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Abstract

The planned removal of two dams that have been in place for over 95 years on the Elwha River provides a unique opportunity 
to study dam removal effects. Among the largest dams ever considered for removal, this project is compelling because 83% of 
the watershed lies undisturbed in Olympic National Park. Eighteen million cubic meters of sediment have accumulated in and 
will be released from the reservoirs, and there is potential for rehabilitating depressed Pacific salmon runs. Researchers from 
academia, non-profit organizations, federal and state governments, and the Lower Elwha Klallam Tribe are currently assessing 
baseline ecological conditions of the Elwha River as part of dam removal studies. We introduce dam removal topics, provide a 
brief history of the dams, and summarize the ecology of the Elwha River basin as an introduction to a special issue devoted to 
research in the watershed.

1Author to whom correspondence should be addressed: 
Email: jeff_duda@usgs.gov

Introduction

The 72 km Elwha River in Washington State was 
historically one of the most productive salmon 
rivers for its size in the Pacific Northwest (Wun-
derlich et al. 1994). However, two dams built 
without provisions for fish passage set off a slew 
of ecological changes, triggering a rippling effect 
on wildlife, food webs, and habitat throughout the 
833 km2 watershed, most of which is contained in 
Olympic National Park (ONP; Figure 1). In 1992, 
Congress enacted the Elwha River Ecosystem and 
Fisheries Restoration Act (PL 102-495) directing 
the Secretary of the Interior to fully restore the 
Elwha River ecosystem and native anadromous 
fisheries. After years of studying possible alterna-
tives, the National Park Service (NPS) determined 
that only the removal of both dams would result 
in full restoration (DOI 1995). Removal of these 
dams and subsequent restoration work will con-
stitute the single largest endeavor of this kind 
ever attempted. 

The potential for rehabilitating salmon popula-
tions within a large watershed of a National Park 

is one of the many reasons why the Elwha River 
dam removal and ecosystem restoration is an al-
luring project. Tracking the erosion of 18 million 
cubic yards of sediment that has accumulated 
in the reservoirs (Childers et al. 2000) and the 
concomitant effects to the river, estuarine, and 
marine environments following dam removal 
also add to the anticipation. Researchers from 
academia, non-profit organizations, federal and 
state governments, and the Lower Elwha Klallam 
Tribe are currently assessing baseline conditions 
in the watershed and other reference locations, a 
necessary step in designing studies that utilize a 
before-after-control-impact (BACI) experimental 
design (Underwood 1994). The purpose of this 
special issue is to gather many of the scientific 
studies occurring in the Elwha River prior to 
dam removal. Here, we provide general project 
background and introduce many of the elements 
common to all of the papers in this issue. Winter 
and Crain (2008) provide a historical perspective 
by summarizing the information used leading up 
to the decision to remove the dams. Woodward et 
al. (2008) provide a conceptual model approach 
to provide a framework for integrating research 
and monitoring studies, while McHenry and Pess 
(2008) discuss elements critical to long-term moni-
toring of fisheries and aquatic resources. Shaffer et 
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2 Duda, Freilich, and Schreiner

al. (2008) provide an overview of the Elwha River 
estuary and marine nearshore areas. The rest of 
the papers are scientific baseline studies.

Economic and Scientific Context of Dam 
Creation and Removal

Human societies have had a long association with 
river ecosystems. The abundant goods and services 
provided by rivers far outweighed the dangers 
associated with living on floodplains, facilitating 
the close connection between rivers and people 
(Vitousek et al. 1997). As societies advanced, they 
used technology to control rivers in an effort to 
maximize the acquisition of resources (e.g., Erikson 
2000, Heckenberger et al. 2007), while minimizing 
the dangers associated with rivers by controlling 
their flow. Perhaps the primary technology that 
serves both purposes is dam building. 

Dams are constructed to provide power, flood 
control, drinking and irrigation water, transpor-
tation, recreation, and even fish habitat (WCD 
2000). Historically, dam building in the United 
States was seen as a prerequisite for settlement 
of many areas, especially in the arid west (Powell 
1879), leading to dams becoming a fixture of the 
national landscape (Heinz Center 2002). The drive 
for economically self-sufficient settlement across 
the western United States, particularly between 
1940 and 1970, fueled widespread dam construc-
tion (Graf 1999). By the 1970s hydroelectric dams 
provided about 10% of the Nation’s power and 
75% of the power in the Pacific Northwest (Lee 
1991). During this era, society deemed the eco-
nomic and societal benefits of dam construction to 
far outweigh any ecological costs. We argue that 
the ecological effects of dam construction were 
dismissed as inconsequential and outweighed by 
societal benefits, probably because the ecological 
effects were poorly understood or undervalued. 

As scientists began comparing impounded 
versus free flowing rivers, a better understanding 
of the physical, chemical, and biological impacts 
on river ecosystems emerged (reviewed in Ward 
and Stanford 1987, Hart et al. 2002, Pizzuto 2002). 
Dams alter downstream riparian (Shafroth et al. 
2002) and aquatic habitats (Petts 1984, Munn and 
Brusven 2004) by changing flow regimes (Richter 
and Thomas 2007), incising river channels and 
restricting channel migration (Collier et al. 1996), 
altering water temperatures (Poole and Berman 
2001), and limiting migration of fish (Baxter 1977). 

Interactions among these factors, coupled with 
ecological feedback mechanisms, lead to changes 
in the complex and dynamic interplay between 
geophysical, fluvial, and biological processes 
that maintain floodplains and associated habitats 
(Ward and Stanford 1987, Gregory et al. 2002). 
This in turn ultimately affects the trophic structure 
of the ecosystem (e.g., Vinson 2001, de Mérona et 
al. 2005). The damming of rivers is now appreci-
ated as a resource-use tradeoff, where inherent 
ecosystem integrity (e.g., Millennium Ecosystem 
Assessment 2005, Karr In Press) is sacrificed to 
maximize the acquisition of a few key resources 
valuable to society. 

Dam removal as a river restoration technique has 
recently gained considerable attention (reviewed 
by Bednarek 2001, Hart et al. 2002, Heinz Center 
2002, Stanley and Doyle 2003). As structures 
reach the end of their design life, natural resource 
managers and communities must evaluate trade-
offs. These include weighing choices such as the 
cost of repair versus removal and rehabilitating 
ecosystem structure and function versus retain-
ing benefits from having a dam in place (Heinz 
Center 2002). Although over 500 dams have been 
removed in the United States (Hart et al. 2002), 
studies assessing ecosystem changes in the physi-
cal, biological, and chemical characteristics of 
rivers and how this ultimately affects restoration 
potential are limited. The dam removal on Mana-
tawny Creek in Pennsylvania (Bushaw-Newton 
et al. 2002) and work in Wisconsin on small dam 
removals (Doyle et al., 2005) are examples where 
before and after studies were conducted on multiple 
ecosystem components. Thompson et al. (2005) 
showed a decrease, likely due to increased fine 
sediments, in macroinvertebrate abundance and 
diatom species richness following dam removal, 
but noted that the overall assemblage structure 
of these communities was not greatly affected. 
Ashley et al. (2006) did not find a difference in 
contaminant levels of the sediments above and 
below the dams before and after dam removal. 
Velinsky et al (2006) did not find differences in 
most water chemistry parameters in their study 
of dam removal effects on Manatawny Creek. 
Other studies were limited in scope or duration 
and focus on few ecosystem components, such as 
macroinvertebrate communities (e.g., Pollard and 
Reed 2004) or fish communities (e.g., Catalano et 
al. 2007). Most of the dam removal studies that 
exist were conducted on small structures (< 5m), 
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3Elwha River Science—Introduction

probably because more of these have been removed 
than larger dams (Poff and Hart 2002). 

It is the overarching goal of Elwha River re-
search and monitoring community to contribute to 
the growing literature of assessing dam removal as 
a restoration technique (Babbit 2002), by focus-
ing interdisciplinary studies on a large wilderness 
river with the potential to rehabilitate depressed 
salmon runs. The Elwha is particularly suited for 
this role because all of the water above the upper 
dam is in ONP, a relatively pristine ecosystem 
where ecological signals gauging rehabilitation 
will not be confounded by anthropogenic distur-
bances commonly found in most American river 
systems (but see below).

The Elwha and Glines Canyon Dams

Built in support of economic development through-
out the North Olympic Peninsula, the two dams 
on the Elwha River have altered the ecosystem 
for the past 97 years. The construction of the 33 
m tall Elwha Dam at river kilometer (rkm) 7.9 
from 1910 to 1913 prevented anadromous fish 
from accessing 130 km of main stem and tributary 
habitat, limiting anadromous salmon and steelhead 
to the river below the dam. The Glines Canyon 
Dam measures 64 m in height and was constructed 
from 1925 to 1927 at rkm 21.6. Since the mid 
1940s, the dams have been largely operated as 
run-of-the-river, a common hydroelectric operating 
regime where the amount of water entering the 
reservoir is released by dam operators. Although 
the alteration of flow regime is lower compared 
with other dam operations that seasonally store 
water, attenuated patterns of discharge emerge 
below run-of-the-river dams (Richter and Thomas 
2007). However, there are exceptions to the run-
of-the-river flow regime in the Elwha, as current 
dam operations directed by the NPS may increase 
flows into the river by drawing down the reservoir 
to support endangered Chinook salmon popula-
tions and the previous operator regularly stored 
and released water to increase power production 
(Brian Winter, ONP Elwha Project Manager, per-
sonal communication). The reservoirs created by 
the dams differ in size and storage capacity, with 
Lake Aldwell measuring 1.08 km2 and storing 
9.99 x 106 m3 of water and Lake Mills measur-
ing 1.68 km2 and storing 5.12 x 107 m3 of water. 
These reservoirs inundate over 9 km of former 
riverine habitat, trap sediments (i.e., sand, gravel, 

cobble) and woody debris transported from the 
upper watershed, restrict transport of organic 
material and dissolved nutrients, and increase 
downstream water temperatures (Wunderlich et 
al. 1994). The trapping of river bed sediments, 
especially in Lake Mills, has shifted the river 
substrate composition below the dams towards 
cobbles and small boulders that are too large for 
fish spawning (Pess et al. 2008) and has limited 
the ability of the river to transport bedload (DOI 
1995, Childers et al. 2000, Pohl 2004). This has 
created an unnaturally stable and less diverse 
riparian zone, reduced the diversity and size of 
the estuary by about 0.9 km2, and changed the 
near shore beach and subtidal communities (War-
rick et al. 2008) from those dependent on sandy 
bottoms to those able to exploit rocky substrates 
(DOI 1995). Additionally, channel migration has 
been limited, largely from diminished floodplain 
dynamics (Kloehn et al. 2008) in the face of 
reduced wood and sediment budgets, causing 
incision of the mainstem between and below the 
Elwha dams (DOI 1995, Pohl 2004).

During the 1980s, controversy arose on the 
subject of licensing the Elwha dam (which never 
was licensed) and the relicensing of Glines Can-
yon Dam. Recognizing that the water above the 
Glines Canyon dam was located within ONP, 
public opinion about the dams began shifting 
and led to early proposals to remove the dams 
(Wunderlich et al. 1994). In retrospect, a unique 
combination of factors coalesced to create an at-
mosphere among the public, conservationists, and 
politicians favoring dam removal. These included: 
hesitation about having a dam inside of a National 
Park; the potential for restoring salmon runs; the 
cultural, spiritual, and economic concerns of the 
Elwha Klallam Tribe; the structural integrity of 
the dams; the economics and other issues involved 
with obtaining relicensing by the Federal Energy 
Regulatory Commission; and the business deci-
sions by the dams owners.

Ecological Setting of the Elwha River 
Basin

The Elwha River originates in the southern Bailey 
Range of the Olympic Mountains, a coastal range 
of northwestern Washington State contained within 
ONP, a World Heritage Site and International 
Biosphere Reserve. At 833 km2 the Elwha River 
basin constitutes nearly 20% of the Park (Figure 
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4 Duda, Freilich, and Schreiner

1). The Elwha River flows north for 72 km, and 
drains into the Strait of Juan de Fuca, the marine 
passage connecting Puget Sound with the Pacific 
Ocean. The eight major tributaries (i.e., > third 
order) to the Elwha River are the Godkin River, 
Hayes River, Goldie River, Lost River, Lillian 
River, Long Creek, Little River, and Indian Creek. 
Elevation ranges from sea level at the mouth of 
the Elwha to approximately 1372 m at the head-
waters on the slopes of Mt. Barnes in the heart 
of the Olympic Mountains.

Figure 1. A map of the Elwha River Basin, Olympic Peninsula, Washington, USA

The Elwha River Basin lies on the cusp of the 
rain shadow created by Mount Olympus and the 
Bailey Range. Consequently, the drainage contains 
the steepest precipitation gradient on the Olympic 
Peninsula (Figure 2). The upper basin receives 
an estimated 550 cm of precipitation annually, 
whereas the area near the river mouth receives 
approximately 100 cm annually (Phillips and 
Donaldson 1972). In the central portion of the 
watershed, precipitation drops from 500 cm to 
250 cm in about 15 km. 
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5Elwha River Science—Introduction

The climate of the Elwha River basin is gener-
ally characterized by dry, warm summers, and cool 
wet winters (Figure 3). Most precipitation at upper 
elevations falls as snow with rain predominating 
below elevations of about 1200 m. Long-term 
weather records from the Elwha Ranger Station 
(approximately rkm 18.2, 110 m elevation) indi-
cate an annual average precipitation of 143 cm 
(WRCC 2007), with the majority falling from 
October through March (Figure 3). The interaction 
between temperature and precipitation creates a 
bimodal seasonal hydrograph in the Elwha River 
(Figure 4). Discharge increases in the spring when 
temperatures are warm enough to melt accumulated 
snow pack. A second increase occurs in the fall and 
winter due to increased precipitation. The lowest 
flows occur in the summer, when precipitation and 
snow pack levels are also lowest.

Figure 2. Isolines of estimated precipitation levels on the Olympic Peninsula. Contour 
lines are at 50 cm intervals.

The upper Elwha basin, from the ONP boundary 
to the headwaters, is comprised of marine sedimen-
tary deposits composed mostly of sandstone and 
shale (Schuster 2005; Tabor 1987). At the ONP 
boundary, the river flows through the Crescent 
Formation, a horse-shoe shaped feature of basalt. 
The river below this formation is composed mostly 
of unconsolidated glacial till and recent alluvial 
deposits (Tabor 1987). The recent geologic his-
tory of the Elwha basin was shaped by both alpine 
glaciers and the Cordilleran ice sheet (Tabor 1987), 
the latter of which created glacial Lake Elwha via 
an ice dam approximately 17,000 ybp. 

The geomorphology of the Elwha River basin 
creates a topography best described as a series of 
alternating canyons and floodplains (see Figure 1 
in Pess et al. 2008). The canyons occur in areas of 
steep gradient where the river is confined between 
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6 Duda, Freilich, and Schreiner

upright valley walls. These canyons are separated 
by sections of the river that flow through valley 
bottoms with a gentle gradient that allows the 
unconstrained river channel to meander accord-
ing to a dynamic interplay among sediment, large 
woody debris, vegetation, and geomorphology 
(Latterell et al. 2006). The major canyons of the 
Elwha River Basin, in order of lowest elevation 
to highest (approximate length in parentheses), 
are Elwha Canyon (1.7 rkm), Glines Canyon (0.8 
rkm), Rica Canyon (1.9 rkm), the Grand Canyon 
of the Elwha (5.5 rkm), an unnamed canyon 
above Elkhorn Ranger Station (1.4 rkm), Carleson 
Canyon (2.3 rkm) between Hayes Ranger Station 
and Camp Wilder, and another canyon above 
Camp Wilder (1.2 rkm). Although resident fish 
utilize fluvial habitat within the canyons, much 
of the habitat suitable for spawning and rearing 
of juvenile salmon occurs or will occur within 
the floodplains.

The Elwha River ecosystem falls within the 
Olympic Peninsula Province vegetation classifica-
tion of Franklin and Dyrness (1988). Nearly all 

vegetation zones of the Olympic Peninsula—typi-
cally structured according to topography, climate, 
and soils (Peterson et al. 1997)—can be found 
within the Elwha River Valley. Lower elevation 
forests fall within the western hemlock (Tsuga
heterophylla) zone and are typically dominated 
by Douglas fir (Pseudotsuga menziesii), mixed 
with western hemlock and western red cedar 
(Thuja plicata). In the vicinity of Lake Mills and 
the Lillian River some forests are particularly dry, 
falling within the Douglas fir zone of Henderson 
et al. (1989). Here, species more often associ-
ated with drier sites, including Rocky Mountain 
Juniper (Juniperus scopulorum), lodgepole pine 
(Pinus contorta), and manzanita (Arctostaphylos 
columbiana) are found. At mid-elevations, forests 
are in the Pacific silver fir (Abies amabilis) zone. 
At higher elevations dry forests on the eastern 
ridges are in the subalpine fir (Abies lasiocarpa)
zone and wetter western ridges have forests in 
the mountain hemlock (Tsuga mertensiana) zone. 
Forest communities of valley bottoms and river 
terraces are dominated by red alder (Alnus rubra), 

Figure 3. Annual trends in temperature and precipitation in the Elwha River basin. Long-term monthly average (dashed line), 
maximum (upper solid line), and minimum (lower solid line) temperatures and precipitation (line with circles) were 
recorded at the Elwha Ranger Station (rkm 18.2) at an elevation of 110 m. The period of record was June 1948 through 
December 2005.
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7Elwha River Science—Introduction

co-occurring with black cottonwood (Populus 
balsamifera ssp. trichocarpa), grand fir (Abies
grandis), and bigleaf maple (Acer macrophyllum)
in varying proportions. 

The Elwha River was once home to 10 runs 
of native anadromous salmon and trout (DOI et 
al 1994; DOI 1995, 1996a). There was no month 
of the year when these fish were not migrating 
upstream, spawning, rearing, or passing juveniles 
out to sea (DOI et al. 1994, DOI 1995). Salmonid 
species utilizing the river included coho (On-
corhynchus kisutch), sockeye (O. nerka), pink 
(O. gorbuscha), chum (O. keta), steelhead trout 
(O. mykiss, summer and winter runs) and chinook 
salmon (O. tshawytscha spring and fall runs) 
that reportedly reached sizes up to 45 kg. Other 
migratory fish species that utilized the Elwha for 
at least part of their life cycle included Pacific 
lamprey (Entosphenus tridentatus), coastal cut-

throat trout (O. clarki clarki), bull trout (Salvelinus 
confluentus), and Eulachon (Thaleichthys pacificus;
Shaffer et al. 2007). Resident fish (including those 
found in tributaries) include rainbow trout (O. 
mykiss), multiple species of sculpin (Cottus spp.; 
Wydoski and Whitney 2003), and redside shiner 
(Richardsonius balteatus). Nonnative species were 
introduced into Lake Mills, Lake Aldwell, and high 
alpine lakes as recently as 1983 (Brenkman et al. 
2008a). Large populations of eastern brook trout 
(S. fontinalis) have become established in sections 
of the Elwha between the dams and individuals 
have been reported in the river below Elwha dam. 
There are unverified reports of eastern brook trout 
above Lake Mills, although they have not been 
recorded in numerous contemporary surveys 
(Brenkman et al. 2008b and references therein). 
A population of Westslope cutthroat trout (O. c. 
lewisi) in Long Creek, above a migration barrier, 

Figure 4. Average monthly discharge (95% CI) for the Elwha River based upon the US Geological Survey gauging station 
measurements at the McDonald Bridge (rkm 13.8). The period of record was 1928 (the first year following comple-
tion of the Glines Canyon dam) through September, 2005. 
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8 Duda, Freilich, and Schreiner

has been reported (Adams et al. 1999), although a 
survey of recently collected genetic material using 
species-specific genetic markers (Ostberg and 
Rodriguez 2004) from the Elwha River and Long 
Creek below the barrier did not find any cutthroat 
markers (J. Duda, unpublished data).

The existing salmon runs in the Elwha are 
depressed compared to historic levels (DOI 1995; 
Pess et al. 2008). Pink and chum salmon have had 
annual returns of < 100 (odd years only) and < 
500 respectively (DOI 1995), with pink salmon 
being entirely absent in some years. Fall Chinook 
salmon, coho salmon, and steelhead still spawn in 
low numbers in the river (approximately 1,500, 
<500, and <500 respectively), although existing 
runs are largely the product of hatchery production 
by the State of Washington and the Lower Elwha 
Klallam Tribe. The small amount of spawnable area 
remaining for Chinook salmon (Pess et al. 2008) 
creates crowding and the fish are susceptible to 
temperature related outbreaks of Dermocystidium 
salmonis, which has resulted in intermittent high 
mortality events. Sockeye salmon have been 
extirpated from Lake Sutherland, although the 
healthy kokanee (freshwater life history form) 
population still produces occasional smolts and 
is expected to contribute to future runs following 
dam removal. A genetic inventory of salmon and 
trout stocks by Winans et al. (2008) discusses the 
existing genetic diversity of the Elwha River in 
relation to other Puget Sound populations.

The wildlife assemblage of the Elwha basin is 
typical of Western Washington and the Olympic 
Peninsula. Large mammals include black bear (Ur-
sus americanus, Sager-Fradkin et al. 2008), black-
tailed deer (Odocoileus hemionus), Roosevelt elk 
(Cervus canadensis rooseveltii), and cougar (Puma
concolor). Mid-size species include bobcat (Lynx 
rufus), coyote (Canis latrans), river otter (Lontra
canadensis), spotted skunk (Spilogale putorius),
and beaver (Castor canadensis). The present 
Elwha bird assemblage includes those woodland 
species familiar in northwestern forests, but with 
the added influence of the river and two reservoirs. 
Riverine nesting species include the harlequin duck 
(Histrionicus histrionicus), common merganser 
(Mergus merganser), American dipper (Cinclus
mexicanus), belted kingfisher (Ceryle alcyon), 
spotted sandpiper (Actitis macularia), northern 
rough-winged swallow (Stelgidopteryx serripen-
nis) and bald eagle (Haliaeetus leucocephalus).

Ospreys (Pandion haliaetus) also nest but are 
much less numerous than the eagles. Although 
it is undocumented, northern spotted owls (Strix
occidentalis caurina) probably were found along 
the Elwha as they were elsewhere in ONP. Since 
1990, the spotted owls have been displaced in 
those areas of the Elwha watershed below 610 m 
by barred owls (Strix varia) expanding their range 
from the eastern US (Gremel 2005).

In addition to the riverine avifauna, the two 
lakes formed by the Elwha dams also attract some 
avian species. Barrow’s goldeneye (Bucephala
islandica), Canada geese (Branta canadensis), 
cackling geese (Branta hutchinsii), and hooded 
mergansers (Lophodytes cucullatus) breed on the 
lakes each spring. Barn (Hirundo rustica), cliff 
(Petrochelidon pyrrhonota), and violet-green 
swallows (Tachycineta thalassina) occur in fair 
numbers around the lakes, benefiting from the 
reservoirs. All of these swallow species will 
likely experience sharp drops in abundance when 
the dams are removed. Small numbers of lesser 
scaups (Aythya affinis), common loons (Gavia
immer), blue-winged teal (Anas discors) and 
bufflehead (Bucephala albeola) have also been 
seen on the lakes but breeding of these species 
has not been confirmed and is unlikely. A few 
species use the lakes as stopping areas in winter 
including trumpeter swans (Cygnus buccinator).
Bird abundance on the reservoirs is relatively low, 
probably because of steep bank elevations and 
lack of shoreline habitat structure.

Scientific Studies

The Elwha River restoration project is a multi-
stage project. Begun in 1992 with passage of the 
Elwha Restoration Act, Phase 1 involved creation 
and approval of an Environmental Impact State-
ment (DOI 1995, 1996a). Phase 2, completed in 
February 2000 included acquisition of the dams 
by the NPS. At present, the Project is moving 
from Phase 3 (planning and design) into Phase 4 
(construction of mitigation facilities). The Elwha 
Restoration Act requires protection of municipal 
and industrial water supplies from the possible 
adverse affects of dam removal. A permanent 
water treatment plant will protect the domestic 
water supply of Port Angeles while a second plant 
will protect the Nippon Paper Industries USA pulp 
and paper mill and two fish propagation facilities 
only during the sediment release impact period 
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9Elwha River Science—Introduction

(Brian Winter, NPS, personal communication 
10/30/2007). All needed permits and contracts are 
now in place and ground breaking for the first of 
two water treatment facilities occurred in October 
2007. Phase 5 (dam removal) is expected to take 
2 years and Phase 6 (restoration) will follow over 
the next several decades. 

The papers contained in this volume summarize 
some of the research conducted in anticipation 
of dam removal. These scientific studies were 
informed in part by 4 workshops that brought 
together researchers to develop study plans focused 
on key research priorities. These workshops were 
on sedimentation (Randle et al. 2004), fisheries and 
wildlife (Schreiner and Winter 2005), nearshore 
environments (CCMRC 2004), and restoration 
science (Stolnack et al. 2005). Some of the sci-
entific studies were required for management of 
the dam removal project (Winter and Crain 2008), 
represent priority needs of the NPS (Woodward 
et al. 2008), or seek to advance understanding 
about dam removal and restoration ecology (e.g., 
McHenry and Pess 2008).

Certain conventions are generally understood 
by all researchers working on the river. The “lower 
river” refers to the section below the Elwha Dam, 
the “middle river” is between the dams, and the 
“upper river” refers to the river from above Lake 
Mills to the headwaters. Temporally, the restora-
tion is a before and after study, with researchers 
frequently blocking their sampling into the peri-
ods before, during, and after dam removal. With 
respect to topics, the Elwha restoration touches 
on many areas of biological and physical sci-
ence. Research projects underway are intended 
to provide important baselines in such areas as 
fisheries and wildlife biology, sediment, climate, 
geomorphology, hydrology, biochemistry, and the 
fate of large woody debris. Depending on funding 
levels, these projects intend to follow trajectories 
of state variables in the years before, during, and 
following dam removal. 

The technical workshops on Elwha dam re-
moval also identified some common assumptions 
about the biological and physical response of the 
restoration (summarized by Schreiner and Winter 
[2005], see also conceptual models in Woodward 
et al. [2008]) as they relate to the different sec-
tions of the river. Since 83% of the watershed is 
located within the boundaries of ONP, the effect 
of restoring anadromous populations to the upper 
river should occur with minimal confounding from 

other factors associated with human influence. 
However, the middle and lower reaches of the 
river differ from the upper reach in this regard, 
since only a small portion of the middle reach 
contains old-growth forests, with the remainder 
of the middle reach and the entire lower reach 
containing second growth. In addition to effects 
from the dams, the middle and lower reaches also 
experience human impacts (e.g., riprap, roads, 
fisheries, and heavier recreational use) and hence 
the responses of wildlife abundance, species 
composition, and the number of nonnative species 
must be viewed in relation to these factors. Finally, 
the middle and lower reaches of the Elwha will 
receive large inputs of sediment eroded out of 
the reservoirs (DOI 1995, 1996b; Childers et al. 
2000, Randle et al. 2004) in the near term. This 
will affect resident and anadromous populations of 
fish and be largely responsible for a lag between 
dam removal and the reestablishment of suitable 
spawning habitat for anadromous fish. 

Conclusion

The Elwha River restoration represents a unique 
opportunity to study dam removal within a large 
river ecosystem that is largely protected within the 
boundaries of a National Park. Although not com-
prehensive, it is our intention that the information 
collected in this volume will serve as an important 
historical record of the scientific studies that have 
begun in the Elwha River ecosystem. 

Acknowledgements 

This document benefited from reviews by D. 
Barry, B. Winter, and two anonymous review-
ers. We thank S. Gremel, R. Hoffman (ONP), B. 
Boekelheide, and T. Butler (Olympic Peninsula 
Audubon Society) for providing information on 
bird communities. Funding for the special issue 
was provided by the Elwha Research Consortium 
(ERC), a non-profit organization of scientists 
and educators that help coordinate Elwha River 
research and education. The ERC is supported 
by a National Science Foundation grant (NSF 
#0443527). Additional funds were provided by 
the National Park Foundation. Special thanks 
are due to M. Mercer for graphics assistance and 
to N. Grunewald for tireless editorial work. Any 
use of trade names is for descriptive purposes 
only and does not imply endorsement by the U.S. 
Government.

Downloaded From: https://bioone.org/journals/Northwest-Science on 29 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



10 Duda, Freilich, and Schreiner

Literature Cited

Adams, C., R. Reisenbichler, and J. Meyer. 1999. Elwha 
River ecosystem restoration: potential effects and 
restoration methods—fisheries investigations. Final 
report to Olympic National Park, Part I. Inventory of 
Resident Fishes in the Upper Elwha River. Completed 
by the USGS Biological Resources Division pursuant 
to Subagreement No. 27 under Cooperative Agreement 
No. CA-9000-8-0007. Seattle, WA.

Ashley, J. T. F., K. Bushaw-Newton, M. Wilhelm, A. Boettner, 
G. Drames, and D. J. Velinsky. 2006. The effects of 
small dam removal on the distribution of sedimentary 
contaminants. Environmental Monitoring and Assess-
ment 114:287-312. 

Babbitt, B. 2002. What goes up, may come down. Bioscience 
52:656-658.

Baxter, R. M. 1977. Environmental effects of dams and 
impoundments. Annual Review of Ecology and Sys-
tematics 8:255-283. 

Bednarik, A. T. 2001. Undamming rivers: a review of the 
ecological impacts of dam removal. Environmental 
Management 27:803-814. 

Brenkman, S. J., S. L. Mumford, M. House, and C. Patter-
son. 2008a. Establishing baseline information on the 
geographic distribution of fish pathogens endemic in 
Pacific salmonids prior to dam removal and subse-
quent recolonization by anadromous fish in the Elwha 
River, Washington. Northwest Science 82 (Special 
Issue):142-152.

Brenkman, S. J., G. R. Pess, C. E. Torgersen, K. K. Kloehn, J. J. 
Duda, and S. C. Corbett. 2008b. Predicting recoloniza-
tion patterns and interactions between potamodromous 
and anadromous salmonids in response to dam removal 
in the Elwha River, Washington State, USA. Northwest 
Science 82 (Special Issue):91-106.

Bushaw-Newton, K. L., D. D. Hart, J. E. Pizzuto, J. R. Thom-
son, J. Egan, J. T. Ashley, T. E. Johnson, R. J. Horwitz, 
M. Keeley, J. Lawrence, D. Charles, C. Gatenby, D. 
A. Kreeger, T. Nightengale, and R. Thomas. 2002. An 
integrative approach towards understanding ecological 
responses to dam removal: the Manatawny Creek study. 
Journal of the American Water Resources Association 
386:1581-1599.

Catalano, M. J., M. A. Bozek, and T. D. Pellett. 2007. Effects 
of dam removal on fish assemblage structure and 
spatial distributions in the Baraboo River, Wisconsin. 
North American Journal of Fisheries Management 
27:519-530.

Childers, D., D. L. Krech, S. A. Gustafson, T. J. Randle, J. T. 
Melena, and B. Cluer. 2000. Hydrologic data collected 
during the 1994 Lake Mills drawdown experiment, 
Elwha River, Washington. USGS Water Resources 
Investigations Report 99-4215, Tacoma, WA.

Clallam County Marine Resources Committee (CCMRC). 
2004. Technical workshop on nearshore restoration in 
the central Strait of Juan de Fuca. Prepared for CCMRC 
by Triangle Associates, Seattle, WA. 

Collier, M., R. H. Webb, and J. C. Schmidt. 1996. Dams and 
rivers: a primer on the downstream effects of dams. 
U.S. Geological Survey Circular 1126, Tuscon, AZ. 

de Mérona, B., R. Vigouroux, and F. L. Tejerina-Garro. 2005. 
Alteration of fish diversity downstream from Petit-Saut 
dam in French Guiana: Implication of ecological strate-
gies of fish species. Hydrobiologia 551:33-47.

Department of the Interior (DOI), Department of Commerce, 
and Lower Elwha S’Klallam Tribe. 1994. The Elwha 
report: restoration of the Elwha River ecosystem and 
native anadromous fisheries. Port Angeles, WA. 

Department of the Interior (DOI). 1995. Elwha River ecosys-
tem restoration, final environmental impact statement. 
NPS D-253A. Department of the Interior, National 
Park Service, Olympic National Park, Port Angeles, 
Washington, WA.

Department of the Interior (DOI). 1996a. Elwha River ecosys-
tem restoration implementation, final environmental 
impact statement. NPS D-271A. Department of the 
Interior, National Park Service, Olympic National 
Park, Port Angeles, WA.

Department of the Interior (DOI). 1996b. Sediment analysis 
and modeling of the river erosion alternative. Elwha 
Technical Series, PN-95-9, Bureau of Reclamation, 
Pacific Northwest Region, Boise, ID.

Doyle, M. W., E. H. Stanley, C. H. Orr, A. R. Selle, S. A. Sethi, 
and J. M. Harbor. 2005. Stream ecosystem response 
to small dam removal: lessons from the heartland. 
Geomorphology 71:227-244. 

Erikson, C. L. 2000. An artificial landscape-scale fishery in 
the Bolivian Amazon. Nature 408:190-193. 

Franklink, J. F., and C. T. Dyrness. 1988. Natural Vegetation 
of Oregon and Washington. Oregon State University 
Press, Corvallis.

Graf, W. L. 1999. Dam nation: a geographic census of Ameri-
can dams and their large-scale hydrologic impacts. 
Water Resources Research 35:1305-1311. 

Gregory, S., H. Li, and J. Li. 2002. The conceptual basis for 
ecological responses to dam removal. Bioscience 
52:713-723.

Gremel, S. A. 2005. Factors controlling distribution and 
demography of northern spotted owls in a reserved 
landscape. M.S. Thesis, University of Washington, 
Seattle.

Hart, D. D., T. E. Johnson, K. L. Bushaw-Newton, R. J. Hor-
witz, A. T. Bednarek, D. F. Charles, D. A. Kreeger, 
and D. J. Velinsky. 2002. Dam removal: challenges 
and opportunities for ecological research and river 
restoration. Bioscience 52:669-681.

Heckenberger, M. J., J. C. Russell, J. R. Toney, and M. J. 
Schmidt. 2007. The legacy of cultural landscapes in 
the Brazilian Amazon: implications for biodiversity. 
Philosophical Transactions of the Royal Society of 
London B 362:197-208.

Heinz Center. 2002. Dam Removal: Science and Decision 
Making. The H. John Heinz III Center for Science, 
Economics, and the Environment, Washington, D.C. 

Henderson, J. A., D. H. Peter, R. D. Lesher, and D. C. Shaw. 
1989. Forested plant associations of the Olympic Na-
tional Forest. U.S. Forest Service Ecological Technical 
Paper 001-88, Portland, OR.

Karr, J. R. In Press. Ecological indicators: biological integrity. 
In S.E. Jorgensen (editor), Encyclopedia of Ecology. 
Elsevier, San Franscisco, CA.

Downloaded From: https://bioone.org/journals/Northwest-Science on 29 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



11Elwha River Science—Introduction

Kloehn, K. K., T. J. Beechie, S. A. Morley, H. J. Coe, and J. J. 
Duda. 2008. Influence of dams on river-floodplain 
dynamics in the Elwha River, Washington. Northwest 
Science Special Issue 82:224-235.

Latterell, J. J., J. S. Bechtold, T. C. O’Keefe, and R. J. Naiman. 
2006. Dynamic patch mosaics and channel movement 
in an unconfined river valley of the Olympic Moun-
tains. Freshwater Biology 51:523-544.

Lee. K. N. 1991. Unconventional power: energy efficiency 
and environmental rehabilitation under the Northwest 
Power Act. Annual Review of Energy and the Environ-
ment 16:337-364.

McHenry, M. L., and G. R. Pess. 2008. An overview of 
monitoring options for assessing the response of 
salmonids and their aquatic ecosystems in the Elwha 
River following dam removal. Northwest Science 
Special Issue 82:29-47.

Millenium Ecosystem Assessment. 2005. Ecosystems and 
Human Well-being: Biodiversity Synthesis. World 
Resources Institute, Washington, D.C.

Munn, M. D., and M. A. Brusven. 2004. The influence of 
Dworshak Dam on epilithic community metabo-
lism in the Clearwater River, U.S.A. Hydrobiologia 
513:121-127.

Ostberg, C. O., and R. J. Rodriguez. 2004. Bi-parentally in-
herited species-specific markers identify hybridization 
between rainbow trout and cutthroat trout subspecies. 
Molecular Ecology Notes 4:26-29.

Pess, G. R., M. L. McHenry, T. J. Beechie, and J. Davies. 
2008. Biological impacts of the Elwha River dams 
and potential salmonid responses to dam removal. 
Northwest Science Special Issue 82:72-90.

Peterson, D. L., E. G. Schreiner, and N. M. Buckingham. 1997. 
Gradients, vegetation and climate: spatial and temporal 
dynamics in the Olympic Mountains, U.S.A. Global 
Ecology and Biogeography Letters 6:7-17. 

Petts, G. E. 1984. Impounded Rivers: Perspectives for Ecologi-
cal Management. John Wiley and Sons, New York.

Pizzuto, J. 2002. Effects of dam removal on river form and 
process. Bioscience 52:683-691.

Philips, E. L., and W. R. Donaldson. 1972. Washington climate 
for Clallam, Grays Harbor, Jefferson, Pacific, and 
Wahkiakum counties. Cooperative Extension Service 
Publication EM 3708. Washington State University, 
Pullman.

Poff, N. L., and D. D. Hart. 2002. How dams vary and why 
it matters for the emerging science of dam removal. 
BioScience 52:659-668.

Pohl, M. 2004. Channel bed mobility downstream from the 
Elwha dams, Washington. The Professional Geogra-
pher 56:422-431. 

Pollard, A. I., and T. Reed. 2004. Benthic invertebrate assem-
blage change following dam removal in a Wisconsin 
stream. Hydrobiologia 513:51-58.

Poole, G. C., and C. H. Berman. 2001. An ecological perspec-
tive on in-stream temperature: natural heat dynamics 
and mechanisms of human-caused thermal degradation. 
Environmental Management 27:787-802.

Powell, J. W. 1879. Report on the lands of the arid region of 
the United States, with a more detailed account of the 
lands of Utah (2nd Edition). U.S. Government Printing 
Office, Washington, D.C. 

Randle, T. J., J. Bountry, B. Jackson, and G. Smillie. 2004. 
Elwha River restoration draft sediment monitoring and 
management plan, U.S. Department of the Interior, 
Bureau of Reclamation and National Park Service, 
Port Angeles, WA. 

Richter, B. D., and G. A. Thomas. 2007. Restoring environ-
mental flows by modifying dam operations. Ecology 
and Society 12(1):12. [online] URL: http://ecologyan-
dsociety.org/vol12/iss1/art12. Accessed 10/24/2007.

Sager-Fradkin, K. A., K. J. Jenkins, P. J. Happe, J. J. Beecham, 
R. G. Wright, and R. A. Hoffman. 2008. Space and 
habitat use by black bears in the Elwha Valley prior 
to dam removal. Northwest Science Special Issue 
82:164-178.

Schuster, J. E. 2005. Geological Map of Washington State 
GM-53. Washington State Department of Natural 
Resources, Olympia. 

Schreiner, E. G., and B. D. Winter. 2005. Restoration of the 
Elwha River ecosystem, results of a biological moni-
toring/research workshop: March 18-19, 2003. U.S. 
Geological Survey, Port Angeles, WA.

Shaffer, J. A., D. Penttila, M. McHenry, and D. Vilella. 2007. 
Observations of Eulachon, Thaleichthys pacificus,
in the Elwha River, Olympic Peninsula Washington. 
Northwest Science 81:76-81.

Shaffer, J. A., P. Craine, B. Winter, M. L. McHenry, C. Lear 
and T. J. Randle. 2008. Nearshore restoration of the 
Elwha River through removal of the Elwha and Glines 
Canyon dams: an overview. Northwest Science 82 
(Special Issue):48-58.

Shafroth, P. B., J. M. Friedman, G. T. Auble, M. L. Scott, and 
J. H. Braatne. 2002. Potential responses of riparian 
vegetation to dam removal. BioScience 52:703-712.

Stanley, E. H., and M. W. Doyle. 2003. Trading off: the eco-
logical effects of dam removal. Frontiers in Ecology 
and the Environment 1:15-22.

Stolnack, S. A., R. J. Naiman, and S. A. Harrington. 2005. 
Elwha research planning workshop summary report, 
February 14-14, 2005. University of Washington Earth 
Initiative, Seattle.

Tabor, R. W. 1987. Geology of Olympic National Park. North-
west Interpretive Association, Seattle, WA. 

Thomson, J. R., D. D. Hart, D. F. Charles, T. L. Nightengale, 
and D. M. Winter. 2005. Effects of removal of a small 
dam on downstream macroinvertebrate and algal as-
semblages in a Pennsylvania stream. Journal of the 
North American Benthological Society 24:192-207.

Underwood, A. J. 1994. On beyond BACI: sampling designs 
that might reliably detect environmental disturbances. 
Ecological Applications 4:3-15.

Velinsky, D. L., K. L. Bushaw-Newton, D. A. Kreeger, and 
T. E. Johnson. 2006. Journal of the North American 
Benthological Society 25:569-582.

Vinson, M. R. 2001. Long-term dynamics of an invertebrate 
assemblage downstream from a large dam. Ecologi-
cal Applications 113:711-730.

Vitousek, P. M., H. A. Mooney, J. Lubchenco, and J. M. Mel-
illo. 1997. Human domination of Earth’s ecosystems. 
Science 277:494-499.

Ward, J. V., and J.A. Stanford. 1987. Ecology of regulated 
streams: past accomplishments and directions for 
future research. In J.F. Craig and J.B. Kemper (editors), 

Downloaded From: https://bioone.org/journals/Northwest-Science on 29 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



12 Duda, Freilich, and Schreiner

Regulated Streams: Advances in Ecology. Plenum, 
New York. Pp. 391-409. 

Warrick, J. A., G. R. Cochrane, Y. Sagy, and G. Gelfenbaum. 
2008. Nearshore substrate and morphology offshore 
of the Elwha River. Northwest Science 82 (Special 
Issue):153-163.

Western Regional Climate Center (WRCC). 2007. Desert 
Research Institute, Washington Climate Summaries, 
accessed March 2007, at http://www.wrcc.dri.edu/sum-
mary/climswa.html. 

Winter, B. D., and P. Crain. 2008. Making the case for 
ecosystem restoration by dam removal in the Elwha 
River, Washington. Northwest Science 82 (Special 
Issue):13-28.

Woodward, A., E. G. Schreiner, P. Crain, S. J. Brenkman, 
P. J. Happe, S. A. Acker, and C. Hawkins-Hoffman. 
2008. Conceptual models for research and monitoring 
of Elwha dam removal—management perspective. 
Northwest Science 82 (Special Issue):59-71.

World Commission on Dams (WCD). 2000. Dams and de-
velopment: a new framework for decision-making. 
Earthscan Publications, London, UK. 

Wunderlich, R. C., B. D. Winter, and J. H. Meyer. 1994. 
Restoration of the Elwha River ecosystem. Fisheries 
19:11-19.

Wydoski, R. S., and R. R. Whitey. 2003. Inland Fishes of 
Washington, 2nd Edition. American Fisheries Society 
Press, Bethesda, MD. 

Downloaded From: https://bioone.org/journals/Northwest-Science on 29 Apr 2024
Terms of Use: https://bioone.org/terms-of-use


