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Large-scale Dam Removals and Nearshore 
Ecological Restoration: Lessons Learned 
from the Elwha Dam Removals 

J. Anne Shaffer, Eric Higgs, Caroline Walls and Francis Juanes

ABSTRACT
Large dam removals are emerging as an important ecosystem restoration tool, and they often have direct influence on the 
marine nearshore zone, but dam removal plans give little consideration to nearshore restoration. We provide an overview 
of the relationship between large-scale dam removals and nearshore restoration, using the Elwha dam removal project, 
in Washington State, United States, as a basis. The following steps are essential for incorporating nearshore restoration 
planning into future dam removals: 1) Conceptual and technical modeling of nearshore physical and ecological processes 
at the drift cell scale to define nearshore priorities and geographic areas to be conserved or restored; 2) Acquiring seasonal 
field data to inform models, including: water quality; sediment delivery volumes, timing, trajectory and composition; 
and basic fish community data such as abundance, size, species composition, and trophic components; 3) Mapping 
nearshore habitat areal extent and ecological function prior to, during, and after dam removal, including vegetation 
composition and invertebrate community composition; 4) Defining and addressing the implications of habitat barriers 
and fish management actions for nearshore ecosystem function prior to dam removal. Structures and hatchery practices 
that conflict with nearshore ecosystem function for wild species prior to, during, and after dam removal should be iden-
tified and eliminated; 5) Anticipating nearshore invasive species colonization as a result of dam removal; 6) Developing 
and implementing long-term adaptive management plans to ensure nearshore restoration goals are identified and met. 
These steps must begin as early as possible in the planning process.

Keywords: drift cell, habitat, hatcheries, salmon, watershed management

As large-scale dam removals increase in frequency, the 
need to understand the best practices for nearshore 

restoration grows. The nearshore environment and habi-
tats, hereafter called “nearshore”, are defined as extending 
from the area of tidal influence in lower rivers and include 
riparian zones, offshore to a depth of 30 meters below 
Mean Lower Low Water (MLLW) (Shaffer et al. 2008). 
The nearshore encompasses a critical set of ecosystems 

 Restoration Recap •
• Worldwide it is estimated that there are 40,000–47,000 

large-scale dams. Many have had significant impacts to 
watershed and marine ecosystems. Large dams built in 
the last century are now deteriorating, and dam removal 
is increasing as a restoration tool. The Elwha dam removal 
project, on the Olympic Peninsula in the state of Wash-
ington, is the largest dam removal project to date.

• Nearshore habitats provide flood protection, water quality 
improvement, and critical habitat for fisheries. However, 
most dam removal plans do not adequately address 

nearshore restoration. Through restoration of the Elwha 
River nearshore environment, we developed important 
recommendations for future dam removals.

• Planning should include the nearshore ecosystem at all 
stages. Defining physical and biological linkages between 
nearshore ecosystems, drift cells, and ecological function 
is critical in meeting restoration goals of dam removal.

• Adaptive management of nearshore restoration and con-
servation must be early, ongoing, and integral to dam 
removal.
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connecting freshwater and marine corridors. Formed 
and maintained by complex hydrodynamic and sediment 
processes (Schwartz 1973, Pilkey and Cooper 2014), the 
nearshore can be highly variable ecologically. Examples 
of the nearshore include: mangroves, shallow coral reefs, 
estuaries, salt marshes, rocky intertidal, un-vegetated and 
vegetated tide flats, kelp beds, and rocky reefs (Bertness 
et al. 2014). Additionally, drift cells are a key feature that 
define the nearshore. An idealized drift cell consists of 
three components: a site that serves as a sediment source 
and origin (usually an erosional bluff); a zone of transport 
where sediment may be temporarily deposited alongshore; 
and a terminus area of deposition and transport (Jacobsen 
and Schwartz 1981).

The nearshore provides ecosystem services of flood 
protection, water quality improvement, and critical ecosys-
tem function. In North America, iconic cod and salmon, 
including Salmo salar (Atlantic salmon), Oncorhynchus 
tshawytscha (Chinook salmon), Oncorhynchus kisutch 
(coho salmon), Oncorhynchus mykiss (steelhead trout), 
Oncorhynchus clarkii (cutthroat trout), Oncorhynchus keta 
(chum salmon), Oncorhynchus gorbuscha (pink salmon), 
and Oncorhynchus nerka (sockeye salmon), depend on the 
nearshore for the life history stages of migration, resting, 
rearing, and feeding. Forage fish, which support global 
fisheries valued at $11.3 billion, depend on the nearshore 
for the same life history phases as well as for spawning 
(Reeves et al. 1989, Fresh 2006, Penttila 2007, Simenstad 
et al. 2011, Shaffer et al. 2012, Martin 2014, Pikitch et al. 
2014). The nearshore has also been documented as a limit-
ing factor for survival of juvenile anadromous salmon as 
they transition to adult and offshore habitats (Greene and 
Beechie 2004).

The nearshore is economically valuable as well. Accord-
ing to Wilson and Liu (2008) the world’s total economic 
value of coastal marine systems is estimated to be US $22 
trillion. Global nearshore ecosystem services have yet to be 
calculated. Nearshore ecological services for lower British 
Columbia, Canada are estimated to be $30–60 billion a 
year (Molnar et al. 2012). Along the northwest coast of the 
United States, Washington State coastlines provide ecosys-
tem services of $985 million to $4.4 billion per year (Flores 
et al. 2013, Flores and Batker 2014). These values will likely 
increase in the future concomitant with climate change 
due to increasing pressure on coastal and riparian areas.

Human development has concentrated along northeast 
Pacific shorelines for more than 13,000 years (Gustafson 
2012). With non-Tribal settlement in the region, shorelines 
continue to be filled and armored, lower rivers channel-
ized and diked, and large docks and piers built over water. 
Storm water from upland development is conveyed to the 
shoreline. Cumulatively, such development has resulted in a 
severe loss of nearshore habitat and a number of impacts to 
marine ecosystem function globally (Levin and Lubchenco 

2008, Dugan et al. 2011, Pilkey and Cooper 2014). Disrup-
tion of nearshore hydrodynamics and related sediment 
processes is a central impact on the nearshore (Bottom et 
al. 2005, Rice 2006, Dugan et al. 2008). Hobson et al. (2001) 
documented that dramatic shifts in upland management 
can affect nearshore production.

Large-Scale Dams and the Nearshore
Large-scale dams (> 15 m in height) are well documented 
to have significant impacts on land margin form and func-
tional processes by blocking fish passage and altering river 
flows and sediment delivery to the nearshore. Dams located 
hundreds of miles inland may have significant ecosystem 
scale impacts on the coast. Drinkwater and Frank (1994) 
provide an overview of the major types of impacts of in-
river dams to marine fisheries of the Black Sea, San Fran-
cisco Bay, and Hudson Bay. The delta of the Ebro River, 
the largest river in Spain, has decreased in area, and its 
salt wedge has increased due to in-river dams that have 
disrupted sediment and hydrodynamic processes (Jimenez 
and Sanchez-Arcilla 1993). Holmquist et al. (1998) state 
that high dams have an impact on shrimp and non-native 
species colonization (WCD 2000). In the United States, 
sediment delivery to the Columbia River littoral system 
has been decreased by a factor of three and is now a frac-
tion of pre-dam rates (Gelfenbaum et al. 1999). Slagel and 
Griggs (2008) have estimated that sand volume contribu-
tion to beaches in California has been reduced from dam 
impoundment by up to 50% since 1885. Bennett (2005) 
cites dams as a significant negative factor to the survival of 
federally listed smelt species in San Francisco Bay. Nobriga 
et al. (2005) revealed that dams reduced sediment delivery 
to the nearshore by approximately 50%.

Habitat impacts are not the only nearshore factors 
associated with large-scale dams. Salmon hatcheries have 
become prominent management features over the last 
100 years to increase fish production in populations that 
have been decimated by habitat degradation and over 
harvesting (Waples 1991, Lichatowich and Lichatowich 
2001). Fish hatcheries are a management tool often asso-
ciated with large-scale dams and dam removal (Ward et 
al. 2008). However, research has shown that hatcheries 
actually impede watershed restoration by displacing wild 
fish stocks and diluting genetic rigor (Lackey 2000, Weber 
and Fausch 2003, Kaeriyama and Edpalina 2004, Naish et 
al. 2007). In the northeast Pacific, the release of juvenile 
O. tshawytscha and O. kisutch from hatcheries into lower 
rivers has been documented to negatively affect O. keta 
and O.  gorbuscha populations (Johnson 1973, Cardwell 
and Fresh 1979), which is one of the reasons hatcheries are 
now being questioned as a true restoration tool (Gregory et 
al. 2002). The relationship between hatchery practices and 
nearshore function is still not fully understood.
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Restoration of the Nearshore
In the last 20 years, there have been increased efforts 
to restore degraded aquatic ecosystems, including the 
nearshore (Borja et al. 2010, McGraw and Thom 2011). 
In 2011 alone, in the United States, $316 million was 
allocated through the federal NOAA Restoration Office 
for ecosystem restoration (McGraw and Thom 2011), and 
the US Army Corps of Engineers is slated to allocate $337 
million to aquatic ecosystem restoration over the next 
biennium (USACE 2014). The majority of this restoration 
funding is allocated to the nearshore, but if the restoration 
projects do not adequately address the causes of nearshore 
degradation, the efforts will be insufficient.

Restoration of the nearshore marine environment may 
range from independent, small-scale riparian plantings, 
shoreline vegetation and sediment enhancements, to 
large-scale, full ecosystem restoration events. Small- and 
medium-scale projects are often relatively straight forward 
and show clear improvements relative to unrestored areas 
(Toft et al. 2013). While these small marine restoration 
projects may result in an increase in acres of marine habitat 
or an increase in the abundance of an individual species, 
many projects do not consider the underlying causes of 
degradation. If the causal mechanisms are not understood, 
the “restoration” will provide little recovery to species and 
functions that would be present in an intact system, so they 
fail to achieve full ecosystem restoration (Powers and Boyer 
2014). Without true ecosystem restoration, ecosystem 
services may not be restored, and the intended restoration 
will ultimately fail. It is therefore critical to appropriately 
scope nearshore restoration actions.

Ecosystem Based Management (EBM) is an emerging 
tool in conserving and protecting the world’s vanishing 
coastal resources (Levin and Lubchenco 2008), including 
the nearshore (Browman et al. 2004, Barbier et al. 2008). To 
date, EBM tools have not sufficiently focused on functional 
linkages between nearshore ecosystems and watershed 
species management actions. Hatcheries have transitioned 
from a top EBM restoration tool to a controversial manage-
ment issue for ecosystem restoration. Evidence suggests 
that interactions between wild and hatchery fishes may 
disrupt residence time and increase competition and pre-
dation on wild stocks (Levin and Williams 2002, Weber 
and Fausch 2003, Naish et al. 2007). The implications of 
hatcheries for the nearshore and the role that hatchery 
management plays in the ecological function of an estu-
ary undergoing restoration and the nearshore have been 
inadequately researched and are thus poorly understood. 
Further, the interactions between hatcheries, dam remov-
als, and nearshore ecosystem restorations are likely central 
to dam removal restoration success but are not currently 
considered in dam removal planning efforts (Table 1).

There are many compelling reasons nearshore res-
toration should be considered in the restoration plan-
ning and monitoring phases of dam removal. Reasons 
include: the loss of nearshore habitats worldwide; the 
long-term impacts of dams to the nearshore; the potential 
for nearshore ecosystem shifts from dam removals; and 
the potential for significant ecosystem-scale restoration 
opportunities associated with dam removals. The Elwha 
dam removal project provides our first opportunity to focus 
on the restoration response of nearshore ecosystems to dam 
removals (Table 1), and to inform planning processes for 

Table 1. Large Dam Removal Projects environmental planning documents: Y = Included, N = Not included,  
M = Mentioned.

Dam Removal Project

Nearshore 
impacts of 
dam removal 
identified

Nearshore restoration associated with 
dam removal sufficiently scoped and 
additional actions, if any, prioritized Citation

United States
 Elwha EIS Y M (mentioned,  

but not included in detailed planning)
U.S.DoI 1996, Ward et al. 2008 

 Matilija Dam EIS Y N USCoE 2010

  Klamath Dam Removal 
EIS and Reports

Y N
US Departments of the Interior and 
Commerce 2012

 San Clemente Y N California Department of Water Resource 
2012

 Marmot Dam N N FERC 2008
 Searsville Dam N N USFWS and NMFS 2012
France International Rivers 2015
 St Étienne du Vigan N N
 Kemansquillec N N
Spain International Rivers 2015
 Robledo N N
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Figure 1. Elwha drift cell with landforms (top panel), watershed (bottom left) and geographic location North 
Olympic Peninsula, Washington State, USA. Map by Dave Parks, Washington Department of Natural Resources.
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future restoration projects. Table 2 provides an overview 
of the limiting factors of nearshore restoration that were 
illuminated during the Elwha dam removal. Our objective 
in this paper is to provide an overview of the relationship 
between large-scale dam removals and nearshore restora-
tion and to give specific guidance for future restoration 
actions since dam removal is becoming more common. 
The Elwha dam removal project provides the basis for our 
recommendations.

Elwha Nearshore Restoration

Located on the north Olympic Peninsula of Washington 
State, United States (Figure 1), the Elwha nearshore is 
severely sediment starved and ecologically impaired due 
to a number of anthropogenic impacts, including two large 
hydroelectric dams. Glines Canyon Dam (64 m tall) and 
Elwha Dam (33 m tall) were installed in the Elwha River at 
the turn of the previous century. The two dams were 21 km 
and 8 km from the nearshore, respectively (Figure 2). Major 
impacts to the Elwha nearshore ecosystem directly related 
to the dam removals include ongoing shoreline armoring, 
lower river alterations, and in-river dams (Shaffer et al. 
2008). As a result, the Elwha bluff and spit beaches are 
steep, with coarsened substrate and more variable grain size 
than comparable intact drift cells (Parks et al. 2013, Parks 
2015). Furthermore, dikes and shoreline-armoring remain 
after dam removal, resulting in only a partial restoration 
in the Elwha nearshore.

Ecologically, the impacts are significant. Forage fish 
spawning in the Elwha nearshore is significantly lower 
than in comparable drift cells (Weifferling 2014). The lower 
Elwha River hydrodynamics are disrupted from straight-
ening of the river, lower river alterations, including dikes 
(Shaffer et al. 2008, 2009). Fish use in the Elwha estuary 
is also disrupted (Shaffer et al. 2009). While eelgrass bed 
distribution along the Elwha drift cell is not significantly 
different than that of comparable areas across the drift cell 
(Norris et al. 2007), kelp bed distribution has expanded sig-
nificantly across the drift cell since the armoring of Elwha 
feeder bluffs during the installation of industrial waterline 
and dams (Barry 2013). Finally, due to anthropogenic pres-
sures, the distribution, size, and density of large woody 
debris (LWD) of the Elwha nearshore is significantly lower 
than on unaltered shorelines (Rich et al. 2014).

While it is an impaired ecosystem, long-term monitor-
ing has revealed that the Elwha nearshore is ecologically 
complex, diverse, and ecologically important for fish. Fish 
use of Elwha nearshore habitats is highly variable, seasonal, 
and driven by species life history (Shaffer et al. 2008, 2009, 
2012). Numerous juvenile fish species using the Elwha 
nearshore are listed under the federal Endangered Spe-
cies Act (ESA) as threatened or endangered, including 
O. tshawytscha and O. kisutch that originate from as far 
away as the Columbia and Klamath River systems (Shaffer 

Figure 2. Elwha and Glines Canyon dams. After 25 
years of planning, dam removal began in September 
2011 and was completed August 31, 2014.

et al. 2012, Quinn et al. 2013a and b). Thus, nearshore 
restoration is important at an ecosystem level as well as 
at regional and larger scales. Pre-dam removal monitor-
ing also indicates that hatchery practices, which result in 
upwards of 3 million salmon smolts being released into the 
Elwha nearshore during peak salmon out-migration, can 
seasonally overwhelm fish abundance in the estuary, shift 
fish species composition and abundance in the Elwha estu-
ary, and eclipse seasonal wild out-migrating fish (Shaffer 
et al. 2009, Quinn et al. 2013a and b).

Twenty-five years after being legislated, the Elwha dam 
removal project began in September 2011 and concluded 
in September 2014. Approximately 20 million cubic meters 
(mcm) of sediment stored behind the dams are now being 
released into the watershed. Of this, approximately 10 
mcm of silt, sand, and gravel material will be delivered 
to the nearshore (Gelfenbaum et al. 2015, Warrick et al. 
2015, Randle et al. 2015) within five years of dam removal 
(U.S. DoI 1996, Shaffer et al. 2008). Extensive watershed 
restoration planning and monitoring work defined near-
shore baseline conditions and monitored dam removal 
response (Duda et al. 2008, Duda et al. 2011, Warrick et 
al. 2015). But little scoping, planning, or implementation 
of nearshore restoration projects was achieved prior to, or 
during, the Elwha dam removals (Table 1). There was, to 
our knowledge, no funding for nearshore restoration rela-
tive to that for watershed restoration. Further, no adaptive 
management actions were in place to identify or address 
nearshore ecological issues identified prior to, or during, 
dam removals (Table 1). A few studies did recommend res-
toration of the nearshore habitats (Shaffer et al. 2009, Rich 
et al. 2014, Weifferling 2014), but these were unfortunately 
late in the dam removal timeline, and largely independent 
of the planning and funding framework. Therefore, few of 
the recommendations were incorporated into the formal 
dam removal process (Table 2).
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for nearshore function and in particular for fish use of 
the nearshore.

The Elwha dam removals were intended to result in res-
toration of the watershed ecosystem and the rebuilding of 
anadromous fish runs of the Elwha River (U.S. DoI 1996). 
However, at the beginning of the project, virtually nothing 
was known about how fish, including the many target spe-
cies that have critical nearshore life history phases, would 
respond to the episodic and large volumes of sediment 
released into the nearshore. Much attention and decades 
of planning were dedicated to defining and prioritizing 
watershed habitat restoration projects in the Elwha River 
for a number of these salmon species (Ward et al. 2008, 
Quinn et al. 2013a). However, planning prior to dam 
removals did not identify or prioritize detailed nearshore 
restoration actions for these and other important species 
(Tables 1 and 2).

Based on the paucity of information on nearshore 
restoration aspects of large-scale dam removals and our 
career-spanning experience in the nearshore of the Elwha 
dam removal project, we provide the following recom-
mendations. These are the critical nearshore planning, 
management, and monitoring elements to consider in 
nearshore restoration planning through future large-scale 
dam removals.

Recommendations for Incorporating 
Nearshore Restoration into 
Large-Scale Dam Removals

Link Nearshore Physical Processes 
and Ecosystem Restoration
Dam removals are intended to restore ecological function, 
largely through the restoration of physical ecosystem pro-
cesses, including the nearshore. These physical processes 
therefore should be defined and monitored at both the 
watershed and drift cell scale and then evaluated and moni-
tored for ecological function. This will require integrating 
key nearshore ecological elements, fish use in particular, 
into physical monitoring.

As stated by Parks et al. (2013), seasonal and inter-annual 
timing of sediment delivery to the intertidal along the 
entire drift cell and habitat, and direct linkage of this deliv-
ery to community changes within the nearshore, are criti-
cal to define for accurate understanding and restoration 
of the nearshore. This includes defining seasonal timing, 
volume, grain size and intertidal distribution of sediment 
delivery as well as nearshore habitat change associated 
with sediment delivery across the drift cell. This involves 
mapping habitat changes, not just sediment volumes. In 
the Elwha nearshore in 2013, two years after dam removal 
began, 65% of total retained sediment still remained in 
the watershed, and less than 12.5% of the 20 mcm of total 
estimated sediment that could potentially be released to 

Figure 3. Elwha estuary and lower river before and 
after dam removals. A) Estuary in August 2010. Photo 
credit: John Gussman; B) Estuary in April 2014. Photo 
credit: Tom Roorda. Mapping estimates indicate that 
the Elwha nearshore estuary and lower river habitat 
has grown by approximately 80 acres (Shaffer et al. in 
press).

In the Elwha, exhaustive project planning was done 
prior to dam removals to minimize sediment impacts to 
in-river fish migration. These included “fish windows,” 
during which time dam removal was halted with the 
intent of minimizing sediment loads during fish use of 
the river. Planning, however, did not consider sediment 
delivery timing to the nearshore. As a result, the Elwha 
dam removal project could be a catastrophic disturbance 
event to the nearshore fish habitat, which is seasonally 
highly functioning (Shaffer et al. 2009). While detrital 
input from rivers is a significant source of detrital organic 
carbon for marine basins of the Salish Sea (El-Sabaawi et 
al. 2010), the short and dramatic nature of this sediment 
delivery may overwhelm the Elwha nearshore system 
and force an ecosystem shift to an alternative state of 
equilibrium (Levin and Lubchenco 2008). It is therefore 
critical to anticipate dam removal impacts specifically 



June 2017 ECOLOGICAL RESTORATION 35:2  • 95

the watershed had reached the nearshore. Some areas of 
shoreline aggraded only a few centimeters, while others 
grew by tens of meters (Gelfenbaum et al. 2015). However, 
when mapped for habitat coverage, these sediment volumes 
translate to upwards of 35 hectares (85 acres) of new lower 
river and estuary (Shaffer et al. in press, Figure 3).

It is also important to define, through pre-dam removal 
monitoring, nearshore basic water quality. Water quality 
parameters, including turbidity, temperature, pH, dis-
solved oxygen, and salinity, are critical components to 
understanding both physical and nearshore responses 
to large-scale dam removal. These data must be able to 
accurately reflect both seasonal and inter-annual changes 
in nearshore water quality. Monitoring must include both 
the original nearshore and newly created nearshore habi-
tats, not just pre-dam removal sites. Concomitant data in 
comparable areas are critical to define dam removal from 
natural nearshore variability. East et al. (2015), Foley et al. 
(2015), and Draut and Ritchie (2015) documented that, as 
the river mouth of the Elwha extended, lower river habitat 
shifted from estuarine to non-tidally influenced lower river. 
This information is critical to understanding changes in 
fish use of the newly restoring nearshore.

Define Nearshore Habitat Associated with Dam 
Removals, and the Restoration Priorities
Nearshore ecosystem functions are linked across the drift 
cell, and species that use the watershed have critical near-
shore life history phases. It is therefore critical to, in step-
wise fashion, define the ecological condition, the ecological 
linkages with dam removal, and the subsequent nearshore 
conservation and restoration priorities of each land form 
within the entire drift cell, relative to dam removal. Near-
shore habitats within the dam removal drift cell that are 
identified as intact and functioning properly should be a 
top priority for protection during and after dam removals.

Habitats that are defined as degraded should be priori-
tized and restored well prior to dam removal and protected 
after dam removal. This includes identifying and resolving 
important additional nearshore disrupting features within 
the dam removal drift cell. Nearshore habitat restoration 
from dam removals can be disrupted by dikes and shoreline 
armoring remaining in the nearshore during and after dam 
removal (Parks 2015). These features should therefore be 
clearly identified and incorporated as important compo-
nents of large-scale dam removal restoration. Through 
long-term fish use monitoring in the Elwha, we observed 
that remaining dikes in the lower river appear to actu-
ally be preventing habitat restoration in the lower Elwha 
river by disrupting water flow and fish access to areas that 
could otherwise be critical refuges during high sediment 
flows (Shaffer et al. 2009, Shaffer et al., Coastal Watershed 
Institute, unpub. Data, Table 2).

Figure 4. Embayed shoreline of Elwha drift cell prior 
to and during dam removal. Dam removal began in 
September 2011, and concluded in September 2014. 
Substrate suitability for forage fish spawning increased 
dramatically in the lower river and embayed shore-
line regions of the Elwha nearshore during the dam 
removal process, and persists now that dam removal 
is complete. A) Nearshore sampling Freshwater Bay, 
summer 2007. B) Nearshore sampling Freshwater Bay, 
summer 2013.  Photo credit: Anne Shaffer.

Define the Key Ecological Processes 
of Nearshore Restoration Associated 
with Large-Scale Dam Removal
Monitoring long-term fish use of the nearshore is critical to 
understanding fish use response to dam removals. Through 
long-term beach seining of the Elwha nearshore, we found 
these newly created nearshore estuary areas are accessible 
and used by fishes almost immediately, including by species 
targeted for restoration, such as juvenile O. tshawytscha, 
Hypomesus pretiosus (surf smelt), and gravid Thaleichthys 
pacificus (eulachon) (Shaffer et al. in press). It is extremely 
important to thoroughly define the nearshore ecological 
aspects of dam removal restoration goals (for example, 
nearshore life history phases of salmon species, or key 
forage fish that they depend on) as well as the ecosystem 
restoration actions to protect and restore priority nearshore 
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Figure 5. Outstanding nearshore restoration needs of the Elwha including feeder bluffs (A), base of Ediz Hook (B), 
and lower river dikes (C). A1) Elwha feeder bluffs when first armored, 1929. Photo credit: Dean Reed. A2) Elwha 
feeder bluffs, 2010. Photo credit: Anne Shaffer. B1) Base of Ediz Hook, spit formation that forms the terminus of the 
Elwha drift, ca. 1930s. Photo credit: Dean Reed. B2) Base of Ediz Hook, 2014. Photo credit: Anne Shaffer. C) Lower river 
dikes. West estuary dike blocks fish access to over half the original estuary. The unimpounded portion of the now 
lower river (1) continues to support high numbers of salmon and forage fish but may be filling in due to slowing of 
water flow due to the dike. The area impounded by the west levee dike (2) supports high numbers of resident fish 
indicating that if access was offered the area would be highly functioning for out migrating salmon (Shaffer et al. 
2009).  Photo credit: Anne Shaffer.
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ecological processes that will achieve these goals. The fol-
lowing are a few specific elements to define.

First, it is important to define nearshore fish commu-
nity response to dam removal. Defining fish community 
composition, individual fish species abundance, and dis-
tribution within dam removal and comparable drift cells, 
using standard protocols before, during, and after dam 
removal phases, is important to provide critical informa-
tion for planning the nearshore restoration aspects of 
dam removals. Ecological metrics for fish, including func-
tional diversity and species richness, can provide important 
insight into additional restoration actions in the nearshore 
associated with dam removal. This should include all spe-
cies important to the ecosystem, not just the commercially 
and recreationally important species.

Second, nearshore restoration, specifically for forage 
fish, should be identified. Beach spawning fishes have very 
specific sediment and habitat requirements for spawning, 
which make them excellent metrics to define nearshore 
restoration. For example, H. pretiosus spawning habitat 
along the Elwha beaches has been documented to be just 
a fraction of what is available along comparable drift cells, 
due to sediment starvation (Parks et al. 2013, Weifferling 
2014, Figure 4A). Further, T.  pacificus, which are river 
spawning smelt, were once common in the Elwha but are 
now documented to be in the Elwha River in low num-
bers, likely due to insufficient spawning habitat (Shaffer 
et al. 2007). Approximately half of the estimated 10 mcm 
of sediment that will be released to the Elwha nearshore 
is of a size appropriate for H. pretiosus, T. pacificus, and 
Ammodytes hexapterus (Sand Lance) (East et al. 2015, 
Gelfenbaum et al. 2015, Warrick et al. 2015). Anticipating 
trajectory, timing, and duration of delivery of appropriate 
grain size along the drift cell prior to dam removals could 
have greatly increased the effectiveness of our restoration 
planning and monitoring. Conversely, it is important 
to define the lack of an expected response to a restora-
tion. For example, despite the abundant appropriate grain 
size material being delivered to the Elwha nearshore, 
sand lance, which spawn intertidally in winter along 
the comparative drift cell, have not yet begun spawning 
again along the Elwha shoreline (Weifferling 2014, Shaf-
fer, Coastal Watershed Institute, unpub. data, Figure 4B). 
Delivery of the appropriate sediment is therefore not the 
only important consideration for dam removal restora-
tion for this forage fish species. Nearshore restoration 
specifically for salmon species affected by dam removal is 
also an important planning focal point. All anadromous 
salmon have a nearshore life history phase which should 
be included extensively in dam removal restoration plan-
ning. In the Elwha, surprisingly, no project scale pre-dam 
removal planning or resources were allocated to identify, 
prioritize, or implement habitat restoration actions to 
restore the Elwha estuary for out-migrating salmon smolt. 
Therefore, the Elwha estuary continues to be constrained 

by a series of flood-control dikes, which appear to be 
disrupting nearshore restoration processes in the estuary 
(Shaffer et al. 2008, 2009, Figure 5).

Third, nearshore restoration and relationships with fish 
management practices are important aspects to include in 
dam removal considerations and planning. Interactions 
of hatchery and wild fish are well documented in other 
systems (Johnson 1973, Cardwell and Fresh 1979, Kaeri-
yama and Edpalina 2004). The role dam removal and the 
associated fish management practices will have on specific 
nearshore life history habitat functions, and how these 
relate to the larger ecosystem restoration, are therefore 
important to define. Hatchery release practices should be 
analyzed prior to dam removals, specifically to understand 
if and when released fish are recruiting to the nearshore 
and how these introductions will interact with wild fish use 
of the nearshore during critical habitat restoration phases. 
Hatchery release dates, species, and number of fish released 
relative to nearshore habitat use will define the interac-
tion of hatchery releases to wild fish utilizing the estuary 
and nearshore, and allow managers to understand how 
management activities may translate to nearshore restora-
tion response. If overlooked, fish management practices 
intended to promote ecosystem restoration could instead 
hamper restoration. In the Elwha, there are important 
potential interspecies interactions during O. keta outmigra-
tion with hatchery releases of juvenile O. tshawytscha and 
O. kisutch, which are known to have negative interactions 
with juvenile O. keta. This concern was the focus of initial 
study and hatchery recommendations to delay hatchery 
releases until after O.  keta outmigration (Peters 1996). 
Unfortunately, these recommendations were not adhered 
to by state hatchery managers. On average over 3 million 
fish, including almost 2 million juvenile O.  tshawytscha 
and 380,000 O.  keta are released annually to the Elwha 
lower river during peak O.  keta outmigration months 
(Quinn et al. 2013a and b). These fish are observed in the 
estuary in very high numbers (Shaffer et al. 2009). Given 
the large numbers of fish in a small estuary, there are likely 
interactions with wild fish (Shaffer et al. in press). Hatchery 
release practices should therefore be reviewed and revised 
specifically for species interactions and community effects 
in the nearshore prior to dam removals.

Finally, it is important to anticipate the potential and 
prioritize management for non-native/invasive species. 
Invasive species are well known to be able to monopolize 
newly created estuary habitat, at the exclusion of native 
species, with long-lasting and negative impacts (Powers 
and Boyer 2014). Because there is a paucity of effort on the 
nearshore, invasive plant species, such as Cytisus scoparius 
(scotch broom), have already been observed in the newly 
forming Elwha nearshore, and they are only now being 
addressed. Future dam removals should anticipate the 
establishment of non-native vegetation and fish species to 
prevent establishment and plan to act more proactively.
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Develop Conceptual and Technical Models of 
Nearshore Physical and Ecological Processes
Conceptual and quantitative models are powerful and 
necessary tools to accurately integrate these elements to 
define the nearshore species, including specific life his-
tories, and linkages to ecosystem processes that are the 
most impacted by dams. Models are an excellent way to 
define the highest nearshore restoration potential associ-
ated with dam removal. The models should encompass, at 
a minimum, the entire dam removal area and compara-
tive drift cells, and they should focus at an ecosystem, not 
individual species, scale. The models should include all the 
dominant physical and ecological aspects of the drift cell 
and watershed that drive nearshore ecosystem function and 
interact with dam removal. They must also include, if any, 
a thorough analysis of the interaction of fish management 
practices in the watershed on nearshore function. Prop-
erly scoped, the models will be a powerful tool to define 
priority areas of restoration and geographic areas of the 
nearshore that have key information and action gaps. The 
scope of the nearshore conceptual model must include the 
highly seasonal and inter-annual variability of nearshore 
ecosystem function, as evidenced by long-term, seasonal 
pre-dam removal monitoring of both the nearshore and 
comparable drift cells.

Conclusions

Planning for ecosystem restoration of nearshore habi-
tats is a critical component to large-scale dam removals. 
As evidenced by the Elwha dam removal project, future 
large-scale dam removal planning should comprehensively 
include the nearshore ecosystem, at a drift cell scale, as 
a priority before and during dam removal. This should 
be done through conceptual and quantitative modeling 
and field assessment of the physical and ecological near-
shore of the dam removal site and comparable nearshore. 
Impediments to nearshore ecosystem processes, including 
habitat impairments and fish management tools, must be 
identified and critically reviewed for negative nearshore 
ecosystem restoration interactions. Given variability in 
nearshore systems, these steps should begin years prior 
to dam removals. Finally, as illustrated by the Elwha dam 
removal project, scoping large-scale dam removals can take 
decades. Science moves much more quickly than manage-
ment, but managers must have the will to update plans to 
incorporate new information as it becomes available in 
order to ensure the best restoration outcome. Therefore, 
adaptive management should be an integral part of the res-
toration process for nearshore environments during dam 
removal planning and implementation. Early indications 
are that large-scale dam removals, including the Elwha 
dam removal project, appear to have many immediate 
and positive responses (O’Connor et al. 2015). However, 

without a prior, comprehensive, and long-term nearshore 
restoration plan, watershed restoration will be incomplete.
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