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Abstract- CORIE, a pioneering observatory for the Columbia 

River, has over the last decade advanced the state-of-the-art in 
coastal-margin observation and prediction. Lessons learned are 
being used to scale upwards the concepts and capabilities of 
CORIE, at a time when U.S.-wide ocean observing initiatives are 
being implemented.    

I. INTRODUCTION 

Designed as a multi-purpose, cross-scale coastal-margin 
observatory for the Columbia River estuary and plume, 
CORIE [1-3] was initiated in June 1996, with the deployment 
of a single telemetered CTD. Since then, CORIE has 
progressively fulfilled the vision of an end-to-end system with 
observation, modeling and information delivery components 
(Fig. 1).  

 
 
 
 
 
 
 
 

Although there has been to date a deliberate focus on 
observing and modeling physical properties, CORIE products 
and analyses have had broader impact, enabling innovative 
thinking in both coastal oceanography and ecosystem science, 
and contributing to address management and operational 
issues such as salmon survival, navigation improvements, and 
flow regulation. 

The CORIE infrastructure and tools are currently being 
extended in diverse ways, including: (a) a geographically-
flexible rapid-deployment forecasting system for estuarine and 

coastal circulation; (b) an observation network for Pacific 
Northwest estuaries; and (c) a next-generation river-to-ocean 
observation and prediction system. Each extension addresses a 
perceived need towards the vision of an integrated US ocean 
observing system. 

II. THE COLUMBIA RIVER AT-A-GLANCE 

Second in annual discharge in the USA, the Columbia River 
provides 70% of freshwater inflow to the Eastern North 
Pacific Ocean, between S. Francisco Bay and the Strait of 
Juan de Fuca. Highly coupled, the Columbia River estuary and 
plume respond dramatically to changes in tide, discharge, 
ocean conditions, and shelf winds (Fig. 2). The plume [4] 
extends north to British Columbia and south to California, and 
is a major feature in the upwelling-prone Oregon-Washington 
shelf. Tides are strong; wetting and drying is extensive; and 
channel circulation is highly stratified leading to formation of 
estuarine turbidity maxima [5, 6]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

III.  CORIE OBSERVATIONS AND SIMULATIONS 

Our objectives in developing CORIE were: (a) to create a 
multi-purpose regional infrastructure for science and 
management in the Columbia River estuary and plume; and (b) 

Figure 1. CORIE is demonstrative of the power of 
integration of observations and simulations, towards 
science and management-driven understanding and 

prediction of coastal margin systems. 
 

Figure 2. Columbia River plume at 4AM (left panels) and 
midnight (right panels) for May 12-15 2004. Images 

(forecasted  salinity contours) illustrate plume variability  
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1996: began 
collecting 

continuous physical 
data 

2008: began 
collecting 
continuous 

biogeochemical 
data

2006-2016: 
CMOP program, 
(NSF-STC) housed 

at OHSU

2020 onward: 
CMOP part of the 

Columbia River 
Inter-Tribal Fish 

Commission
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CRITFC acquired CMOP in 2020 to increase engagement in the 
estuary and ocean and promote climate resilience 

CRITFC mission: restore fish runs, 
protect treaty fishing rights, and 
coordinate inter-tribal enforcement
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Coastal Margin Observation and Prediction program

CRITFC COASTAL MARGIN OBSERVATION AND PREDICTION PROGRAM6

What does the Coastal Margin 
Observation and Prediction 
(CMOP) program do? 

B ased at the mouth of the Columbia River in Astoria, Oregon, 

CMOP is a nationally renowned ocean and estuary research 

program. Using ocean sensors, models, and data products, 

CMOP seeks to understand the linkages between the Columbia 

River and the Pacific Ocean and to help guide salmon conservation 

and management efforts in the face of global change. The work of 

CMOP falls into three broad categories: 

DISSEMINATION
CMOP disseminates its work 

to tribes, academic and 
governmental institutions, 

NGOs, and private individuals 
and businesses to bene!t a 
wide range of applications.

PREDICTION
The prediction program 
models salmon-relevant 
parameters and habitat, 

guiding conservation 
and restoration e"orts. 

OBSERVATION
The observation program 

monitors water characteristics 
that contribute to salmon 

success and investigates their 
long-term changes and drivers, 

including climate change.
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Data and model output used to support region and tribes

Data and model output available through cmop.critfc.org and nanoos.org
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Measurements from the CMOP observatory matter for salmon
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strongest effect 
on hypoxia at 
our stations

Processes influencing dissolved oxygen in the lower estuary

• Rivers deliver normoxic water
• Tides deliver low/high O2

seawater during 
upwelling/downwelling

• Biological O2 production and 
consumption

• Gas exchange transfers O2
between air and water 
(temperature dependent)
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Dissolved oxygen methods

Instruments
• SBE 43 (electrochemical) 

and SBE 63 (optical)

QA/QC
• Instruments periodically 

recovered, cleaned, and co-
deployed

• Calibrations with bubbled DI
• Raw data QC’d (e.g. drift 

correct, spikes removed)

Raw data 
available in near 

real-time
QC’d data:

metadata and 
documentation

Infrastructure 
& Data 
Access

Quality Control of 
Raw Data

Quality Assurance:
Protocols to Ensure 

Data Quality
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Current CMOP Observatory
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Three physical estuary buoys/stations

Woody Island (2.4 m)
• Salinity: 0-10

Cathlamet Bay (9 m)
• Salinity: 0-15

Elliot Point (13 m) 
• Salinity: 0-10

Physical:
• Temperature
• Salinity
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Two surface biogeochemical estuary buoys

Youngs Bay
Salinity: 0-14
Oxygen: 4-10 mL L–1

Baker Bay
Salinity: 2-20
Oxygen: 3.5-9 mL L–1

Physical:
• Temperature
• Salinity

Biogeochemical:
• Oxygen
• Turbidity
• Chlorophyll
• Phycoerythrin
• CDOM
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Physical:
• Temperature
• Salinity

Meteorological & 
currents:
• PAR
• Wind 
• Barometric 

pressure
• Air temperature
• Currents

Biogeochemical:
• Oxygen
• Turbidity
• Chlorophyll
• Phycoerythrin
• CDOM
• Nitrate
• Quantum yield
• Multi-excitation 

fluorescence

One multi-depth biogeochemical ocean buoy

Plume buoy: 
6 depths
Salinity: 10-34
Oxy: 0.5-10 mL L–1

studies, and to help characterize material fluxes. ADPs
were first introduced in the network in late 1998, and have
been progressively restored after a 2008‒2011 hiatus (Fig.
3). By post-2011 design, ADP locations help characterize
fluxes at the North (SATURN-01) and South (SATURN-
03) channels, at the estuary-plume interface (SATURN-02)
and between the main estuary and a freshwater lateral bay
(SATURN-04).

3.2.2 Pioneer array

Pioneer array is a term borrowed from the Ocean
Observing Initiative (NSF, 2005) and is used here to
refer to assets that can be deployed on-demand to add
spatial scope or spatial resolution to the endurance
network, for limited time periods. The SATURN pioneer
array consists of manned and unmanned mobile platforms
(some of which have real-time telemetry) and re-deploy-

able bottom nodes. Assets can be deployed in isolation, or
in coordination within a scientifically targeted field
campaign. Pioneer array assets are typically deployed
with the benefit of information from endurance stations
and operational models.
Unmanned mobile platforms include Slocum gliders and

Remus-100 autonomous underwater vehicles (AUVs).
Through the seasonal deployment of gliders (typically
May–September), broad sweeps of the Washington con-
tinental shelf are conducted to characterize waters that
(Hickey et al., 2010; Roegner et al., 2011a, b) serve as
ocean sources for the Columbia River estuary during
upwelling season. Gliders are equipped with temperature,
salinity/conductivity, dissolved oxygen, optical backscat-
ter, chlorophyll a and CDOM sensors. Figure 7 illustrates a
typical deployment. The coverage area is north of the
Columbia River, roughly from Grays Harbor to Quinault,
and the deployment is typically in a radiator pattern or

Fig. 4 Schematic representation of SATURN interdisciplinary endurance stations.

António M. BAPTISTA et al. Collaborative estuarine science 665
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Two multi-depth biogeochemical estuary dock-based stations

2 depths
Salinity: 0-22
Oxygen: 3.5-10 
mL L–1

Point Adams

3 depths
Salinity: 0-33
Oxygen: 0.9-9.6 
mL L–1

Tongue Point

Physical:
• Temperature
• Salinity

Meteorological & 
currents:
• PAR

Biogeochemical:
• Oxygen
• Turbidity
• Chlorophyll
• Phycoerythrin
• CDOM
• Nitrate
• Quantum yield
• Multi-excitation 

fluorescence
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13 years of oxygen data from Point Adams
Seabed (13m)

CRITFC'S COASTAL MARGIN OBSERVATION AND PREDICTION PROGRAM 1

S
ince time immemorial, the salmon have faithfully followed 

their lifecycle from freshwater rivers and streams to the 

Pacific Ocean and then back, returning the bounty of the sea 

with them. Native cultures in the Columbia Basin depend on 

the return of the salmon. The interdependence of the land, the ocean, 

the salmon, and the people is the foremost example of the traditional 

Native teaching that everything is connected.

Salmon are at the center of the traditional cultures of the Yakama, 

Warm Springs, Umatilla, and Nez Perce tribes. Together, these four 

tribes established the Columbia River Inter-Tribal Fish Commission 

(CRITFC) to coordinate their fisheries science, management, and policy 

development to support the protection and restoration of Columbia 

Basin salmon, lamprey, and sturgeon. Conservation and restoration 

efforts have historically focused on watersheds, which have been 

degraded by hydrosystems and other human disturbances. However, 

salmon also depend on healthy estuary and ocean environments. 

In 2020, CRITFC assumed stewardship of the Coastal Margin 

Observation and Prediction program (CMOP), seeing the potential 

for this program to increase CRITFC’s engagement in the estuary and 

ocean and to ensure climate resilience in these regions.
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Physiological stress 
(Davis 1975)
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acute mortality 
(EPA 1986)

Near-surface
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Tidal 
variability

13 years of oxygen data from Point Adams
Seasonal variabilityInterannual variability
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Tidal variability in oxygen at Point Adams: late summer 2022 example

These patterns agree 
with Roegner et al. 
(2011)

S SN N

Tidal 
elevation 

(m)

Low dissolved oxygen 
often comes with:
• High salinity
• High tide
• Neap tide

High dissolved oxygen 
often comes with:
• Low salinity
• Low tide
• Spring tide

Pt Adams 
seabed 

dissolved 
oxygen 
(mL L–1)
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Tidal variability in oxygen at Point Adams: late summer 2022 example

These patterns agree 
with Roegner et al. 
(2011)

Low dissolved oxygen 
often comes with:
• High salinity
• High tide
• Neap tide

High dissolved oxygen 
often comes with:
• Low salinity
• Low tide
• Spring tide
• High chlorophyll 

(periodically)

S SN N

Tidal 
elevation 

(m)

Pt Adams 
seabed 

dissolved 
oxygen 
(mL L–1)

Pt Adams 
seabed 

dissolved 
oxygen 
(mL L–1)
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Tidal variability in oxygen at Point Adams: late summer 2022 example

Low dissolved oxygen 
often comes with:
• High salinity

Varies with ocean 
source water

S SN N

Tidal 
elevation 

(m)

Pt Adams 
seabed 

dissolved 
oxygen 
(mL L–1)

Pt Adams 
seabed 

dissolved 
oxygen 
(mL L–1)
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Tidal variability in oxygen at Point Adams: late summer 2022 example
Tidal 

elevation 
(m)

Pt Adams 
seabed 

dissolved 
oxygen 
(mL L–1)

Pt Adams 
seabed 

dissolved 
oxygen 
(mL L–1)

Low dissolved oxygen 
often comes with:
• High salinity

Varies with ocean 
source water
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More high-oxygen 
fresh water in winter 

More low-oxygen, 
high-salinity water in 
summer

Strong relationship between salinity and dissolved oxygen
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Coastal upwelling drives seasonal pattern of estuary hypoxia

But what drives the interannual variability?
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A closer look at the past two years

Point Adams seabed

Average (2010-2022) 
All (2010-2022)
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A closer look at the past two years

Point Adams seabed

Average (2010-2022) 
All (2010-2022)

2022
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A closer look at the past two years

Point Adams seabed

Average (2010-2022) 
All (2010-2022)

2022

2021
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Peak outmigration time for 
Spring Chinook and Steelhead

April 12

May 19

March 23

Spring transition:

A closer look at the past two years

Average

2022

2021
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2022

2021

Low dissolved oxygen after 
~50 days of upwelling

Spring transition timing helps explain onset of low dissolved oxygen
Plotted by day of upwelling as in Adams et al. (2013)

R2 = 0.27
p-value = 0.1
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R² = 0.0301
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Weak and 
insignificant 
relationships between 
time below oxygen 
threshold and 
upwelling season 
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Complex links between coastal upwelling and estuary hypoxia

Timing of spring 
transition may explain 
some interannual 
variability in timing of 
estuary hypoxia
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Diagram from Gewin 2010

• Upwelling wind stress

• Upwelled water quality

• Shelf remineralization

Climate change may 
intensify hypoxia due to:
• Increased wind forcing 

(latitude-dependent, IPCC AR6)

• Expanded OMZ (Stramma
et al. 2008)

• Possible changes in 
upwelling timing and 
biological feedbacks

Complex links between coastal upwelling and estuary hypoxia
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Chavez et al. (2021)v

What’s next for the CMOP Observatory?
• Monitor ocean acidification in 

the estuary
– Continuous pCO2/TCO2 analyzer at 

Point Adams station

• Seeking funding for eDNA pilot 
study

– Ecological monitoring of salmon food 
web

• Exploring more ways to use our 
observatory data to support 
salmon conservation and 
management

• Please reach out if you’d like to 
collaborate!

Oceanography |  Vol.34, No.2104

ecological community. In this contribu-
tion, we review, at a high level, the prog-
ress, utility, and state of the art of eDNA 
methods for studies of marine biodiver-
sity and ecosystem processes. !e results 
presented are derived primarily from 
projects funded as demonstration stud-
ies for the development of an opera-
tional Marine Biodiversity Observation 
Network (MBON). !e information used 
in this review comes from samples col-
lected mostly within US National Marine 
Sanctuaries (Figure 1).

WHAT IS MARINE eDNA?
!ere has been considerable discussion 
about what the term “environmental 
DNA” should encompass (Darling, 
2020; Pawlowski et al., 2020; Rodriguez-
Ezpeleta et  al., 2021). Here, we de#ne 
marine eDNA as any extractable DNA 
that is collected by sending a volume 
of seawater through a #lter with small 
porosity. In the case of smaller organ-
isms (e.g., archaea, bacteria, phytoplank-
ton), the majority of the DNA collected 
is in the form of living cells or intact 
organisms (Figure 2). For larger organ-
isms (large zooplankton, #sh, marine 
mammals), DNA can arise from shed 
tissue, excreta, or other dissolved mole-
cules (Figure 2). !is de#nition is consis-
tent with others that consider “eDNA” to 

encompass all of the DNA extracted from 
an environmental sample (Taberlet et al., 
2012; Pawlowski et al., 2020; Rodriguez-
Ezpeleta et al., 2021). 

A variety of methods can be used for 
analyzing the extracted DNA in order to 
identify the presence of the full gamut 
of taxonomic groups representing life in 
the sea. !ese methods were #rst devel-
oped in the early 2000s, primarily driven 
by explorations of microbes in humans 
(e.g.,  gut microbiome) and in the sur-
rounding environment (Cristescu and 
Hebert, 2018). Marine microbiologists 
were the #rst in the oceanographic com-
munity to be driven to molecular meth-
ods in order to: (1) identify and study 
microbes that, because of their high 
diversity, the di$culty isolating and cul-
turing them, and their small sizes (less 
than a micron), made them impossible to 
characterize using other techniques, and 
(2) study their metabolic processes using 
environmental RNA. !is methodology 
transformed the #eld of marine microbi-
ology (Scholin et al., 2017). !e advent of 
next generation nucleic sequencing in the 
middle of the #rst decade of this century 
accelerated progress in the #eld (Cristescu 
and Hebert, 2018). Years later, it was real-
ized that the presence of higher taxa 
(i.e.,  vertebrates) could also be detected 
from eDNA (!omsen et al., 2012). 

Current analytical techniques for 
eDNA fall into two broad categories: 
(1) those that target a species directly 
(e.g.,  via quantitative polymerase chain 
reaction, or qPCR, to detect a genetic 
signature of a speci#c organism), and 
(2) those that use metabarcoding to target 
broad groups of taxa (e.g., bacteria, phy-
toplankton, invertebrates, vertebrates) 
(Figure 2). In metabarcoding, short 
but highly variable portions of a gene 
(200–400 base pairs) are targeted. !e 
variable target region is located between 
two highly conserved regions where short 
segments of eDNA referred to as primers 
bind and, through PCR, allow the highly 
variable region to be replicated. !e prod-
ucts can then undergo high-throughput 
sequencing. Following sequencing, bio-
informatics so%ware modules are used to 
quality control the data, identify unique 
sequences (amplicon sequence vari-
ants, ASVs), and then assign taxonomy 
to the ASVs using information available 
from genetic databases (see Materials and 
Methods). !e #nal output for each sam-
ple is a list of ASVs detected, their associ-
ated taxonomy, and the number of times 
that the ASV is annotated (number of 
reads). !ere is a wide and almost unlim-
ited variety of primers available for use in 
this work&ow; the MBON demonstration 
projects have focused on four: 16S for 

FIGURE 2. Marine eDNA suspended in seawater may contain living cells, metabolic waste, parts of organisms, or dissolved material. As part of the 
Marine Biodiversity Observation Network (MBON) projects described here, quantitative polymerase chain reaction (qPCR) and metabarcoding have 
been combined with so-called next generation sequencing. On the right are the primers used by the project with a representation of the range of organ-
isms they detect. More detail can be found in the Materials and Methods section. The eDNA droplet was designed and illustrated by Kevan Yamahara
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Thanks for listening!
My time with CMOP 

• Many thanks to past and present 
CMOP staff who have collected, 
cleaned, and cared for these data

• Support from CRITFC leadership, 
including Laura Gephart, Jeremy 
Fivecrows, and Aja DeCoteau

• Funding support from NOAA-
IOOS/NANOOS, NOAA-OAR, the 
Bureau of Indian Affairs, and the 
National Science Foundation

• Data access: cmop.critfc.org and 
nanoos.org

• Contact: rgradoville@critfc.org


