epibenthic zooplankton taxa generally shifted from ectino-
somatid harpacticoids to Eurytemora affinis between the winter fluctuat-
ing flow season and the spring freshet season. Eurytemora, undifferenti-
ated copepod larvae, and Scottolana canadensis were prominent through
the spring freshet season. During the summer-fall low flow season,
however, laophontid harpacticoids dominated the epibenthic pump
collections in shallow habitats but fluvial taxa (e.g., Cyclops spp.,
Daphnia spp.) were more prominent in the channel bottom habitats sampled
with the epibenthic sled. Seasonal composition based upon biomass
(gravimetric) was similar in shallow habitats but diverged in the
channel bottom habitats, where the larger amphipods (Corophium salmonis)
and mysids (Neomysis neomysis) were more prominent during the winter
fluctuating flow season and Neomysis and juvenile crangonid shrimp
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(Crangon franciscorum) dominated the gravimetric composition between the
spring freshet and summer-fall low flow seasons.

These seasonal changes are correlated with circulation processes
which are spatially variable as a function of seasonal patterns of river
discharge and neap-spring tidal cycles, including location of the
maximum turbidity zone and extent of salinity intrusion. Hierarchical
cluster analysis of the epibenthic zooplankton density data indicated
that the reduction in water column stratification, increased mixing, and
expansion of the estuarine mixing zone during the summer-fall low flow

season produced a more complex structure of epibenthic zooplankton
assemblages. Both the spring freshet and winter fluctuating flow
seasons illustrated six or seven taxa clusters which tended to fall into
two basic site clusters, one confined to the tidal-fluvial zone and
another in the lower reaches of the estuarine mixing zone. Six taxa
clusters were also evident during the summer-fall low flow season but
the sites were very loosely associated into at least five cluster

groups. The distinguishing characteristic of these clusters is that
they tended to contain both exogenous riverine as well as endogenous
estuarine zooplankters and two taxa clusters contained plume and ocean
zone taxa. This implies considerable homogeneity in the distribution of

riverine zooplankters through the estuary during the low discharge
season as compared to either of the high discharge seasons.

The distribution and standing stock of motile macroinvertebrates
reflects the general dominance of Crangon franciscorum throughout the
estuarine mixing zone. The occurrence of juvenile Dungeness crab,
Cancer magister, produced slightly higher standing crop values in the
plume and ocean zone and in the seaward reaches of the estuarine mixing
zone but were comparatively unimportant in relation to the overall macro-
invertebrate assemblage throughout the estuary. Crangon populations
appeared to overwinter on tidal flat habitats in the estuarine mixing
zone such as Youngs Bay. Reproduction occurred in the spring and adult
shrimp had disappeared from these habitats by early summer. Coincident
with the start of the summer-fall low flow season, young-of-the-year
Crangon began moving up the estuary with the increased salinity intru-
sion and landward movement of the turbidity maximum zone and the maximum
epibenthic standing stock. Although salinity tolerance cannot be ex-
cluded as an explanation for intraestuarine migration, it also suggests
a response on the part of the shrimp population to exploit the optimum
concentrations of suspended phytoplankton (diatom) cells and epibenthic
zooplankton within the benthic boundary layer of the expanding estuarine
mixing zone. This dramatic shift in epibenthic assemblages is also
reflected in the distribution of their predators. One of the highest
correlations among both physical and biological factors related to

motile macroinvertebrate standing crop was the density of co-occurring
fishes. Distribution of harbor seals, also major predators upon Crangon,
also illustrated overlapping seasonal movement.

Although autotrophic processes, detritus availability, and other
trophic factors such as predation probably are the factors limiting the
production of epibenthic organisms in the Columbia River Estuary, it is
obvious that seasonally dynamic circulation processes structure the
composition and distribution of both epibenthic zooplankton and motile
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I. INTROIDUCTI0N1

Descriptions of the unique animal assemblages associated with the
interface between the water column and bottom substrate are a relatively
recent aspect of research on estuarine or nearshore marine communities,
particularly in the case of meio- (0.060 mm to 0.500 mm) and microfauna
(< 0.060 mm) (Beyer 1958; Bossanyi 1957; Hesthagen 1973; Boysen 1975).
Explanations of the physical or biological factors structuring affecting
the taxonomic composition and diversity) or maintaining these assem-
blages are rare (Sibert 1981). Termed "hyperbenthos" (Beyer 1958;
Hesthagen 1973) or "epibenthos", these assemblages are predominantly
composed of crustaceans, although larvae and other early life history
stages of echinoderms, molluscs, and other marine taxa can also be
prevalent. Unlike infauna, which have the relative protection allowed
by their position within the sediment, epifauna are relatively motile
within the upper 1 cm or on top of the sediment surface and must be
adapted to the rigors of life amid high current velocities, high con-
centrations of suspended sediments, low water visibility, shifting
sediment structure, and concentrations of predators such as demersal
fishes. Some of the smaller animals are passively concentrated within
the benthic boundary layer which stretches within 1 mm (laminar layer)
to several meters (turbulent layer) of the bottom and many of the larger
epifauna may actively migrate even higher into the water column
(Figure 1).

Consequently, epibenthic animals can be classified into two basic
categories according to their usual position within this region, (a) the
large (>I cm), motile macroinvertebrates such as shrimps and crabs and,
(b) small macro- (0.500 mm to 1 cm), meio-, and microfauna such as
mysids, gammarid amphipods, cumaceans, and harpacticoid copepods, which
we term "epibenthic zooplankton" because of their movement in and out of
the water column.

As most epibenthic crustaceans are detritivores, their prominence
as prey resources of secondary consumers in estuarine and nearshore
marine communities of the Pacific Northwest suggest that they play a
critical role in food web dynamics (Simenstad et al. 1979). Despite
such potential importance, quantitative, ecological research on epi-
benthic crustaceans has typically been limited to habitat- and taxa-
specific studies of their availability as prey for juvenile salmonids
(Feller and Kaczynski 1975; Brown and Sibert 1977; Levings and Chang
1977; Sibert 1979; Levings 1980a & b; Cordell and Simenstad 1981a & b;
Simenstad and Salo 1982).

Although many of the over 1.5 x 108 juvenile salmonids passing
annually through the Columbia River Estuary are known to utilize epi-
faunal animals (Sims 1975; Durkin et al. 1979), documentation of
epifauna in that estuary has been predominantly descriptive (Higley and
Holtan 1975; Durkin et al. 1976; Durkin and Lipovsky 1977; Good 1977) or
restricted to macroinvertebrates (Haertel and Osterberg 1967).

The Columbia River is the largest river on the Pacific Coast of
North America, having a total drainage area of 670,810 km2 inclusive of
the watersheds of 11 major tributaries. River discharge, which was



EPIBENTHIC or 'HYPERBENTHIC' ZOOPLANKTON

BENTHIC TURBULENlT water Coim
BOIDIYAYER ___° = _ -t _

LAYER _A YE

...... .. =: ' '

MOTIE MACROFNERTEBRATES -t

Figure 1. Diagram of benthic boundary layer environment inhabited by epibenthic
zooplankton and motile macroinvertebrates.



historically fluctuated seasonally between -1,800 m3 s'1 and 34,000
m3s-1, now ranges between -4,200 m3 s51 and 17,000 m3 s-I due to the water
regulation effects of 13 major hydroelectric power and irrigation dam
projects on the Columbia mainstem and more than 100 dams on its tribu-
taries which were constructed between 1933 and 1972 (Hickson and Rodolf
1951; Neal 1972). The Columbia River Estuary (Fig. 2) is equally
impressive, encompassing -483 km2 , which has also been modified signifi-
cantly by the construction of three jetties between 1885 and 1939 and
largescale, annual dredging of navigational channels since 1945 (Lockett
1963, 1967). Alteration of hydrologic and sedimentation processes by
these and other (dyking and filling) anthropogenic changes probably
accounts for much of the -168 km2 loss of habitat (tidal marshes and
swamps and waters >2 m deep) and -17 km2 gain (tidal flats and shallows)
since 1868 (Thomas 1983).

Based on these earlier studies, the potentially important role of
epifauna in the Columbia River estuarine ecosystem was recognized as an
important component of any comprehensive research on the estuary and was
incorporated as such in the original plan of study for the Columbia
River Estuary Data Development Program (CREDDP; Pacific Northwest River
Basins Commission 1979). The origin, history, and objectives of CREDDP
were described in the Preface to this report. The Epibenthic Organisms
Work Unit was one of the original thirteen work units in CREDDP which
addressed biological community structure and dynamics in the estuary.
Results of the earlier Epibenthic Organisms Work Unit and those of
associated work units were described in the 1979-1980 CREDDP Annual
Report (Pacific Northwest River Basins Commission 1980a) and a Master of
Science thesis (Williams 1983).

Final summary and interpretation of the results of this work unit's
research involved the following objectives:

(1) Describe and map key and selected other epibenthic species or
assemblages in terms of density, standing crop and production
over time;

(2) Quantify relationships among epibenthic organisms and physical/
chemical (salinity, sediments, depth) and biological (preda-
tors, competitors) factors;

(3) Describe the population structure, dynamics, life history, and
trophic relationships of Dungeness crab, crangonid shrimp, and
mysids; and,

(4) Define functional relationships of epibenthic organisms in the
ecosystem, including predator-prey linkages, emigration and
immigration, and role in the estuarine carbon budget.

The first three objectives involved completion of sample and data
processing from the original CREDDP Epibenthic Organisms Work Unit
studies and analyses of the total 18-month dataset; no new samples were
to be collected. The fourth and secondary objective was principally to
provide interpretive information on the dynamics and role of epibenthic
organisms within the Columbia River estuarine ecosystem to a team of

3



scientists which integrated the overall CREDDP results for preparation
of Dynamics of the Columbia River Estuarine Ecosystem (see Preface).

The following material describes the results of the research
conducted to meet these objectives. A summary of these results also
appears in Simenstad and Cordell (in press) and further interpretations
of the role of epifauna is included in Dynamics of the Columbia River
Estuarine Ecosystem (see Preface).
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2. METHODS

2.1 SAMPLING DESIGN

The following describes the general scheme and methodology utilized
to sample epibenthic zooplankton and motile macroinvertebrates in the
Columbia River Estuary. More detailed descriptions of sampling proce-
dures are also found in the CREDDP Procedures Manual (Pacific Northwest
River Basins Commission 1980b).

2.1.1 Site Location

Epifauna were systematically sampled at 16 sites within the estuary
according to a sampling design stratified by habitat and estuarine zone
(Figure 3; Table 1). Habitats were defined as: (1) tidal flats of
elevation >0.0 m (relative to MLLW); (2) demersal slopes between 0.0 m
and -1.0 m; and, (3) channel bottoms between -1.0 m and -15.0 m. In
addition, there was some within-habitat differentiation. For example,
tidal flats in the estuarine mixing zone were separated into two sites,
a fine sand-silt site at Youngs Bay (YBF) and a coarse sand site on
Desdemona Sands near the Astoria-Megler highway bridge (BF).

Based on previous description of salinity distribution in the
estuary (Haertel and Osterberg 1967), estuarine zones were originally
categorized as: (1) marine or polyhaline, (2) estuarine mixing or
mesohaline; (3) upper estuarine or oligohaline; and, (4) riverine; these
were assumed to correspond to salinity ranges of (1) 30 0/oo to 18 0/oo,
(2) 18 0/oo to 5 0/oo, (3) 5 0/oo to 0.5 0/oo, and (4) <0.5 0/oo,
respectively. Subsequent definition of salinity distribution (Jay 1982)
and the integration of the CREDDP data (Simenstad et al. 1984) indicates
that only three zones (plume and ocean, estuarine mixing, tidal-fluvial)
are justified (Figure 3). This report will discuss epibenthic organism
distribution and standing stock in terms of the latter zonation scheme.

As determined from digitization and planimetry of CREDDP base maps,
estimations of the total surface areas of each habitat indicate that the
dominant habitat is the subtidal area >1 m deep, which constitutes 74%
of the total intertidal-subtidal habitat (Table 2); the single most
prominent habitat is the subtidal area >1 m deep in the estuarine mixing
zone (38% of total).

2.1.2 Sampling Frequency

Except for the Cathlamet Bay channel bottom site, which was includ-
ed in 1981 to better sample suspected crayfish habitat, all sites were
designed to be sampled monthly between March and August 1980 and
quarterly between September 1980 and February 1981. Between March 1981
and September 1981 a reduced suite (10) of the original sites and the
additional Cathlamet Bay site were sampled quarterly. Later analysis of
river discharge, salinity intrusion, tidal cycles, and other aspects of
the estuary's circulation (Simenstad et al. 1984) permitted definition
of three "hydrologic seasons": (1) winter fluctuating flow (November-
April); (2) spring freshet (May-July); and, (3) summer-fall low flow
(July-October).
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Table 1. List and characteristics of epibenthic organism sampling sites in Columbia River Estuary,
March 1980 - July 1981.

Distance
Site & Habitat Site from mouth Latitude Longitude Site Std Pe d

Name Abbreviation of estuary (deg.min.sec.N) (deg.min.sec.W) Number tudy erio
(km)

Baker Bay Flat BBF 6.4 460 18' 30" 1240 02' 30" 14001 3/80 - 7/81
Ilwaco Channel IC 3.8 460 16' 48" 1240 02' 18" 14002 3/80 - 7/81
Sand Island Slope SIS 6.5 460 16' 06" 1240 00' 24" 14003 3/80 - 7/81
Youngs Bay Flat YBF 15.7 460 10' 18" 1230 53' 48" 14004 3/80 - 7/81
Bridge Channel BC 19.0 460 11' 42" 1230 51' 30" 14005 4/80 - 2/81
Bridge Slope BS 18.0 460 13' 00" 1230 52' 00" 14006 3/80 - 1/81
Bridge Flat BF 18.3 460 12' 30" 1230 52' 00" 14007 3/80 - 7/81
Cathlamet Bay Channel CBC 37.5 460 11' 20" 1230 38' 23" 14017 4/81 - 7/81
Rice Island Channel RIC 31.7 460 14' 24" 1230 42' 36" 14008 4/80 - 7/81
Rice Island Slope RIS 30.8 460 14' 54" 1230 43' 06" 14014 4/80 - 7/81
Grays Bay Flat GBF 33.8 460 17' 30" 1230 41' 00" 14010 3/80 - 7/81
Elliott Point Channel EPC 39.8 460 15' 18" 1230 36' 30" 14016 4/80 - 2/81
Jim Crow Sands Slope JCS 41.2 460 15' 12" 1230 35' 30" 14011 3/80 - 1/81
Jim Crow Sands Flat JCF 43.7 460 14' 54" 1230 35' 30" 14012 3/80 - 1/81
Quinn's Island Flat QIF 50.1 460 14' 24" 1230 29' 24" 14013 3/80 - 7/81
Bradwood Slope BDS 54.7 460 12' 06" 1230 26' 24" 14015 3/80 - 1/81
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Figure 3. Map of the Columbia River Estuary illustrating location of epibenthic zooplankton and motile
macroinvertebrate sampling sites. Dashed lines separate three estuarine zones, with stippled
area indicating the transitional region between the estuarine mixing zone and tidal-fluvial
zone which shifts seasonally with salinity intrusion.



Table 2. Estimated surface areas (hectares) of intertidal
and subtidal habitats in three estuarine zones of
the Columbia River estuary; data obtained from
digitization or planimetry of CREDDP base maps.

Estuarine Zones (hectares)

Tidal Elevation
Range (m) Plume Estuarine Tidal- Total

& Ocean Mixing Fluvial

o - +1 105.3 3,061.8 1,186.7 4,353.8
o - -1 133.7 4,163.4 2,928.2 7,225.2
< -1 4,001.4 16,536.2 11,627.6 32,165.1

Estuary Total 43,744.1

2.1.3 Sampling Methods

Epibenthic Zooplankton

Epibenthic Suction Pump

Epibenthic zooplankton in tidal flat and demersal slope habitats
were sampled quantitatively with a hydraulic pump system which filtered
0.025 m3 of the benthic boundary layer, i.e. the water column 0.25 m

over 0.1 m2 of the bottom (Figure 4). At least 150 L of water, as
measured by an in-line flowmeter, were filtered unless there was an
indication of sand being lifted from the substrate, in which case
pumping was terminated in order to avoid contamination by benthic
infaunal animals such as nematodes, which would have biased and over-
estimated epibenthic standing stock. Nested plankton nets positioned in
a sampling cylinder at the end of the pump system filtered the sample
according to three mesh size categories: (1) 0.500 mm, (2) 0.253 mm,
and (3) 0.130 mm. Duplicate samples were collected from adjacent, simi-
lar epibenthic areas in as short a time as possible ('5 min).

Epibenthic Sled

Epibenthic zooplankton in channel bottom habitats were sampled quan-
titatively with an opening-closing 0.5-m epibenthic sled equipped with
two 0.130 mm mesh nets (Figure 5). Tow time on the bottom, once the
sled doors had been opened, was two minutes against the prevailing

current if present. Sampling volume was recorded in situ by propeller
flowmeters in each net (Section 2.2).
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Figure 4. Epibenthic suction pump system utilized to quantitatively
sample epibenthic zooplankton in tidal flat and demersal
slope habitats in the Columbia River Estuary. Measurements
are in cm.



Figure 5. Epibenthic sled utilized to quantitatively sample epibenthic
zooplankton in channel bottom habitats in the Columbia River
Estuary. Sled is illustrated without open-closing device
attached.
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Motile Macroinvertebrates

Beach Seine

Motile macroinvertebrates and associated fishes in demersal slope
habitats were sampled with a 37-m beach seine equipped with a fine-
meshed bag, constructed of 6-mm mesh knotless nylon, located in the
middle of the net. The wings of the net were 18-m long and were con-
structed of 2.86-cm mesh. Designed to sweep as close to the bottom as
possible, the seine was equipped with a solid-core leadline which out-
weighed the buoyancy provided by the floats along the toprope (float-
line). Polypropylene ropes for hand-hauling the seine were attached to
the spreader bars located at the end of each wing. Duplicate sets were
made along adjacent sections of beach in as short a time as possible
(-15 min) during daylight low tide periods. The net was set parallel to
and 30 m from the shoreline and smoothly hauled in perpendicular to the
beach in order to consistently sample a known benthic area and water
volume, i.e. 520 m2 and 790 m3, respectively.

Bottom Trawl

Motile macroinvertebrates and associated fishes in tidal flat and
channel bottom habitats were sampled with a 4.9-m semi-balloon trawl
equipped with a fine-mesh cod end constructed of 6-mm mesh nylon. The
mesh size at the mouth opening was 3.8 cm and was constructed of #15
nylon twine. When effectively deployed, this net had a net opening of
-86.4 cm x 3.1 m. Sampling volume was recorded in situ using a propel-
ler flowmeter suspended in the mouth of the net from the toprope. The
starting and ending location of each trawl sample was also recorded on a
NOAA chart. Duplicate, two minute tows were made in adjacent, similar
benthic areas, one with-and one against the prevailing current if pres-
ent, in as short a time as possible. Sampling was conducted during
daylight slack high tide periods although some channel collections were
made at other times in the tidal cycle.

2.2 PHYSICAL MEASUREMENTS

Physical measurements documented during each sample collection (con-
stituting two replicates) at each site included temperature (OC measured
with mercury thermometer) and salinity (o/oo measured with refractome-
ter) of a water sample collected from the sample depth using a 5-L Van
Dorn water sampler. Sample depth was determined from the boat's fatho-
meter recording corrected for the transducer depth. Water volumes
filtered by the epibenthic sled were estimated using General Oceanics
model 2030 digital flowmeters suspended in the mouths of the two nets.

2.3 FIELD SAMPLE PROCESSING

Zooplankton samples were washed from cod end buckets using filtered
water from the sample location and poured into 473-cc PVC jars and 10%
bufferred formalin added to produce at least a 5% formalin solution.
The label added to the sample before sealing included sample number,
station number, date, time, gear, collector, and contents.

13



Samples from beach seine and bottom trawl collections were separat-
ed into motile macroinvertebrates and fishes. All organisms saved for
later processing were preserved in 10% bufferred formalin with labels
describing the informtion listed above. Except for a subsample pre-
served for stomach contents analysis, large macroinvertebrates such as
crab were released after enumeration, weighing, individual length
measurements, and sex determination. Shrimp and mysids were preserved
in total. Fishes were also preserved in total except in the case of
large catches, which were systematically subsampled and the remainder
released. Large specimens reserved for preservation were cut open along
the abdominal cavity to allow penetration of the formalin to the stom-
ach. Although the fish data is not reported in this report, it has been
utilized in the interpretation of the epibenthic organism distribution
and abundance and in the integration of the overall CREDDP results
(Simenstad et al. 1984).

2.4 LABORATORY SAMPLE PROCESSING

After five or more days of fixation in the formalin solution zoo-
plankton samples were sieved to remove the formalin and subsequently
preserved in 45% isopropanol in labeled vials. Rose bengal dye was
added to the 0.250 mm and 0.125 fractions at this time in order to stain
the animals for better sorting. If necessary prior to sorting, the
0.125 mm fractions of each replicate were panned to remove sand. Organ-
isms were sorted to taxa and life history stages, enumerated, and
weighed (damp wet weight) to the nearest 0.001 g.

Selected taxa were measured for size frequency analysis. Length
measurements of gammarid amphipods constituted the distance between the
anterior tip of the carapace (including rostrum if present) to tip of
telson with the animal stretched to full length. Lengths of harpacti-
coid, calanoid, and cyclopoid copepods, euphausiids, mysids, and shrimps
were measured as the tip of the rostrum to the tip of the telson. Crabs
were measured by maximum carapace width, i.e., the distance inside the
posterior-most teeth arranged along the lateral margin of the carapace.

Although systematic analyses of macroinvertebrate stomach contents
were not included in the work unit objectives, quantitative processing
of a small subset of representative Crangon franciscorum and Neomysis
mercedis samples was conducted in order to gain some information on
composition and temporal/spatial variation in their food habits. Pro-
cedures for dissection and examination of stomach and intestine contents
generally followed those of Kost and Knight (1975). An incision was made
or the exoskeleton teased apart along the dorsal surface of the organism
and the gastrointestional tract was removed and placed in a drop of
glycerine on a microscope slide. The stomach was separated from the
intestine, gently ruptured, and the contents spread throughout the gly-
cerine. A cover slip was placed over the contents and the slide was
allowed to dry overnight. The prepared slides were examined under a
dissecting microscope and the taxa, life history stages, and parts of
organisms were identified and enumerated.

Dungeness crab stomachs were examined qualitatively by dissecting
from preserved specimens and the contents distributed through water in a
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Petri dish. Prey taxa were identified and their number estimated using
a dissecting microscope.

2.5 DATA ANALYSIS

2.5.1 Coding

All epibenthic zooplankton and motile macroinvertebrate data were
recorded on NODC-type computer forms (Pacific Northwest River Basins
Commission 1980b; Mercier 1984) which utilize the NODC taxonomic code
system of assigning up to a 12 digit numeric code to identify aquatic
organisms to any phylogenetic level.

2.5.2 Transfer

Once checked for errors and omissions, raw data recorded on the
computer forms were keypunched on standard 80-column computer cards.
The data cards were then read into a Cyber 173/750 computer located at
the University of Washington's Academic Computer Center where the data
was stored on permanent disk and magnetic tape for retrieval and
analysis.

2.5.3 Tabulation and Statistical Summary

Collection, environmental conditions, and biological sampling con-
ditions data were tabulated and basic statistics generated for measured
variables using the FRI computer program SAMPLE SUMMARY (FRG-370).

Tabulation and basic statistical summarization of the raw epiben-
thic zooplankton data were performed using the FRI computer program
SUPERPLANKTON (FR 363) specifically developed for analysis of the
NODC-type zooplankton data format. The program tabulates the plankton
collections by various gear types, sites, and collection periods. The
number and wet weight data, by taxa and life history stage, is adjusted
to a standard sample volume and the density and standing crop (MC3) is
computed. The percentage numerical and gravimetric composition and a
number of diversity indices for the total composition are also calcu-
lated. The structure of the NODC taxonomic code enables the truncation
of the code by two, four, and six digits to standardize the animals by
genus, family, and class, respectively. SUPERPLANKTON is designed to
operate at any one of these specified truncation levels and can produce
tables either on each life history stage or on pooled life history
stages (e.g. separating eggs) per taxa.

Raw- data from motile macroinvertebrate and associated fish catches
were entered separate data files. Tabulation and basic statistical
summarization of these data were accomplished using the FRI computer
program CATCH SUMMARY (FRG 368).

Macroinvertebrate food habits data were tabulated and summarized
for basic composition and statistics using FRI computer program GUTBUGS
(FR 360).
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Summary data from SUPERPLANKTON tabulations and other related
physical and biological data were input into a summary data matrix using
a modified (by Dr. James Anderson, FRI/UW) version of Hewlett-Packard's
(HP) Basic Statistics and Data Manipulation Pac (BSDM) installed on an
HP-87 microcomputer. Data were then manipulated for use in plotting or
further anal ysis using other HP software.

2.5.4 Correlative Physical and Biological Data

Physical and biological data which could be related to spatial and
temporal composition, distribution, and standing stock of epifauna, but
which were not obtained during Epibenthic Organisms Work Unit research,
were obtained directly or from the reports submitted by other CREDDP
researchers. Sediment structure data from or near the epifauna sampling
sites, which included mean phi, skew, coarsest 1%, and % silt and clay,
were obtained from Sedimentation Work Unit data through the cooperation
of Chris Sherwood (Oceanography, UW). River discharge data and tidal
range and amplitude data from Astoria and Wauna were obtained from the
Circulation Work Unit through the assistance of David Jay (Geophysics,
UW). Chlorophyll a and organic seston concentrations (from deepest
measurement) at or near epibenthic sampling stations were extracted from
data generated from Water Column Primary Production Work Unit research,
courtesy of Larry Small and Bruce Frey (Oceanography, OSU). These data
were combined with the Epibenthic Organisms Work Unit data in the
summary data matrix for analysis (Section 2.5.3).

2.5.5 Relationship between Epibenthic Organism Standing Crop and Other
Biotic and Abiotic Variables

Partial correlation coefficients among biotic and abiotic variables
were generated from the summary data matrix using Hewett-Packard's Basic
Statistics and Data Management (BSDM) program on series 80
microcomputers.

2.5.6 Numerical Classification

Epibenthic zooplankton structure was investigated through agglomera-
tive hierarchical classification (clustering) of density data using the
Bray-Curtis dissimilarity measure (Bray and Curtis 1959) and group aver-
aging sorting. Similarities among sampling sites were determined using
transformed (In [Xij + 1]) data and taxa assemblages were clustered
using standardized (Xij/Z Xik) data, where Xij represents the density of
taxa i in collection j and E Xik is the sum of all taxa. Clustering
analyses and plotting were conducted through the interactive Program
CLUSTER, developed by James A. Keniston and Albert V. Tyler at Oregon
State University, Corvallis, Oregon, and installed on the University of
Washington's Academic Computer Center's Cyber 170/750 computer. The
reader is referred to Clifford and Stephenson (1975) and Gauch (1982)
for more detailed information regarding these analytical methods.

2.6 QUALITY ASSURANCE PROCEDURES

Taxonomic identifications of rare or uncertain taxa, particularly
harpacticoid copepods, were verified or resolved by Mr. Jeffery Cordell,
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Project Manager. All field and laboratory data were both manually and
computer verified. Manual verification involved at least two reviews of
the data forms prior to data entry. Computer verification involved
checking for error messages produced by the various FRI data analysis
programs and review of the summary tables and basic statistics for data
out of expected ranges and other anomalies. Any errors were noted on
the original data recording sheets and corrected on all computer files
using a text/data editor; the 80-column computer cards, however, were
not corrected.

2.7 DATA ADEQUACY

Data for some sites were unavoidably missed during some months due
to weather conditions, mechanical breakdowns of sampling vessels, and
lost or damaged sampling gear under tight time constraints. Of the pos-
sible 136 collections (duplicate samples), two epibenthic zooplankton
and 23 macroinvertebrate collections were missed. In addition, eight
temperature and 35 salinity measurements were missed due to malfunction,
loss, or unavailability of instruments.

Due to the inherent variability in estimation of sampling effort,
some data will overestimate the actual variability in epibenthic organ-
ism standing stock. Specifically, estimations of the benthic area sam-
pled by the beach seine and bottom trawl were based on several tenuous
assumptions. It was assumed that: (1) the nets did not lift off the
bottom during the period they were towed; (2) they deployed properly and
consistently on all sets which were not aborted for obvious evidence of
gear malfunction; (3) the trawl tow beginning and ending points estimat-
ed from the bathymetric charts approximated the actual distance trawled;
and, (4) the trawl did not catch a significant number of macroinverte-
brates and fishes in being dropped or raised through the water column.
The epibenthic sled was considered susceptible only to errors associated
with the first assumption (above) because the opening-closing mechansism
eliminated contamination from water column animals and because the
effort estimate was based upon the digital flowmeter readings.

Quantitative sampling of extremely evasive organisms also biases
these data. Standing stock estimates for mysids, for example, are prob-
ably underestimated because an unknown proportion were able to evade the
epibenthic pump and sled but they were too small to be effectively
retained by the beach seine and bottom trawl. The diurnal sampling
design also minimizes representative sampling of nocturnally-active
organisms such as male Corophium amphipods (Davis 1978).
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3. RESULTS

3.1 TAXONOMIC COMPOSITION

3.1.1 Epibenthic Zooplankton

Based on the highest resolution of taxonomic and life history cate-
gories, 406 categories of epibenthic zooplankton were sampled in tidal
flat and demersal slope habitats and 292 categories were identified from
channel bottom habitats (Appendix B). Harpacticoid, calanoid, and
cyclopoid copepods were the more prominent taxa numerically (76.4% of
the total mean density; Table 3). The calanoid Eurytemora affinis was
the most abundant species but harpacticoids (primarily an undescribed
ectinosomid [Ectinosoma sp.?], Scottolana canadensis, Microarthridion
littorale, Tachidius triangularis, and Attheyella sp.) comprised almost
35% of the mean density over the 18 month sampling period; Cyclops spp.
were the most abundant cyclopoids (Table 3).

Seasonal changes in numerical composition of epibenthic zooplankton
taxa were prevalent during the monthly sampling period (March - August
1980; Figure 6). In the shallow habitats sampled by the epibenthic
pump, ectinosomatid harpacticoids were prominent during the late winter
fluctuating flow months and Eurytemora affinis dominated during the
spring freshet season. Ostracods (Limnocythere) comprised over half the
densities in the early summer-fall low flow season. Copepod larvae (un-
differentiated nauplil and early stage copepodids) were also numerically
abundant from April through July. Deeper habitats sampled by the epiben-
thic sled also showed Eurytemora affinis and copepod larvae to dominate
during the spring freshet season, but freshwater forms (e.g. Daphnia,
Cyclops) became denser with the onset of the summer-fall low flow
season. Scottolana canadensis was also more prominent between the late
spring freshet and early summer-fall low flow seasons.

The gravimetric composition illustrated somewhat different seasonal
changes (Figure 7). Cumaceans (Leucon sp.), amphipods (Corophium
salmonis), and Eurytemora affinis together combined for -60% of the
epibenthic zooplankton density in shallow habitats during the late
winter fluctuating flow season but Eurytemora affinis alone completely
dominated (-70%) the standing crop during May. As the spring freshet
season progressed, Crangon franciscorum and Neomysis mercedis displaced
Eurytemora. Other taxa of mysids (Acanthomysis macropsis, Archaeomysis
grebnitzkii, Neomysis integer) and gammarid amphipods (Anisogammarus
sp., Corophium spinicorne, Eogammarus confervicolus, E. oclairi,
Eohaustorius sp., Paraphoxus sp.) were numerically rare but often com-
prised a significant (i.e., >1%) portion of the standing crop at some
stations, particularly those in euhaline waters close to the mouth of
the estuary.

3.1.2 Motile Macroinvertebrates

Overall, Crangon franciscorum (sand shrimp) completely dominated
the motile macroinvertebrate assemblage in the estuary in terms of both
density and standing crop. Two other congeneric shrimps, C. nigricauda
and C. stylirostris, also occurred in the bottom trawl collections in
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Table 3. Numerical composition (%) of prominent (>1% of mean density)
zooplankton taxa (class, family) among epifauna in the Columbfa
River Estuary, March 1980 - July 1981.

Numerical
Principal Life Composition

Taxa History Stages (% of mean density)
Rotifera adults 2.7
Cladocera 4.7

Daphnidae 1.3
Daphnia spp. juveniles 0.7
D. puZez Leydig juveniles-adults 0.1
D. rosea Sars 0.2
D. galeata Sars 0.1
D. retrocurva Forbes juveniles 0.3
D. parvuLa Fordyce adults n0.1

Bosmidae 2.5
Bosmina Zongirostris
G.F. Muller naupliiiadults 2.5

Ostracoda 2.4
Limnocytheridae 1.8
Limnocythere Brady sp. 1.8 

Copepoda 76.4
"I nauplii 18.4

Calanoida nauplii-adults 17.7
nauplii & adults 4.5 U

Temoridae copepodidsadults 12.2
Epischura nevadensis Lilljeborg adults <0.1
Eurytemora affinis (Poppe) copepodids-adults 12.2

Harpacticoida naupliiadults 34.9
II nauplii & copepodids 0.3 L

Canuellidae 8.7
ScottoZanc canadensis

(Willey) copepodids-adults 8.5
Ectinosomatidae 17.5 L
NicroseteZta Brady and
Anderson sp. adults <0.1

Ectinosoma Boeck sp. copepodids-adults 0.1
Tachidiidae 5.3

Mioroarthridion littorale 2.6
(Poppe)

Tachidius Lillheborg sp. copepodids <0.1
T. (Neotachidius) trianguiaria

Shen and Tai copepodids-adults 1.9
Giesbrecht 0 3

Canthocamptidae 2.2
Bryocamptus Chappuis sp. adults 0.5
Nesochra Ziliejeborgi Boeck <0.1
N. aZaskana M.S. Wilson <0.1
M. pygmasa (Claus) -<O.1
AttheyeiZa Brady sp. 1.7

Cyclopoida naupliiadults 5.3
Cyclopidae copepodids-adults 5.1

HalicycZops Norman sp. <0.1
Cyclops O.F. Muller sp. 1.3
C. vernalis Fischer 1.7
C. bicuspidatus thomasi S.A. Forbes <1.9
Mesocyclops edaz (S. A. Forbes) adult 0.1
Paracyclops fimbriatus

poppei (Rehberg) copepodids adults 0.1
Oithona Baird sp. 0.1
0. vimilig Claus adult <0.1
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euhaline waters at the outer margin of the estuary (almost exclusively
at the Ilwaco Channel site) but were neither common nor abundant.
Dungeness crab (Cancer magister) was also prominent but its occurrence
was generally restricted to the plume and ocean zone at the entrance of
the estuary and channel bottom habitats in the seaward region of the
estuarine mixing zone.

3.2 DENSITY

3.2.1 Epibenthic Zooplankton

The density of epibenthic zooplankton over all sites in the estuary
averaged 18,805 + 3,839 m-2 (+ standard error) but ranged broadly
between 95 and 40,000 nf2; the 95% confidence interval about the mean
density was 11,210 to 26,400 m-2. The distribution of the density esti-
mates approximated a negative binomial distribution with a median value
of 5,204 m- 2 .

Epibenthic zooplankton densities were quite divergent in the three
habitats, however. Highest densities occurred on tidal flats (x =
21 809 + 4,671 m-2; 95% confidence interval between 12,455 and 31,165
m-3) compared to densities in demersal slopes (12,562 + 4,180 mC2 ) and
channel bottom habitats (9,996 + 3,242).

Spatial distributions of epibenthic zooplankton densities through
the estuary (Figures 8-10) suggested different degrees of seasonal
influences among the three habitats. Maximum densities in tidal flat
habitats during the spring freshet season (Figure 8) occurred between 15
km and 20 km from the mouth of the estuary (Youngs Bay and Bridge flat
sites). During summer-fall low flow months the density distribution
appeared to be bimodal at either end of the estuary, although the mode
at the landward end of the estuary is based on only one data point,
which is insufficient without other evidence to indicate a "mode". Den-
sities during winter fluctuating flow months were relatively uniform
through the estuary except for maxima at Baker Bay and Youngs Bay, i.e.
within 20 km from the mouth of the estuary.

Demersal slope habitats (Figure 9) illustrated a similar density
distribution during spring freshet months, but densities during both
summer-fall low flow and winter-fluctuating months were relatively
uniformly distributed except for one maximum at Sand Island during the
summer-fall period.

Although epibenthic zooplankton densities in channel bottom habi-
tats (Figure 10) during spring freshet months were also highest within
the estuarine mixing zone, the density distribution during summer-fall
low flow months indicated a shift in densities up (landward) the estuary
into the tidal fluvial zone. Densities during winter fluctuating flow
months were comparatively low and uniformly distributed throughout the
estuary.

Habitat-associated differences in epibenthic zooplankton densities
are also illustrated by time series over the 18-m6nth sampling period
(Figure 11; note continuous Julian date). Except for unusually high

23



10- Spring Freshet
9-8 0U

Who 7- 0
x 6- 0

E 4 8 ,

1 0

z l Summer - Fall Low Flow
w

a 8

1-5 0 0

4- ~06 3- 0
IL 2- 0 

N 10 § ^zzz
_i Winter Fluctuating Flow

>S8- 

3-
2- 0

1 0
0 10 20 30 40 50 60

DISTANCE FROM MOUTH OF ESTUARY (km)
Figure 8. Spatial distribution (km from mouth of estuary) of

epibenthic zooplankton density (individuals my2) in
tidal flat habitats during three hydrologic seasons
in the Columbia River Estuary, March 1980 - July 1981.

24



10- Spring Freshet
9-

Ro7-
x 6-

E 4

2-

0-
*~ : I

co 101 Summer - Fall Low Flow
Z 9U~L w*~
I 8-

06-

4-
<3

CL2-

00- , *-

4 010 230 450 6

N90 Winter Fluctuating Flow

z 7

WIn5

2-~~~~~~~~~~2

1 

0 10 20 30 40 50 60
DISTANCE FROM MOUTH OF ESTUARY (kin)

1 ~~Figure 9. Spatial distribution (km from mouth of estuary) of
epibenthic zooplankton density (individuals mf2) in
demersal slope habitats during three hydrologic seasons

in the Columbia River Estuary, March 1980 -July 1981.

25



10- Spring Freshet
9-
8-

"'r 7-
x 6- 0

cN 5- 0
E 4-

2-
> 1- n , , ,n ° , 

oo 10- Summer- Fall Low Flow

a- 07-
O 6-

<: 3-

0 1- ~ ~ ~ ~ 
O O- n , 0 O

Ns 1 0 Winter Fluctuating Flow

3-27

w 4

2-
1- 0
0-4 , I 10

0 10 20 30 40 50 60
DISTANCE FROM MOUTH OF ESTUARY (km)

Figure 10. Spatial distribution (km from mouth of estuary2 of
epibenthic zooplankton density (individuals m- ) in
channel bottom habitats during three hydrologic
seasons in the Columbia River Estuary, March 1980 -

July 1981.

26



* ~~~~40-
346 Tidal Flat
32-

-28-

c)x 224-A
14 16-/ E 12 

4-~

I 3o Demersal Slope

cJ 36- CanlBto

~32-
28-

z 24-
0-

Fe 1
Z 12-

< 8-

04
0

032640 30 11-3

N~~~lt fvdeeslsoeanfiechannel bottom

28-I ~ ~~~z24-

WJ 122
8-

3 ~~ ~~~~0 120 240 360 115 235

1980 JULIAN DATE' 1981
I ~~~~~~J F MA M.J J A SON D J F A\AMJ J A

MONTH
1 ~~~~Figure 11. Temporal distribution (Julian date) of epibenthic

zooplankton density (individuals m-2) in six tidal
flat, five demersal slope, and five channel bottomI ~~~~~~~habitats in the Columbia River Estuary, March 1980

-July 1981.

27



densities at Bridge Flat in October 1980 and Baker Bay in April 1981,
densities at the five tidal flat sites consistently showed maximum in
May and July-August. Densities then decreased to minima during the
winter and gradually increased from April to July 1981. Densities in
demersal slope habitats generally exhibited only one summer (August)
maxima except for a spring (April-May) peak at the Bridge Slope site.
Only one channel bottom site (Bridge Channel) showed a spring-early
summer maxima, while the other four sites all illustrated peak densities
occurring in October.

3.2.2 Motile Macroinvertebrates

Motile macroinvertebrate density- averaged 0.09 + 0.02 m-2 across
the estuary, ranging between 0 and 1.72 mn2 with a 95% confidence
interval of 0.04 and 0.14 mn2.

The rank order of macroinvertebrate density by habitat also followed
that of the epibenthic zooplankton, averaging higher in tidal flat
habitats (0.12 + 0.04 mf2) than in demersal slope (0.08 + 0.04 m-2) or
channel bottoms (0.07 + 0.04 m-2 ).

Density distributions of motile macroinvertebrates (principally
Crangon and mysids) through the estuary changed among hydrologic seasons
(Figures 12-14). Macroinvertebrates in tidal flat habitats were concen-
trated within 20 km of the estuary's mouth during the spring freshet
season (Figure 12) but had expanded, though in lower density (-0.1 mC2),
to Grays Bay (km 32) during the summer-fall low flow season. During
winter fluctuating flow months, densities both decreased throughout the
estuary and become concen trated back in the lower bays.

Motile macroinvertebrates in demersal slope habitats were consider-
ably denser in the central portions of the estuary (Bridge Slope) and
showed the same summer-fall expansion to the lower reaches of the tidal
fluvial zone (Figure 13).

Although densities in channel bottom habitats during the spring
freshet season were lower than those in the shallower habitats (Figure
13), the highest density during summer-fall low flow months occurred in
the channel habitat at Rice Island (Figure 14). By winter, densities
had declined dramatically throughout the estuary.

In addition to being concentrated in the lower 10 km of the estu-
ary, densities of Dungeness crab were significant (i.e., >0.01 individ-
uals m-2) only during the spring freshet season (Figure 15). This
pattern may not be representative of crab densities at and outside the
mouth of the estuary, however. Based upon data from concurrent 8-m
trawl catches by NMFS in the channel habitat at the mouth (NMFS stations
1 and 2), crab densities -0.2 individuals m-2 may persist into the
summer-fall low flow season (Figure 15).
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3.3 STANDING CROP

3.3.1 Epibenthic Zooplankton

Due to the relatively uniform size and biomass of epibenthic zoo-
plankton, standing crop estimates mirrored the density distribution.
Average standing crop at all sites over the sampling period was 185.80 +
34.23 mg mn2, ranged between 1.8 and 3864.5 mg m-2, and had a 95%
confidence interval around the mean of 118.1 to 253.5 mg m-2 . The
median of the standing crop distribution was 74.0 mg m-2. Spatial and
temporal trends followed those illustrated by the density data.

3.3.2 Motile Macroinvertebrates

Standing crop of Dungeness crab and crangonid shrimp, the dominant
motile macroinvertebrates, averaged 0.17 + 0.06 g m-2, ranged between
0.0 and 6.34 g m-2, and had a 95% confidence interval around the mean of
0.05 to 0.30 g m-2. The median of the standing crop distribution was
0.0 because almost 85% of the 114 samples were 0.0. Trends in seasonal
distribution of standing crop resembled those of density, although sites
in the plume and ocean zone during spring and winter months and lower
reaches of the estuarine mixing zone during summer-fall months showed
somewhat higher standing crop values than the other sites due to the
presence of Dungeness crab.

3.4 RELATIONSHIPS BETWEEN EPIBENTHIC ORGANISM STANDING CROP AND OTHER
BIOTIC AND ABIOTIC VARIABLES

There are several partial correlation coefficients among epifauna
density and standing crop and other biotic and abiotic variables (Table
4) which, although they cannot be considered causal, may indicate limit-
ing factors on faunal distribution and standing stock. Both epibenthic
zooplankton density (EPIDEN) and standing crop (EPISC), however, were
not strongly correlated with any one variable, the highest correlation
(0.267) being between standing stock and sediment skew. Sediment skew
was also positively (0.688) correlated with motile macroinvertebrate
standing crop (MACSC), although total fish density (FSHDEN) was even
more correlated (0.709). Much of the positively correlation between
fish density and macroinvertebrate standing crop may be attributable to
the presence of starry flounder (Platichthys stellatus) and their preda-
tion upon Crangon franciscorum, as indicated by the relatively high
(0.329) correlation between starry flounder standing crop (SFSC) and
Crangon densities (CRADEN). Motile macroinvertebrate standing crop,
Crangon density, and starry flounder standing crop were all positively
correlated (0.349 to 0.372) with salinity and/or negatively with the
distance from the mouth of the estuary (RIVKM).

3.5 EPIBENTHIC ZOOPLANKTON ASSEMBLAGE STRUCTURE

Numerical classification of sampling sites and taxa indicated dra-
matic changes in assemblage structure among months (Appendix C). Sta-
tion and taxa clusters delineated during three months representing the
three hydrologic seasons illustrated the dynamic structure of these
assemblages (Figure 16a-c). In May, during the spring freshet season,
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Table 4. Partial correlation coefficient matrix of epibenthic organism
standing stock variables and other biotic and abiotic variables [
in the Columbia River Estuary, March 1980 - July 1981.

[
2 3 4 5 6 7 8 9 10 11 12 13 14

EPISC MACDEN MACSC CRADEN JOATE TIME RIVKM SITELV TEMPC SALTY RIVDIS TRWAUN THWAUN
EPIDEN .794 .121 -.037 .142 -.083 -.046 -.104 -.100 .123 -.037 -.062 -.071 -.003
EPISC .111 -.054 .131 -.079 -.066 -.052 -.061 .112 -.063 -.110 -.095 .002
MACDEN .094 .996 -.085 -.117 -.184 -.032 .161 -.018 .007 .004 .078
MACSC .049 -.066 -.078 -.278 -.007 .126 .372 -.048 -.011 .186 U
CRADEN -.074 -.121 -.161 -.025 .184 -.058 -.001 -.055 .061
JDATE -.133 -.065 .037 -.130 -.041 .046 .020 .044
TIME .356 -.100 .037 -.224 .121 .177 .032
RIVKM -.020 .080 -.742 .025 .089 -.012
SITELV .050 -.086 .038 .081 .014
TEMPC -.147 -.234 -.165 .383
SALTY -.170 -.061 -.058
RIVDIS .410 -.235
TRWAUN .216
THWAUN
TRASTO
THASTO
XPHI
SKEW
COA1%
%S-C
CHLA
FSHDEN
SAMDEN
SEDEN
SFSC

EPIDEN =Epibenthic zooplankton density 8 - RIVKM Distance (km) from mouth of estuary .
2 - EPISC = Epibenthic zooplankton standing crop 9 - SITELV Tidal elevation (m) of sampling site
3 - MACDEN = Motile macroinvertebrate density 10 - TEMPC =Temperature (C)
4 - MACSC = Motile macroinvertebrate standing crop 11 - SALTY =Salinity (%) -1
5 - CRADEN =Crangonid shrimp density 12 - RIVDIS =River discharge (1000 m3s1) .
6 - JDATE = Julian date 13 - TRWAUN =Tidal range (m) at Wauna
7 - TIME = Local time of sampling 14 - THWAUN = Tidal height (m) at Wauna

[
[
[l
[l
Il
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Table 4. Partial correlation coefficient matrix of epibenthic organism
standing stock variables and other biotic and abiotic variables
in the Columbia River Estuary, March 1980 - June 1981 - contin-
ued.

15 16 17 18 19 20 21 22 23 24 25 26
TRASTO THASTO XPHI SKEW COA1% IS-C CHLA SESTON FSHDEN SAMDEN SFDEN SFSC

EPIDEN .009 -.175 .092 .162 .052 .074 -.190 .138 .015 -.028 .050 .092
EPISC .015 -.202 .026 .267 .021 .016 -.169 .041 -.020 -.007 .001 .023
MACDEN .053 -.087 .240 .688 .191 .235 -.109 -.000 .071 -.035 .219 .355
MACSC .171 -.066 -.068 .162 .077 -.103 -.117 -.037 .709 -.022 -.013 .197
CRADEN .033 -.097 .243 .084 .174 .239 -.116 -.013 .038 -.034 .214 .329
JDATE -.064 .151 .012 .001 .076 .010 -.353 -.300 -.085 -.117 -.202 -.171
TIME .072 -.009 .100 -.207 .029 .109 .259 -.049 .006 .076 -.164 -.010
RIVKM -.021 -.016 -.190 -.451 -.357 -.081 .620 .146 -.160 .183 -.024 -.363
SITELV .062 .047 -.444 -.241 -.240 -.383 -.094 .043 -.116 -.032 -.294 -.297
TEMPC .416 -.583 .211 .176 .045 .282 .338 .178 .176 -.166 .286 .008
SALTY -.066 .028 .207 .324 .287 .115 -.567 -.184 .192 -.069 .061 .349
RIVDIS -.081 .449 -.019 -.134 .087 .033 .146 .044 -.144 -.067 -.170 -.107
TRWAUN .187 .382 -.054 -.133 -.036 -.005 .082 -.018 -.005 -.006 -.031 -.075
THWAUN .936 -.148 .046 .031 .024 .099 .437 .183 .295 -.014 .238 .140
TRASTO -.228 .080 .024 .058 .147 .593 .267 .269 -.011 .232 .141
THASTO -.124 -.190 -.045 -.127 -.181 -.137 -.150 .025 -.210 -.135
XPHI .389 .671 .934 -.014 .123 -.029 -.124 .255 .335
SKEW .561 .252 -.259 -.019 .084 -.144 .056 .195
COA1% .507 -.133 -.006 .072 -.257 .125 .346IS-C .130 .120 -.064 -.056 .233 .268
CHLA .447 -.121 502 -.011 -.287
SESTON -.030 .225 .157 .280
FSHDEN -.011 .208 .342
SFDEN -.010 -.046
SFSC .465
15 - TRASTO = Tidal range (m) at Astoria 21 - CHLA = Chlorophyll a
16 - THASTO = Tidal height (m) at Astoria 22 - SESTON = Organic seston
17 - XPHI = Mean 0 of sampling site sediment 23 - FSHDEN = Total fish density
18 - SKEW = Skew of sampling site sediment 24 - SAMDEN = Juvenile salmon density
19 - COA1% = Coarsest 1% of sampling site sediment 25 - SFDEN = Starry flounder density
20 - %S-C = % sand-cobble sampling site sediment 26 - SFSC = Starry flounder standing crop
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Figure 16. Distribution of epibenthic zooplankton assemblage clusters in the Columbia
River Estuary during three hydrologic seasons: (A) spring freshet season
(represented by May 1980); (B) summer-fall low flow season (October 1980);
and, (C) winter fluctuating high flow season (February 1981).
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two station cluster groups were evident, one within and one above 25 km
from the mouth of the estuary (Figure 16a). Stations located in the.
tidal fluvial zone were characterized almost entirely by a riverine
assemblage of freshwater cyclopoid copepods and cladocerans, although
another mixed group of cyclopoid and harpacticoid copepods, ostracods,
and the gammarid amphipods Corophium spp. also occurred predominantly in
the tidal flat and demersal slope habitats of the upper reaches of the
estuary. Assemblages in the lower estuary were limited almost complete-
ly to euryhaline taxa, including one large group of harpacticoid
copepods (e.g. Scottolana canadensis), the calanoid Eurytemora affinis,
and three other two- or one-taxa groups of harpacticoids, mysids, and
amphipods.

By October, at the end of the summer-fall low flow season, assem-
blage structure had become much more complex (Figure 16b). Station asso-
ciations were less robust and fell into as many as five cluster groups:
(1) channels within 20 km of the mouth of the estuary; (2) tidal flat
and demersal slope habitats within 10 km of the mouth; (3) flats and
slopes in the central portion of the estuary and a channel bottom
station 40 km from the mouth; (4) flats, slopes, and channels between 30
and 35 km from the mouth; and, (5) flats and slopes in the upper region
of the estuary >40 km from the mouth. Taxa clusters were equally com-
plex and included fluvial, euryhaline, and euhaline fauna within several
of the six clusters. Distribution of clusters characterized by euryhal-
ine harpacticoids and Eurytemora extended well above the central portion
of the estuary but euhaline taxa such as Acartia and Oithona occurred as
far as 50 km from the mouth of the estuary.

In the winter fluctuating high flow season, represented by February
1981, the distribution of the clusters resembled that of the spring
freshet season (Figure 16c). Seven taxa clusters again fell into dis-
crete estuarine and fluvial station clusters.

3.6 FOOD WEB LINKAGES

3.6.1 Epibenthic Zooplankton

Review of literature describing food resources of phyolgenetically-
or ecologically-similar epibenthic zooplankton taxa indicated that most
of the epibenthic crustaceans which dominate the assemblages in the
estuary would be classified as detritivores (Lasker et al. 1977; Brown
and Sibert 1977; Heinle et al. 1977; Rieper 1978; Vanden Berghe and
Bergmans 1981) although large, more planktonic zooplankters such as
Eurytemora affinis probably have the ability to utilize autotrophic
(i.e. phytoplankton) as well as heterotrophic food resources (Heinle and
Flemer 1975).

3.6.2 Motile Macroinvertebrates

Both Neomysis mercedis and Crangon franciscorum indicated omni-
vorous food habits (Table 4) but diet composition appeared to vary con-
siderably by season and location within the estuary. A composite
summary of all Neomysis examined from the June 1980 samples indicated
that rotifers were the numerically prevalent food organism (36.8% of

39



total), followed by diatoms (12.5%) and cladocerans (primarily Bosmina
sp; 18.4%), during the spring freshet season. A composite of all
Neomysis examined from Youngs Bay, however, indicated that predation
upon epibenthic meiofauna, particularly harpacticoid copepods such as
Ectinosomids (41.6%) and Scottolana canadensis (37.9%), was more typical
of shrimp on that tidal flat.

Crangon franciscorum also illustrated similar temporal/spatial
variability, although not in the same patterns. Shrimp collected from
throughout the estuary in August 1980 had fed primarily upon Scottolana
canadensis (61.0%) and secondarily upon diatoms (21.4%). Shrimp collect-
ed from Youngs Bay throughout the 18-month sampling period appeared to
feed on the same two food resources but numerical composition had
reversed to 62.6% diatoms and 22.7% Scottolana canadensis.

Qualititative analyses of juvenile Dungeness crab from the lower
reaches of the Estuarine Mixing Zone indicated that they are carnivorous
upon macroinvertebrate components of the benthic infauna and epifauna.
Identifiable organisms included Corophium sp., Neomysis mercedis, Cancer
magister, barnacle cyprid larvaea, and remains of bivalve molluscs and
fish.

3.7 Crangon AND Neomysis POPULATION DYNAMICS

Length frequency distributions of Crangon franciscorum (represented
by Youngs Bay, Figure 17) indicate that although maturing ("yearling")
or adult shrimp are present in the lower half of the estuarine mixing
zone during the winter and early spring (April), they have departed the
estuary by May, presumably to reproduce in more euhaline environs
(Israel 1936; Krygier and Horton 1975). Juveniles ("young-of-year"f)
resulting from winter spawning offshore and in the plume and ocean zone
of the estuary appear by April and continue to occupy and grow in the
estuarine mixing zone. Suggestions of a bimodal size frequency distri-
bution in August could indicate influx of juveniles from a second, later
spawning, corresponding with Krygier and Horton's (1975) documentation
of bimodal spawning in Yaquina Bay, Oregon.

Unlike Crangon, Neomysis mercedis reproduce and develop entirely
within the estuary. Although they are distributed throughout the estu-
ary, the center of their distribution tends to extend from the middle of
the estuarine mixing zone into the tidal-fluvial zone. There is an
apparent separation of sexes, as most of the mysids captured in the
lower and central reaches of the estuary were males but low catches of
females in general could indicate that sampling biases were involved
(Williams 1983, Table 5). Gravid females were found primarily in lower
reaches of the tidal fluvial zone between April and August (ibid).

40



ISP_ MPRCH TRRWL

s ~~~~~~~~~~~~~N =151

IIMERN=37.40
_m~hrt. S.O.-8.82

o n ni-n nJ ifIhtll-T, nf Br rn n n 25~~~~~~~~~~~'

2C - ARPRIL TRRWL

16_ N =52
_MERN=18.7S

r ~~~~~~~~~~S.D.=11 .61

n n mnmmrrfif r m n
25 -- -- --- T l 1 I

20 _ MRY TRAWL
151- N =147

z ID)- ~~~~~~~~~~~MERN=17 .30

S.D.=2.53U 5 20~~~ JUNE TRAWL5 

I ~ ~ ~ ~ 2 _ _I_ _ _ _ _ _ __l l 
25 

.z 20 - JUNE TRRWL
15 Xs N =205

MERN=28.84

D n n nL ~~~~~~~~5.0.=7.18

I ~~~~~~~~~~5 -20- RJULY TRAWL

I ~~~~~~~~~~~~~~~~~~~~~N =205

15 - MERN425.19

10-

,0 rrrrrfl 5 lt~thim-rfi~l{Ii ,D.=5.51

2D AUGUST TRRWL
s ~~~~~~~~~~~~~N =202

O n~~~~~~~~~~~~ERN=34.20

0 5.0 10.0 I5.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0 65.0 70.0 75.0 80.0

TOTAL CRRRPRCE LENGTH IN I MM INTERVALS

Figure 17. Length (carapace) frequency distribution of sand

shrimp (Crangon franciscorum) in Youngs Bay, Columbia
River Estuary, March 1980 - August 1980.

41



Table 5. Numefical composition (%) of food organisms consumed by
Neomysis mercedis and Crangon franciscorum in the Columbia
River Estuary, March 1980 - July 1981. n = number of
stomachs examined.

Numerical Composition (%)
Neomysis mercedis Crangon franciscorum

Food Estuary-wide Seasonal Estuary-wide Seasonal
Item Distribution Distribution Distribution Distribution

June 1980 Youngs Bay August 1980 Youngs Bay
(n=54) (n=26) (n=41) (n=39)

Diatoms 12.5 3.7 21.4 62.6
Nematodes ... ... ... 0.7

Rotifers 36.8 1.9 ... 0.1
Polychaete Annelids;

Nereidae ... ... 3.3 1.9

Cladocerans 0.4 0.6 0.6 0.1
Sida crystallina 0.4 ... ... ...
Daphnia sp. 0.4 ... ... ...

Bosmina sp. 17.6 5.0 0.6 0.4
Chydoridae 0.4

Leydigia 0C ..4. .
quadranqularis

Ostracods 1.1 ... 0.1 .
Calanoid Copepods

Eurytemora affinis 2.6 3.7 ... 9.1
Harpacticoid Copepods 0.7 ... 1.0 ...

Scottolana canadensis 9.6 37.9 61.0 22.7
Ectinosomidae 3.3 41.6 1.0 1.3
Tachidiae 0.4 ... ... ...

Tach idi us04.. 103
triangularis 0.4 ''' 0.1 0.3

Cyclopoid Copepods ... 1.2 ... ...
Cyclops sp. 1.1 ... ... ...
C. bicuspidatus 1.1 1.9 3.7 ...
C. vernalis 1.8 2.5 4.7 ...

Barnacle cypris ... ... 1.0 ...

Mysidacea ... ... 0.3
Gammarid Amphipods 1.1 ... ... ...

Corophium sp. ... ... ... 0.3

C. salmonis ... ... 0.4 0.1
Eogamma rusconfervicolus 0.4 ... 0.1 ...

Eohaustorius sp. 0.1 ... ... ...
Decapods

Crangon
franciscorum ... ... 0.6 0.1

Plant Detritus 0.4

42



4. DISCUSSION

4.1 PHYSICAL AND ECOLOGICAL INFLUENCES UPON STRUCTURE AND STANDING STOCK
OF EPIBENTHIC ZOOPLANKTON ASSEMBLAGES

Seasonal patterns in the standing stock of epibenthic zooplankton
coincide with two major hydrologic characteristics of the estuarine
mixing zone of the estuary, the maximum intrusion of saline water and
the upstream boundary of the turbidity maximum zone or "null zone".
Maximum salinity intrusion during high flow seasons is probably only 20
km to 25 km from the mouth of the estuary but may extend as far as 45 km
landward during the summer-fall low flow season (Jay 1982). Correspond-
ingly, the upstream boundary of the maximum turbidity zone probably
shifts from 14 km to 15 km from the mouth during high flow seasons to a
position 19 km to 23 km from the mouth of the estuary during low flow
seasons (Simenstad et al. 1984). Thus, the distribution of specific
taxa can be related to their preadapted salinity tolerances but repro-
ductive populations are probably maintained (despite the effects of net
seaward transport) physically by entrainment within the turbidity maxi-
mum and landward currents along the bottom. Production of these popu-
lations is also probably enhanced by the entrainment and prolonged
cycling of detritus particles within the same region, although CREDDP
produced no data on detritus distribution and composition with which to
test this hypothesis.

In addition to supporting the influence of salinity intrusion, the
change from homogeneous to heterogeneous taxa groups between high and
low flow seasons also indicates the effect of seasonal variation in the
strength or presence/absence of water column stratification. Although
dependent upon tidal conditions, the water column tends to be more
strongly stratified more-often during high flow seasons than during low
flow seasons, when neap-spring tidal forces extend much further up the
estuary. As a result, the more thorough mixing during the summer-fall
low flow season would transport and integrate fluvial, euryhaline, and
euhaline taxa within the same epibenthic regions of the estuary. De-
spite this physically dynamic system, euryhaline taxa such as Eurytemora
affinis are able to sustain high population densities within the cen-
tral, estuarine mixing zone of the estuary, probably through active
vertical migration (Wooldridge and Erasmus 1980).

4.2 PHYSICAL AND ECOLOGICAL INFLUENCES UPON DISTRIBUTION AND STANDING
STOCK OF MOTILE MACROINVERTEBRATES

As a euryhaline species, the distribution and standing stock of
Crangon franciscorum probably relates to the increased salinity intru-
sion during the summer-fall low flow season but is also coincident with
the distribution shift in their principal prey resources, the epibenthic
zooplankton. Epibenthic-feeding fishes, which prey upon both epibenthic
zooplankton and motile macroinvertebratesj and marine mammals (seals and
sea lions) also expand their distributions further up the estuary in re-
sponse to these dynamic shifts in prey resource concentrations (Haertel
and Osterberg 1967; Beach et al. 1981; National Marine Fisheries Service
1984). Consequently, the distribution and standing stock of Crangon
franciscorum may be determined by the combined effects of physical
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forces, population dynamics, and trophic interactions with prey and pre-
dators. The same influences undoubtedly affect the distribution and
abundance of the less motile Neomysis mercedis, although physical
effects may be predominant.

Although the 1980-1981 CREDDP data does not show Dungeness crab to
occupy a significant portion of the Columbia River Estuary, there are
other data to indicate that their distribution at other times may be
somewhat more landward than reported herein. Haertel and Osterberg
(1967) described Dungeness crab as occupying euhaline to mesohaline
demersal habitats. Durkin (1975) described crab abundance during the
spring and summer to be relatively high at the landward margin of the
plume and ocean zone in the channel adjacent to Clatsop Spit, but they
were also collected in low numbers in the channel just downstream of
Astoria. Durkin et al. (1981) also provided data in support of Dungeness
crab distribution extending almost 20 km up the estuary (to Astoria) in
channel bottom habitats. However, crab densities were mesurable reduced
in May as compared to November collections. In contrast, densities 5 km
closer to the mouth (in the vicinity of Tansy Point, Figure 2) were
higher during both October and May and numerically comparable to densi-
ties from colections at the mouth of the estuary. Thus, Dungeness crab
in the Columbia River Estuary may be relatively confined to the euhaline
waters of the channel bottom habitats and to shift the center of their
estuarine density distribution with the tidal intrusion of oceanic water
and the movement of the turbidity maximum zone.

Compared to other, more marine estuaries in the region, however,
the strong and variable freshwater dominance in the Columbia River
Estuary apparently limits the horizontal and depth incursion of
Dungeness crab. Armstrong et al. (1981) indicated that Dungeness crabs
occurred in densities as high as 0.81 m'2 at the mouth of Grays Harbor
but they also occurred as far as 25 km inside the estuary, although at
steadily decreasing densities. Densities at the most landward trawl
sampling station, where the mean salinity still averaged 20 0/oo, aver-
aged approximately 0.01 individuals m72 . Also in contrast to the
Columbia River Estuary, Dungeness crabs were abundant on tidal flats
throughout much of Grays Harbor. This suggests that the freshwater
dominance of most of the tidal flat habitats in the Columbia River
Estuary also reduces the distribution and influence of Dungeness crab in
these habitats.

Probably the strongest indication of the less-important role of
Dungeness crab in the Columbia River Estuary compared to more saline
estuaries is the complete lack of any crab larvae in the extensive
pelagic zooplankton collections conducted by Haertel and Osterberg
(1967) and by CREDDP during the same period (English 1984). In
contrast, both Armstrong et al. (1981) and Simenstad and Eggers (1981)
reported high densities of C. magister megalopae as far as 20 km
landward from the mouth of Grays Harbor during the month of April.

44



4.3 FOOD WEB RELATIONSHIPS

Although we have no direct evidence, standing stock distributions'
of epibenthic zooplankton would suggest that the null zone region of the
estuarine mixing zone is a locale of entrainment and concentration of
detritus particles which supports zooplankters in the benthic boundary
layer. Whether allochthonous organic matter, phytoplankton cells which
have sunk from the water column, or benthic diatom cells which have been
swept off the tidal flats, this detritus resource may be retained within
the null zone for time periods longer than the expected flushing time of
the estuary as a whole.

The high standing stock of epibenthic zooplankton assemblages on
tidal flats in the estuarine mixing zone also suggests that either: (1)
detrital particles are advected laterally along the benthic boundary
layer from the sublittoral channel habitat; (2) the rate of particle
deposition from surface waters over tidal flats (sinking?) is also high;
and/or, (3) benthic primary production is enhanced in the intertidal
flat habitat in this region. Unfortunately, there are few or no data to
elucidate these questions.

Whatever the sources of and factors producing enhanced production
of epibenthic zooplankton in the estuarine mixing zone, motile macroin-
vertebrates and other secondary consumers utilize these assemblages
extensively (Figure 18). It is probable that, in addition to physiologi-
cally-defined salinity tolerances, the distribution and standing stock
of Crangon are strongly influenced by the dynamics of their epibenthic
zooplankton prey resources.

4.4 ESTUARINE PRODUCTION OF EPIBENTHIC ZOOPLANKTON AND MOTILE
MACROINVERTEBRATES

Direct, accurate estimation of production (biomass or carbon
generated per unit ot time) of crustaceans requires complicated cohort
analyses and number of rigid assumptions (such as insignificant immigra-
tion and emigration from a unit population) (Winberg 1971). The CREDDP
sampling design for epibenthic zooplankton and motile macroinvertebrates
did not permit this approach, in part due to the low sampling frequency
and the tremendous flux of organisms into, out of, and throughout the
estuary. For the sake of comparisons, however, first order approxima-
tions can be generated using production/biomass (P/B) ratios from the
literature for the same or similar faunal assemblages. Based upon the
combined meiofauna and small macrofauna composition of the epibenthic
zooplankton assemblages, an annual P/B ratio of 9.0 was adopted
(McIntyre 1969; Conover 1974; Sibert 1979); an annual P/B ratio of 8.0
was adopted for motile macroinvertebrates based on Kuipers and Dapper
(1981).

Calculating production by apportioning the P/B ratio by standing
crop estimates over the monthly and quarterly sampling intervals, it was
estimated that epibenthic zooplankton in the estuary produce approximate-
ly 64.7 mt C yrC1 and motile macroinvertebrates produce 22.0 mt C yr-1.
For the epibenthic zooplankton, approximately 39% of the production
occurred in tidal flats, 36% in demersal slope, and 25% in channel

45



Oncorhynchug tsabawtecha

cancer lcauifergm

ealmonjo _\ 7 

29 ,~~Scottolanon C i 0</s

D otome

Figure 18. Qualitative food web relationships involving epibentbic zooplankton
and motile macroinvertebrates in the Columbia River Estuary.



bottom habitats. Only 20% of the motile macroinvertebrate production
occurred on tidal flats, while 41% and 39% occurred in demersal slope
and channel bottom habitats, respectively.
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5. CONCLUSIONS AND RECOMMENDATIONS

In conclusion, epibenthic zooplankton in the Columbia River Estuary
are spatially and seasonally structured by circulation, salinity intru-
sion, and null zone processes while motile macroinvertebrate assemblages
appear to be structured by salinity intrusion and the distribution of
their principal prey resources, the epibenthic zooplankters. In addi-
tion, the overlying effect of fish and marine mammal predators upon the
motile macroinvertebrates undoubtedly influences the ultimate production
of these epifauna.

Most of our conclusions regarding factors influencing the struc-
ture, distribution, and standing stock of epibenthic organisms in the
Columbia River Estuary, however, are based upon conjecture or, at best,
weak data sets. For example, despite the potentially important role of
detritus in supporting the standing stock of epibenthic zooplankton in
the estuary, we know little of the sources of detritus input into the
estuary or of the processes which make it available to epifauna. Un-
doubtedly, the historic changes in river hydrology as it affects estu-
arine circulation and primary production have altered both the sources
and fates of detritus in the estuary. Similarly, changes in wetland
(i.e. swamp and marsh) habitat over the past century have probably
altered the composition and magnitude of endogenous detritus production.
Until we have a better understanding of the functional relationships
between the detritus resource and detritivores such as epibenthic
zooplankton we will be limited in our ability to predict or evaluate
further changes in the estuarine ecosystem. Considerably more research
needs to be focused upon the sources, flow, and fate of organic detritus
within the estuary and upon the heterotrophic food web processes which
are based upon it.

However, epibenthic zooplankton in the Columbia River Estuary have
been classified as detritivores simply on the basis of information from
the scientific literature. Such information is often of questionable
applicability to the Columbia River estuarine ecosystem, especially
given the differences between that system and those which have been
studied. More direct, specific research is needed on the actual food
resources utilized by the principal endemic zooplankters. The extent of
utilization of heterotrophic versus autotrophic food resources deter-
mines to a great extent the potential impact of any modification of
circulation or estuarine habitats.

Although circulation processes characterizing the turbidity maximum
have certainly been one important aspect of the CREDDP Circulation, Sedi-
mentation, and Simulation work units results, we still are relatively
limited in our understanding of the spatial and temporal dynamics of the
null zone. This is particularly true because most of our information on
circulation, including velocities, salinities, and mixing, typically
originate from measurements obtained above (i.e. >1 m) the benthic
boundary layer. More detailed, finer resolution research is needed to
better define actual laminar flow regimes, transport, and mixing
characteristics of this "very-near" bottom layer of the turbidity
maximum region of the estuary.
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Our research on epifauna has also been basically descriptive with
interpretations of functional mechanisms based upon correlations among
observed patterns of distribution and standing stock and other physical
and biological characteristics. More mechanistic studies of the factors
influencing relative availability of epibenthic zooplankton to sampling
are needed. Much of the variation inherent in our data probably origi-
nated from finer scale cycles (e.g. diel, tidal) which could not be
included in our sampling design. These factors, which may be important
to either active or passive movements of epifauna, need to be further
investigated in order to place the existing CREDDP data in context as
well as to further elucidate the mechanisms which influence epifauna
distribution.
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APPENDIX A. Institutional Acronyms

CREDDP Columbia River Estuary Data Development Program; Astoria, OR
CREST Columbia River Estuary Study Taskforce, Astoria, OR
FRI Fisheries Research Institute; College of Ocean and Fishery

Sciences, University of Washington, Seattle, WA
NMFS National Marine Fisheries Service; Hammond Lab and Northwest and

Alaska Fisheries Center, Seattle, WA
NODC National Oceanographic Data Center; Environmental Data Service,

National Oceanic and Atmospheric Administration, Washington,
D.C.

OSU Oregon State University; Corvallis, OR
PNRBC Pacific Northwest River Basins Commission
UW University of Washington; Seattle, WA
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APPENDIX B. Summary of CREDDP epibenthic collections by 0.1-m2
epibenthic suction pump and 0.5-m epibenthic sled in
the Columbia River Estuary, March 1980 - July 1981.
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7-JUVCNILE 160.0 .010
ILYOCRAtPIS s5. 2)20.0 10.7 40.0 - 10R.4 .052 .000 .004- .00 .0CO .0000 .01 .03

.-ADOLT 1200.0 .020

LVUCR-YTUS SP. 3E20.0 16.1 15 .0.0 - 10. 0 .0o0 .000 .040- .00 .0040 OCC .02 .05

OLYOCSYtUS s 4.4.JV. AWLT 4640.0 - .040 ---
7IIEaCRYPT SP.1000.0 5.0 40.0 - 34.5 .,0_ .000 .04- .0001 0 .01 .6

C-J/A N603j 400.0 .040 -

OLYOC0IYPtIS SP. 40.0 .2 40.0 - 0.0 .00 4 .000 .004- .0 .0001 0 .00 .00

CLEIUOAPNEJIA SP E'Gb.? EON 40.0 - Aa .133 .000 M4 .004 .ocoI .0000 --. 01 .08

71JUYLNOLE 450.0 -,A. -
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CERIUDNAPNIA SP. 200.0 .4 4*0.0 - 13.0 .02 .00 0 .0- .00 .OCOI .0000 .00 .01
CEPOIOAPHNOA ~~d-AOULT 160.. 04-.0 .. 00 00 

CLRI~nAPHNIA SP. &64U.0 b. 40U.0 - 5, .03 6 .000 .004- QOO .-01 .02
Ct-Jt NO0EX 220.0 .016- -

CkI0UD600A9IA SP. L 0.0 .4 40.0 - 4.0 .008 .000 .L00- .00 .OC1 0 .00 .U1
L-CIG-C FEA 40.0 .004..

CtAIOOAPHNIA PETLCULATA 52'.0 2.0 40.0 - 10 .5 .036 .000 .004- .00 .0001 .0000 .00 .02
?-,JUVLNLLC- 16 0 -. ....... -. . _ _ _ _ _ _ _ _

CIUIAPHNAI RkETICULATA 9t6.0 4.8 40.0 - 22.' .040 .000 .00o* .00 .0001 .0000 .0 .03
B-ADULT 2,0.0 ooa.08 -

CERIODAPHNIA REIICULATA 240.0 1.2 240.0 - 17.0 .UO4 .000 .004- .00 .0CO 0 .00 .00
A-JUA.ADULT 240.0 .lo04

CL*I00AP.NIA NETICULCAI 1E6.7 4.0 *0.U - 71.0 .047 .000 .,04- .00 .0001 .0000 .00 .03
CJtA NME1. 240.0 _ .Ot_ _ _ __ _ _ _ _

CPIaD0AtNI A P CETICULATA i 20.0 . *0.0 - 4.0 .012 .000 .00- .00 .0001 0 .00 .01
L-EOO-C F EN . O.0 .004 - .0 .0

"&00AP$NIA QUAOAAN0 40.UL. 40.0 40.0 - *.0 .007 .000 .*04- .00 .0001 0 .00 .00
7hJUy.1N1t1 40.0 .004 

C!RIOOAP.N LA QUAONOAGULA 80.0 .4 40.0 - 4.0 .000 .000 .C04- .00 .0001 0 .00 .01
$-AOULT 4.0 .004 .

SCAPOIOLEBfSOS MUCRONAA 40.0 .2 40.0 - 2.8N .004 .000 .004- .00 .0001 0 .00 .00
E-ADULT 50.0 .004 -

S03ANILLNE0IS 5UCO7ATA MOL 40.0 .3 40O O- 2.0 .0074 .000 .004- ..0 .0003 0 .00 .00
C!i -OL 40.0 .00

j d093MIMA 57. zol.1 I .N 200.0 - 14.2 .004 .000 .004;- .00 .0000 0 .00 .00
brLAEVA z.O.0 . .00-- -... 0.1 . .

050M L 2 SP. I 1130b.0 59.9 40.0 - 374.- .144 .001 .tP4- .00 .0000 .0000 .07 .09
7-JUVthlLE *300.0 .0O2 _

B0SX1kA SP. 74200.0 3L3.3 40.0 -O 25.? 1.596 .000 .004- .03 .0000 .0000 .42 -00
&-AD-ULT F5000.0 .400

C8059MIN SP. 222s40.0 1119.0 00.0 - 2O6N.1 8 .005 .004- .02 .0000 .0000 1.25 .62
I .. -. A7JU1 U N . O-LT 17920.0 .16.000. . . ...0 0 
70U00N6 SP. 33600.0 168.2 40.j - 1102.6 P.430 .011 .004- .11 .0001 .0000 .19 1.41

C-41A HOSEA 16000.0 1.600
*dSIN3A SP. 56472.0 203.0 40.0 - 501.1 1.611 .008 .004- .02 .0000 .000. .32 1.02

LLE.G-C FEN0 3200.0 .2.10
*05000A LONGIPOSTRIS$ 360.0 1.6 360.0 - 25 .0 .004 .000 .,O4- .00 .0000 0 .00 .00

7-JUVLiSILL 3t0. 0 .004 -

d059104 L00030051015 80.0 .4 80.0 - '.. .004 .000 .004- .00 .0UCl 0 .00 .00
B-ADULT 00.0 .004

.10S0006 LOMGIRDSTRI S 200.0 1.0 200.0 - 14.7 .004 .000 .004- .00 .00(0 0 * 0 .00
ttoGo-C FEL 200.0 .004

EVAOI3E "IJ80fAkN1 1040.0 5.2 40.0 - A.1 .024 .000 .o04- .00 .001 .0000 .01 .02
8-ADULT V60.0 .016 .0 .01- * 

P000,6 SP. 90.0 .4 00.0 - 5.7 .006 *000 .008- 0 .00 .0 .1
741JUV(ILE 80.0 .008

PUD0N SP. 40.0 .2 40.0 - 2.8 .004 OU 00 .04- .00 .0003 0 .00 .00
L-E4G-C FEK 40.0 .004

POfli1h PULYPHIALMOIOLS .0 .0 * I - .0 .000 .000 "046 .00 .0001 0 .00 .00 -

L-16G-C PEN .0 MFG6 .
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CAOYOUAIOAE 400.0 2.0 40.. - Ii.G .02- .0LO .104- ;.U .0001 .OL 0 .ee NASA

- 7-JUVLNILE .a s. - . .06 .0000 I-5 to .eei - .ee I
C£OID1I6O1f 6.0 Lau 6o 9 .*140 - .0 .00 .0001 0 . 0ec .0ei

| c-j#^ N'3oLI L~~~~~~~ho .no;..00__
I-.AOUL o .o .0.0 o .

2560.0 L2.9 40.11 - 44.0 .196 .003 .ua- .01 .0001 .00L. .01 .02
C010701 IUAt C-J04 ni'JltM au..0 6%%.- -0 -0u C -- -

00.Ut .4 *0.0 - 4.0 .000 .004- .00 . 0 .

XL~~~~0V100 D.00s2lDLr0j .0 e 230 -3 00 DU o-D.to C

A*LNA 5? *-u-0a 6000.7 40.6 40.0 - 206.1. 451^ .00i .104- .01 .00 .0000 .03 16
IIUNA SF t0-ADUL 2440,0 L06 r. 0 oo . - .o -oo .oc o-o

ALONA SP4. L-20-C F .L 0 o 10. -i . * 004 .0o0 .o- .0 .010.1 0 .00 .00
A-JJUVETLE 100 -r4 .0DS .O. _ _ -

ALOAA 5?.al 0453.3 3.4 40.0 - 11.3W .26 .001 .104- .00 .0001 .o0 .00 .01

C-JO , 'P. 1000.7 .07 __
40066 514.~cJ 10b0.0 5.0 40.0 - *7&.? .024 .oue .t04 .00 .0001 .0000 .01 .0-

T-too-C r04 120.0 .004 

ALUhA SP.7*74 J80.. 0L.4 60.0 D .004 .000 .0.04- .00 .OuO 0 .00 .00
- 040007 600.3 2. ~ .0 6. .26 o.00 …----- --

ALUN SUT.TA 160.0^ 3.1 100.0 - 11.t .046 .000 .016 .00 .0000 0 .00 .0s
-01 ulc 1-U1.40-C7 0 FO.O 160.0 .0.0 .1 t - -.0 0 

ILAOA GUst C -f-C 250.0 . i 40.0 - 7.00 .l6- .40 .0001 .e000 .01 .0* 

^oN FF115 3^DU305 20.0 - i0.. .06 .03.O .00 .

ALh gs cc -Jl74060 h0L3t040. .040 -- ,'4 

Lda- LOULaYs l60.0 3. *20.0 - r4.a .000 .oo4- .00 .0000 0 .00 .0

W 61)1410~~~~~~Al. RUSTIC.A C-60A 10314 0.0 01?000 O- .01

L-fCC-C Ffa 120.0 qn.Lr~al OIF21NCLES5400 12. 110. - 129. .020 .000 .016- .00 .0001 .01
0.100-4 11 0 4440.0 .016o-

.mALONA R61UTC40 24.0 1.2 Nu0.0- 57.0 .004 .o .04- .00 .0000 .0(A .00 .A

H~~~~~~~~~~~~~~~~~~~~~~06. 0.3.1013 20.0 -5h. - .004 -

AL"A AFUSfIIS o40.U . 60.0 - 4 .04 .000 .064- .00 .0000 0 *00 .0
C.J'AH0SEX 0 40,.0 .064.

ALChA~s2 s7 t-40 £20.0 '6 10.0 -5.E .004 .000 .0O4- .00 .O000 0 .00 .0

L..tGG..C FE3 020.0. .0fl

AnINA QAFISU L. 2.. *0.0 - 740 .020 .000 .uo0- .00 .0001 .000 .00
t-A~~~~~utT 42 ~ a,0 .006lop

ALbNLII JUHAFFI ULAP 3 80.0 2.4 s 0. - 3.? .004 .000 * 001- .o0 .00 0 .00 .00
C3/A hIS,? .0 6 L0.0 .004

L~y~oUS514. 410L.0 40. .FE14 .004 .000 .004- .00 .0001 0 .00 .00
A~fiNA OUAPR -JGUIAR lS 140.0 .004

0AOJJRUS 5? 40.0 s.o 70.0 7.o .004 .000 .0o 7- .vo .0001 0 .00 .00
OAINLA.T0.0 .. .U00

0rHti.11u 50. C40.0 .' 4 0.0 - 'P 00 .010 .004- .00 .0000 0 .00 .CO

0-EGO-C FLN L 4 0.0 .040'D
C.vY(.,ous S$AIA1JSGoa. 2.1 40o l .417 002 00- .01 .0001 .00 .01 .76

0-Aloof 1000.0 .. 00

0C005>-US SFHIFICUS L700.0 1.0 200.3 - 4? 04 .dOC .00- .00 .0000 0 .Ou CO.

AJI>A~~~ 60-iL, 00~0.U .001.
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CHYOOtUS SPHLERECUS 200.0 1.4 40.0 - 10.? .046 .oot .0 4- .00 .0001 .00Q .00 .01
C-JJIA OSER 80.0 .004

CHYroRUS SPNAERICUS .00.0 2.0 A4.0 - 9.r .U33 .000 .004- 0.0 WOI .Oco .00 .02
L-EGG-C FEI 0o.0 .004

LEYOIGOA SP. 40.U .2 40.0 - .0 .004 .000 .004- .u0 .0001 0 .00 .00
C-JIA AOSEX 40.0 .004 -

L&YDLGOA QUAURANGULAAOS 480.0 2.4 40.0o - ?7.0 .032 .000 .o 0- .00 .0001 .0000 .00 .02
s-ADuLT 360.0 o.02 .

LZIOli00 OUMORMCOLR0015 40.0 .2 4.0o - 2.K .404 .000 .004- .00 OCO 0 .00 .00
C-JtA HlSEX s0.0 .uO4

PSEUUn(XSYOURUS GLOBSl-IS 40.0 .Z 40.0 - 7.8 .00% .oQo .uo0- .00 .0001 0 .00 .00
.-ACULT 40.0 .0 

PSIUOOCdYDORUS GOtOSSUS 204.0 1.0 40.0 - 11.*7 .0Ž0 .000 Q.004- .4 .0001 0 .00 .00
C-tlk AMEX6 loO. - .0 t -

.OhnSPLUS D0SPAR 144.0 1.2 40.0 - 14.4 .008 .oaO .uO4- .00 .uul .001 .00 .01
.-ADULT 200.0 .0eo

"NONsellus 0ISP48 40.0 .2 40.O - '.0 .004 .000 .o*- .00 .0001 0 .00 .00
ALOIIELLA ~~'. Lt00-4 FtP 40.0 - 00 

ALnNELLA SP. 0.0 .4 60.0 - 5.1 .Lod .00 .00o- .00 .0001 0 .00 .01
7-JUVLNUE - - 0.0 .0 O & . . ____ 

ALONEOLA So. 0880.0 34.6 .0.0 311.7 .Q60 .000 .40- .00 .0000 .0000 .04 .04
O.ADULT 436u.0 .040 

ALONELLA SP. 1?0T 20.0 000.6 J720.0 - ise4.2 .32Z .uO2 .004 .02 .0000 .0000 .67 .21
A-JUVI1DULt o68.0 .16sz O _

ALGAILLA S*. l3840. 0 160,0 4U.0 - 14A1.0 .24- .001 .004- .01 .0000 .0000 .10 .*0
ttCC-C FEA 50.0 - - .oo . -
PLEUS0Xt. LCOLTU *0.0 .4 *0.0 - 5.7 .004 .000 .004- .0C .o001 0 .03 .00
&-AOULT 00.0 .04

uAP'TiRCtPCUS OECTZOSTkI, 040.0 .2 40.0 - 1.0 .004 .000 . .0) .0001 0 .00 .00
%- utLUL k- o.0 .004

.STMACOOA 8o.0 .4 40.0 - 4.0 .060 .ouo .004- .00 .0001 0 .00 .01
OJUVENL 0.0 Q. .005 -

0US0&CWA '.0.0 2.8 .0.0 - 17.0 .000 * 0 .o00- .00 .0001 .000o .00 .01
C-J41 NMEX 52o.0 .004

PGOI0C LOA It40.0 0Z.6 44.0 - 1"4.7 .720 .004 .004- .01 .0000 .0000 o .40
7-JIJVNLE 1824.0o .067

*DC0000PA s a0.0 1.4 40.0 - 1n.0 .020 .000 .004- .00 .0001 .0000 .00 .0z
b-ADUL7 120.0 Q 00-Q---.§. -~. -- 

8U000018 s1. '-0 25.7 20.u20. - 3-.? .006 .000 .016- .00 .0000 0 .00 .01
A-JUV44A0&LX It'0.0 .016 

,000DIC 285ZI0.0 14.3 40.0 - *1.0 .121 .001 .o04- .00 .0001 .0000 .02 .08
C-it6 NzOSL 450.0 .025 -

P48Cn (PA 16.0 1*1 1b64 - I .* .002 .0UO .002- .00 .0000 0 .00 .0
L-.iGG-C SEA 16.0 .uOZ 

1000881$ SP. 2840.0 14.3 2840.0 - Afl * .320 .002 .320- .02 .0001 0 .02 .20
6-60034 2440.0 .320

tUCYPRI SP.8 200.u 1.o Z40.o - 04.7 .004 .000 .004- .00 .0(10 0 .00 .00
C-JJlAMnEX 24.0 .0

40.814 SP. 360.0 0.A 360.0 - Z ~ .032 .Ouo .0)2- .00 .0000 0 .00 .01
o-AOULT JOO. .042 _

--
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L-LCC-C RIl 40. 0 .- .00OAIWONULA SlVEhsOMY 43a0.0 2.4 40.0 20. .o .000 .004 .00 .000 .0 .00 .01
0-ADULT 2010.0 .303 I .4 . .040 .ODOO oi D5LIMHOCyTrIeRE 5'. 163.3 4.3 0 429.0 .' .001 .0- .01 .00c0 .0000 .00 .±4LIP"Ficr~lr 5fP. 7-JUVCNILE 3333.3 .2o0 .UOUO .0000 .l9

Ll hoCor~iooe SR. 10890.0 54.o c~ -3 27.10 .3 .2?4 .000 .002- .00 .0000 .0000 .06 .17LM"hOCYT~Itq, SP. A 3ULT 3020.0,.92 0 .40 -b42.00 1.5s

7-Jw~hl.e 090, fl~O. - 16433.1 . .003 .064 .1 .00,oooo . 11 I.O

CA3DNA 5 D-AWLTP. A-JUV#AILT O170.0.0 .-o-- .68 oo OODO laLC$hOCYhA0Sf. SR. u+~ 32440.0 1C3,0 40. 019.4 .000 .0.D .004- .01 .O0O0 .00oo .05 .3LCAPhdMA SP. 2 C1JA 461 3250.0 .233 Il.. .400CANDONA SP. 2-uJ0.o 103. 40.0E - ito.? 1.6,2 .008 .004- .L0 .0000 .0000 .11 1.06
7-JUVENILE 164~~~~~00.0 

I.o04CANLPOOA SR.of fD 20.0 SL.' 4.- 142 1 Sqo .0OD .004- .01 .0001 .000 .0O

CUV~~~~~~~~eDDI~~~~~ ~ N-C*AE °° 7* i o _ l J ~ o c l 0 0 O D .03 .05

0-ADULT 12.0.0 
.16CANDONA SP. a 54U 420. 4. 2T20.0 -. 03. 497 .00 .0 .0O .000D .O .03 * 3A-JUV.AOULT I.Q0.0 

* 0200 000 05 3CAhINO.I S. 6760. 0 34.0 40.0 - 1A. .2o .00O .004- .0O .0001 .00 00 .0CORERODA 0-3/A ROSEX 5 240.0 D64.9 6.163 .033 .004- .1 O.O .0000 -T00 l.COPEPRODA A-NA3L I 07 16 oo.07 .60
L,3 cL PusocALA ~ us A3CU A065I2 . 83. 4 00.0 2.0. .000 .004- .00 .0000 .0000 .0s 3.0ffC0PtRAL~hus S f. 10400 o X 0.0 - 3. o006
00fl ~DOA 1480.0 7.'. 40.0 --.ADL 

.20 .000 .004.- .00 .0000 .0000 .0 .L6164-0.0~ ~ ~ ~ ~~~~.2ALANIOIDOA L -tGL CASE *-.0 . 32 ' S .032 .000 .004- .00 .0000 o .03 *062-NAUPLIUS ZA7iD C-JAA F0l 
T 00 d.i - 20 .0000 LO C

CALANOI0961A52120.0.006 
-

CALAIJOIOA 80.0 A M~tg.4 40.0 - 4.0 .0080 .000 I 04- .00 .001 0 00 .0
CALINF110A .60~Cb 106.7I 3357l.3 40.0- 16702.4 4 * 377 .019 .a04- .000

FIPACALANUS SP. 120.0 .6 40.0 - 0.3 .008 0ooo I04- .00 -_ o-o7ooo .00 .0.CLAUSOCALANU ARCs 5f C-JA 40500 30.0 .004 o L . .006d*
w- L*SCLUSACJCOANLS 320.0 1.6 320.0 - 22.7 6 .0 .016-.0 .01-0 .0 .1- IEUOOCALANUS SP. F360.0 .0 110. 0 LE .000 .016- .0001-0r .00 .0016 0. 0 A o0.Ou LI. .016- 0SCOLECIT.OAOCELLA SR.A1.6T.0 0.4 - IE00 .000, N1 .- . Cu .0001..0 .00 .O0OAOUL 1.6 .HO. 

G1- .01MLTRLDlA LUCINS 40.0DULT40.6 . .004 .000 .LI4- .0 .0001 0 .00 .'U G6-ACOLT ~~~~400 400 M004CLNTOOR.OES0?, 41.0 .- 40.0 - 'n .004 .000 .004- .00 .0000 a .00 .60
CIUMPAGE AILOC-N,A901 '0.0 .004CLI~tRORAGOS AOUOMOALIS 126.0 .6 02.0 - .5 .0 .00 .004- .0 .00- 4.l-ADULT 120.,,0u .000 .0 Ql 0 -ICL'4TNOnPI,S A

0
09IAL I, IZ0. 0 * 6 40.0- 6.0 .0I.0 .00- .0a00 000 .0 *0O1A,`.)Mu SP. F-CUrPEP010 00F.0 .06 . 000U4- 0 00 00 0 001*vt~inus SR. 633.3 34.0L40.0 112.2 .306 .002 .,,04- .01 .0000 .0000 .04 .25&AOIJLT - 7~~~60.0 --. 6
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OL&A IK4S if. lzbo.0 3b.2 ILU.0 - 153. 3 * Ic .001 U64- .00 .0000 .0000 .04 .C/
*-JUVOAWLLT 1310.i 04 -

0IAPTOINUS SP. o4L.0 3.2 40.0 - 33.3 .024 .000 .004- .00 .0001 .0000 . D 0 oi
C-OtA NOSEI In0. .0

0lpr900us S6. 101tb.u 39U.3 40.0 - 913.6 1.53C .OOd .004- .0000 .0000 .44 .97
F-CCPEPOPID 8400.0a .200

OLAPTOIIUS FRANCSCANIIS 10. 0 .6 40.0 - 6. .008 .oun .0o- .00 .0003 .0000 .00 *0

8000ULT 80.0 .004 -

UIAPtIMUS .SHuktDo 4106.7 20.. 40.0 - 330.' .227 .003 .004- .01 .0001 .0000 .02 .14
*-ADU1LT ,.0.0 .067

OIAPTn$US ASHLAN0D 2440.0 lo.3 2V40.0 - 173.0 .040 .0o0 .040- .00 *0000 0 .0o .03
A-JUVtAWuLr 2440.0 .040

EPI3ER40A "N.ADI0SIS 40.0 .a 40.0 - '.8 004 .OO .u04- .00 .0003 0 .00 .00
8-AUU3.T iU.0 -- .004. -

eUPwYthdPA SP. 600.0 3.0 D00.0 - 4*2.5 040 .000 040- .00 .0001 0 ' 00 . L.3
7-JuVr301LE 600.0 .04o

EUPTeEMJFA SP. 2400.0 II.I 0.o0 - 95.0 .052 .000 .004- .00 .0oo0 .0001 .0U 03
O-AOULT 1120.0 .040

&UyTrEAUnA 5P. 1080. 0 5.4 160.0 - 66.3 * 008 .000 .0o4 .u .0000 .0000 .01 *l 0
F00JP0,000 920.0 0

0uY71E00RA AFF0333 310660.0 1561.1 .0 - 608l.1 9.3 4 .049 fFr.- .20 .0001 .0000 1.74 6.21
B-A0UIT 55 3 33.3 Z.000

EUFlTEMOPA AFFI(IS 1220O.0 61.7 960.0 - 439.4 *380 .002 .016- .01 .O000 .0000 .07 24
A-JUVI^OLI *^*jo o .oo .o44o0.0 .160 . -o

EUMRTENJOA *AFFr1 40. 0 .? 40.0 - 2.8 .004 .000 .O04- .00 .0003 0 .00 .0.
£URVTEMO$A 0 8itO101 4b~l 0. 0 .004

EURYTFMUOA Ff TNT S A .L-.0? 54t8 4 . *70.0 - 1 547.. 10.036 .050 .0o0- .1 .0O0 .0O0D 6.12 6.34
$00,PEpW303 13IN000.0 3 .331

EUYTIEMOPA AFF!NI 460.0 3.o 40.0 - 22.7 .0EL .000 .0o- .00 .000 .0000 .00 .01
Lk6F-C FEN 30 .0 a i6.

4ikpyrlEnoA AM.K3CAHA 25*0.0 12-- 400o. 0 - 149.4 .. 0 .-- .4 .00 .0000 .0000 .01 .C1
F -011PEP03I1 Zola. 0 .016

ACARTIA SP. *440. 0 a. 440 0. 0 - 317. .016 .000 .016- .00 .0000 0 .03 .,O
A-JUVtAWJtr 4480.0a .016
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APPENDIX C. Monthly cluster dendograms of epibenthic zooplankton
sampling stations and taxa in the Columbia River
Estuary, March 1980 - July 1981; see Section 2.5.6 for
description of classification technique.
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Legend

Code Location

BKBY Baker Bay Flat
BRCH Bridge Channel
BRFT Bridge Flat
BRSL Bridge Slope
BWSL Bradwood Slope
CHBY Cathlamet Bay Channel
EPCH Elliot Point Channel
GIFL Guinn's Island Flat
GYBY Grays Bay Flat
ILCH Ilwaco Channel
JCFL Jim Crow Sands Flat
JCSL Jim Crow Sands Slope
RICH Rice Island Channel
RISL Rice Island Slope
SISL Sand Island Slope
YGBY Youngs Bay Slope
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MARCH 1980 STRTION CLUSTERS
EPIBENTHIC ZOOPLRNKTON--MPRCH8S PUMP ONLY
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RPRIL 1980 STATION CLUSTERS
EPIBENTHIC ZOOPLANKTON-PPRIL80 PUMP/SLED
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MRY 1980 STRTION CLUSTERS
EPIBENTHIC ZOOPLRNKTON-MRY8O PUMP/SLED
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JUNE 1980 STATION CLUSTERS
EPIBENTHIC ZOOPLRNKTON-JUNE80 PUMP/SLED
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JULY 1980 STRTION CLUSTERS
EPIBENTHIC ZOOPLPNITON-JULY80 PUMP/SLED
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AUGUST 1980 STRTION CLUSTERS
EPIBENTHIC ZOOPLINKTON-RUGUST80 PUMP/SLED
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S OCTOBER 1980 STRTION CLUSTERS
EPIBENTHIC ZOOPLRNKTON-OCTOBER80 PUMP/SLED
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FEBRURRY 1981 STRTION CLUSTERS
EPIBENTHIC ZGOPLPNKTON-FEBRURRY81 PUMP/SLED
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RPRIL 1981 STRTION CLUSTERS
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JULY 1981 STATION CLUSTERS
EPIBENTHIC ZOOPLRNKTON-JULY81 
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I
I Taxa Clusters
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Legend

Code Location

ACAR Acartia spp.

ALON Alona spp.
ATTH Attheyella sp.
BOSM Bosmina sp.
BRYO Bryocamptus sp.
CAND Candona sp.
CBCS Cyclops bicuspidatus
CORO Corophium spp.
CORY Corycaeus spp.
CSLM Corophium salmonis
CVRN Cyclops vernalis
DAPH Daphnia spp.
DIAP Diaptomus spp.
ECNF Eogammarus confervicolus
ECTO Ectinocomatidae
EOGM Eogammarus spp.
EPIS Epischura nevadensis
ERYT Eurytemora affinis
HUNT Huntemannia jadensis
LAOP Laophontidae
LEUC Leucon spp.
LMNO Limnocythere sp.
MCRO Microarthridion littorale
MESO Mesochra spp.
NEOM Neomysis mercedis
NTOC Nitocra sp.
OITH Oithona sp.
PARL Paraleptastacus sp.
PCFM Paracyclops fimbriatus
PCYC Paracyclops spp.
ROTF Rotifera
SCOT Scottolana canadensis
TDIS Tachidius discipes
TTRI Tachidius triangularis
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APRIL 1980 TAXA CLUSTERS
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FEBRUARY 1981 TRXR CLUSTERS
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PPRIL 1981 TRXR CLUSTERS
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JULY 1981 TPXP CLUSTERS
g EPIBENTHIC ZOOPLRNKTON-JULY81 PUMP/SLED

0)

C?

Uo.
a),

C2

I-c ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

u w Ov z 5 >uEz = z w m <4I :.

SPEC I ES


