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Abstract
Studies of sedimentation in low-elevation coastal zones often focus on long-term average sediment accumulation rates. 
Although decadal and centennial sedimentation rates are key to understanding resilience to relative sea-level rise, they 
overlook short-term (often seasonal or shorter) fluctuations that complicate impacts on ecosystems. Using a combination of 
field observations and hydrodynamic model results, we examined event- to seasonal-scale sediment dynamics and deposition 
rates in the Coos estuary, Oregon, a small, strongly forced system representative of estuaries along the U.S. Pacific Northwest 
coast. During rainfall events, peaks in turbidity are followed by up to 3 cm of mud deposition on tidal flats in the middle and 
upper estuary. Meanwhile, little or no deposition (0–1 cm) occurs in the lower estuary. The spatial pattern of sedimentation 
on tidal flats is consistent across timescales (event to centennial) but is inconsistent with sedimentation patterns in higher-
elevation marshes. Whereas deposition on tidal flats in the middle and upper estuary occurs 2–3 times faster than deposition 
in the lower estuary, deposition in marshes appears to be slowest in the middle estuary. After a storm, the sediment deposited 
on tidal flats in the middle and upper estuary is reworked on the scale of weeks to a month and thus is not preserved in the 
long-term record. Projected climate-driven increases in the frequency and intensity of rainstorms will likely increase event-
driven peaks in turbidity, bed stress, and sediment deposition, heightening the importance of short-term events as drivers of 
long-term estuary change from both ecological and sedimentological perspectives.
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Introduction

Globally, people rely on low-elevation coastal zones and 
their ecosystem services for economic, cultural, and eco-
logical benefits (Barbier et al., 2011; Milcu et al., 2013; 
Zapata et al., 2018). Key estuarine habitats including eel-
grass beds and oyster reefs serve as nursery habitat for 
juvenile fish and shellfish and a food source for migra-
tory birds, while also dampening storm energy, trapping 
sediment, filtering water, and protecting against erosion 
(Grabowski & Peterson, 2007; Nordlund et al., 2016). 
While low-elevation coastal zones provide irreplace-
able ecosystem services, they are also threatened by cli-
mate change and continued anthropogenic modification 
(FitzGerald & Hughes, 2019). Construction of infrastruc-
ture and maintenance of shipping channels often involves 
dredging, diking, and filling of coastal wetlands (Borde 
et al., 2003; Eidam et al., 2020). Depending on harvest 
method, the cultivation of commercial oysters and, to a 
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lesser extent, recreational clamming can disturb eelgrass 
beds in the intertidal zone (Boese, 2002; Tallis et  al., 
2009). Climate change drives accelerated sea-level rise 
(Fox-Kemper et al., 2021), more frequent marine heat 
waves (Oliver et al., 2018), more extreme rainfall (Min 
et al., 2011), increased erosion (Zhang et al., 2004), and 
more frequent sedimentation events (Inman & Jenkins, 
1999).

In many low-elevation coastal zones, sediment supply 
is a key driver of vertical accretion and directly impacts 
the ability of wetlands to keep pace with relative sea-level 
rise (RSLR; Mariotti et al., 2020; Peck et al., 2020). Many 
modern wetlands are vulnerable to submergence due to 
a combination of RSLR and low sediment supply (e.g., 
Blum & Roberts, 2009). Over short timescales, however, 
a sufficiently high sediment supply sometimes allows 
wetlands to accrete faster than accommodation space is 
created through RSLR (Gunnel et al. 2013; Peck et al., 
2020). Periods of high short-term sedimentation occur 
naturally due to seasonal variation in depositional condi-
tions (Woodruff et al., 2001) and events such as storms 
and tsunami (Cheng et al., 2013; Morales et al., 2008). 
Anthropogenic increases in sediment supply are commonly 
driven by activities such as logging and agriculture, and 
increases in estuarine turbidity are caused by dredging-
induced resuspension (Gunnell et al., 2013; Rodriguez 
et al., 2020). Note that other anthropogenic activities such 
as damming and some watershed management strategies 
can reduce sediment supply (e.g., Verstraeten et al., 2003; 
Yang et al., 2005). Together, these anthropogenic activi-
ties alter natural processes of sediment redistribution (Van 
Maren et al., 2015) and produce sedimentation patterns 
different from those that occur under unmodified condi-
tions (e.g., Avoine et al., 1981; Eidam et al., 2021; Nitsche 
et al., 2007).

U.S. Pacific Northwest estuaries are particularly sensitive 
to change because they typically have steep elevation gradi-
ents that leave little room for wetlands to migrate when faced 
with relative sea-level rise (Thorne et al., 2018). Coastal eco-
systems are squeezed into narrow elevation zones bounded 
by competing marine, terrestrial, and human forces. Here, 
we focus on the Coos estuary (Fig. 1), an estuary on the U.S. 
Pacific Northwest coast that is strongly forced by river flow, 
tides, and wind, and is representative of the small systems 
typical of the region (Sutherland & O’Neill, 2016). Although 
small (54  km2) in comparison to the Columbia River (330 
 km2), Puget Sound (2600  km2), and San Francisco Bay 
(4100  km2) estuaries, the Coos estuary is one of the larger 
estuaries on the U.S. west coast and plays an outsized role in 
the economic, cultural, and ecological health of the region. 
It is home to diverse and sometimes competing interests 
including the largest deep-draft coastal port between San 
Francisco Bay and Puget Sound, one of Oregon’s largest 

commercial fishing fleets, and the federally protected South 
Slough National Estuarine Research Reserve (SSNERR).

When evaluating the vulnerability of low-elevation 
coastal zones to relative sea-level rise and other stressors, 
studies of sedimentation often focus on decadal- to century-
scale averages (e.g., Thorne et al., 2018; Törnqvist et al., 
2021). Less is understood about the variability and impacts 
of short-term sediment dynamics, which operate over time-
scales relevant to many ecological processes (e.g., seasonal 
growth and reproduction). In this paper, we seek to fill this 
knowledge gap by investigating event- to seasonal-scale pat-
terns of sediment movement in the Coos estuary. We propose 
the following three hypotheses: first, rainfall events in the 
Coos watershed correspond with peaks in turbidity and sedi-
ment deposition; second, in intertidal areas, storm-depos-
ited sediment is largely re-eroded in the weeks following 
the storm; and third, short-term deposition exceeds both the 
long-term (century-scale) sedimentation rate and the local 
rate of RSLR. To address these hypotheses, we combine 
data from sediment cores collected approximately monthly 
for 13 months with long-term water quality monitoring data 
and hydrodynamic model output. Our work suggests that 
storms are an important driver of variable estuary sedimen-
tation and erosion. While long-term mean sedimentation 
rates appear slow and steady, the magnitude of event and 
seasonal deposition and erosion can be substantial and may 
impact species abundance and distribution patterns in native 
ecosystems.

Methods

Study Area

The Coos estuary is located on the southern Oregon coast 
(Fig. 1), an area characterized by a mild climate with rela-
tively dry summers and wet winters. Situated near an active 
continental margin undergoing tectonic uplift (Burgette 
et al., 2009), the estuary experiences a slower rate of rela-
tive sea-level rise (RSLR) than the global average. Based 
on tide gauge data from 1970 to 2022, the long-term rate 
of RSLR at Charleston, near the mouth of the estuary, is 
0.1 ± 0.064 cm/year (NOAA, 2024). Due to spatial vari-
ability in uplift rate, RSLR ranges from ~ 0.06 cm/year at 
the coast to ~ 0.19 cm/year near the city of Coos Bay (Bur-
gette et al., 2009; Eidam et al., 2024). The main source of 
freshwater and sediment is the Coos River (Fig. 1), which 
has highly seasonal discharge that ranges from an average 
of 3.2  m3/s in the dry season (June through October) to an 
average of 32  m3/s in the rainy season (November through 
May; Marin Jarrin et al., 2022), with peak discharge events 
reaching as high as 400  m3/s (Coos Watershed Association, 
2022). Semi-diurnal tides have a maximum range of 2.3 m 
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(NOAA, 2024). The main channel runs from the mouth of 
the estuary to the city of Coos Bay and is dredged to a depth 
of 14.3 m (USACE, 2023). In contrast to the heavily modi-
fied main channel, much of the southwestern branch of the 
Coos estuary has been protected since 1974 as the South 
Slough National Estuarine Research Reserve (SSNERR). 
South Slough is undredged except for the lowermost 2 km 
(Charleston to the estuary mouth, see Fig. 1), and is gener-
ally shallower (~ 5.5 m maximum depth in undredged areas 
near the mouth of the slough; Eidam et al., 2020). Freshwa-
ter enters South Slough through > 30 intermittent waterways 
and six perennial streams, the largest of which is Winchester 
Creek. Freshwater discharge through Winchester Creek is 
an order of magnitude less than through the Coos River: 

discharge ranges from < 0.2  m3/s during the dry season to 
an average of ~ 1.1  m3/s during the rainy season with peaks 
of > 2.8  m3/s during storm events. The differences between 
the main estuary and South Slough in terms of geometry, 
sediment and freshwater input, and land use history set up an 
opportunity for comparison: these differences may drive var-
iation in the magnitude and spatial pattern of sedimentation.

In the main estuary, sediment is primarily routed from the 
Coos River down the dredged navigation channel (Eidam 
et al., 2021). While the channel in the lower estuary is sandy 
and typically erosive (aside from the over-deepened naviga-
tion channel, which is a sediment sink and requires mainte-
nance dredging), the upper channel (which also requires reg-
ular dredging) and shallow areas throughout the estuary are 

Fig. 1  a Location of the Coos 
estuary on the southern coast of 
Oregon, USA. Coring loca-
tions (red circles), water quality 
monitoring stations (yellow 
triangles), and the meteorology 
station (green diamond) are 
shown. River discharge (purple 
square) is measured on the 
South Fork Coos River 26.5 km 
upstream from the Coos River 
coring site. b Drone image 
of the Valino Island coring 
location. The ellipse (~ 11 m in 
length) indicates the extent of 
the sediment coring area. Note 
the proximity of both the Valino 
Island water quality monitoring 
station and the nearest hydrody-
namic model node. Bathymetry 
data are from Conroy et al. 
(2020), with water depths below 
mean sea level (MSL). Drone 
image is from Dean Walton, 
University of Oregon Libraries
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characterized by trapping of mud and muddy sand. Hydro-
dynamic modeling suggests that mud deposition primarily 
occurs during wintertime high discharge events, despite cor-
responding increases in bed stress, and occurs particularly in 
areas proximal to sediment sources (i.e., the Coos River and 
main tributaries in South Slough; Eidam et al., 2021). An 
estuarine turbidity maximum (ETM) is commonly present in 
the main channel between the northern bend of the estuary 
and the city of Coos Bay, and in South Slough surround-
ing Valino Island (see Fig. 1 for locations). Both ETMs are 
observable year-round but are notably stronger in the winter 
(Eidam et al., 2021).

South Slough and the Coos estuary are home to two key 
native species likely affected by short-term sedimentation. 
Both Olympia oysters (Ostrea lurida) and eelgrass (Zos-
tera marina) have experienced complex histories of abun-
dance, collapse, and restoration efforts with mixed results. 
Although shell deposits indicate the presence of a sizeable 
population of Olympia oysters in Coos Bay prior to Euro-
pean arrival, the species was not observed in the estuary 
at the time of European settlement in the 1850s (Groth & 
Rumrill, 2009). Leading hypotheses suggest that the oysters 
were decimated by a heavy sedimentation event resulting 
from either an 1846 wildfire in the Coos watershed (Dimick 
et al., 1941) or the 1700 subduction zone earthquake and 
tsunami (Nelson et al., 1996). Olympia oyster tolerance to 
burial depends on duration and grain size, with fine-grained 
sediment being more problematic than sand (Wasson 
et al., 2015). Accumulation of mud hinders oyster feeding 
and respiration (Thrush et al., 2004; Wasson et al., 2015). 
Beginning in the 1980s, a few living Olympia oysters were 
found in Coos Bay and small, localized populations became 
established by the 1990s. However, targeted attempts to rein-
troduce the oysters to South Slough have been unsuccess-
ful (Kornbluth et al., 2022; Larsen et al., 2014; Office for 
Coastal Management, 2023).

Eelgrass, another foundation species in the Coos estu-
ary, grows in marine intertidal and shallow subtidal envi-
ronments throughout Pacific Northwest estuaries (Sherman 
& DeBruyckere, 2018), where it provides critical food and 
shelter to fish, invertebrates, and birds (Hughes et al., 2014; 
Phillips, 1984). Between 2014–2016, however, the eelgrass 
population in areas of South Slough collapsed (Marin Jarrin 
et al., 2022). Although this collapse and previous population 
declines have been linked to increases in water tempera-
ture (Marin Jarrin et al., 2022; Thom et al., 2003), eelgrass 
survival is also affected by short-term sediment dynamics 
through plant burial (Mills & Fonseca, 2003), bed scour and 
uprooting (Marion & Orth, 2012), turbidity (Magel et al., 
2023), and the attenuation of light (Thom et al., 2008). 
However, eelgrass also benefits from some amount of sedi-
ment deposition. While Mills and Fonseca (2003) found that 
burial of eelgrass to only 25% of its shoot height (~ 4 cm) 

resulted in > 50% mortality, others have shown that burial 
of seeds to 2–3  cm prevents seeds from washing away 
(Marion & Orth, 2012), reduces seed predation (Fishman & 
Orth, 1996), and improves rates of seedling establishment 
(Marion & Orth, 2012).

Data Sources

To study short-term sediment dynamics in the Coos estu-
ary, we combined data from newly collected sediment cores, 
long-term water quality and meteorologic data, and hydro-
dynamic model simulations. Field sites are shown in Fig. 1 
and data sources are summarized in Table 1.

Sediment Core Collection and Analysis

 Short (10 cm) sediment cores were collected at six sites 
around the Coos estuary including three in South Slough 
(Winchester Creek, Valino Island, Charleston) and three in 
the main estuary (Coos River, Catching Slough, Empire). 
See Fig. 1 and Table 1 for site locations and characteristics. 
Coring sites were selected to capture geographic variability 
across the estuary, to target areas where the presence of mud 
facilitated the use of 7Be as a radioisotopic tracer, and to be 
near established long-term water quality monitoring stations.

Over the course of 13 months (February 2021–March 
2022), between 4 and 11 cores were collected at each site. 
During fall, winter, and spring, coring dates were gener-
ally spaced ~ 1 month apart in time. No cores were collected 
during the dry season (July–Oct) when little rainfall, low 
river discharge, and lack of storms were expected to yield 
relatively stable sediment conditions. Cores were collected 
in the intertidal zone at low to mid-tide using a 15-cm length 
of aluminum irrigation pipe with a diameter of ~ 10 cm. The 
pipe was pushed by hand into the sediment and dug out with 
a trowel. Core sectioning occurred in the field or in the SSN-
ERR Estuarine and Coastal Science (ECOS) lab within 24 h 
in the case of inclement weather. Sediment was extruded in 
1 cm intervals, bagged, and sent to the Coastal and Fluvial 
Sediment Dynamics Lab at the University of North Carolina 
(UNC) at Chapel Hill for analysis.

In the UNC lab, sediment samples were freeze dried 
for > 48 h. Once dry, each sample was analyzed for grain 
size distribution and presence of newly deposited sediment. 
Grain size distribution was measured using a Bettersizer 
laser diffraction particle sizer, with two replicate analyses 
per core interval. Newly deposited sediment was defined as 
sediment with measurable 7Be activity (e.g., Sommerfield 
et al., 1999), a naturally occurring radioisotope with a half-
life of 53 days. To measure 7Be activity, sediment samples 
were sieved into fine (≤ 63 μm) and coarse (> 63 μm) com-
ponents. The fine fraction underwent gamma spectroscopy 
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for 24–48 h using a Canberra broad-energy germanium crys-
tal well detector.

Monitoring Data Synthesis

We compiled publicly-accessible turbidity, precipitation, and 
river discharge data measured over the duration of our study 
period (January 1, 2021–March 30, 2022) at long-term mon-
itoring stations around the Coos estuary (Fig. 1, Table 1). 
Note that our study period represents a small subset of the 
period of monitoring at these sites. Turbidity measurements 
were from water-quality sensors at six stations, each adjacent 
to one of our sediment coring locations. Precipitation data 
were collected at the Tom’s Creek meteorological station in 
South Slough. River discharge data were from a gauge on 
the South Fork Coos River, which is the primary source of 
freshwater to the Coos estuary.

Turbidity data were filtered using a uniform cap of 250 
formazin nephelometric units (FNU) to remove anomalously 
high values, resulting in removal of ≤ 0.6% of the raw data 
per site. As part of the National Estuarine Research Reserve 
System’s quality control and quality assurance process, 

turbidity data are flagged for biofouling (when obvious); 
those flagged data have been excluded from this analysis 
(NOAA NERRS 2019). Under typical (non-event) discharge 
conditions, turbidity in the Coos estuary is generally < 30 
FNU (< 50 mg/L) and may spike to ~ 60 FNU (~ 100 mg/L) 
during high discharge events (Eidam et al., 2021). After 
anomalous values were removed from the data, a Godin filter 
was applied to remove the influence of daily tides (Godin, 
1972; Thompson, 1983). Note that the turbidity sensors used 
in this study are optical instruments and thus responsive to 
the way light is scattered in the water column but not to the 
specific grain size distribution of suspended sediment. In a 
study area with heterogeneous sediments (such as the Coos 
estuary), identical turbidity measurements may represent 
different suspended sediment concentrations (e.g., Bright 
et al., 2020).

Hydrodynamic Model Simulation

Output from an existing hydrodynamic model of the Coos 
estuary was used to explore spatial and temporal variabil-
ity in sediment characteristics (see Conroy et al., 2020 and 

Table 1  Site name, data type(s), location, and source for field data 
used in this analysis. Names in parentheses are the specific locations 
near Winchester Creek and Valino Island where sediment cores were 

collected. Elevations are given in m above mean sea level (MSL). 
CTCLUSI is the Confederated Tribes of Coos, Lower Umpqua, and 
Siuslaw Indians

* From 2001 to 2015, meteorological data were collected at a station in Charleston, 7.4 km north of Tom’s Creek

Site name Data type(s) Number 
of cores

Mean elevation 
above MSL (m)

Eelgrass or 
oysters?

Latitude (°N) Longitude (°E) Monitoring 
data avail-
ability

Data source

Winchester 
Creek

(Kunz Marsh)

7Be depth (cm)
grain size (μm)

9  + 6.8 none 43.2824  − 124.3205 - This study

turbidity - - 43.2824  − 124.3203 1995–present SSNERR
Valino Island
(Crown Point)

7Be depth (cm)
grain size (μm)

11  − 0.1 eelgrass 43.3172  − 124.3215 - This study

turbidity - - 43.3172  − 124.3216 1999–present SSNERR
Charleston 7Be depth (cm)

grain size (μm)
10  + 0.3 eelgrass, oyster 

shells
43.3373  − 124.3198 - This study

turbidity - - 43.3377  − 124.3205 2002–present SSNERR
Coos River 7Be depth (cm)

grain size (μm)
7  + 1.4 none 43.3785  − 124.1048 - This study

turbidity - - 43.3771  − 124.1033 2013–present SSNERR
Catching Slough 7Be depth (cm)

grain size (μm)
7  + 1.2 none 43.3550  − 124.1762 - This study

turbidity - - 43.3528  − 124.1731 2013–present SSNERR
Empire 7Be depth (cm)

grain size (μm)
4  − 0.1 eelgrass 43.3929  − 124.2806 - This study

turbidity - - 43.3943  − 124.2805 2007–present CTCLUSI
South Fork 

Coos River
River discharge - - N/A 43.3763  − 123.9581 2003–present Coos 

Water-
shed 
Associa-
tion

Tom’s Creek Precipitation - - N/A 43.2791  − 124.3184 2016–present* SSNERR
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Eidam et al., 2020 for model setup and parameters). The 
model was developed using the finite-volume community 
ocean model (FVCOM) and has a horizontal grid spac-
ing of ~ 15 m in the estuary’s main channels. For com-
parison, channel width ranges from 30 m at Winchester 
Creek (100 m including the intertidal area) to 570 m at 
Empire (900 m including the intertidal area). The model 
includes freshwater input from 14 rivers and creeks, has an 
open boundary at the ocean with tidal forcing, and allows 
wetting and drying of intertidal areas. Sediments were 
modeled using five size classes (fine mud to coarse sand) 
and five vertical layers in the bed. Fluvial sediments were 
modeled as mud and fine mud (to mimic flocculated and 
unflocculated muds, respectively). The model was previ-
ously evaluated using a combination of long-term monitor-
ing data and targeted field measurements of water level, 
turbidity, bed grain size distribution, and salinity (Conroy 
et al., 2020; Eidam et al., 2020, 2021).

For the present analysis, two model scenarios with ide-
alized forcing conditions were evaluated (Fig. 2; Eidam 
et al., 2021). The first run simulated winter conditions with 
a steady river discharge of 40  m3/s (Fig. 2, blue lines). 
The second run included a simulated winter storm event, 
where river discharge increased over two days from 40 
 m3/s to a peak of 400  m3/s, and then gradually returned 
to background flow over seven days (Fig. 2, orange lines). 
Both scenarios were modeled to occur over a spring-neap 
tidal cycle with the spring tide coinciding with peak river 
discharge in the event case. Fine-grained sediments were 
introduced based on a rating curve of turbidity versus river 
discharge (Eidam et al., 2021). Bed stress and sediment 
characteristics including bed level, median grain size, and 
sand fraction were assessed at the model nodes closest to 
each coring location and within the intertidal zone (see 
Fig. 1 for an example node location) over 30 model days 
surrounding the modeled storm event.

Results

Observations of Event‑ to Seasonal‑Scale 
Hydrodynamics and Sediment Movement

In the Coos estuary, river discharge responds quickly to 
precipitation in the watershed (Fig. 3a). Rainfall of at least 
5–50 mm per day for multiple days commonly leads to 
discharge spikes wherein river flow increases by up to an 
order of magnitude over a few days before rapidly return-
ing to background conditions (e.g., early January 2021, 
early January 2022). Sustained high-discharge rates last-
ing longer than a few days are rare and were not observed 
during our study period. Estuary turbidity is dominated 
by the daily tidal cycle, with the highest turbidities typi-
cally occurring during ebb and low tide. Tidally filtered 
turbidity (Figs. 3b and 4b) is largely controlled by the 
spring-neap tidal cycle, which drives higher turbid-
ity during spring tides and lower turbidity during neap 
tides (for figure clarity, non-tidally filtered turbidity data 
are not shown). This pattern is particularly prominent at 
Coos Bay sites (Coos River, Catching Slough, Empire; 
Fig. 4b). River discharge events also increase turbidity 
by two to sevenfold over background levels, depending 
on location in the estuary (Figs. 3b and 4b). For example, 
high discharge in early January 2021 doubled turbidity at 
Winchester Creek (Fig. 3b) and Catching Slough (Fig. 4b). 
The discharge peak in January 2022 produced the highest 
turbidity observed during the study period at Coos River. 
Event-driven spikes in turbidity are more prominent in 
upper estuary sites (Winchester Creek, Coos River). Tur-
bidity generally decreases with distance down-estuary. 
Note that some spikes in turbidity do not align with peaks 
in river discharge (e.g., Charleston in late June 2021) and 
may be caused by biofouling of the sensor, which occurs 
quickly during warm summer months, or by macrophytes 
blocking the sensor.

During the study, the delivery of new sediment to 
the estuary during the rainy season resulted in depo-
sition of up to 3 cm of mud in a month (e.g., January 
2022 at Valino Island, Fig. 3c; November 2021 at Coos 
River, Fig. 4c; January 2022 at Coos River, Fig. 4c; see 
Figs. S1–S6 for 7Be profiles and interpretation). Upper 
and middle estuary sites in both South Slough and the 
main estuary tended to experience more sediment accre-
tion. Deposition occurred during both high and low river 
discharge but was more substantial when discharge was 
high (e.g., February 2021 and January 2022 at Valino 
Island). Half (3 of 6) of the instances of ≥ 2 cm of new 
sediment deposition were associated with discharge 
peaks ≥ 100 m/s within the prior 10 days (February 2021 
at Valino Island and January 2022 at Valino Island and 

Fig. 2  Timeseries of modeled water level (thick lines) and Coos River 
discharge (thin lines) during typical winter conditions (“steady,” blue) 
and high river discharge conditions (“event,” orange) at the Coos 
River study site
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Catching Slough). The other half were associated with the 
first sustained period of rainfall in the fall following the 
dry summer season (November 2021 at Winchester Creek, 
Coos River, and Catching Slough).

Valino Island, Catching Slough, and Coos River, all 
of which are less than the distance of one tidal excur-
sion below the mouths of major tributaries (5–14 + km, 
depending on tidal f low rate; Sutherland & O’Neill, 
2016; Eidam et al., 2020), appeared to be hotspots for 
deposition. Although downward mixing of 7Be could 
result in an overestimation of deposition, observation 
of high surficial 7Be activity (~ 10 dpm/g) sandwiched 
between observations of little or no surficial 7Be activity 
in the months before and after (Fig. 5) suggested limited 
time for bioturbation and other processes to induce mix-
ing. Based on the range of plausible deposition thick-
nesses, our best estimates are generally conservative 
(Figs. S1–S6).

Lower-estuary sites (Charleston, Empire) experienced 
less deposition (up to 1 cm per month), and tended to be 
out of sync with deposition peaks observed at sites farther 

up-estuary (Figs. 3c and 4c). Note that two lower estuary 
cores (Empire, January 2022; Charleston, March 2022) 
had insufficient fine-grained material to allow analysis 
of 7Be, our indicator of newly deposited sediment. It is 
possible that these two cores contained newly deposited 
coarse-grained sediment that was not observed because of 
the lack of analyzable material.

Beryllium-7 was commonly not observed in cores col-
lected the month after an observed deposition event (Fig. 5), 
suggesting that newly deposited sediment was eroded within 
this timeframe. Erosion must have been particularly rapid in 
middle and upper estuary sites to regularly remove 2–3 cm 
of newly deposited sediment in less than one month. At each 
site, monthly cores were collected within a ~ 20 m reach of 
shoreline at approximately the same elevation, so differ-
ences in deposition and erosion were not likely due to spa-
tial variation.

Newly deposited sediment was generally silt-sized 
and, at coarser-grained sites, sometimes resulted in a 
fine-grained layer at the bed surface (e.g., February 2021 
at Valino Island, Fig. 3d; November 2021 at Charleston, 

Fig. 3  Timeseries of hydrological and sediment observations in 
South Slough, including daily precipitation at the Tom’s Creek mete-
orological station and South Fork Coos River discharge (a), turbidity 
(b), new sediment accretion (c), and median grain size profiles (d). 
In panels b–d, core collection dates are indicated by vertical grey 
lines. In panel c, open squares represent cores showing no new sedi-

ment accretion; absence of a marker indicates that either a core was 
collected but had insufficient fine-grained material for 7Be analysis, 
or no core was collected. Also in panel c, vertical black bars repre-
sent uncertainty in the magnitude of new sediment accretion. See 
Figs. S1–S6 for 7Be profiles and interpretation, and Fig. S7 for grain 
size profiles grouped by coring location
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Fig. 4d). Upper estuary sites showed uniform grain size 
profiles because silt was deposited on top of existing silt. 
Median grain size generally increased down-estuary, with 

lower-estuary sites showing a wide range in observed 
grain size (silt to medium sand). See Fig. S7 for grain 
size profiles grouped by coring location.

Fig. 4  Timeseries of hydrological and sediment observations in Coos 
Bay, including daily precipitation at the Tom’s Creek meteorologi-
cal station and South Fork Coos River discharge (a; duplicated from 
Fig. 3 for comparison), turbidity (b), new sediment accretion (c), and 
median grain size profiles (d). In panels b–d, core collection dates 
are indicated by vertical grey lines. In panel c, open squares represent 

cores showing no new sediment accretion; absence of a marker indi-
cates that either a core was collected but had insufficient fine-grained 
material for 7Be analysis, or no core was collected. Also in panel c, 
vertical black bars represent uncertainty in the magnitude of new sed-
iment accretion. See Figs. S1–S6 for 7Be profiles and interpretation, 
and Fig. S7 for grain size profiles grouped by coring location

Fig. 5  Example 7Be profiles at Catching Slough. In late November 
2021 (left), the near-zero activity of 7Be indicates no recent sedi-
ment deposition. In mid-January 2022 (middle), elevated 7Be activity 
shows the deposition of 3 cm of new sediment. The following month 

(mid-February 2022, right), all the newly deposited sediment has 
eroded away, leaving surface sediments devoid of 7Be activity. See 
Figs. S1–S6 for all 7Be profiles
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Event‑Driven Sediment Dynamics: Comparing 
Observations and Model Results

Hydrodynamic modeling allows us to expand estimates of 
sediment accretion across the estuary, with results evaluated 
through comparison with observations at coring locations. 
In general, model results agree with observational data. 
Modeling indicates that both deposition and erosion occur 
in response to wintertime high-discharge events (Fig. 6). 
Maximum deposition in the month following a discharge 
event (defined as maximum bed level minus starting bed 
level) is greatest in the dredged main channel upriver of 
North Bend, on the tidal flats of Haynes Inlet and the east-
ern bay, and in upper-estuary sloughs that are proximal to 
the source of most freshwater and sediment (Fig. 6a). In 

South Slough, maximum deposition is greatest in the middle 
estuary, particularly surrounding Valino Island. Maximum 
erosion (defined as starting bed level minus minimum bed 
level) primarily occurs in the lower estuary along the main 
channel. Note that the model grid is only one cell wide at 
Winchester Creek and in other narrow sloughs. Although 
model results are therefore not reliable for these areas, 
upper-estuary modeling is still useful for illuminating broad-
scale patterns.

Modeling suggests that over regular (non-event) tidal 
cycles, fluctuations in water level (Fig. S8a) correspond 
with changes in flow velocity (Eidam et al., 2021) and bed 
stress (Fig. S8b, Eidam et al., 2021), which in turn drive 
sub-mm bed level change (Fig. S8c). During a winter event 
(Fig. 7), increased bed level change is apparent in areas with 
direct river influence (Fig. 7; note the order-of-magnitude 
larger scale for bed level change at Coos River, Fig. 7d). Bed 
stress as much as doubles at Coos River (Fig. S8), amplify-
ing changes in bed level and driving a complex multi-day 
timeseries of deposition and erosion. Over the same modeled 
time period, deposition is apparent at river-dominated mid-
dle and upper estuary sites across the estuary (Winchester 
Creek, Valino Island, Catching Slough; Fig. 7a, b, and e). 
At lower estuary sites (Charleston, Empire; Fig. 7c, and f), 
net bed level change is near zero.

Both observations and modeling indicate that Coos River 
is a particularly dynamic site that experiences extensive 
deposition and erosion (Figs. 4 and 7). Catching Slough, 
Valino Island, and Winchester Creek are also depositional 
hotspots. Observations and modeling differ on the degree to 
which deposition outpaces erosion. While the model pro-
duces reliable spatial patterns of deposition (Fig. 6; Eidam 
et al., 2021), it is not sufficiently tuned to represent accurate 
magnitudes of deposition. Thus, the real magnitudes of bed 
level change are likely larger than those shown in Fig. 7. At 
Charleston and Empire, observations and modeling agree 
that bed level change is minimal, although limited field data 
from Empire hampers the interpretability of observations.

Discussion

Sediment dynamics in the Coos estuary are highly sea-
sonal. Steady-state (non-event) conditions are punctu-
ated by storm-driven pulses of sediment deposition and 
subsequent redistribution (erosion) by tidal currents. 
During an event, heavy rain leads to peaks in river dis-
charge. Fine-grained sediment washes into the estuary, 
driving turbidity spikes and deposition in the upper and 
middle estuary. In the Coos River, high discharge elevates 
bed stress, which drives channel scouring. Although not 
included in the parameters of the hydrodynamic model 
used here, wind and wave energy increase during storms 

Fig. 6  Maximum deposition (max bed level minus starting bed level; 
a), and maximum erosion (starting bed level minus minimum bed 
level; b) that is modeled to occur in the month surrounding a high-
discharge event, including 2 weeks before and 2 weeks after the event 
start. Darker colors indicate areas of greater change. For comparison, 
coring location symbols are colored according to maximum observed 
deposition (panel a) and erosion (panel b). Coring locations are 
labeled as WI (Winchester Creek), VA (Valino Island), CH (Charles-
ton), CR (Coos River), CS (Catching Slough), and EMP (Empire)
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and likely also contribute to sediment redistribution 
(Green & Coco, 2014; Nowacki et al., 2024). Deposition 
of up to 3 cm is often ephemeral. After a storm, sediment 
is largely reworked by tidal forces within the following 
month. Storm-driven changes tend to be greater at the 
upper (riverine) end, above the ETM where the estuary 
becomes narrower and shallower. Regardless of estuary 
size, sites within ~ 1 tidal excursion above the ETM gen-
erally experience the most variation in turbidity and bed 
level, including during both storm and quiescent periods. 
Down-estuary from the ETM, sites show greater temporal 
variability in grain size but otherwise experience more 
stable turbidity and bed level conditions.

By combining observations at high temporal resolu-
tion with hydrodynamic model simulations, we produced a 
novel analysis of event- to seasonal-scale sediment dynam-
ics in the Coos estuary. As a small, strongly forced system, 
the Coos estuary is representative of estuaries across the 
Pacific Northwest and estuaries globally with similar tide-
dominated dynamics and strong seasonal precipitation. Here, 
we discuss the implications of three key results:

(1) Hydrodynamic conditions in middle estuary areas per-
mit short-term sediment deposition.

(2) Although event-to-seasonal deposition rates exceed 
longer term average rates, the spatial pattern of depo-
sition remains consistent across timescales.

(3) Dynamic patterns of deposition and erosion produce 
conditions that may be stressful to native species.

Middle Estuary as a Hot Spot for Sediment Accretion

Despite their differing geometries, fluvial inputs, and land-
use histories, the middle reaches of both South Slough and 
Coos Bay experience high rates of short-term sediment 
deposition that exceed erosion, leading to net-depositional 
conditions over event to monthly timescales. Other studies 
have found similar sediment accretion patterns in estuaries 
globally, where deposition is commonly highest in wetlands 
that are mid-distance from both sediment sources and higher 
energy open tidal environments (e.g., Butzeck et al., 2015; 
Van Proosdij et al., 2006). Such zones have been shown to 
have a balance of sediment availability and flow velocity 
that is conducive to deposition (e.g., Keogh et al., 2019; Van 
Proosdij et al., 2006).

In the Coos estuary, middle-estuary areas of maximum 
deposition are coincident with modeled ETMs, which are 
located around Valino Island in South Slough and in the 
dredged channels of upper Coos Bay (near the city of Coos 
Bay) and have the greatest suspended sediment concentra-
tions during winter discharge events (Eidam et al., 2021). 
In monitoring data (Fig. 4b) and model results (Eidam 
et al., 2021), turbidity conditions at the Coos River and 
Catching Slough stations are generally comparable during 
normal river discharge. During winter discharge events, 
however, turbidity at Coos River can increase by four-
fold or more, indicating increased sediment delivery to 
the estuary and resuspension of channel bed sediments 
(e.g., Sommerfield et al., 2017). Increases in turbidity are 

Fig. 7  Timeseries of modeled 
bed level during high river 
discharge conditions at the six 
coring locations: Winchester 
Creek (a), Valino Island (b), 
Charleston (c), Coos River 
(d), Catching Slough (e), and 
Empire (f). Bed level is mod-
eled in 15-min increments 
(black line) and smoothed using 
a 25-h filter (red line). Dashed 
grey line shows the modeled 
river discharge
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typically greatest at the riverine end. Despite proximity 
to the sediment source, Coos River is net erosive over 
monthly timescales. During winter events, however, Coos 
River experiences both high deposition and high erosion 
within the span of a few days (based on model results, 
Fig. 7) to a month (based on coring data, Figs. 3 and 4), 
likely because of scouring due to the elevated bed stress 
that commonly accompanies discharge events (e.g., Wen-
grove et al., 2015; Yan et al., 2021; Fig. S8). Meanwhile, 
modeling suggests net deposition at Catching Slough, 
likely because of its smaller watershed and limited fresh-
water discharge.

In South Slough, the monitoring station at Valino 
Island, which is proximal to the modeled ETM, measures 
turbidity that is generally lower than in the upper estuary 
(Winchester Creek). However, this order switches dur-
ing high discharge events. During the largest discharge 
peak in our study period, which occurred in January 2022, 
turbidity at Valino Island exceeded that measured farther 
up-estuary. Storm-driven turbidity peaks at Valino Island 
are likely driven by a seaward shift of the ETM, which 
commonly occurs in estuaries during high river discharge 
(e.g., Chen et al., 2018; Eidam et al., 2021). Additionally, 
Valino Island is adjacent to the mouth of Day Creek, which 
has a channel that gradually migrates across the tidal flat. 
During the study period (2021–2022), active erosion of the 
channel edge was visible during ebb tides. Instruments at 
the nearby water quality monitoring station were cleaned 
regularly to remove sediment that collected on sensors 
or guards. This anecdotal evidence suggests that storm-
elevated discharge from Day Creek may accelerate ero-
sion and contribute to local turbidity peaks. Despite the 
typically high turbidity at Winchester Creek, the estuary 
is also shallow and narrow at this location, and thus sus-
ceptible to elevated bed stress and accompanying erosion 

driven by the increased river discharge during events 
(Traynum & Styles, 2007).

Consistency of Spatial Patterns Across Timescales 
but Not Elevation

In tidal flats, we find that monthly sedimentation rates are 
greatest in the middle to upper estuary. This spatial pattern 
matches that of centennial sediment accumulation rates 
measured in the same regions of South Slough (Eidam et al., 
2024; Fig. 8). Additional data collected in future studies 
may help tease out whether there is an accretion peak in the 
middle estuary over either short (monthly) or long (centen-
nial) timescales. Monthly sedimentation rates are an order of 
magnitude greater than centennial rates, which is expected 
due to the inclusion of more erosional periods and deposi-
tional hiatuses in longer-term records (i.e., the Sadler Effect, 
Eidam et al., 2024; Sadler, 1981).

Although the spatial pattern of tidal flat sedimentation is 
consistent across timescales, it differs from the spatial pat-
tern of sedimentation in higher-elevation marshes (Fig. 8). 
SSNERR maintains a set of feldspar marker horizon plots to 
measure vertical accretion annually in high and low marshes 
(Schmitt & Helms, 2017; Tables S1 and S2). The feldspar 
plots show a spatial pattern of sediment accretion that is less 
clear but may be opposite of the pattern in tidal flats. While 
tidal flat sedimentation is greatest in the middle to upper 
estuary, sedimentation in marshes is variable but tends to 
be lower in the middle of the estuary (Fig. 8).

The rate of sediment accumulation in wetland environ-
ments, including tidal flats and marshes, is impacted by the 
magnitude of tidal inundation, vegetation cover, and expo-
sure to waves and currents (Fig. 9). The presence of vegeta-
tion plays a confounding role in sedimentation, as plants 
both hinder water and suspended sediment from entering 
the wetland from the channel, but also reduce flow velocity 

Fig. 8  Comparison of along-estuary patterns of sedimentation in 
South Slough over monthly and centennial timescales. Blue circles 
(n = 3) show maximum monthly deposition observed at the South 
Slough tidal flat coring sites during the study period. Mean centen-
nial sediment accumulation rates (SAR) from Eidam et al. (2024) are 

shown as orange triangles (n = 4). For comparison, decadal vertical 
accretion rates (VAR) in high and low marshes (derived from feldspar 
marker horizon plots) are shown as plus signs (n = 8) and asterisks 
(n = 6), respectively, along with mean standard error
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within the wetland and thus promote deposition (Beltrán‐
Burgos et al. 2023; Carrasco et al., 2023). Marshes in South 
Slough are typically densely vegetated and intermittently 
flooded (daily to fortnightly) by the tide for short periods of 
time. Tidal flats, in contrast, are deeply inundated on every 
tide and generally unbuffered by substantial vegetation.

Sedimentation rates in both tidal flats and marshes vary 
by a factor of 2–3 across South Slough (Fig. 8). In con-
trast, tidal flats in other estuaries commonly experience 
high spatial variability in accretion while sedimentation in 
adjacent marshes is relatively consistent (e.g., Bouma et al., 
2016; Poirier et al., 2017; Willemsen et al., 2018). In South 
Slough, the observed similarity in accretion rate variability 
across wetland elevations suggests that the timescale of our 
shortest observations (monthly) may be too long to capture 
the shortest-timescale deposition and erosion events, which 
may occur over a matter of days (as suggested by hydrody-
namic modeling, Fig. 7). Whereas marshes receive water that 
has been filtered by dense vegetation, tidal flat accretion dur-
ing high-discharge events may more closely reflect turbidity 
conditions in the adjacent channel and may be greatest near 
the middle-estuary ETM (Fig. 9). Alternatively, sedimenta-
tion may also be controlled by accommodation space, which 
is more limited in marshes at higher elevations in the tidal 
frame. The intertidal zone also experiences greater seasonal 
variability in deposition when compared to the adjacent 
marsh (e.g., Poirier et al., 2017; Willemsen et al., 2018). On 
tidal flats, increased exposure to waves and currents drives 
pulses of deposition and periods of erosion (e.g., Willemsen 
et al., 2018). Bed level changes increase with distance from 
the shoreline and increasing inundation depth (e.g., Bouma 
et al., 2016; Poirier et al., 2017; Willemsen et al., 2018). In 

marshes, dense vegetation and limited inundation appear to 
buffer these environments from more rapid changes.

Impacts of Sediment Dynamics on Key Native 
Species

In the Coos estuary, native eelgrass persists in the main estu-
ary and some middle and lower regions of South Slough but 
is highly patchy and less abundant in upper South Slough 
despite suitable habitat (based on water depth and light 
requirements; Eidam et al., 2020; Thom et al., 2008) and 
previous high abundance (Fig. S9). Similarly, native Olym-
pia oysters are absent from South Slough despite evidence 
of previous abundance throughout the polyhaline region of 
the estuary (18–30 parts per thousand; Groth & Rumrill, 
2009) and current presence in the main estuary (Fig. S9). 
Attempts to restore both species in South Slough have had 
mixed results (Figs. S9 and S10; Larsen et al., 2014; Korn-
bluth et al., 2022; Office for Coastal Management, 2023; 
Ward & Beheshti, 2023). Although recent research suggests 
that elevated water temperature likely contributed to the ini-
tial eelgrass decline in South Slough (Marin Jarrin et al., 
2022), excessive sedimentation may be a factor in preventing 
recovery of both eelgrass and Olympia oysters (Magel et al., 
2022), particularly in middle-estuary locations. In South 
Slough, eelgrass and oyster restoration areas are situated on 
tidal flats in the highly dynamic middle reach of the estuary 
(Fig. S9). Once established oyster and eelgrass beds were 
wiped out, new individuals likely struggled to get a foothold 
without the shelter provided by neighboring mature individ-
uals. Bouma et al. (2016) found that marsh grass (Sporobo-
lus anglicus) seeds require bed level to be relatively stable 

Fig. 9  Schematic depicting the interaction of turbid estuary water 
with various intertidal wetland environments. This figure is based on 
observations (tidal exchange, channel turbidity, and sediment deliv-
ery) and modeling (channel and tidal flat turbidity and sediment 
delivery) of Sough Slough, but the processes illustrated here are 
common to intertidal estuarine wetlands in general. Turbidity peaks 
at the middle-estuary ETM. Tidal exchange delivers sediment-laden 
water from the channel to the adjacent tidal flat, where direct con-
nection with the channel leads to high water and  sediment delivery, 
resulting in both high deposition and high erosion. In the tidal flat, 

eelgrass is depicted primarily down-estuary from the ETM (as is cur-
rently the case in South Slough) and Olympia oysters are shown in 
the middle estuary where hydrodynamic conditions are generally suit-
able (although substrate is not always available in South Slough). In 
low and high elevation marshes, emergent vegetation coupled with 
increasing elevation limits water and sediment delivery, resulting in 
less erosion and deposition. Note that the sediment delivery shown 
here represents conditions averaged over many tidal cycles, storms, 
and seasons
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over seasonal timescales to successfully sprout because 
excessive deposition prevents shoot emergence and erosion 
topples seedlings. Eelgrass seeds and seedlings are similarly 
sensitive to bed level change, although some amount of seed 
burial (2–3 cm) is important to prevent seeds from washing 
away prior to germination (Marion & Orth, 2012). Although 
this ideal depth of burial is similar to the event-scale deposi-
tion we observed in South Slough and Coos Bay (Figs. 3 and 
4), erosion of the new sediment may occur faster than the 
rate at which seedlings can become established, particularly 
because storm-driven deposition events typically occur in 
the winter when eelgrass growth rates are slower (Orth & 
Moore, 1986). Oyster establishment is also hampered by 
active sediment dynamics. Fivash et al. (2021) found Pacific 
oysters (Crassostrea gigas) living in marshes at intertidal 
heights above where reefs typically develop. The survival of 
oysters in the marsh was attributed to the shelter provided 
by the vegetation and the corresponding reduction in hydro-
dynamic disturbance.

In the Coos estuary, regions where sediment conditions 
are more stable than in the dynamic middle estuary may 
be more conducive to restoration. In the lower reaches of 
South Slough, eelgrass either persisted through the marine 
heat wave (Barview, 1 km north of Charleston, Magel et al., 
2022) or has since reestablished (Collver Point, Fig. S10). 
While some natural recovery of eelgrass has occurred 
in both the marine and riverine reaches of South Slough 
(Fig. S10), the middle estuary has not experienced natural 
recovery. In the middle reach of the main estuary, Olympia 
oysters are found living on hard substratum such as rip rap, 
gravel, wood, and Pacific oyster shells rather than directly on 
the muddy bed (Fig. S9; Groth & Rumrill, 2009). Such hard 
substrata are less available in South Slough due to limited 
human development in intertidal and subtidal areas.

Species native to the Coos estuary evolved under envi-
ronmental conditions that are now changing with the cli-
mate. Although a variety of factors affect oyster and eelgrass 
health (e.g., water temperature, Marin Jarrin et al., 2022; 
bed scour, Marion & Orth, 2012; water clarity, Thom et al., 
2008), sediment dynamics are commonly identified as a 
hinderance to restoration. A review of 82 eelgrass restora-
tion projects on the US west coast found that sediment was 
the primary cause of failure in 13 cases (~ 16%; Ward & 
Beheshti, 2023). A study of eastern oysters (Crassostrea vir-
ginica) found sediment burial also hampered the survival of 
natural and restored oyster reefs (Colden & Lipcius, 2015). 
Although individual oysters could survive burial of up to 
70% of their shell height, lower levels of burial hindered 
reef-building processes and the species’ ability to persist. 
Although the middle reach of the Coos estuary has likely 
always experienced dynamic sediment conditions, even 
when eelgrass and oysters flourished in the area, climate 
change will likely drive more frequent and more intense 

storms (e.g., Espinoza et al., 2018; Gershunov et al., 2017; 
Payne et al., 2020; Sillmann et al., 2013) that deliver larger 
pulses of turbidity, deposition, and erosion. Sediment-related 
stressors compound other climate-driven stressors including 
warming water and air temperatures, decreasing water pH, 
and rising sea level. Combined, these changes may prevent 
some native species from persisting in their historic range.

Conclusions

Here, we present an analysis of event- to seasonal-scale 
sediment dynamics in the Coos estuary, Oregon (USA), and 
find that large-magnitude depositional events during the wet 
winter season are commonly followed by erosional periods, 
resulting in a bed that is highly dynamic over monthly time-
scales. We reach the following conclusions:

• On tidal flats, event-scale sediment deposition during the 
rainy season can occur at rates > 30 times the centennial 
rate and > 100 times the local rate of relative sea-level 
rise.

• Deposition is greater in the upper and middle estuary 
than in the lower estuary, matching the spatial pattern of 
measured turbidity, and reaches a peak near the modeled 
middle-estuary estuarine turbidity maximum.

• On tidal flats, the spatial pattern of monthly deposition 
matches that of centennial trends; over monthly time-
scales, tidal flat deposition exceeds the deposition that 
occurs in adjacent marshes, where sedimentation rates 
are close to RSLR.

• Rapidly deposited sediment is often eroded again within 
one month.

The results of this study demonstrate the importance of 
monitoring short-term (event to seasonal) sediment dynam-
ics when assessing ecosystem change. Longer-term (dec-
adal to century) average conditions can differ greatly from 
short-term rates. Large, event-driven pulses of deposition 
and erosion such as those observed in this study may stress 
ecosystems that are already under duress from other climate-
related environmental changes.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s12237- 025- 01524-1.

Acknowledgements Gamma spectroscopy analyses were conducted by 
lab technician Sherif Ghobrial and undergrad assistant Daniela Zarate. 
Thanks to the following volunteers for their assistance in the field: 
Chloe DaMommio, Luke Donaldson, Anne Farrell-Matthews, Peg Her-
ring, Chase Kazzee, Matthew Lewis, Victoria McNeely, Kate (Wan-
rong) Qi, Deborah Rudd, Reagan Thomas, and Petra Zuñiga. Access 
to water quality monitoring data was provided by Adam DeMarzo 
(SSNERR) and John Schaefer (CTCLUSI).

https://doi.org/10.1007/s12237-025-01524-1


 Estuaries and Coasts          (2025) 48:104   104  Page 14 of 17

Funding This work was sponsored by the National Estuarine Research 
Reserve System Science Collaborative, which supports collaborative 
research that addresses coastal management problems important to the 
reserves. The Science Collaborative is funded by the National Oceanic 
and Atmospheric Administration and managed by the University of 
Michigan Water Center (NA19NOS4190058).

Data Availability All sediment core data used in this analysis are 
included in the supplemental information. Precipitation and turbid-
ity data from the Tom’s Creek, Winchester Creek, Valino Island, and 
Charleston Bridge monitoring stations are also publicly available 
through the NERRS Centralized Data Management Office (https:// 
cdmo. baruch. sc. edu). Turbidity data from the Coos River and Catching 
Slough monitoring stations are available upon request from SSNERR. 
Turbidity data from the Empire station are available upon request from 
the Confederated Tribes of Coos, Lower Umpqua, and Siuslaw Indians. 
River discharge data are available from the Coos Watershed Associa-
tion (https:// coosw aters hed. org).

Declarations 

Competing Interests The authors declare no competing interests.

References

Avoine, J., Allen, G. P., Nichols, M., Salomon, J. C., & Larsonneur, 
C. (1981). Suspended-sediment transport in the Seine estuary, 
France: Effect of man-made modifications on estuary–shelf sedi-
mentology. Marine Geology, 40, 119–137.

Barbier, E. B., Hacker, S. D., Kennedy, C., Koch, E. W., Stier, A. C., 
& Silliman, B. R. (2011). The value of estuarine and coastal eco-
system services. Ecological Monographs, 81, 169–193. https:// 
doi. org/ 10. 1890/ 10- 1510.1

Beltrán-Burgos, M., Esposito, C. R., Nepf, H. M., Baustian, M. M., 
& Di Leonardo, D. R. (2023). Vegetation-driven seasonal sedi-
ment dynamics in a freshwater marsh of the Mississippi River 
Delta. Journal of Geophysical Research: Biogeosciences, 128, 
e2022JG007143. https:// doi. org/ 10. 1029/ 2022J G0071 43

Blum, M. D., & Roberts, H. H. (2009). Drowning of the Mississippi 
Delta due to insufficient sediment supply and global sea-level rise. 
Nature Geoscience, 2, 488–491. https:// doi. org/ 10. 1038/ ngeo5 53

Boese, B. L. (2002). Effects of recreational clam harvesting on eelgrass 
(Zostera marina) and associated infaunal invertebrates: In situ 
manipulative experiments. Aquatic Botany, 73, 63–74. https:// 
doi. org/ 10. 1016/ S0304- 3770(02) 00004-9

Borde, A. B., Thom, R. M., Rumrill, S., & Miller, L. M. (2003). Geo-
spatial habitat change analysis in Pacific Northwest coastal estu-
aries. Estuaries, 26, 1104–1116. https:// doi. org/ 10. 1007/ BF028 
03367

Bouma, T. J., Van Belzen, J., Balke, T., Van Dalen, J., Klaassen, P., 
Hartog, A. M., Callaghan, D. P., Hu, Z., Stive, M. J. F., Temmer-
man, S., & Herman, P. M. J. (2016). Short-term mudflat dynam-
ics drive long-term cyclic salt marsh dynamics. Limnology and 
Oceanography, 61, 2261–2275. https:// doi. org/ 10. 1002/ lno. 10374

Bright, C., Mager, S., & Horton, S. (2020). Response of nephelometric 
turbidity to hydrodynamic particle size of fine suspended sedi-
ment. International Journal of Sediment Research, 35, 444–454. 
https:// doi. org/ 10. 1016/j. ijsrc. 2020. 03. 006

Burgette, R. J., Weldon, R. J., & Schmidt, D. A. (2009). Interseis-
mic uplift rates for western Oregon and along-strike variation in 
locking on the Cascadia subduction zone. Journal of Geophysi-
cal Research: Solid Earth, 114, B01408. https:// doi. org/ 10. 1029/ 
2008J B0056 79

Butzeck, C., Eschenbach, A., Gröngröft, A., Hansen, K., Nolte, S., & 
Jensen, K. (2015). Sediment deposition and accretion rates in tidal 
marshes are highly variable along estuarine salinity and flooding 
gradients. Estuaries and Coasts, 38, 434–450. https:// doi. org/ 10. 
1007/ s12237- 014- 9848-8

Carrasco, A. R., Kombiadou, K., & Matias, A. (2023). Short-term sedi-
mentation dynamics in mesotidal marshes. Scientific Reports, 13, 
1921. https:// doi. org/ 10. 1038/ s41598- 022- 26708-8

Chen, N., Krom, M. D., Wu, Y., Yu, D., & Hong, H. (2018). Storm 
induced estuarine turbidity maxima and controls on nutrient fluxes 
across river-estuary-coast continuum. Science of the Total Envi-
ronment, 628, 1108–1120. https:// doi. org/ 10. 1016/j. scito tenv. 
2018. 02. 060

Cheng, P., Li, M., & Li, Y. (2013). Generation of an estuarine sedi-
ment plume by a tropical storm. Journal of Geophysical Research: 
Oceans, 118, 856–868. https:// doi. org/ 10. 1002/ jgrc. 20070

Colden, A. M., & Lipcius, R. N. (2015). Lethal and sublethal effects 
of sediment burial on the eastern oyster Crassostrea virginica. 
Marine Ecology Progress Series, 527, 105–117. https:// doi. org/ 
10. 3354/ meps1 1244

Conroy, T., Sutherland, D. A., & Ralston, D. K. (2020). Estuarine 
exchange flow variability in a seasonal, segmented estuary. Jour-
nal of Physical Oceanography, 50, 505–613. https:// doi. org/ 10. 
1175/ JPO-D- 19- 0108.1

Coos Watershed Association. 2022. Stream data, South Fork Gage. 
http:// strea mdata. coosw aters hed. org. Accessed 18 April 2022.

Dimick, R. E., England, G., & Long J. B. (1941). Native oyster inves-
tigations of Yaquina Bay, Oregon. Progress Report 2 (p. 153). 
Oregon Agricultural Experimentation Station.

Eidam, E. F., Souza, T., Keogh, M., Sutherland, D., Ralston, D. K., 
Schmitt, J., & Helms, A. (2024). Spatial and temporal vari-
ability of century-scale sediment accumulation in an active-
margin estuary. Estuaries and Coasts. https:// doi. org/ 10. 1007/ 
s12237- 024- 01407-x

Eidam, E. F., Sutherland, D. A., Ralston, D. K., Conroy, T., & Dye, 
B. (2021). Shifting sediment dynamics in the Coos Bay Estuary 
in response to 150 years of modification. Journal of Geophysical 
Research: Oceans, 126, e2020JC016771. https:// doi. org/ 10. 1029/ 
2020J C0167 71

Eidam, E. F., Sutherland, D. A., Ralston, D. K., Dye, B., Conroy, T., 
Schmitt, J., Ruggiero, P., & Wood, J. (2020). Impacts of 150 years 
of shoreline and bathymetric change in the Coos Estuary, Oregon, 
USA. Estuaries and Coasts, 45, 1170–1188. https:// doi. org/ 10. 
1007/ s12237- 020- 00732-1

Espinoza, V., Waliser, D. E., Guan, B., Lavers, D. A., & Ralph, F. M. 
(2018). Global analysis of climate change projection effects on 
atmospheric rivers. Geophysical Research Letters, 45, 4299–4308. 
https:// doi. org/ 10. 1029/ 2017G L0769 68

Fishman, J. R., & Orth, R. J. (1996). Effects of predation on Zos-
tera marina L. seed abundance. Journal of Experimental Marine 
Biology and Ecology, 198, 11–26. https:// doi. org/ 10. 1016/ 0022- 
0981(95) 00176-X

FitzGerald, D. M., & Hughes, Z. (2019). Marsh processes and their 
response to climate change and sea-level rise. Annual Review of 
Earth and Planetary Sciences, 47, 481–517. https:// doi. org/ 10. 
1146/ annur ev- earth- 082517- 010255

Fivash, G. S., Stüben, D., Bachmann, M., Walles, B., van Belzen, J., 
Didderen, K., Temmink, R. J. M., Lengkeek, W., van der Heide, 
T., & Bouma, T. J. (2021). Can we enhance ecosystem-based 
coastal defense by connecting oysters to marsh edges? Analyzing 
the limits of oyster reef establishment. Ecological Engineering, 
165, 106221. https:// doi. org/ 10. 1016/j. ecole ng. 2021. 106221

Fox-Kemper, B., Hewitt, H. T., Xiao, C., Aðalgeirsdóttir, G., Drijf-
hout, S. S., Edwards, T. L., Golledge, N. R., Hemer, M., Kopp, 
R. E., Krinner, G., Mix, A., Nowicki, S., Nurhati, I. S., Ruiz, 
L., Sallée, J.-B., Slangen, A. B. A., spsampsps Yu, Y. 2021. 

https://cdmo.baruch.sc.edu
https://cdmo.baruch.sc.edu
https://cooswatershed.org
https://doi.org/10.1890/10-1510.1
https://doi.org/10.1890/10-1510.1
https://doi.org/10.1029/2022JG007143
https://doi.org/10.1038/ngeo553
https://doi.org/10.1016/S0304-3770(02)00004-9
https://doi.org/10.1016/S0304-3770(02)00004-9
https://doi.org/10.1007/BF02803367
https://doi.org/10.1007/BF02803367
https://doi.org/10.1002/lno.10374
https://doi.org/10.1016/j.ijsrc.2020.03.006
https://doi.org/10.1029/2008JB005679
https://doi.org/10.1029/2008JB005679
https://doi.org/10.1007/s12237-014-9848-8
https://doi.org/10.1007/s12237-014-9848-8
https://doi.org/10.1038/s41598-022-26708-8
https://doi.org/10.1016/j.scitotenv.2018.02.060
https://doi.org/10.1016/j.scitotenv.2018.02.060
https://doi.org/10.1002/jgrc.20070
https://doi.org/10.3354/meps11244
https://doi.org/10.3354/meps11244
https://doi.org/10.1175/JPO-D-19-0108.1
https://doi.org/10.1175/JPO-D-19-0108.1
http://streamdata.cooswatershed.org
https://doi.org/10.1007/s12237-024-01407-x
https://doi.org/10.1007/s12237-024-01407-x
https://doi.org/10.1029/2020JC016771
https://doi.org/10.1029/2020JC016771
https://doi.org/10.1007/s12237-020-00732-1
https://doi.org/10.1007/s12237-020-00732-1
https://doi.org/10.1029/2017GL076968
https://doi.org/10.1016/0022-0981(95)00176-X
https://doi.org/10.1016/0022-0981(95)00176-X
https://doi.org/10.1146/annurev-earth-082517-010255
https://doi.org/10.1146/annurev-earth-082517-010255
https://doi.org/10.1016/j.ecoleng.2021.106221


Estuaries and Coasts          (2025) 48:104  Page 15 of 17   104 

Ocean, cryosphere and sea level change. Climate change 2021: 
The physical science basis. Contribution of Working Group I to 
the Sixth Assessment Report of the Intergovernmental Panel on 
Climate Change. Masson-Delmotte, V., P. Zhai, A. Pirani, S.L. 
Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, 
M.I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J. B. R. Mat-
thews, T.K. Maycock, T. Waterfield, O. Yelekçi, R. Yu, B. Zhou, 
1211–1362. Cambridge University Press, New York. https:// doi. 
org/ 10. 1017/ 97810 09157 896. 011.

Gershunov, A., Shulgina, T., Ralph, F. M., Lavers, D. A., & Rutz, J. 
J. (2017). Assessing the climate-scale variability of atmospheric 
rivers affecting western North America. Geophysical Research 
Letters, 44, 7900–7908. https:// doi. org/ 10. 1002/ 2017G L0741 75

Godin, G. (1972). The analysis of tides. University of Toronto Press.
Grabowski, J. H., spsampsps Peterson, C. H. (2007). Restoring oyster 

reefs to recover ecosystem services. In K. Cuddington, J. E. 
Byers, W. G. Wilson, spsampsps A. Hastings (Eds.), Ecosystem 
engineers: Plants to protists (pp. 281–298). Elsevier-Academic 
Press

Green, M. O., & Coco, G. (2014). Review of wave-driven sediment 
resuspension and transport in estuaries. Reviews of Geophysics, 
52, 77–117. https:// doi. org/ 10. 1002/ 2013R G0004 37

Groth, S., & Rumrill, S. (2009). History of Olympia oysters (Ostrea 
lurida Carpenter 1864) in Oregon estuaries, and a description 
of recovering populations in Coos Bay. Journal of Shellfish 
Research, 28, 51–58. https:// doi. org/ 10. 2983/ 035. 028. 0111

Gunnell, J. R., Rodriguez, A. B., & McKee, B. A. (2013). How a marsh 
is built from the bottom up. Geology, 41, 859–862. https:// doi. org/ 
10. 1130/ G34582.1

Hughes, B. B., Levey, M. D., Brown, J. A., Fountain, M. C., Carlisle, 
A. B., Litvin, S. Y., Greene, C. M., Heady, W. N., & Gleason, M. 
G. (2014). Nursery functions of U.S. west coast estuaries: The 
state of knowledge for juveniles of focal invertebrate and fish spe-
cies. The Nature Conservancy

Inman, D. L., & Jenkins, S. A. (1999). Climate change and the episo-
dicity of sediment flux of small California rivers. The Journal of 
Geology, 107, 251–270. https:// doi. org/ 10. 1086/ 314346

Keogh, M. E., Kolker, A. S., Snedden, G. A., & Renfro, A. A. (2019). 
Hydrodynamic controls on sediment retention in an emerging 
diversion-fed delta. Geomorphology, 332, 100–111. https:// doi. 
org/ 10. 1016/j. geomo rph. 2019. 02. 008

Kornbluth, A., Perog, B. D., Crippen, S., Zacherl, D., Quintana, B., 
Grosholz, E. D., & Wasson, K. (2022). Mapping oysters on the 
Pacific coast of North America: A coast-wide collaboration to 
inform enhanced conservation. PLoS ONE, 17, e0263998. https:// 
doi. org/ 10. 1371/ journ al. pone. 02639 98

Larsen, E., Yednock, B., & Rumrill, S. (2014). Assessing Olympia 
oyster, Ostrea lurida, restoration efforts in South Slough, Coos 
Bay, Oregon, U.S.A. South Slough National Estuarine Research 
Reserve and Oregon Department of Fish and Wildlife. https:// 
olymp iaoys ternet. ucdav is. edu/ sites/g/ files/ dgvns k6466/ files/ resou 
rces/ OR08_% 20Oly mpia% 20Oys ter% 20Res torat ion% 20Rel ocati 
on% 20Pro ject_ report. pdf. Accessed 30 Aug 2023.

Magel, C. L., Chan, F., Hessing-Lewis, M., & Hacker, S. D. (2022). 
Differential responses of eelgrass and macroalgae in Pacific 
Northwest estuaries following an unprecedented NE Pacific Ocean 
marine heatwave. Frontiers in Marine Science, 9, 838967. https:// 
doi. org/ 10. 3389/ fmars. 2022. 838967

Magel, C. L., Hacker, S. D., Chan, F., & Helms, A. H. (2023). Eel-
grass and macroalgae loss in an Oregon estuary: Consequences 
for ocean acidification and hypoxia. Ocean-Land-Atmosphere 
Research, 2, 0023.

Marin Jarrin, M. J., Sutherland, D. A., & Helms, A. R. (2022). Water 
temperature variability in the Coos Estuary and its potential link 
to eelgrass loss. Frontiers in Marine Science, 9, 930440. https:// 
doi. org/ 10. 3389/ fmars. 2022. 930440

Marion, S. R., & Orth, R. J. (2012). Seedling establishment in eel-
grass: Seed burial effects on winter losses of developing seedlings. 
Marine Ecology Progress Series, 448, 197–207. https:// doi. org/ 
10. 3354/ meps0 9612

Mariotti, G., Elsey-Quirk, T., Bruno, G., & Valentine, K. (2020). Mud-
associated organic matter and its direct and indirect role in marsh 
organic matter accumulation and vertical accretion. Limnology 
and Oceanography, 65, 2626–2641. https:// doi. org/ 10. 1002/ lno. 
11475

Milcu, A. I., Hanspach, J., Abson, D., & Fischer, J. (2013). Cultural 
ecosystem services: A literature review and prospects for future 
research. Ecology and Society 18(44). https:// doi. org/ 10. 5751/ 
ES- 05790- 180344

Mills, K. E., & Fonseca, M. S. (2003). Mortality and productivity of 
eelgrass Zostera marina under conditions of experimental burial 
with two sediment types. Marine Ecology Progress Series, 255, 
127–134. https:// doi. org/ 10. 3354/ meps2 55127

Min, S. K., Zhang, X., Zwiers, F. W., & Hegerl, G. C. (2011). Human 
contribution to more-intense precipitation extremes. Nature, 470, 
378–381. https:// doi. org/ 10. 1038/ natur e09763

Morales, J. A., Borrego, J., San Miguel, E. G., López-González, N., 
& Carro, B. (2008). Sedimentary record of recent tsunamis in 
the Huelva Estuary (southwestern Spain). Quaternary Science 
Reviews, 27, 734–746. https:// doi. org/ 10. 1016/j. quasc irev. 2007. 
12. 002

Nelson, A. R., Jennings, A. E., & Kasima, K. (1996). An earthquake 
history derived from stratigraphic and microfossil evidence of 
relative sea-level change at Coos Bay, southern coastal Oregon. 
GSA Bulletin, 108(2), 141–154. https:// doi. org/ 10. 1130/ 0016- 
7606(1996) 108% 3C0141: AEHDFS% 3E2.3. CO;2

Nitsche, F. O., Ryan, W. B. F., Carbotte, S. M., Bell, R. E., Slagle, 
A., Bertinado, C., Flood, R., Kenna, T., & McHugh, C. (2007). 
Regional patterns and local variations of sediment distribution in 
the Hudson River Estuary. Estuarine, Coastal and Shelf Science, 
71, 259–277. https:// doi. org/ 10. 1016/j. ecss. 2006. 07. 021

NOAA National Estuarine Research Reserve System (NERRS). 
(2019). NOAA National Estuarine Research Reserve (NERR). 
System-wide monitoring program meteorological, Water quality 
and nutrient/pigment data from 1994 to 2024. NOAA National 
Centers for Environmental Information. Dataset. https:// doi. org/ 
10. 25921/ vw8a- 8031

NOAA. (2024). NOAA Tides and Currents, Charleston, OR - Station 
ID: 9432780. https:// tides andcu rrents. noaa. gov/ stati onhome. html? 
id= 94327 80. Accessed 29 Oct 2024.

Nordlund, L. M., Koch, E. W., Barbier, E. B., & Creed, J. C. (2016). 
Seagrass ecosystem services and their variability across genera 
and geographical regions. PLoS ONE, 11, e0163091. https:// doi. 
org/ 10. 1371/ journ al. pone. 01630 91

Nowacki, D. J., Stevens, A. W., Takesue, R. K., & Grossman, E. E. 
(2024). Fluvial delivery and wave resuspension of sediment in 
a sheltered, urbanized Pacific Northwest estuary. Estuaries and 
Coasts, 47, 32–47. https:// doi. org/ 10. 1007/ s12237- 023- 01256-0

Office for Coastal Management. 2023. The Olympia and Pacific oyster 
data portal, NOAA National Centers for Environmental Informa-
tion. https:// www. fishe ries. noaa. gov/ inport/ item/ 65431. Accessed 
27 May 2022.

Oliver, E. C., Donat, M. G., Burrows, M. T., Moore, P. J., Smale, D. 
A., Alexander, L. V., Benthuysen, J. A., Feng, M., Sen Gupta, A., 
Hobday, A. J., Holbrook, N. J., Perkins-Kirkpatrick, S. E., Scan-
nell, H. A., Straub, S. C., & Wernberg, T. (2018). Longer and more 
frequent marine heatwaves over the past century. Nature Commu-
nications, 9, 1–12. https:// doi. org/ 10. 1038/ s41467- 018- 03732-9

Orth, R. J., & Moore, K. A. (1986). Seasonal and year-to-year varia-
tions in the growth of Zostera marina L. (eelgrass) in the lower 
Chesapeake Bay. Aquatic Botany, 24, 335–341. https:// doi. org/ 10. 
1016/ 0304- 3770(86) 90100-2

https://doi.org/10.1017/9781009157896.011
https://doi.org/10.1017/9781009157896.011
https://doi.org/10.1002/2017GL074175
https://doi.org/10.1002/2013RG000437
https://doi.org/10.2983/035.028.0111
https://doi.org/10.1130/G34582.1
https://doi.org/10.1130/G34582.1
https://doi.org/10.1086/314346
https://doi.org/10.1016/j.geomorph.2019.02.008
https://doi.org/10.1016/j.geomorph.2019.02.008
https://doi.org/10.1371/journal.pone.0263998
https://doi.org/10.1371/journal.pone.0263998
https://olympiaoysternet.ucdavis.edu/sites/g/files/dgvnsk6466/files/resources/OR08_%20Olympia%20Oyster%20Restoration%20Relocation%20Project_report.pdf
https://olympiaoysternet.ucdavis.edu/sites/g/files/dgvnsk6466/files/resources/OR08_%20Olympia%20Oyster%20Restoration%20Relocation%20Project_report.pdf
https://olympiaoysternet.ucdavis.edu/sites/g/files/dgvnsk6466/files/resources/OR08_%20Olympia%20Oyster%20Restoration%20Relocation%20Project_report.pdf
https://olympiaoysternet.ucdavis.edu/sites/g/files/dgvnsk6466/files/resources/OR08_%20Olympia%20Oyster%20Restoration%20Relocation%20Project_report.pdf
https://doi.org/10.3389/fmars.2022.838967
https://doi.org/10.3389/fmars.2022.838967
https://doi.org/10.3389/fmars.2022.930440
https://doi.org/10.3389/fmars.2022.930440
https://doi.org/10.3354/meps09612
https://doi.org/10.3354/meps09612
https://doi.org/10.1002/lno.11475
https://doi.org/10.1002/lno.11475
https://doi.org/10.5751/ES-05790-180344
https://doi.org/10.5751/ES-05790-180344
https://doi.org/10.3354/meps255127
https://doi.org/10.1038/nature09763
https://doi.org/10.1016/j.quascirev.2007.12.002
https://doi.org/10.1016/j.quascirev.2007.12.002
https://doi.org/10.1130/0016-7606(1996)108%3C0141:AEHDFS%3E2.3.CO;2
https://doi.org/10.1130/0016-7606(1996)108%3C0141:AEHDFS%3E2.3.CO;2
https://doi.org/10.1016/j.ecss.2006.07.021
https://doi.org/10.25921/vw8a-8031
https://doi.org/10.25921/vw8a-8031
https://tidesandcurrents.noaa.gov/stationhome.html?id=9432780
https://tidesandcurrents.noaa.gov/stationhome.html?id=9432780
https://doi.org/10.1371/journal.pone.0163091
https://doi.org/10.1371/journal.pone.0163091
https://doi.org/10.1007/s12237-023-01256-0
https://www.fisheries.noaa.gov/inport/item/65431
https://doi.org/10.1038/s41467-018-03732-9
https://doi.org/10.1016/0304-3770(86)90100-2
https://doi.org/10.1016/0304-3770(86)90100-2


 Estuaries and Coasts          (2025) 48:104   104  Page 16 of 17

Payne, A. E., Demory, M. E., Leung, L. R., Ramos, A. M., Shields, 
C. A., Rutz, J. J., Siler, N., Villarini, G., Hall, A., & Ralph, 
F. M. (2020). Responses and impacts of atmospheric rivers to 
climate change. Nature Reviews Earth and Environment, 1, 
143–157. https:// doi. org/ 10. 1038/ s43017- 020- 0030-5

Peck, E. K., Wheatcroft, R. A., & Brophy, L. S. (2020). Controls 
on sediment accretion and blue carbon burial in tidal saline 
wetlands: Insights from the Oregon Coast, USA. Journal of 
Geophysical Research. Biogeosciences, 125, e2019JG005464. 
https:// doi. org/ 10. 1029/ 2019J G0054 64

Phillips, R. (1984). Ecology of eelgrass meadows in the Pacific 
Northwest: A community profile. U.S. Fish and Wildlife Ser-
vice, FWS/OBS-84/24.

Poirier, E., van Proosdij, D., & Milligan, T. G. (2017). The effect 
of source suspended sediment concentration on the sediment 
dynamics of a macrotidal creek and salt marsh. Continental 
Shelf Research, 148, 130–138. https:// doi. org/ 10. 1016/j. csr. 
2017. 08. 017

Rodriguez, A. B., McKee, B. A., Miller, C. B., Bost, M. C., & Aten-
cio, A. N. (2020). Coastal sedimentation across North America 
doubled in the 20th century despite river dams. Nature Commu-
nications, 11, 3249. https:// doi. org/ 10. 1038/ s41467- 020- 16994-z

Sadler, P. M. (1981). Sediment accumulation rates and the complete-
ness of stratigraphic sections. The Journal of Geology, 89, 569–
584. https:// doi. org/ 10. 1086/ 628623

Schmitt, J., & Helms, A. (2017). South slough NERR sentinel site 
application module 1 plan. South Slough National Estuarine 
Research Reserve. https:// www. oregon. gov/ dsl/ ss/ Docum ents/ 
Monit oring% 20Plan. pdf. Accessed 7 Nov 2022.

Sherman, K., & DeBruyckere, L. A. (2018). Eelgrass habitats on the 
U.S. west coast: State of the knowledge of eelgrass ecosystem 
services and eelgrass extent. Pacific Marine and Estuarine Fish 
Habitat Partnership and The Nature Conservancy. https:// www. 
pacifi cfis hhabi tat. org/ wp- conte nt/ uploa ds/ 2017/ 09/ EelGr ass_ 
Report_ Final_ ForPr int_ web. pdf. Accessed 4 Mar 2024.

Sillmann, J., Kharin, V. V., Zwiers, F. W., Zhang, X., & Bronaugh, 
D. (2013). Climate extremes indices in the CMIP5 multimodel 
ensemble: Part 2. Future climate projections. Journal of Geophysi-
cal Research: Atmospheres, 118, 2473–2493. https:// doi. org/ 10. 
1002/ jgrd. 50188

Sommerfield, C. K., Duval, D. I., & Chant, R. J. (2017). Estuarine 
sedimentary response to Atlantic tropical cyclones. Marine Geol-
ogy, 391, 65–75. https:// doi. org/ 10. 1016/j. margeo. 2017. 07. 015

Sommerfield, C. K., Nittrouer, C. A., & Alexander, C. R. (1999). 7Be 
as a tracer of flood sedimentation on the northern California con-
tinental margin. Continental Shelf Research, 19, 335–361. https:// 
doi. org/ 10. 1016/ S0278- 4343(98) 00090-9

Sutherland, D. A., & O’Neill, M. A. (2016). Hydrographic and dis-
solved oxygen variability in a seasonal Pacific Northwest estuary. 
Estuarine, Coastal and Shelf Science, 172, 47–59. https:// doi. org/ 
10. 1016/j. ecss. 2016. 01. 042

Tallis, H. M., Ruesink, J. L., Dumbauld, B., Hacker, S., & Wisehart, 
L. M. (2009). Oysters and aquaculture practices affect eelgrass 
density and productivity in a Pacific Northwest estuary. Journal 
of Shellfish Research, 28, 251–261. https:// doi. org/ 10. 2983/ 035. 
028. 0207

Thom, R. M., Borde, A. B., Rumrill, S., Woodruff, D. L., Williams, 
G. D., Southard, J. A., & Sargeant, S. L. (2003). Factors influenc-
ing spatial and annual variability in eelgrass (Zostera marina L.) 
meadows in Willapa Bay, Washington, and Coos Bay, Oregon, 
estuaries. Estuaries, 26, 1117–1129. https:// doi. org/ 10. 1007/ 
BF028 03368

Thom, R. M., Southard, S. L., Borde, A. B., & Stoltz, P. (2008). Light 
requirements for growth and survival of eelgrass (Zostera marina 
L.) in Pacific Northwest (USA) estuaries. Estuaries and Coasts, 
31, 969–980. https:// doi. org/ 10. 1007/ s12237- 008- 9082-3

Thompson, R. O. (1983). Low-pass filters to suppress inertial and tidal 
frequencies. Journal of Physical Oceanography, 13, 1077–1083. 
https:// doi. org/ 10. 1175/ 1520- 0485(1983) 0132.0. CO;2

Thorne, K., MacDonald, G., Guntenspergen, G., Ambrose, R., Buff-
ington, K., Dugger, B., Freeman, C., Janousek, C., Brown, L., 
Rosencranz, J., Holmquist, J., Smol, J., Hargan, K., & Takekawa, 
J. (2018). U.S. Pacific coastal wetland resilience and vulnerability 
to sea-level rise. Science Advances, 4, eaao3270. https:// doi. org/ 
10. 1126/ sciadv. aao32 70

Thrush, S., Hewitt, J., Cummings, V., Ellis, J., Hatton, C., Lohrer, A., 
& Norkko, A. (2004). Muddy waters: Elevating sediment input 
to coastal and estuarine habitats. Frontiers in Ecology and the 
Environment, 2, 299–306. https:// doi. org/ 10. 2307/ 38684 05

Törnqvist, T. E., Cahoon, D. R., Morris, J. T., & Day, J. W. (2021). 
Coastal wetland resilience, accelerated sea-level rise, and the 
importance of timescale. AGU Advances, 2, e2020AV000334. 
https:// doi. org/ 10. 1029/ 2020A V0003 34

Traynum, S., & Styles, R. (2007). Flow, stress and sediment resuspen-
sion in a shallow tidal channel. Estuaries and Coasts, 30, 94–101. 
https:// doi. org/ 10. 1007/ BF027 82970

USACE. (2023). Locations – Navigation Projects – Coos Bay. https:// 
www. nwp. usace. army. mil/ Locat ions/ Navig ation- Proje cts/ Coos- 
Bay/. Accessed 29 Oct 2024.

Van Maren, D. S., van Kessel, T., Cronin, K., & Sittoni, L. (2015). The 
impact of channel deepening and dredging on estuarine sediment 
concentration. Continental Shelf Research, 95, 1–14. https:// doi. 
org/ 10. 1016/j. csr. 2014. 12. 010

Van Proosdij, D., Davidson-Arnott, R. G., & Ollerhead, J. (2006). Con-
trols on spatial patterns of sediment deposition across a macro-tidal 
salt marsh surface over single tidal cycles. Estuarine, Coastal and 
Shelf Science, 69, 64–86. https:// doi. org/ 10. 1016/j. ecss. 2006. 04. 
022

Verstraeten, G., Van Rompaey, A., Poesen, J., Van Oost, K., & Govers, 
G. (2003). Evaluating the impact of watershed management sce-
narios on changes in sediment delivery to rivers? Hydrobiologia, 
494, 153–158. https:// doi. org/ 10. 1023/A: 10254 06129 998

Ward, M., & Beheshti, K. (2023). Lessons learned from over thirty 
years of eelgrass restoration on the US west coast. Ecosphere, 14, 
e4642. https:// doi. org/ 10. 1002/ ecs2. 4642

Wasson, K., Zabin, C., Bible, J., Briley, S., Ceballos, E., Chang, A., 
Cheng, B., Deck, A., Grosholz, T., Helms, A., Latta, M., Yednock, 
B., Zacherl, D., & Ferner, M. (2015). A guide to Olympia oyster 
restoration and conservation: environmental conditions and sites 
that support sustainable populations. https:// repos itory. libra ry. 
noaa. gov/ view/ noaa/ 44193. Accessed 28 May 2024.

Wengrove, M. E., Foster, D. L., Kalnejais, L. H., Percuoco, V., & 
Lippmann, T. C. (2015). Field and laboratory observations of bed 
stress and associated nutrient release in a tidal estuary. Estuarine, 
Coastal and Shelf Science, 161, 11–24. https:// doi. org/ 10. 1016/j. 
ecss. 2015. 04. 005

Willemsen, P. W. J. M., Borsje, B. W., Hulscher, S. J. M. H., Van der 
Wal, D., Zhu, Z., Oteman, B., Evans, B., Möller, I., & Bouma, T. 
J. (2018). Quantifying bed level change at the transition of tidal 
flat and salt marsh: Can we understand the lateral location of the 
marsh edge? Journal of Geophysical Research: Earth Surface, 
123, 2509–2524. https:// doi. org/ 10. 1029/ 2018J F0047 42

Woodruff, J. D., Geyer, W. R., Sommerfield, C. K., & Driscoll, N. W. 
(2001). Seasonal variation of sediment deposition in the Hudson 
River estuary. Marine Geology, 179, 105–119. https:// doi. org/ 10. 
1016/ S0025- 3227(01) 00182-7

Yan, Y., Song, D., Bao, X., & Wang, N. (2021). The response of tur-
bidity maximum to peak river discharge in a macrotidal estuary. 
Water, 13, 106. https:// doi. org/ 10. 3390/ w1301 0106

Yang, S. L., Zhang, J., Zhu, J., Smith, J. P., Dai, S. B., Gao, A., & Li, P. 
(2005). Impact of dams on Yangtze River sediment supply to the 
sea and delta intertidal wetland response. Journal of Geophysical 

https://doi.org/10.1038/s43017-020-0030-5
https://doi.org/10.1029/2019JG005464
https://doi.org/10.1016/j.csr.2017.08.017
https://doi.org/10.1016/j.csr.2017.08.017
https://doi.org/10.1038/s41467-020-16994-z
https://doi.org/10.1086/628623
https://www.oregon.gov/dsl/ss/Documents/Monitoring%20Plan.pdf
https://www.oregon.gov/dsl/ss/Documents/Monitoring%20Plan.pdf
https://www.pacificfishhabitat.org/wp-content/uploads/2017/09/EelGrass_Report_Final_ForPrint_web.pdf
https://www.pacificfishhabitat.org/wp-content/uploads/2017/09/EelGrass_Report_Final_ForPrint_web.pdf
https://www.pacificfishhabitat.org/wp-content/uploads/2017/09/EelGrass_Report_Final_ForPrint_web.pdf
https://doi.org/10.1002/jgrd.50188
https://doi.org/10.1002/jgrd.50188
https://doi.org/10.1016/j.margeo.2017.07.015
https://doi.org/10.1016/S0278-4343(98)00090-9
https://doi.org/10.1016/S0278-4343(98)00090-9
https://doi.org/10.1016/j.ecss.2016.01.042
https://doi.org/10.1016/j.ecss.2016.01.042
https://doi.org/10.2983/035.028.0207
https://doi.org/10.2983/035.028.0207
https://doi.org/10.1007/BF02803368
https://doi.org/10.1007/BF02803368
https://doi.org/10.1007/s12237-008-9082-3
https://doi.org/10.1175/1520-0485(1983)0132.0.CO;2
https://doi.org/10.1126/sciadv.aao3270
https://doi.org/10.1126/sciadv.aao3270
https://doi.org/10.2307/3868405
https://doi.org/10.1029/2020AV000334
https://doi.org/10.1007/BF02782970
https://www.nwp.usace.army.mil/Locations/Navigation-Projects/Coos-Bay/
https://www.nwp.usace.army.mil/Locations/Navigation-Projects/Coos-Bay/
https://www.nwp.usace.army.mil/Locations/Navigation-Projects/Coos-Bay/
https://doi.org/10.1016/j.csr.2014.12.010
https://doi.org/10.1016/j.csr.2014.12.010
https://doi.org/10.1016/j.ecss.2006.04.022
https://doi.org/10.1016/j.ecss.2006.04.022
https://doi.org/10.1023/A:1025406129998
https://doi.org/10.1002/ecs2.4642
https://repository.library.noaa.gov/view/noaa/44193
https://repository.library.noaa.gov/view/noaa/44193
https://doi.org/10.1016/j.ecss.2015.04.005
https://doi.org/10.1016/j.ecss.2015.04.005
https://doi.org/10.1029/2018JF004742
https://doi.org/10.1016/S0025-3227(01)00182-7
https://doi.org/10.1016/S0025-3227(01)00182-7
https://doi.org/10.3390/w13010106


Estuaries and Coasts          (2025) 48:104  Page 17 of 17   104 

Research: Earth Surface, 110, F03006. https:// doi. org/ 10. 1029/ 
2004J F0002 71

Zapata, C., Puente, A., Garca, A., Garcia-Alba, J., & Espinoza, J. 
(2018). Assessment of ecosystem services of an urbanized tropi-
cal estuary with a focus on habitats and scenarios. PLoS ONE, 13, 
1–19. https:// doi. org/ 10. 1371/ journ al. pone. 02039 27

Zhang, K., Douglas, B. C., & Leatherman, S. P. (2004). Global warm-
ing and coastal erosion. Climatic Change, 64, 41–58. https:// doi. 
org/ 10. 1023/B: CLIM. 00000 24690. 32682. 48

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1029/2004JF000271
https://doi.org/10.1029/2004JF000271
https://doi.org/10.1371/journal.pone.0203927
https://doi.org/10.1023/B:CLIM.0000024690.32682.48
https://doi.org/10.1023/B:CLIM.0000024690.32682.48

	Estuarine Sediment Dynamics and the Importance of Storms in Moving (and Removing) Mud
	Abstract
	Introduction
	Methods
	Study Area
	Data Sources
	Sediment Core Collection and Analysis
	Monitoring Data Synthesis
	Hydrodynamic Model Simulation

	Results
	Observations of Event- to Seasonal-Scale Hydrodynamics and Sediment Movement
	Event-Driven Sediment Dynamics: Comparing Observations and Model Results

	Discussion
	Middle Estuary as a Hot Spot for Sediment Accretion
	Consistency of Spatial Patterns Across Timescales but Not Elevation
	Impacts of Sediment Dynamics on Key Native Species

	Conclusions
	Acknowledgements 
	References


