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Abstract: Formerly diverse and abundant freshwater species are highly imperiled, with higher extinction rates than
many other taxonomic groups worldwide. In the 50 years since passage of the US Wild and Scenic Rivers Act, wild and
scenic rivers (WSRs) have contributed significantly to the conservation of native aquatic biodiversity as well as to the
conservation and restoration of essential habitats. WSRs also have limitations. Conditions that impair aquatic species
are not fully mitigated by WSR designation, although there are ways to reduce these limitations.

he US Wild and Scenic Rivers Act (WSRA)

seeks to preserve “selected rivers or sections

thereof in their free-flowing condition to protect
the water quality of such rivers and to fulfill other vital
national conservation purposes.” The mention of fulfilling
“other vital national conservation purposes” hints at
the essential role free-flowing rivers play in the conser-
vation of native aquatic species. In the 50 years since
passage, multiple lines of research have documented the
importance of unobstructed rivers and natural hydrologic
and disturbance regimes for the maintenance of aquatic
biodiversity (Pringle 2000).

Wild and scenic rivers (WSRs) must be free-flowing
and possess one or more outstandingly remarkable values
(ORVs). Once designated, WSRs become part of the
National Wild and Scenic Rivers System which protects
their free-flowing condition, and maintains or enhances
their water quality and ORVs. Outstandingly remark-
able values encompass “scenic, recreational, geologic,
fish and wildlife, historic, cultural, or other similar val-
ues.” A river’s ORVs must be unique, rare, or exemplary
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relative to its geographic context. Each WSR has a formal
Comprehensive River Management Plan (CRMP) that
identifies management objectives and practices designed
to maintain and enhance its ORVs (Diedrich 2002;
McGrath 2014). Section 10 of the WSRA emphasizes
that WSRs are intended to protect “esthetic, scenic, his-
toric, archaeologic, and scientific features,” all of which
must be addressed in the CRMP.

The three types of WSR classifications (Wild, Scenic,
or Recreational) depend on the degree of anthropogenic
development along a river. River management objectives
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Table 1 — Selected Terms, Concepts and Definitions associated with the Wild and Scenic Rivers Act.
*Sources WSRA Section 16; Karr 1991, Karr and Dudley 1981, Pringle 2001.

Term/Concept

Definition

River

“a flowing body of water or estuary or section, portion, or tributary thereof, including
rivers, streams, creeks, runs, kills, rills, and small lakes”

Free-flowing

“applied to any river or section of a river, means existing or flowing in natural condi-
tion without impoundment, diversion, straightening, riprapping, or other modification
of the waterway”

Hydrologic connectivity

“water mediated transfer of matter, energy, or organisms within or between elements
of the hydrologic cycle”

Biological integrity

“all factors affecting an ecosystem and the ability to support and maintain a balanced,
integrated, adaptive community of organisms having a species composition, diver-
sity, and functional organization comparable to that of natural habitat of the region.”

depend on WSR type, but in all cases
CRMPs seek to conserve and enhance
river qualities and conditions for
present and future generations. The
WSR Wild classification

those rivers or sections of rivers that

includes

are free of impoundments and gener-
ally inaccessible except by trail, with
watersheds or shorelines essentially
primitive and waters unpolluted.

Those classified as

be free of impoundments, with

Scenic must

shorelines or watersheds still largely
and

undeveloped, but accessible in places

primitive shorelines largely
by roads. Lastly, those classified as
Recreational are readily accessible by
road or railroad, have some develop-

ment along their shorelines, and may

have undergone some impoundment
or water diversion in the past. Thus,
CRMPs include both monitoring
and management activities, as well
as restrictions on incompatible uses,
and may also include provisions for
restoration activities (Haubert 1998).
For example, if existing structures do
not impede a rivers free flow (see
Table 1), the presence of low dams,
diversion works, and other minor
structures prior to designation do
not preclude a river from being des-
ignated as a WSR (Diedrich 2002).
The restoration objective of remov-
ing such structures, therefore, may
appear in a river's CRMP.

Although the Forest Service
(USES),

National Park Service

(NPS), Bureau of Land Management
(BLM), and Fish and Wildlife Service
(USFWS) are the primary agencies
managing WSRs, administration
occurs by integrating authorities and
coordinating actions of states, tribes,
and 10 additional federal agencies
with jurisdiction over various aspects
of the management of water, river
substrates, and adjacent riparian
areas (Diedrich 1999). Currently,
the USES is the lead management
agency for more river kilometers in
the national system than any other
agency (7,981 km [4,959 miles])
(Table 2). Protecting riparian areas
and their immediate surroundings
is essential to protecting the biologi-
cally favorable values and conditions

Table 2 — National Wild and Scenic River System river kilometers per agency and river type.

*Data from rivers.gov; The National Wild and Scenic River System contains 27 rivers which are managed by
a combination of Tribes, States, and Federal agencies; 0.62 miles to 1 km.

RIVER TYPE

Agency National System Wild Scenic Recreational
U.S. Forest Service 7981 2,792 2,094 3,096
National Park Service 5,184 2,799 1,200 1,227
Bureau of Land Management 3,903 2,463 566 872
U.S. Fish and Wildlife Service 1,691 1,678 13 0
State-Administered 1,691 224 553 916

*Total km 20,453 9,958 4,427 6,067
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of rivers. Stewardship of WSRs is
consistent with the USES mission
of “securing favorable conditions of
water flows,” which is embodied in
the National Forests Organic Act of
1897. WSR designation encompasses
rivers and adjacent lands, providing a
riparian protection and management
corridor that is on average 0.4 km
(0.25 miles) wide. Consequently, the
WSRA is proactive in recognizing
the fundamental connection between
aquatic and terrestrial systems.

A rivers assemblage of fishes
may qualify as an ORV, especially
when threatened or endangered
species, or Endangered Species Act
(ESA)—designated critical habitat for
such species, are present. Remarkable
native species diversity or habitat
diversity may also qualify as ORVs.
Thus, conserving aquatic biodiversity
may be among the primary purposes
for WSR designation and can feature
prominently in CRMPs. All WSRs,
regardless of their identified ORVs,
provide important benefits to aquatic
communities. Even when conserving
biodiversity is not specifically a goal
of WSR designation, protecting riv-
ers is the freshwater equivalent of
creating preserves to protect terres-
trial biodiversity. In this article, we
briefly describe the aquatic resources
of the United States, the threats they
face, their conservation needs, and
how WSRs contribute to meeting
those needs. We also share examples
of how specific WSRs benefit native
species. Finally, we discuss limita-
tions of WSRs and opportunities to
improve their contributions to the
conservation of biodiversity.

Aquatic Biodiversity and
Threats

North American (NA) rivers and
streams support a wide variety of
aquatic and semi-aquatic flora and

fauna. These organisms are taxonom-
ically diverse and include microbes,
algae, vascular plants, insects,
mollusks, crustaceans, amphibians,
reptiles, birds, mammals, and fishes.
NA ecosystems are notable for their
richness and diversity of species, and
NA ranks first among continents for
freshwater biodiversity (Master et
al. 1998). Furthermore, NA aquatic
biodiversity is globally critical for
the conservation of various taxa. For
example, 60% of all world crayfish
species are native to NA (Crandall
and Buhay 2008), and NA supports
approximately 300  species  of
freshwater mussels, which account for
35% of 856 described global species
(Graf and Cummings 2007). Approx-
imately 10% of known freshwater and
anadromous fishes are native to NA
(801 species) (Master et al. 1998).

Many aquatic species in NA are
endemic (i.e., found nowhere else)
to a watershed or set of watersheds.
Diverse NA ecosystems, ranging
from coastal cypress swamps to glacial
lakes to desert rivers to high-elevation
streams, create unique habitats that
contribute to high endemism rates.
Large and small differences in the
environmental conditions to which
species evolutionarily adapted, have
been maintained for geologically long
periods of time resulting in a diverse
set of unique aquatic species, each
on its own evolutionary trajectory.
Consequently, conserving popula-
tions of aquatic species in one region
of the continent does not adequately
provide for the maintenance of overall
aquatic biodiversity.

Freshwater species are con-
sistently recognized as among the
world’s most imperiled taxa (Strayer
and Dudgeon 2010). Freshwater
fishes have higher extinction rates
than other vertebrate taxa world-

wide, and the current extinction rate
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for freshwater fishes in NA is nearly
900 times greater than the historical
background rate (Burkhead 2012).
In the United States, more than 75
fish species and numerous other
aquatic species are designated as
threatened or endangered. Endemic
species, those confined to a small
geographic range, or those with
small populations are particularly
at risk. To prioritize aquatic con-
servation efforts, it is essential to
identify critical habitats and life his-
tory requirements of at-risk species.
Multiple threats and stressors
have caused historical declines in
species diversity and abundance.
North American waterways teemed
with aquatic life prior to European
settlement. For example, prior to
the mid-19th century, huge Atlantic
salmon runs entered northeastern US
rivers (Webster 1982). Native salmon
are no longer abundant in the eastern
United States and some populations
are endangered (Parrish et al. 1998).
The Columbia River Basin was for-
merly the “most productive Chinook
salmon habitat in the world” (Van
Hyning 1973), with up to 16 million
salmon returning annually. Current
wild salmon returns represent about
2% of historical runs (Williams
2006). In undegraded Alaskan riv-
ers, large runs of Chinook, sockeye,
pink, chum, and coho salmon per-
sist. Other species, such as freshwater
mussels, were also abundant until
the early 20th century (Haag 2012).
Clench (1925, cited in Haag 2012)
visited the Green River in Kentucky
and reported “a bed of live shells
[...] over 300 feet long and 50 feet
wide; they were so thick I could have
filled a freight car.” Some previously
abundant North American mussels
are now threatened or endangered,
others are extinct, and few species are
abundant (Williams et al. 1993).
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A variety of threats continue
to affect aquatic and semi-aquatic
species. These include habitat frag-
mentation that limits gene flow and
access to critical habitat (Nilsson et
al. 2005); water withdrawals and
other hydrologic alterations that
change the timing and abundance of
water, interfering with species’ abil-
ity to grow, migrate, and reproduce
(Pringle 2001; Bunn and Arthington
2002); modifications of channels
linked to agricultural, industrial,
suburban, and urban land uses;
changes in water temperature result-
ing from thermal pollution, decreases
or alterations of riparian cover, and
climate change (Rieman and Isaak
2010); chemical pollution (Dud-
geon et al. 2006; Rockstrom and
Karlberg 2010); nonnative invasive
species that modify native species
assemblages through introgression,
predation, competition, and habitat
modification (Strayer 2010); and
increased susceptibility to pathogens
and diseases (Snieszko 1974).

With such a daunting array of
threats, it is rarely effective to address
Moreover,

problems  individually.

interconnectedness of
hierarchical

nature of aquatic systems embed-

given the
ecosystems and the

ded within terrestrial landscapes, it
is rarely possible to solve one prob-
lem in isolation of others. Therefore,
conservation efforts that affect large
geographic areas and address entire
ecosystems are much more likely to
benefit species than more narrowly
focused efforts (Williams etal. 2011).
Although there is no minimum seg-
ment length for WSR designation
and it is possible for individual WSR
designations to be too small to pro-
tect biodiversity, when implemented
at ecologically significant scales, des-
ignation and management of WSRs
is consistent with an effective, broad-

scale, holistic approach (Pahl-Wostl
et al. 2008; Cid and Pouyat 2013).

Aquatic Conservation Needs

Considering the plethora of aquatic
taxa found in North American rivers,
here we illustrate the conservation
needs of one group by focusing on
freshwater fishes, including potamo-
dromous, anadromous, catadromous,
and amphidromous forms (Morais
and Daverat 2016). Schlosser (1991)
provides a synthesis of freshwater
fish life stages: life begins when
fertilized eggs are either buried within
substrates, broadcast over the surface
of substrates, broadcast into the water
column, or attached to plant material.
Eggs mature after an incubation
period lasting from a few days to
several months when eggs hatch into
embryos. When the embryo phase
is complete, fish begin feeding on
external energy sources and become
larvae. When fully formed, larvae
become juveniles that undergo many
seasonally favorable periods of rapid
growth, followed by seasonally less
favorable growth periods. In temperate
streams, favorable and unfavorable
periods frequently involve migration
between summer and winter habitats.
Juveniles ultimately develop into
subadults, the life stage immediately
prior to sexual maturity. After sexual
maturity, adults complete spawning
migrations, locate appropriate sites
for egg deposition, and reinitiate the
life cycle. Within these general life
stages, tremendous diversity occurs in
life history characteristics of various
substantial

species. For example,

variation ~ occurs in  spawning
migrations; seasonal occurrence of
eggs, young, and adults; and feeding
habitats. Consequently, no single life
history definition is all-inclusive.

The interrelationships  that

have evolved between these diverse
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species, life stages, and life history
strategies and their habitats is com-
plex. Scott and Crossman (1973)
and Mechan (1991) provide detailed
descriptions of the life stages and
habitat requirements of many North
American fishes and salmonids,
respectively. The authors illustrate
unique temporal and spatial habitat
requirements of various life stages
and life history types. In general,
to persist, fishes require the main-
tenance of natural processes (e.g.
fires, floods, debris flows) that oper-
ate on landscapes, deliver wood and
sediment, alter stream channels, and
create complex habitats (Reeves et al.
1995). Specifically, species require
habitat components, including con-
nectivity that enables life stages to
move among suitable habitats; suf-
ficient quantities of water to sustain
living space and food sources; water
of suitable chemical quality; a natu-
ral hydrological regime to maintain
the conditions species and life stages
evolved with; suitable water temper-
atures, including daily and seasonal
temperature fluctuations; complex
habitats exhibiting diverse substrates
for life stages ranging from incubat-
ing embryos to overwintering adults;
instream cover components such as
large woody debris, aquatic plants,
and algae; and appropriate native
riparian and upland terrestrial veg-
etation. Each of these components
is critical for maintaining the food
webs and essential habitats neces-
sary for species with a variety of life
stages and diverse life history strate-
gies to persist.

Contributions of Wild and
Scenic Rivers to Aquatic
Conservation

By their free-flowing character and
the maintenance and enhancement

of their ORVs, WSRs provide



relatively intact and complex aquatic
and riparian habitat and unimpaired
water quality necessary for the
long-term  persistence of aquatic
species. To illustrate the benefits
of WSRs for aquatic biodiversity
conservation, we provide examples
from a temperate (central Idaho)
and a tropical (Puerto Rico) region,
and briefly describe contributions
of WSRs for advancing knowledge,
and their potential connections to
educational and outreach activities.

Insights from Central Idaho

Central Idaho’s Middle Fork Salmon
River (MESR) flows through the
heart of the Frank Church—River
of No Return Wilderness (FC-
RNRW) (Figure 1). In 1968 the
MFSR was one of the original eight
rivers designated during creation
of the National Wild and Scenic
Rivers System. From its origin, the
MESR flows north-northwest for
171 kilometers (106 miles) through
the Salmon River Mountains and
joins the Salmon River. Twelve major
streams and hundreds of smaller ones
are tributary to the river. From 1930
to 1980, a majority of the region was
managed in “primitive area” status
(USES  Service 1998). In 1980,
the Central Idaho Wilderness Act
established the 906,136-hectare (2.2
million acre) wilderness that remains
the largest contiguous wilderness in
the lower 48 states and the largest
in the national forest system. The
Central Idaho Wilderness Act also
added the main stem Salmon River
to the National Wild and Scenic
River System.

Landscapes are dynamic systems
shaped by a variety of natural pro-
cesses across a range of spatial and
temporal scales. In central Idaho,
processes include spring snowmelt
and peak flows, winter rain-on-snow
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Figure 1 - Central Idaho’s Middle Fork Salmon River flows through the heart of the Frank Church-River

of No Return Wilderness.

events and floods, snow avalanches,
wildfires,

high intensity rainstorms, landslides

windstorms,  droughts,
and debris flows, earthquakes, and
extreme temperatures. Natural pro-
cesses play a critical role in creating
aquatic habitat complexity, diversity,
and connectivity (Reeves et al. 1995;
Dunham et al. 2002). Although
human activities have degraded most
landscapes and altered natural dis-
turbance regimes, the FC-RNRW
is an exception. Its protected status
enables natural processes to function
relatively unimpeded by anthropo-
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genic activities across its extensive
landscape (Figure 2). Natural pro-
cesses create and maintain a dynamic
mosaic of landscape conditions that
support diverse, high quality, and
connected habitats (Thurow 2015).
Because of its large size, functioning
natural processes, and the diverse,
high quality, connected habitats they
create, a nearly complete native spe-
cies assemblage persists in the Frank;
only grizzly bears and Indigenous
people are absent from the region
Lewis and Clark explored in 1804
(Thurow 2015).

International Journal of Wilderness 53



Figure 2 — Within the MFSR, natural processes such as fires, intense storms, and debris flows (A) or
avalanches (B) create and alter aquatic habitats by recruiting wood and sediment to streams. Photo
credits: R. Thurow, US Forest Service, Rocky Mountain Research Station.

To illustrate these processes,
since the mid-1980s, climate-driven
increases in the size and severity of
wildfires in the western United States
(e.g., Westerling et al. 2006) have
profoundly affected forested and
aquatic ecosystems. High fuel densi-
ties, combined with drought, caused
forests to be highly susceptible to
changes in the timing of snowmelt

and increased the length of the fire
season (Westerling et al. 20006). Since
1990, wildfires have burned extensive
portions (>52%) of the MFSR Basin
(Thurow 2015). Paleo records of fire
confirm that intense fires have been
a natural part of this landscape for
thousands of years (Pierce et al. 2004;
Svenson 2010; Whitlock et al. 2010).
Fire-related debris flows have been an
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integral part of the FC-RNRW for at
least 12,000 years (Riley et al. 2011).
Intense thunderstorms or rain-on-
snow events postfire create debris flows
or snow avalanches that recruit wood,
carbon, and sediment to streams.
Runoff-generated, fire-related debris
flows (Meyer and Wells 1987) from
tributaries contribute immense vol-
umes of sediment (Kirchner et al.
2001; Riley et al. 2011). Such events
also occur in unburned, geologically
unstable landscapes. Inputs of fine-
particulate carbon and large woody
debris (LWD) are critical for aquatic
ecosystems; L\WD provides essential
channel structure, habitat diversity,
nutrient retention, and carbon to
streams (Bilby and Likens 1980; Bilby
1981; Seo et al. 2008; Martin and
Benda 2001), and fine organic carbon
forms the basis of aquatic food webs
for primary and secondary consumers
(Mulholland and Watts 1982).

Pacific salmon and other aquatic
species have evolved in these dynamic
freshwater environments. A complex
suite of disturbance patterns and pro-
cesses create and alter essential habitats
to provide a physical template essen-
tial to the expression of native species
life history and genetic diversity.
Chinook salmon, for example, persist
through a host of adaptations such as
multiple life history strategies, high
fecundity, extended incubation, high
mobility, and straying to new spawn-
ing sites (Figure 3) (NRC 1996).
Survival in dynamic environments is
also a matter of scale; persistence will
be influenced by how well dispersal
dynamics and reproductive rates
merge with scales of disturbance on
the landscape. The exceptional resil-
ience, flexibility, and diversity that
characterize salmon are fundamental
to their wide distribution, historic
abundance, and value (Martin and
Glick 2008). Life history diversity
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Figure 3 — Natural processes such as floods and landslides provide the physical template to produce
spawning habitat for native salmon. In many instances, the protected status of WSRs enables these
natural processes to function relatively unimpeded by anthropogenic activities. After spawning,
Chinook salmon enrich natal habitats with marine-derived nutrients. Photo credit: US Forest Service,

Rocky Mountain Research Station.

increases production and buffers
population fluctuations (Greene et al.
2010; Healey 2009). Within the FC—
RNRW, multiple fresh- and saltwater
Chinook salmon ages may provide
up to 18 different age classes spawn-
ing each year (Gebhards 1960; James
et al. 1998; Copeland and Venditti
2009). Despite extremely low popula-
tions levels (Thurow 2000), salmon
populations retain both within- and
across-tributary population differen-
tiation (Neville et al. 2006a).

Wild, Chinook
salmon and summer steelhead popula-
tions such as those in the FC-RNRW
are rare; Thurow et al. (2000) reported
their presence in 4% and 10% of the
potential historical range, respectively,
and 15% and 22% of the current
range, respectively, in the Colum-

indigenous

bia River Basin and portions of the
Klamath River Basin. Most other wild
populations were either extirpated by
impassable dams or have been supple-
mented with hatchery-reared fish

(Thurow et al. 2000). Federal fisheries
management agencies identified “four
H’s” (habitat degradation, harvest,
hatchery practices, and hydrosystem
operation) as the primary causes of
anadromous fish declines (NMFS
2000). Construction and operation
of main-stem dams on the Colum-
bia and Snake Rivers, however, is
considered the proximate cause of
anadromous fish declines (CBFWA
1990). The adverse effects of main-
stem dams and impoundments on
salmon and steelhead survival were
well documented (Raymond 1979),
and by the early 1990s, all wild Snake
River Chinook salmon and steelhead
populations were federally listed under
ESA. Despite abundant, high quality
natal habitat; absence of hatchery fish;
and low ocean harvest rates verified by
tag returns, MESR Chinook salmon
and summer steelhead remain at risk
of extirpation, primarily because of
outside basin factors in the Columbia
River and Snake River migration cor-
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ridor, estuary, and ocean. Today, all
anadromous fish in the Salmon River
basin must navigate eight dams (four
in the Columbia River and four in the
lower Snake River) to reach the ocean
as smolts and ascend the dams as
adults returning to spawn. Because of
MESR population declines, angling
has been closed for Chinook salmon
and steelhead since 1978. In the 2016
Draft Chinook Salmon and Steelhead
Recovery Plan, NOAA reported that
“[flederal hydropower projects in the
lower Columbia and Snake Rivers
remain a primary threat to the viabil-
ity of Snake River spring/summer
Chinook salmon and steelhead.”

Native salmonids have generally
persisted in the areas least influenced
by humans (Thurow et al. 1997).
Within the western United States, the
strongest and most intact native fish
populations occur within a network
of federally protected and managed
lands, including WSRs, roadless and
wilderness areas, and national parks
(Williams et al. 2011). Protected
areas anchor population strongholds
(Lee etal. 1997) and function as refu-
gia. The Frank contains high quality,
diverse, and functioning aquatic
habitats that provide strongholds for
15 native fishes. A host of other fed-
erally listed species, recently federally
delisted species (peregrine falcon,
bald eagle, and gray wolf), and US
Forest Service Regions 1, 4-Sensitive
Species and sensitive native plants
depend on the Frank and its natural
processes for essential, core habitats
(Thurow 2015).

Greene et al. (2010) and Haak
and Williams (2012) emphasized the
importance of such biocomplexity
and suggested maintaining diverse
life history portfolios of populations
may be crucial for their resilience to
unfavorable conditions such as cli-
mate change. Hilborn et al. (2003)
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Figure 4 — The tropical wild, scenic, and recreational rivers located in El Yunque National Forest, Puerto
Rico. Map credit: Maya Quiiiones, US Forest Service, International Institute of Tropical Forestry.

described how the preservation of bio-
diversity in Alaskan sockeye salmon
population has been attributed to the
species’ ability to persist and support
fisheries in a changing climate. Rie-
man and Isaak (2010) summarized
potential responses to climate change
and emphasized maintaining biodi-
versity to ensure the greatest capacity
for natural biological adaptation
to variable and changing environ-
ments. Crucial steps for conserving
biodiversity include (1) maintain-
ing connectivity to allow gene flow,
retain genetic diversity, and allow
recolonization (Dunham and Rie-
man 1999; Isaak et al. 2007; Neville
et al. 2006b); (2) conserving the full-
est range of genetic and phenotypic
diversity (Rieman and Isaak 2010);
and (3) maintaining spatial structure
and redundancy to retain phenotypic
and genetic diversity (Allendorf et al.
1997; Healey 2009).

Large, well-connected, high-ele-
vation, aquatic habitats may also serve
as anchors for species survival and
recovery in the era of global warm-

ing (e.g., Martin and Glick 2008).
Isaak et al. (2016) reported that the
relatively slow pace of water tem-
perature increases in high elevation
mountain streams portends their role
as refugia for cold-water biodiversity.
The MFSR’s importance as a cold-
water refugia is further enhanced by
its unique salmon that spawn at the
highest elevations of any spring/sum-
mer Chinook salmon population in
the world (Crozier et al. 2008).

Insights from Puerto Rico

The National System includes three
tropical rivers, all located within
the El Yunque National Forest of
Puerto Rico (USFS 1993). The
Rio Mameyes, the Rio La Mina,
and the Rio Icacos were each
designated in 2002 (Figure 4). These
WSR  designations maintain the
free-flowing condition of these rivers,
which are among the last remaining
unobstructed rivers in Puerto Rico
(Figure 5). The WSR designations
also secure flows that allow migratory
native aquatic fauna to complete
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their life cycles. Although a majority
of the designated WSR areas occur
within the national forest, significant
portions are located outside of
forest boundaries (Heartsill Scalley
and Lépez-Marrero 2014). These
three rivers dissect terrain with
steep hillslopes where flash floods,
overland flows, and landslides occur
regularly. Such natural disturbances
maintain and create high quality
habitat for native fauna (Lugo and
Heartsill Scalley 2014; Ortiz-Zayas
and Scatena 2004).

Aquatic fauna in these WSRs are
amphidromous, residing in freshwater
habitats as adults and in estuarine or
coastal/marine waters during early life
stages (Pringle 2000). Native fishes,
shrimp, and snails migrate among
headwater streams, rivers, and coastal
estuaries to reach the Caribbean Sea
or Atlantic Ocean (Cook et al. 2009;
Covich et al. 2006; Covich and
McDowell 1996) (Figure 6). After
rearing in salt water, they migrate
back upstream as postlarvae to occupy
pools in streams along elevational
gradients in the WSRs (Heartsill
Scalley et al. 2001; Greathouse et al.
2006; Harris et al. 2012). Ten native
species of shrimp, at least six fishes,
various snails, and one endemic fresh-
water crab (buruquena) inhabit these
WSRs. The diverse shrimp species
dominate the aquatic fauna biomass
in these tropical WSRs and streams
(Harris et al. 2012). Four shrimp
species are filter-feeders and scraper-
grazers before (gata and guabara)
while another species, the salpiche, is
a shredder and particle feeder (Crowl
et al. 2006). The palaemonid genus
Macrobrachium includes five species,
such as boct and zurdo, which are
the predators and omnivores feed-
ing on leaf detritus, fine particulate
organic matter, macrophytes, algae,
small invertebrates, mollusks, small
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Figure 5 — WSR designation of the Rio Mameyes, in the El Yunque National Forest, maintains the free-
flowing condition of this and other rivers, which are among the last remaining unobstructed rivers in
Puerto Rico. Photo credit: Maria Rivera-Costa US Forest Service, International Institute of Tropical Forestry.

fishes, and other shrimp (Covich
and McDowell 1996). Fishes are
also predominantly amphidromous,
although recent findings reveal there
is variation in the migratory strate-
gies of these native fish assemblages
(Kwak et al. 2013). Fishes include
omnivorous gobies, saga, and various
species of algivorous gobies, sirajo or
chupapiedra; the eleotrids, big-mouth
sleeper, also known as guavina, and
the spiny-cheek sleeper; a freshwa-
ter dajao mullet; and American eel.
Native diadromous freshwater snails
such as the burgao are also found in
the WSRs. These snails are so sensi-
tive to water depth that they are not
found in rivers that are hydrologi-
cally disconnected from the ocean or
that exhibit excessive accumulation
of estuary sediments (Blanco and
Scatena 2006). The WSRs in the Fl
Yunque National Forest maintain
fundamental ecosystem components
including continuous stream dis-
charge, riparian vegetation, naturally
substrates,

heterogeneous  channel

and hydrologic connectivity between

headwaters and designated river sec-
tions. The Puerto Rico Department of
Natural Resources has developed river
protection designations that would
extend and complement the free-
flowing condition of the WSR section
of the Rio Mameyes to ensure river
connectivity beyond federal lands, all
the way to its estuarine sections and
its coastal outlet.

Despite  differences  between
tropical Puerto Rican and intermoun-
tain western rivers and their fauna,
the designation and management

of WSRs in both regions is essential

o —

for native species persistence. WSRs
ensure that high quality, connected,
and naturally functioning aquatic
habitats are retained for native spe-
cies. In both locales, WSRs act as
refugia for at-risk aquatic species and
help conserve significant elements of
aquatic biodiversity.

Advancement of Knowledge

Altered landscapes compromise our
ability to examine natural processes
and species responses. Wilderness
offers unique opportunities for social
and biophysical research in locations
relatively unmodified by humans.
Within the confines of watersheds
that  hierarchically  incorporate
both wilderness and nonwilderness
areas, WSRs provide the minimum
accumulation  of  anthropogenic

effects at the landscape scale.
However, because rivers from their
headwaters to their drainage outlets
are integrated into multiple-use
landscapes, true wilderness in WSRs
depends on the spatial context
and scale of the section of the river
being designated. Nevertheless, both
wilderness areas and WSRs provide
locations for passively examining
natural processes and species in the
absence of confounding management
and land use. Consequently, such

areas function as controls, baselines

against which we may measure the

e P TR

Figure 6 — Native diadromous aquatic fauna from El Yunque National Forest's wild and scenic rivers;
(clockwise from upper right): algivorous goby, chupapiedras (Sicydium plumieri); eleotrid sleeper,
guavina (Gobiomorus dormitor); saga (Awaous tajasica); and one of the five species of predatory
shrimp, bocu (Macrobrachium carcinus). Photo credit: Katie L. Hein.
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results of management experiments
(Noss 1991).

The FC-RNRW provides a
natural laboratory for USFS scientists
and collaborators to examine a host
of research topics: the role of debris
flows and avalanches in contributing
carbon and wood to streams (Figure
2); validating methodologies and
sampling designs for salmon popula-
tion monitoring; examining linkages
between fine-scale genetic structure,
demographic parameters, and envi-
ronmental characteristics; assessing
salmon dispersal and environmental
constraints using spatial autocorrela-
tion; validating hydrologic models
that predict spawning gravel distribu-
tion; monitoring salmon responses to
stochastic events; assessing environ-
mental covariates affecting salmon
habitat occupancy; and evaluating
changes in salmon phenology in
response to a changing climate. Simi-
larly, the Mameyes WSR (Figure 5)
provides a unique opportunity to
monitor shrimp population dynam-
ics, organic matter export, and water
quality in a free-flowing system (Scat-
ena and Johnson 2001; Pérez-Reyes et
al. 2015; Heartsill Scalley et al. 2012).
Long-term datasets collected in Puerto
Rican WSRs have been instrumental
in improving our understanding of the
effects of disturbance caused by flow
alterations and the faunal extirpations
and ecosystem process disruptions
that occur in dammed and modified
rivers (Greathouse et al. 2006; Crook
et al. 2009). Research values of WSRs
may be enhanced by completing and
curating accurate stream length data
among WSR management agencies.
Current deficiencies in spatial data
include WSR boundary delimitations
and stream length data at appropriate
regional and local scales (McManamay
2013). The Interagency WSR Coordi-
nating Council has also identified the
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need for a comprehensive database
of aquatic species occurrence, legal
status, their habitat, and other man-
agement-significant ecological data.

WSRs may also assist efforts
to connect people with and edu-
cate them about landscapes. Many
people who visit WSRs identify
them as providing a unique sense of
place that is inherently valuable for
their well-being (Smith and Moore
2011). Communities local to WSRs
also perceive recreational, resource,
social, psychological, and economic
benefits (Smith and Moore 2011).
Much untapped potential remains
to expand the role of WSRs in
educational and outreach activities
connected to ongoing research efforts
in these watersheds.

Limitations of Wild and Scenic
Rivers for Aquatic Conservation
Despite its considerable value, the
WSRA by itself is not a comprehensive
toolfor conservingaquaticbiodiversity.
Although the act contributes to
maintaining hydrological connec-
tivity of designated rivers, only
0.3% of America’s river kilometers
are designated as Wild and Scenic
(Benke 1990). The WSRA

does prohibit  development

also
not
(e.g., hydropower projects, water
withdrawal) below or above WSR
segments. Therefore, a key limitation
of WSRs is their inability to protect
all life stages of all aquatic species
contained in entire watersheds.
Consider wide-ranging species such
as anadromous fish, which spawn
in freshwater, migrate to the ocean,
and rear in the marine environment.
Although  WSRs may  protect
spawning and natal habitat, essential
migratory corridors and estuaries that
fall outside designated river segments
may be managed separately. For

example, despite the MFSR’s excellent
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natal habitat and uniquely adapted
fish, because of factors outside the
WSR, all anadromous salmonids in
the drainage are ESA listed and at
risk of extirpation (Thurow 2000).
Disturbances from dams and water
withdrawals in lower portions of

also

to upstream systems by reducing

watersheds are transmitted
genetic flow among source and sink
populations and altering nutrient
cycling and primary productivity
(Greathouse et al. 2006; Pringle
1997). In the tropical Rio Mameyes,
it is necessary to find partners outside
the WSR to promote actions that
limit riparian area land use and
land cover change. Riparian areas
in this WSR have the second largest
percentage of urbanization of all
the rivers originating in El Yunque
National Forest (Heartsill Scalley and
Lépez-Marrero 2014). Land cover
changes associated with recreation
access, pollution and contamination
from recreational activities, and
hydrological changes in the lowland
and coastal areas are stressors to this
river system.

For the full conservation benefits
of WSRs to be realized, management
must be coordinated across jurisdic-
tions using multiple authorities.
In most cases, only a portion of a
river receives WSR designation, so
upstream and downstream condi-
tions and management objectives
in undesignated sections influence
aquatic biodiversity in the pro-
tected segments (McManamay et
al. 2012). In recent years, there has
been increasing recognition of the
importance of managing rivers at
the watershed scale. For example, in
2009, Congress designated partial
watershed-scale WSRs for the upper
Snake River (WY), the Owyhee River
(ID), and the Virgin River (UT).
The location of the protected WSR



segment within a watershed (i.e.,
lower, middle, upper) will bring with
it management issues and challenges.
Designated segments in lower water-
sheds portions may become sediment
deficient if sediment is retained by
upstream dams. Water extraction in
upstream river segments may also
affect downstream segments (Pringle
2001). WSR segments in middle
sections of a watershed may experi-
ence degradation from upstream and
downstream segments. Groundwater
pumping, changes in terrestrial veg-
etation, and elimination of natural
flooding regimes commonly alter
middle watershed areas. Designated
WSRs in upper watersheds are usu-
ally in mountainous or wilderness
areas. These upper watershed WSRs
are vulnerable to the effect of isola-
tion and diminished hydrological
connection to their lower watersheds.
An important shortcoming of
the WSRA with respect to the water
law of the western United States and
the conservation of aquatic biodiver-
sity is that designated river segments
can be de-watered if senior water
rights are present higher in the water-
shed. The WSRA protects instream
flows only to the extent made pos-
sible by the reservation of a federal
water right with a priority date that is
the same as the date of the river seg-
ments designation. This makes the
reserved federal water rights of most
WSRs very junior ones and therefore
does little to protect or augment
instream flows. This shortcoming can
be partially overcome, however, by
seeking to ensure wherever possible
that WSR designations encompass
the headwaters of a river’s main stem
and those of its critical tributaries.
Nonnative species may not be
considered in the designation of
WSRs, and unless an aquatic or
terrestrial species wildlife ORV' is

recognized as potentially impaired
by nonnative species, a river's CRMP
is unlikely to address the prevention
and management of nonnative spe-
cies. State agencies also typically retain
authority to manage fish and wildlife
populations in both WSRs and desig-
nated wilderness. The Central Idaho
Wilderness Act of 1980, for example,
states: “[N]othing in this Act shall be
construed as affecting the jurisdic-
tion or responsibilities of the State
of Idaho with respect to wildlife and
fish in the national forests in Idaho.”
Despite the state’s authority, stocking
of alpine lakes in tributaries to the
MFSR WSR is guided by a Memo-
randum of Understanding between
the Idaho Department of Fish and
Game (IDFG) and Forest Service.
Historically, many of the lakes in the
FC-RNRW were fishless and began
receiving fish in the early 1900s when
stocking was conducted by backpack
and horseback; this has been followed
by aerial stocking in the last 50 years
(IDEG 2013). IDFG (2013) notes
that historical alpine lake management
was conducted to provide diverse
angling opportunities, and little con-
sideration was given to native lake
fauna prior to wilderness designation.
Fish introductions in some barren
lakes have reduced native amphibian
populations through predation and
competition (Hoffman and Pilliod
1999). As a result, in recent years,
IDFG has developed an adaptive
management approach to guide the
Frank’s alpine lake fish-stocking pro-
gram. Information from a variety of
agencies and sources is incorporated,
and ecological and biological aspects
of maintaining native amphibian
and downstream fish populations are
considered in determining how alpine
lakes are managed (IDFG 2013).

In areas where management
objectives and priorities are not
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aligned with conservation goals, lack
of consideration for nonnative spe-
cies may limit the contributions of
WSRs to the conservation of native
aquatic biodiversity because nonna-
tive species may affect native food
webs and alter ecosystem functions
or displace native species popula-
tions. Whether fish and wildlife are
an ORV of a particular WSR, the
of WSRs for
native aquatic biodiversity would be
improved if each CRMP addressed

collaborative management of nonna-

value conserving

tive species. As in the example above,
CRMPs could include provisions
to avoid the stocking of nonnative
fish into designated lakes and river
segments. Providing for nonna-
tive species management in WSRs
is particularly important because
people attracted to WSRs for recre-
ation may inadvertently introduce
nonnative species. Furthermore, the
free-flowing condition of WSRs allow
nonnative aquatic species that estab-
lish populations to spread upstream
or downstream more readily than
in rivers where barriers are present.
Clearly, protecting or restoring the
free-flowing condition of rivers is
highly beneficial to the native species
that are evolutionarily adapted to the
physical characteristics of free-flow-
ing conditions (e.g., temperature,
turbidity, hydrograph). On the other
hand, the physical conditions associ-
ated with regulated rivers (e.g., low
turbidity, flattened hydrograph, and
cold temperatures) often favor nonna-
tive plants and animals (e.g., tamarisk,
nonnative  cold-water  salmonids)
(Johnson et al. 2008). Altered condi-
tions that promote the establishment
of nonnative species to the detriment
of native species frequently occur
below dams where WSR-designated
river segments often begin. Such loca-
tions make the inclusion of nonnative
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species management in CRMPs even
more compelling. WSRs may be par-
ticularly good candidates for efforts
to prevent and control harmful
nonnative species because WSR seg-
ments may experience fewer effects
from other stressors (e.g., pollution,
habitat fragmentation) than other
rivers. Thus, benefits from successful
nonnative species management may
be less likely to be obscured by other
environmental problems in WSRs
than elsewhere (Abell et al. 2007).
Despite their protected status,
some WSRs retain legacy effects from
historical activities that occurred prior
to designation (e.g., dredge mining).
In such instances, habitat restoration
projects provide an opportunity to
enhance the “wild character,” free-
flowing conditions, and water quality
of the river and benefit aquatic spe-
cies. However, constraints imposed
on the management of WSRs may
complicate efforts to enhance habitat
quality for aquatic species. Environ-
mental review standards for all WSR
projects, including habitat man-
agement and restoration, are more
stringent than for undesignated rivers.
The WSRA requires the evaluation of
any projects on a designated river sec-
tion to ensure there are no “direct and
adverse” impacts to the river (see Sec-
tion 7 review, https://www.rivers.gov/
documents/section-7.pdf). To avoid

WSR

management agencies should work to

unnecessary complications,
promote consistency in project review
standards, within and across agencies.
Publications of the Interagency WSR
Coordinating Council website pro-
vide resources to facilitate this process
(hteps://www.rivers.gov/publications.

php).

Summary
Formerly diverse and abundant, native
aquatic species and their habitats

are at risk from a variety of threats.
their WSRs
provide complex aquatic and riparian
habitats,

limitations,

Despite
favorable  hydrological
conditions, and natural processes
necessary for the long-term persistence
of many aquatic species. Achieving
sustainable use of freshwater resources
for the benefit of present and future
generations will require continued
pursuit of actions that conserve and
restore species and their habitats.
McGrath (2014) suggests that a
comprehensive approach inclusive
of all

maximize the WSRA’s effectiveness. A

stakeholders will tend to

comprehensive approach may include
research, monitoring, a combination
of protected areas and multiple-use
areas, restoration projects, outreach,
and educational initiatives (Dudgeon
et al. 2006; McGrath 2014). The
Interagency Wild and Scenic Rivers
Coordinating Council was formed
in 1993 to assist the development of
an integrated approach transcending
political, land, and water management
boundaries  (https://www.rivers.gov/
council.php). As Franklin (1993)
observed, reserves will never be large
enough or sufficiently distributed
to maintain all biological diversity.
Protection of aquatic strongholds,
such as WSRs, will also not be
sufficient on its own (Thurow et
al. 2000). To conserve biodiversity,
a combination of reserves, aquatic
restoration efforts, instream How
provisions, and adoption of more
ecologically compatible land use
policies on adjacent lands (e.g.,
Thurow et al. 1997) will be required
(Abell et al. 2007).
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Appendix I. List of Species referenced in the article and their common and scientific names

Taxonomic Common Name Scientific Name
Category
Birds Peregrine falcon Falco peregrinus
Bald eagle Haliaeetus leucocephalus
Crustaceans Filter-feeding shrimp, Guabara Atya innocuous
Filter-feeding shrimp, Gata A. lanipes
Filter-feeding shrimp A. scabra
Freshwater and riparian crab, Buruquena Epilobocera sinuatifrons
Predatory/omnivorous shrimp Macrobrachium acanthurus
Predatory/omnivorous shrimp, Boct M. carcinus
Predatory/omnivorous shrimp M. crenulatum
Predatory/omnivorous shrimp M. faustinum
Predatory/omnivorous shrimp, Zurdo M. heterochirus
Filter-feeding shrimp Micratya poeyis
Shredder shrimp, Salpiche Xiphocaris elongata
Fishes Atlantic salmon Salmo salar
Chinook salmon Oncorbynchus tshawytscha
Chum salmon O. keta
Coho salmon O. kisutch
Pink salmon O. gorbuscha
Sockeye salmon O. nerka
Summer steelhead O. mykiss
Algivorous goby, Sirajo, Chupapiedra Sycidium plumieri, Sycidium spp.
American eel Anguilla rostrata
Eleotrid, Big-mouth sleeper, Guavina Gobiomorus dormitor
Eleotrid, Spinycheek sleeper Eleotris pisonis, E. perniger
Freshwater mullet, Dajao Agonostomus monticolus
Omnivorous/predatory gobid, Saga Awaous taiasica
Gastropod Diadromous snails, Burgao Neritina spp.
Mammals Gray wolf Canis lupus
Grizzly bear Ursus arctos horribilis
Plant Tamarisk Tamarix spp.
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