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Abstract

The total maximum daily load (TMDL) process is ineffective and inappropriate for improving stream
water quality in therural areas of the northern Great Basin, and likely in many areas throughout the
country. Important pollutants (e.g., sediment and nutrients) often come from the stream systems rather
than external point or nonpoint sources where TMDL focuses. Water quality indicators lag behind
ecosystem functions, and monitoring water quality failsto identify causes of, or recovery from, degraded
water quality and loss of fish habitat, the most sensitive beneficial use. Ambient monitoring programs
should identify risk and recovery, focusing resources toward effective land and water management
strategies. Toillustrate, we elucidate the connections between various water quality attributes and the
seventeen items of the interagency riparian proper functioning condition (PFC) assessment for lotic
(running water) riparian systems. We conducted PFC assessment for relevant parts of the Maggie Creek
Watershed, and devel oped hypotheses of improved water quality from improved management and
riparian conditions. We then tested these hypotheses using afar more intensive water quality monitoring
data set than is generally available to rangeland, rural land, or water quality managers. The Maggie
Creek, NV, case study demonstrates that changes in grazing management (timing and duration) resulted
in improved stream functionality, leading to reduced sediment and phosphate, increased dissolved
oxygen, and improved aquatic habitat. It also demonstrates that monitoring for water quality by
monitoring water chemistry requires unaffordable frequency and generates highly variable data that
obscures relevant issues while it fails to monitor drivers of system collapse or recovery. Thus water
chemistry monitoring fails to timely inform management of impairment risk or the trend from
management actions. We suggest that published protocols for monitoring multiple indicators of riparian
functions are more relevant, timely, and less expensive.






Introduction

Streams differ in their potential to produce habitats, biota, and water quality for beneficial uses. Stream
differences are often discussed or classified using stream order (Strahler 1964), valley confinement and
landform setting, gradient, substrate, entrenchment, width/depth ratio, sinuosity, and bed form (e.g.,
Rosgen 1996, 2006, Knighton1998). Differences are caused by climate and geologic parent material, as
well as historic and prehistoric human modifications (Dunne and Leopold 1978, Mann 2005). Riparian
vegetation exerts strong influences on channel form and ecological processes (Prichard et al. 1998,
Corenblit et al. 2007, 2009, and 2011). The importance of riparian vegetation and its differing rolesin
various geomorphic and ecological settings has led to numerous riparian vegetation classifications (e.g.,
Manning and Padgett 1995) and scorecards (e.g., Weixelman et al. 1996).

Maintaining healthy aguatic and riparian habitats depends on management that allows or facilitates
natural recovery of riparian functions after natural or anthropogenic disturbance. These functionsinclude
dissipating flood energy and slowing travel rates of materials out of their watershed positions; erosion and
deposition of sediment to maintain floodplain access and channel pattern, profile, and dimension
appropriate for the landform setting; hydrologic processes of aquifer recharge and hyporheic interchange;
and growth and reproduction of stabilizing plant communities. Maintaining these dynamic functions
provides riparian floodplain and aquatic capital that create extremely productive fish and wildlife habitats
and soils, high water quality, high biodiversity, and other ecosystem services. Impairment of riparian
functions changes hydrologic, vegetative, and geomorphic interrel ationships and may trigger cascading
effects.

When management goes awry with nature or up- or down-stream neighbors exceed boundaries of
dynamic equilibrium with too much or too little sediment or water or by changing vegetation or base
level, it is not uncommon for streamsto incise. This setsin motion along-term chain reaction of
geomorphic adjustment that |eads to significant changes in water quality and aguatic habitats.
Anthropogenically altered water cycles often lead to hydrol ogic alterations such as increased/decreased
volume and velocity of runoff and size and frequency of floods, altered groundwater discharge, and
changes in runoff storage capacity in wetlands, soil, and aquifers. Alterations frequently create additional
environmental stressors via erosional/depositional processes such as changes in sediment and chemical
concentrations (often considered pollutants) in the water. These changes modify habitats and affect other
beneficial uses of water or water bodies. To address the aquatic impacts from environmental stressors, it
isimportant to understand the interconnectivities of a system and recognize the fundamental changesto
riparian ecosystem services coming from changes in hydrology, vegetation, and soil erosion/deposition
within a geomorphol ogic context.

Properly functioning streams and riparian systems provide a steadying influence on various water quality
and aguatic habitat attributes. Riparian proper functioning condition assessment connects to water quality
and aguatic habitat by assessing the degree of functionality and the risk of losing this functionality. The
job of astream isto transport water and sediment; the key question is aways the rate of that transport.
Functioning streams dissipate the energy of flowing water. Stream potential energy, represented by
higher elevation water influenced by gravity, has the power to exceed the critical shear stress of sail,
banks, bed, or floodplains as it changes to kinetic energy. Dissipated energy islesslikely, at any one
spot, to exceed the critical shear stress of that material and cause erosion. Similarly, when water slows, it
may no longer provide the velocity and turbulence to keep particles suspended or moving, leading to
deposition.

Sediment is amajor pollutant across the nation (USEPA 2009). Reducing erosion, or inducing
sedimentation, has direct water quality implications. Sediment is the primary medium for transporting
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organic/inorganic chemicals that impact aquatic biota and beneficia uses (e.g., recreation and wildlife).
Pathogens and nutrients are the most common biological and chemical stressors to wildland streams and
lentic wetlands. Excess nutrients cause eutrophication. ldeally, the rate of nutrient availability should
remain reasonably steady at an appropriate level for the community of organisms of the system to
function. The appropriate level and variability differs widely among locations and stream reaches.

Temperature and other environmental variables fluctuate through time and space in relation to diurnal and
annual cycles. Aquatic organisms alter their individual physiology and community structure to adapt to
the respective systems normal range of variation (Barnes and Minshall 1983). Properly functioning
streams vary the magnitude of the fluctuations within a narrower range. Thus, temperature dependent
biological and chemical processes operate with lower variation. Well vegetated and functioning stream
and wetland systems typically decrease aguatic insolation and reduce heat exchange through radiation.
They ameliorate fluctuations of water volume (downstream low flows and floods) through underground
storage with aguifer recharge and hyporheic interchange. Thus, winter low temperatures remain higher
and summer high temperatures remain lower.

Riparian Proper Functioning Condition (PFC) assessment (Prichard et a.1998) connects to water quality
through system attributes that collectively lead managers to grasp the story of individual reaches and the
overal watershed. This study assesses changesin riparian physical functionality and biophysical
alterations due to changes in land management strategies. Understanding the resulting changes in water
quality and aquatic habitat at alocal scale empowers resource managers for adaptive management
aternatives using the PFC protocol.

PFC

PFC is an interagency assessment protocol focusing on physical structure and functioning in relation to
on-site potential. Although qualitative, it isbased upon quantitative science (e.g. Prichard et al. 1998
(from Leonard et al. 1992) and incorporates the important attributes that numerically based surveys
commonly address. An interdisciplinary team conducting PFC assessment in thefield uses all relevant
field observations, science, and life experience to inform understanding of local potential, what islocally
possible, and what is needed for the system to maintain functionsin large flow events. Thisreplacesa
similar qualitative process of interpretation of quantitative survey datain the office based on standard
expectations or classifications that only partially capture inherent spatial variability in potential and
attributes needed for ecosystem functions. A PFC rating relates how well the physical stream processes
arefunctioning. To be properly functioning, ariparian system will: “ Dissipate stream energy associated
with high water flows, thereby reducing erosion and improving water quality; filter sediment, capture
bedload, and aid floodplain development; improve floodwater retention and groundwater recharge;
develop root masses that stabilize streambanks against cutting action; develop diverse ponding and
channel characteristicsto provide the habitat and the water depth, duration, and temperature necessary for
fish production, waterfow! breeding, and other uses, and; support greater biodiversity.”

To determine how well ariparian area functions to achieve these criteria, an interdisciplinary team of
experienced professionals uses a checklist of seventeen attributes in three categories: hydrology,
vegetation, and erosion/deposition. The functional attributesin the PFC checklist provide important foci
for this study’ sresearch. The rationale for the PFC assessment, including all seventeen attributes, has
been summarized in technical references (Prichard et al. 1993 (revised and elaborated by Prichard et al.
1998).

When the stream and riparian system functions properly, meeting the previously mentioned criteria, it will
be stable and resilient to major hydrologic events, even those with recurrence intervals of at least 25-30
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years (Prichard et al. 1998). Stream stability requires that a stream be self-sustaining, retain the same
general geometry over time (decades), and balance the import and export of sediment (Ward and Trimble
2004). These generalizations come from studies of a multitude of streamsin variouslocales. Miller et al.
(2004) describe a Great Basin morphologic setting influenced by climate changes that implies some
riparian systemsin this region may be more sensitive to disturbance and incision than “typical” streams.
The hydrologic/stability interval expressed by Prichard et al. (1998) suggests possible instability at lower
probability/higher magnitude events. Y et PFC streams may buffer the hydrol ogic and geomorphic
stresses of even dam-break events analogous to extremely rare precipitation events. Prichard et al. (1993
and 1998) also describe mechanisms of natural recovery toward a renewed stability with restored
functionality borrowing from Jenson et al. (1989) and many others.

If ariparian area does not function properly, it may not retain the same general geometry over time and
may be out of balance regarding sediment transport. If the riparian zone is functioning but stressed or “at
risk” because one or more attributes makes it susceptible to degradation, it may be prone to excess
channel changes during major disturbances such as flooding or fire. These alter water levels and plant
growing conditions, degrade nutrient uptake, and accelerate erosion. Undissipated hydraulic energy
detaches particles ineffectively bound by roots. Kozlowski (2007) modeled changesin severa stream
channel attributes of burned northern Nevada riparian zones using PFC attributes, functional ratings,
precipitation, and upland and riparian burn severity.

PFC Attributes and Water Quality

Each item of the PFC assessment addresses a specific and important attribute or process necessary to
maintain a functioning riparian system. Similarly, each plays arole in maintaining good water quality,
especially for those parameters of most concern in the rura streams of the northern Great Basin:
baseflow, sediment, nutrients, dissolved oxygen, and water temperature. These important attributes
commonly focus water quality managers for wildland streams wherever rangeland, forestry, or recreation
management predominates. Furthermore, this conceptual foundation supports water quality management
for management settings where pollution inputs outside of riparian areas dominate.

A) Hydrologic Attributes
1 - Floodplain Above Bankfull is Inundated in “ Relatively Frequent” Events (1-3 Years).

The active floodplain (Gebhardt et al. 1989) is the area next to the stream where inundation occurs when
bankfull discharge is exceeded, which occurs on average about two out of three years (Leopold 1994).
Where a stream has frequent access to its floodplain, the energy associated with flood flows can be
dissipated in shallow water across a wide surface and by the friction provided by riparian/floodplain
vegetation with multiple stems. Shallow depth and roughness slows the velocity, allowing excess
sediment to deposit rather than move downstream where it could damage economies and aquatic species
habitats from algae to fish (Bilotta and Brazier 2008). Spreading and infiltrating water across a broad
surface recharges aquifers. Saturation and availability of soil moisture then interacts with soils, climate,
and management to control the distribution of plant communities. Species associations, their niche within
the floodplain, and the internal structure of riparian communities are closely linked to flood duration,
frequency, and stream energy. An important edaphic and climatic variable, soil moisture is a major
determining factor in the establishment and survival of herbaceous and woody plants (Girel and Pautou
1997). Infiltrated water and the sediment deposited on the floodplain may be laden with pollutants or
nutrients which can then be taken up in plants and incorporated into a food web, slowing their
downstream spiral. Water infiltrated and percolated down to the water table recharges aquifers and
extends baseflow into dry seasons or years. Ground water discharge helps stabilize flow and moderate
the water temperature of streams (Caissie 1991; Blackport et al. 1995). Baseflow is often the result of
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ground water discharge into streams (Freeze and Cherry 1979; Blackport et al. 1995). Cooler water in
discharge zones during summer allows for higher dissolved oxygen (Caissie 1991; Power et al. 1999),
while relatively warmer water temperatures from discharge zones during the winter often keep water from
freezing into the bed (anchor ice) and occupying refugia habitats (Cunjak and Power 1986; Power et al.
1999). Internal structure of riparian plant communitiesis linked to topography and flooding frequency,
resulting in biodiversity changing along a gradient of elevation (Girel and Pautou 1997; Bush and Van
Auken 1984; Hupp and Osterkamp 1985). Frequent flooding and the associated anoxic soil conditions
are often needed to sustain riparian vegetation (Girel and Pautou 1997; Kozlowski 1984), especially the
stabilizing wetland plants needed for channel stability (seeitems 8 and 9). The roughness encountered
during energy dissipation coupled with the increase in water surface area may lead to increasesin
dissolved oxygen during flood events. Energy dissipation during floods allows streambank vegetation to
withstand flood forces and then to narrow and shade channels, decrease insolation and summer
temperatures, and increase dissolved oxygen.

Denitrification and sediment phosphorous adsorption are strongly influenced by water residence duration
and accumulation of fine textured organic rich sediment. Management activities that maintain flooding
and increase these processes increase the buffering capacity for nitrogen and phosphorous (Hill 1997).
Spatial and temporal retention of nutrients are linked to geomorphology of catchments and channels
(Marti and Sabater 1996). Reducing conditions that change pH values and mobilize minerals such as
phosphorous, nitrogen, and magnesium occur during periods of anoxia. Repeated flooding and draining
favors denitrification (Girel and Pautou 1997). Van Vliet and Zwolsman (2008) found that decreasesin
discharge due to drought brought on increased water temperatures, nutrient loads, and algal blooms.
Kaushal et al. (2008) demonstrated increased geomorphic stability and increased denitrification by
restoring and reconnecting an urban floodplain. Where or when a stream incises, it loses the important
function of floodplain inundation and the water quality benefits associated with it. Streambanks then
accelerate erosion and become pollution sources.

2 —Where Beaver Dams are Present they are Active and Sable.

Where dams are present, many implications for water quality depend on whether they are active and
stable. If adam is not being maintained or cannot be maintained long-term due to limitations of beaver
forage or woody building material, it isinactive or unstable. Loss of adam means potential degradation
and adjustment that can include stream incision, loss of floodplain access, riparian dehydration, channel
widening, and lateral migration. A dam'’s ability to hold up against storm flows depends on the dam’s
condition, which is controlled by factors such as beaver food availability, predation on beaver,
abandonment, or the tunneling of other animals into and around the dam. Catastrophic failure of adam
can lead to rapid downcutting through accumulated sediment. Implications to water quality are then
similar to those addressed in attribute 3.

Demmer and Beschta (2008) found that beavers facilitate riparian recovery. With increased beaver
activity, dams/ponds accumulated sediment, improved conditions for establishment and growth of
riparian plants, and altered channels, making them more complex from the formation of new meanders,
pools, and riffles. Accumulated sediments provided fresh seedbeds for regeneration of various riparian
plants where breaches occurred. Altered wetness further adjusted plant communities. Where beavers
abandoned reaches due to heavy utilization of riparian vegetation, eventually woody vegetation occupied
alarger portion of the floodplain. Wright et al. (2002) show that by increasing habitat heterogeneity via
beaver dams, the number of herbaceous plant species increased by 33%, thereby increasing species
richness on alandscape scale. Thislinksdirectly to the importance of diverse composition of vegetation
needed for channel maintenance and recovery (attribute 7, Table 1).



Klotz (2010), summarizing literature and using empirical data, found a 35.5% reduction of nitrate levels
of water passing through beaver ponds. Reduction was greater during warmer periods, suggesting
biological processes were responsible. Nitrates may have been transformed with microbia denitrification
enhanced by anoxic substrates, ample organic matter, and increased residence times. Burchsted et al.
(2010) describe increased area of combined surface water and elevated groundwater table across beaver
impoundments. Longitudinal sediment transport is discontinuous as impoundments store fine grained and
organic sediment. Deposition creates riparian landforms that can persist for centuries to millennia,
created by a net balance of sediment accumulation and typically leading to a reducing environment and
denitrification. Oxygen is depleted within the impoundment water column and sediments due to slow
water and high productivity. Anoxic conditions create a net storage of organic nitrogen. Relatively
higher levels of nitrogen may come out of an impoundment if levels were low going in due to increased
microbial activity and beaver’s addition of organic matter. However, if levels are high going in there can
be a net decrease in transport out. Maret et a. (1987) found that during high flows (spring runoff), total
suspended solids (TSS), total phosphorus (TP), sodium hydroxide extractable phosphorus (NaOH-P), and
total kjeldahl nitrogen (TKN) were reduced when flowing through a series of beaver ponds. During low
flow the ponds had less of an effect. Nitrate nitrogen (NO3-N) was reduced in both high and low flows.
Ortho-Phosphate (OP) did not appear to be affected by the ponds. Ammonia nitrate (NH4-N) was always
quite low.

The primary source of NaOH-P was from the TSS. TSS explained alarge portion of TP and TKN. TP
and OP were often significantly correlated. Bank and channel erosion appear to be contributing sources,
and export of nutrients from banks within beaver dam areas was calculated to be less than from above or
below the ponds. There was a 50-75% reduction in TSS, 20-65% reduction in TP and TKN, and 20-25%
reduction in NO3-N within complexes as opposed to above or below them. Maret et al. (1987), Correll et
al. (2000) found beaver ponds reduced annual discharge of water (8%), TN (18%), TP (21%), and TSS
(27%). Prior to pond building all were highly significantly correlated w/discharge, but had no
relationship after six years. Nitrate and ammonium were correlated with discharge at both times.

Margolis et a. (2001) measured stream water chemistry above and below two Appalachian stream beaver
ponds and found that significant differences in chemistry were generally confined to summer. Both
impoundments increased acid neutralizing capacity and pH by acting as sinks for nitrate and ammonium.
Naiman et al. (1994) found that in beaver impoundments only a portion of nutrient and other stocks go
downstream or to the atmosphere. Much of the nutrient load is retained in the organic soil horizons that
make up the ponds. These remain available to plant communities long (decades to centuries) after beaver
meadows have been abandoned. Ultimately they help determine what communities will establish.

Ponds usually have higher summer water temperatures, but are typically found to improve cool-water
fisheries at the network scale. Anincreasein cool groundwater return to the channel can also help to
mitigate the higher temperatures. Due to surface water storage and ground water recharge, baseflows
generaly increase, drought duration and frequency is reduced, and the duration but not the magnitude of
high flows increase. However, evapotranspiration may be important enough in some systems to reduce
baseflows.

3 — Snuosity, Width/Depth Ratio, and Gradient are in Balance with the Landscape Setting (i.e.,
Landform, Geology, and Bioclimatic Region.

Streams in different locations differ in their gradient and form depending on their landscape setting. Steep
headwater reaches tend to be sources of water and sediment. Below these, transport reaches with lower
gradient and gently sloping margins move sediment to response reaches, where the valley widens and
where the swinging and sweeping of meanders builds a floodplain. Floodplains act in concert with the
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channel form to keep hydraulic stresses within an acceptable range that allows channel migration. Point
bars slowly build into replacement floodplain, storing sediment and nutrients, as the channel migrates.
Alluvial aquifers store water rapidly during floodplain flooding.

Erosion from focused hydraulic stress (see attributes 1 and 13, Table 1) or an imbalance of sediment and
water (see attribute 17, Table 1) may exceed a geomorphic threshold, causing incision and along process
of incised channel evolution. This vastly increases the rate of bank erosion with channel widening,
especially through floodplain stored alluvium. Eventually, after large volumes of soil have washed
downstream, the incision becomes wide enough to distribute stream power and begin capturing sediment
at alower level. Deposition and recovery processes can eventually bring back balance to the stream
(Leopold et a. 1964; Schuum 1979, Schumm et al. 1984; Gebhardt et al. (1990); Rosgen 1996, 2006;
Prichard et al. 1998.

Bank erosion and sediment issues may lead to other water quality problems associated with nutrients from
freshly eroded sediment or the physical effects of sediment. Higher width/depth ratios can increase
insolation and radiation, leading to greater fluctuation in water temperatures and possibly dissolved
oxygen depletion or anchor ice. Greater width and/or increased sediment may allow deposition of fine
sediments in stream substrate. Sometimes this embeddedness limits spawning-gravel dissolved oxygen
and hyporheic groundwater/surface water interactions with implications for temperature moderation.
Channel incision and embeddedness decrease riparian plant growth and nutrient uptake. Too much
sediment is an obvious water quality problem, but so istoo little. A lack of sediment (such as below
impoundments) can degrade habitat for sediment dependent organisms and change channel form due to
excess bottom scour (see attribute 17, Table 1). Stream incision generally decreases riparian amelioration
of water quality. Where stream pattern, profile, and dimension conform more closely to what is
appropriate in a given geomorphic position within a balanced system, the more natural configuration
tends to process pollutants better (Sweeney et al. 2004) at more appropriate rates and times.

4 — Riparian-wetland Area is Widening or has Achieved Potential Extent.

The width of stream riparian vegetation depends on the overall width of watershed supplied water within
the root zone. A riparian zone achievesits potential aerial extent in two ways. First, thereisalimit to the
amount of overall width of the zone, which is usually determined by topography, hydrology, and water
table elevation. Riparian vegetation can established itself to these outer limits. Second, riparian
vegetation can establish itself on soils deposited along the stream banks, essentially narrowing the stream,
helping it achieve equilibrium width to depth ratio. When this potential extent is achieved, the riparian
zoneis at its maximum potential width to filter or buffer against various waterborne pollutants, etc.
Where this occurs there would be no expected potential for future water quality improvement due to this
physical condition. However, riparian vegetation amelioration of water quality diminishesin degraded
stream systems. |n ariparian zone recovering from a degraded condition, the riparian zone may have the
opportunity to widen and improve water quality.

Mayer et al. (2005) found wider riparian buffers were generally better at removing nitrogen from surface
waters and narrow buffers at times increase nitrogen delivery, but width or vegetation type was not
important to subsurface removal, which is generally efficient. Infiltration is one of the most significant
pollutant removal mechanisms. It alows for finer sediment particles (clays) to be incorporated into the
soil profile and for deposition of silt-sized and greater particles. Vegetation helpsfilter larger sized
particles, reduces surface runoff and thus sediment transport capacity (Dillaha and Inamdar 1997).
Widening is generally associated with increased water elevation or with building a floodplain through
channel narrowing (analogousto 1, 2 and 3 above).
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As described by Cooper et al. 1987, riparian buffer zones removed 84-90% of sediment eroded from
cropland. Much longer lengths of buffer are needed to filter incrementally more sediment (Castelle et al.
1994) e.g., doubling of buffer width is necessary to reduce sediment from 90 to 95% on 2% slopes.
Buffer strips are the most important factor in reducing sediment loads to receiving waters, with
efficiencies to 90% commonly reported in forested coastal plains (Gilliam 1994; Lowrance et al. 1995).
Buffer zones are particularly effectivein low order streams, but thisis reduced as stream order increases
(Lowrance et al. 1995).

Jordan et al. (1993) found that buffer zones can be sediment sources. The sink can be so great as to
“starve’ the stream, creating more stream energy that works on the banks and bottom, releasing through
bank erosion wetland and/or channel soils with higher nutrient and organic content.

5 — Upland Watershed is not Contributing to Riparian-Wetland Degradation.

This attribute addresses whether unnatural disturbances or changes in the upland parts of the watershed
contribute to degradation of the riparian reach being assessed. Excessive sediment delivery to the stream
channel, alack of sediment, or too much or too little water can lead to changes in the floodplain access,
sinuosity, width/depth ratio, and gradient, all stream properties and implications addressed in attribute 3,
Table 1. Implications addressed for that attribute can be expected here as well.

The main direct implication to water quality within this context is an increase in sediment load and the
associated pollutants that come along with it. These pollutants can include nearly anything, depending on
what is occurring within the watershed. Based on the nature of the sediment and the rate of its delivery,
the introduction of sediment could lead to atotal loss of physical functionality of the stream reach and
thus the water quality implications of other attributes. A well-functioning riparian zone tends to be
resilient, handling some increases and decreases of sediment without exceeding a threshold of stability.
Therefore the issue is not simply whether the watershed has changed its delivery of water or sediment, but
rather a watershed change contributing to riparian degradation and loss of functions.

B) Vegetation Attributes

6 — Thereis Diverse Age-Class Distribution of Riparian-wetland Vegetation (Recruitment for
Maintenance/Recovery).

A diverse age-class of riparian wetland plants, particularly woody species, is an indicator of stable
populations and is necessary for the long term maintenance of the plant community. Where age-classes
are not diverse, it isimportant to determine whether the populations are expanding or diminishing
(Kormondy 1969). Well established older mature plants have developed root masses capable of holding
the soil in place, and usually assure water can be abtained even in drought years. They also represent a
considerable carbon and nutrient sink. However, older communities will eventually become decadent,
more prone to disease, and in some cases create stores of dead wood that can fuel wildfires. Middle-aged
plants are necessary to take the place of older ones when they eventually die. They also lend some
resiliency to communities by being less susceptible to disease and fire while still being able to reach water
tables during drought periods. Y oung plants are needed to assure recruitment into the community to
perpetuate it.

Y oung and middle aged plants are important for recovery and maintenance of the community (Prichard
1998). Because of the increased growth rate of younger plants, they may be more efficient at assimilating
nutrients, but are more susceptible to die-off in drought situations because their root systems may not
have grown deep enough to reach water tables. However, the root systems often help stabilize soilsin
shallower depth to water table zones at the streambank edge and point bars. The root systems help to
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maintain riparian width and thus are important to pollutant issues associated with attribute 4, Table 1.
Recruitment in and near the stream allows for increased shading and evapotranspiration, which can lead
to decreases in water temperature while increasing (DO) due to decreasing temperature and direct
contribution of oxygen by the young plants' roots. Shading may be an effective tool for the management
of algal growth (Ghermandi et al. 2009). The differing stem diameters and clustering of the different age
classes (Myers 1989) may help in trapping different size sediment particles during flood events. Missing
age classes, especially young ones, suggest atered hydrology, channel form, or management with
implications for other attributes.

7 —There is Diverse Composition of Riparian-wetland Vegetation (for Maintenance/Recovery).

From a functionality standpoint, diverse composition of vegetation reduces the risk that an environmental
stressor for one species will diminish stability from vegetation needed when catastrophic events occur.
Diverse composition assures there will be some species more resilient to a stressor than others. Stabilizing
vegetation will help hold the stream banks and floodplain together and begin recovery.

The implication to water quality isthat accelerated erosion will be held in check, reducing sediment and
its associated pollutants. Plants will be available to help mitigate nutrient loads, provide shade for
cooling, and deliver (DO) to the water. Riparian composition is affected by mechanical injury, fine
sediment deposition, inundation during flood events (Girel and Pautou 1997: Broadfoot and Williston
1973), fire, plant diseases and parasites, shading, nutrient availability, and plant succession.

Benefits outside the context of catastrophic events are numerous. Different plants have different abilities
to uptake/process nutrients, mitigate pollutants, bind soil to reduce erosion, and trap sediment. Riparian
vegetation trapping sediment and associated nutrient content from both overland flow to the stream and
stream water overflow to the floodplain has been well documented (Correll 1997). The stems, leaves, and
leaf litter of plants create the friction necessary to reduce water velocities and allow particulatesto fall
out. In surface runoff, most N isin the form of organic nitrogen associated with suspended solids. Grass
is more effective at trapping particulates from overland flow (Parsons et al. 1994; Osborne and Kovacic
1993). Vegetation structure isinfluenced by the quality and quantity of litter from high primary
productivity within the riparian buffer (Girel and Pautou 1997). The microbes on plants and soil as well
as plant roots near the surface are able to assimilate dissolved nutrientsin the water (Peterjohn and Correll
1984).

Although poplar (Populus spp) forests may be more effective than grassin the winter (Haycock and Pinay
1993), both herbaceous and woody vegetation can be very effective at removing nitrate from groundwater
(Haycock and Burt 1993). Some forests may be more effective than grass at nitrate removal (Gilliam et
al. 1997) but less effective at phosphate removal from groundwater (Osborne and Kovacic 1993). Other
studies found similar nitrate removal efficiencies between the two (Correll et a. 1996). Denitrification
potential is higher in grassed soils than forested (Groffman et al. 1991), while a combination of grass and
trees may be best (Welsch 1991). Riparian vegetation is necessary to provide organic matter to soils
necessary for denitrification (Correll 1997) and food web processes. Grassis very effective at removing
it (more effective than forests), but less effective at removing soluble inorganic nitrogen (N). Treesare
more effective at removing nitrate in groundwater.

Phosphorus (P) assimilation varies by plant species. Uusi-Kamppa et al. (1997) found dense, native
vegetation of high species diversity and deep-rooted plants promotes trapping of Pin plants. Treesare
important sinks (Peterjohn and Correll 1984), and native herbs take up more P than grass (Uusi-Kamppa
and Ylaranta 1996). Vegetation can be a source or sink, depending on decay or growth. Vegetation
removes particul ate phosphorous (PP) via deposition of suspended particles, dissolved phosphorous (DP)
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through sorption by soil components, and biological (microbes, plants) uptake. Release of DP may occur
during runoff dueto release by decaying material. Rooted macrophytes pump P from sediment and
release in dissolved form (Uusi-Kamppa et al. 1997). Efficiency of riparian vegetation strips at removing
P depends on amounts of P aready there, residence/contact time, kinetic factors, and temperature.
Sorption depends on aluminum and iron oxides, organic matter, and calcium carbonate, while desorption
depends on P saturation on oxide surfaces (Uusi-Kamppa et al. 1997). Riparian buffers retain more PP
than DP (Uusi-Kamppaet al. 1997). Pisusually more mobilein surface runoff than subsurface flows.
Alder and willow bushes are most effective at P removal (e.g., aten meter wide strip can mitigate nearly
100% of incoming P (Mander et al. 1991)). Retention of DP is often low, especially when the system
becomes saturated with P. Wetlands may convert PP to OP due to leaching of decaying vegetation and
high water levels, inducing anaerobic conditions and increasing solubility of phosphate (Uusi-Kamppa et
al. 1997).

8 — Species Present Indicate Maintenance of Riparian-wetland Soil Moisture Characteristics.

The presence of obligate or facultative wetland species (Reed 1988) usually indicates the water tableis
high enough to maintain a riparian-wetland community, especially where herbaceous and/or young
woody species occur. Most of these species have root masses that effectively bind soil (see attribute 9,
Table 1) and have roles in denitrification and other nutrient cycling. By definition, these plants
(hydrophytes) grow in wet places where other plants usually cannot, including streambanks, point bars,
mid-channel bars, and sometimes stream channel bottoms, thus making hydrophytic plants the most
important species for stream stabilization and maintenance of riparian width. They are also essential for
helping to provide shade for cooling water temperature and adding oxygen to water. Riparian vegetation
reduces solar heating through shading in low order streams (Brown and Krygier 1970) and cooling via
evapotranspiration (Beschta 1984; Theuer et al. 1984; Sinokrot and Stefan 1993). Evapotranspiration
cooling is greatest in forest environments due to high leaf areaindex that leads to higher
evapotranspiration rates (Peterjohn and Correll 1986).

Obligate or facultative wetland species typically have more root length and mass than other upland
species (Manning et a. 1989). Vegetation channel stability ratings for riparian community types have
been expressed by Winward (2000) and for riparian species by Burton et al. (2011) and at
http://rmsmim.com/. AsWinward (2000) pointed out, the “latter successional” community types are the
ones expected in wetter conditions on the greenline, and these have higher stability ratings. Presence of
riparian buffersis the most important factor controlling entry of non-point source nitrate in surface water
(Lowrance et al. 1995).

9 — Sreambank Vegetation is Comprised of those Plants or Plant Communities that have Root
Masses Capable of Withstanding High Streamflow Events.

An important distinction for this attribute is that streambank (the area between bankfull depth and stream
bottom) vegetation has to be comprised of obligate or facultative wetland species of a stabilizing nature.
In dry climates, the upper banks of incised channels rarely stabilize with strongly rooted hydrophyllic
vegetation unless watered from groundwater. Erosion of high banks (above frequent flows) then allows
formation of new floodplains that enable and grow from active channel streambank revegetation. Most
later successional hydrophilic plants have root masses capable of withstanding high streamflow events
(Prichard et al. 1998; Winward 2000; Burton et al., 2011). The streambank is where most erosive, high
velocity flows contact material that is easily eroded if not stabilized, especialy in the upper strata of the
water column where plant roots are strongest and most dense. Where these plants minimize bank erosion
they reduce sediment and nutrient delivery. Where weakly rooted streambank vegetation or bare banks
allow erosion, most or al sediment is delivered directly into the stream, resulting in a sediment delivery
ratio much greater than from upland erosion. Streambank plants also take up other in-stream nutrients,
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support oxygen in the water, and cool the water by maintaining a narrow and deep channel and/or by
providing shade. Where these plants do not dominate, streambanks more often undercut and collapse
during high flows. This can change the geometry of the stream (e.g., broad and shallow), leading to
problems associated with attribute 3, Table 1. Riparian plant communities of Nevada were classified by
Weixelman et al. (1996), Manning and Padget (1995), and the United States Forest Service (USFS 1992).
Winward (2000) evaluated rooting depth, density, and toughness of named riparian plant communities on
al-10rating scale. Individual specieswere similarly rated for their bank stabilizing effects by Burton et
al. (2011). When wetland plants have the additional benefit of growing on an accessible floodplain, the
combination of floodplain energy dissipation and floodplain aquifer recharge to support hydrophilic
plants make streambanks especially stable. Whereas loss of floodplain functions (see attribute 1) tends to
diminish attributes 8, 9, and 10, Table 1.

10 — Riparian-wetland Plants Exhibit High Vigor.

Plants exhibiting high vigor indicate good health with strong reproduction and rooting systems that bind
soil and reduce erosion. New propagules are available to colonize new sediment deposits and areas bared
by floods. Leavesand stems are larger and more effective at trapping particulates as flood waters flow
across them and also provide for more shading and ameliorated water temperatures. Two major processes
responsible for nitrate removal are plant uptake and denitrification (Gilliam et al., 1997). Numerous
studies relate the removal of nitrate to riparian buffers (Hill 1997) (see attribute 7, Table 1). Rapidly
growing plants process more nutrients. Also, vigorous riparian plants may indicate that nutrients are
effectively being removed. Measures of plant vigor often focus on root systems.

11 — Adequate Riparian-wetland Vegetative Cover is Present to Protect Banks and Dissipate Energy
During High Flows.

Where vegetation is of the stabilizing wetland species, more is better. Winward (2000) notes, depending
on stream type, at least 80% to 98% of stream banks should be covered with stabilizing vegetation or
anchored rocks/logsin order for them to function properly and help maintain channel pattern, profile, and
dimension (see attribute 3 Table 1). The water quality benefits realized by attributes 6-10, Table 1, are
only magnified as more of these species/communities grow or expand. Growing enough to protect banks
and dissipate energy will keep banks from eroding, thus keeping sediment out of the water. Even more
will increase nutrient uptake, maintain channel form and habitat quality, promote more shade and oxygen,
and better filter sediment coming from overland flows.

Riparian buffers prevent nonpoint source pollution from entering low order steams and enhance instream
processing of pollutants. Tabacchi et al. (2000) provide areview on the control of runoff by riparian
vegetation, illustrating some of the physical effects of vegetation on water (Figure 1). Sweeny et a.
(2004) found riparian deforestation caused stream narrowing (presumably due to incision) leading to
losses in stream habitat and compromising in-stream pollutant processing. Conversely, streams may also
narrow as they pass from forest to meadow due to dense meadow vegetation Zimmerman et al. (1967) and
Davies-Colley (1997). Whether agquatic habitat deteriorates or improves with narrowing depends on
whether it coincides with incision and on the vertebrate species and their habitat needs and limiting
factors.
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Figure 1. Some Physical Effectsof Riparian Vegetation on Water Movement and Cycling
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Slowing and modifying over-bank flow with roughness and turbulence from stems, branches, and leaves;

Increasing overbank flow or floodplain access, which increase the wetted surface area and residence time for
infiltration and aquifer recharge.

Changing infiltration rate by organic structures and chemistry;
Increasing the capillary fringe and soil water storage capacity with fine roots and soil organic matter;

Enhancing vegetation growth into the channel to slow water at the margins of wide channels, thus inducing
bank formation;

Stabilizing banks to enable meanders to persist and sinuosity to become high, which decreases gradient and
velocity;

Narrowing channels so they become and stay coarser (less embeddedness) to enable hyporheic interchange;

Decreasing temperature extremes and summer evaporation by narrowing the channel, which decreases
insolation and radiation, and increases hyporheic interchange with more constant temperature groundwater,
and by increasing aquifer discharge and providing shade;

Increasing floodplain substrate macroporosity by roots and partitioning by particle size in deposition and
transport;

Transpiration;

Condensation of atmospheric water and interception of rain, snow, and dew by leaves, etc.
Evaporation of intercepted water;

Increasing stem flow (the concentration of rainfall by leaves, branches and stems);
Permitting flow diversion and sediment storage by log jams; and

Increasing turbulence in channel from root exposure and complex channel form.

12 — Plant Communities are an Adequate Source of Coarse and/or Large Woody Debris (for

Maintenance/Recovery).

Many rangeland settings in Nevada do not have communities of cottonwood or aspen (Populus spp.) and
are dominated by willows (Salix spp.) or herbaceous vegetation. In these riparian areas, coarse and/or
large woody debris are not needed as hydrologic controls, yet sticks and smaller wood provides function
where it can span channel width. Riparian areas that rely on downed wood need it to slow channel and
floodplain flows and dissipate energy. This alows particulate matter to fall out and further build the
floodplain or reduce channel incision and sediment transport. These communities often have good
overstory cover that provides shade and an evapotranspiration effect, keeping air and water temperatures
cooler. Diverse channel morphology and aguatic habitat (e.g., cover) is created by the large debris, and
water can be oxygenated by plunging over debris. Plant communities that do not provide enough woody
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material weaken riparian functions and make channels susceptible to erosive forces and incision as
existing wood decays and fails. This can lead to increases in sediment transport (see item 13) and
associated soil nutrient release, changes in channel geometry, and the associated |oss of water quality
parameters discussed in attribute 3, Table 1.

For systems where wood or riparian woodlands have an impact on water thermal regimes, their presence
reduces diel variation and temperature extremes (Malcolm et al. 2004). Aswood decays, nutrients are
slowly released back into the riparian system to be used by other plants for growth. If decay outpaces
growth, however, an increase of nutrientsin the water might be expected. In the 1970s, forest practice
rules allowed harvesting trees relatively close to streams but forbade slash in streams to avoid excess
biological oxygen demand. Later, the rules changed to requiring riparian non-harvest zones as the
importance of wood became understood.

C) Erosion/Deposition Attributes

13 — Floodplain and Channel Characteristics (i.e., Rocks, Overflow Channels, Coarse and/or Large
Woody Debris) are Adequate to Dissipate Energy.

To some extent these features have already been addressed (i.e., floodplain in attribute 1, coarse and/or
large woody debrisin attribute 12, Table 1). The key question for physical functionality isrelated to their
adequacy, enough of the right featuresto create friction and dissipate energy for the geomorphic setting.
Attribute 1, Table 1 relates to floodplain accessibility. This attribute relatesto its size and energy
dissipating characteristics, especially important as the abandoned floodplain’srole is replaced by an
emerging floodable area after incision. The implication to water quality isrelated to slowing the erosive
powers that release and transport sediment and nutrients/pollutants or not. This slowing not only
decreases sediment transport by encouraging deposition, it also increases water residence time so plants
can process nutrients/pollutants. With more surface area over awide floodplain, overflow channels and
friction with roughness elements (e.g., vegetation, rocks, debris), water velocity decreases. Interaction
with the air across awide or turbulent surface increases oxygen in the water.

Adequate vegetation on the banks is discussed under attribute 11, Table 1, but also important is adequate
vegetation on the floodplain to add to the roughness elements. There must be enough roughness to handle
high flow events without degrading the channel, changing channel geometry characteristics addressed in
attribute 3, Table 1. Vegetation favors the deposition of sediment by increasing roughness and reducing
flow velocity. Reduced velocity increases stage or flood depth and opportunities for hydrating floodplain
soils and aquifers and thus growing appropriate plant communities to provide the roughness.
Sedimentation rates increase where riparian vegetation is present (Girel and Pautou 1997).

14 — Point Bars are Revegetating with Riparian-Wetland Vegetation.

This attribute is addressed by a combination of attributes 4, 7 and 9, Table 1. Point bars are formed
through deposition of bedload and later finer sediment. With growing vegetation on this coarse material,
the stability and roughness decreases flow velacities, increasing deposition of finer suspended sediment.
The fine particul ate suspended sediments and organic matter is the size fraction most likely to contain
higher concentrations of nutrients and hold or elevate capillary water which the plants use to grow.
Alluvial soils are nutrient rich due to clay and high organic matter content that retains phosphorus and
nitrogen. Streams with point bars meander through bank erosion where shear stressis higher on the
outside of curves. Vegetation stabilizing deposited sediments and forming banks is important to
maintaining channel width/depth rel ationships and meander form and sinuosity. Without this stabilizing
vegetation, water quality implications related to attribute 3, Table 1, can arise as channel geometry adjusts
to establish a new equilibrium during high flow events.
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15 — Lateral Stream Movement is Associated with Natural Sinuosity.

Lateral stream movement, or bank erosion rate, is a natural process for meandering streams. However,
continued functionality demands the movement must be due to the natural processes involved with the
establishment of dynamic equilibrium and not accelerated. Because the appropriate rate relates to the
landscape setting, and therefore to stream geometry, this attribute is strongly tied to attribute 3, Table 1
and itswater quality implications. It isaso related to bank erosion processes addressed by attributes 9,
11, and 14, Table 1. Accelerated bank erosion can lead to: channel widening, stage lowering and
floodplain dehydration, removal or weakening of riparian vegetation, rapid sediment deposition with
point and mid-channel bar growth, development of multi-thread channels, sediment-filled pools, and
embedded stream bottoms. Mid-channel bars add to bank shear and erosion. Accelerated channel
migration or evulsion can also lead to cut-off meanders and over steepen a stream, causing accel erated
bed shear stress, erosion, and incision with, multiple implications for accelerated |ateral movement (see
attribute 3, Table 1). Water quality implications associated with these outcomes include direct effects of
erosion adding sediment and nutrients to the stream. Indirect effects from altered channel pattern, profile
and dimension include changes to water temperatures due to increased insolation in wider channels, less
shading from bank plants, and limited ground water exchange due to fining of streambed substrate and
diminished floodplain flooding. Vascular plants process nutrients less while more algae grow, and then
respire and eventually die, increasing biological oxygen demand.

16 — Systemis Vertically Sable.

A vertically stable system is not down-cutting beyond natural rates (generally detectable on the order of
centuries or more), therefore exhibiting normal rates of erosion, which deliver appropriate amounts of
sediment. |f erosion accelerates beyond natural rates, processes discussed in 15 can lead to headcuts,
knick points or knick zones which often quickly cut headward (on the order of feet per year or per storm),
incising up through the wetland. The lowered water table reduces base flows and dries out riparian
vegetation (attributes 6-12, Table 1). The stream bottom erodes away and exposes eroding banks that
often represent centuries of accumulated sediment and associated nutrients, which are then delivered
downstream, especially in high flow events. Water quality degradation often persists for decades or
longer until channel equilibrium geometry and riparian functions re-establish. Theincision leadsto an
inaccessible floodplain (see attributes 1 and 15, Table 1), thus limiting plants ability to process nutrients
and the floodplain’s ability to dissipate flood energy and recharge the aquifer.

17 — Sreamisin Balance with the Water and Sediment being Supplied by the Watershed (i.e., No
Excessive Erosion or Deposition).

When the stream is in balance with the water and sediment of the watershed, the stream will either be at
or getting closer to its equilibrium geometry and the upland watershed will not be contributing to riparian-
wetland degradation (attribute 5, Table 1). . Animbalance causes aggradation or degradation (Lane
1955), causing channels to change form. If it is not in balance, this attribute is highly related to attributes
3, 13, 15 and 16, Table 1 and the water quality implications associated with them Perhaps the most
common imbalances are caused by upstream functionality issues (e g., items 15 & 16) or from reservoirs
that trap sediment, especially bedload sediment. Because channels maintain floodplain access by
replacing eroded bed material with newly deposited bedload, trapping bedload in areservoir usually
causes downstream incision. Often called the hungry water problem (Kondolf 1997), it has accelerated
bank erosion and severely altered riparian capability and riparian and aquatic habitats (Braatne et a.2008)
in many locations. Presumably former riparian structure and function will not be restored until long after
the reservoir fills with sediment, spawning gravels are replaced (Pasternack et al. 2010) artificially and
flows regulated to manage sediment input from downstream tributaries (Andrews 1986).
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Functional Rating

The assessed attributes lead an interdisciplinary team (1D) team to an overall determination of whether the
reach is nonfunctional, functional-at-risk (with an associated trend), or properly functioning. A properly
functioning reach will be resilient to high flow events and often improve habitats during 5, 10, 20, or 25-
year recurrence interval floods. They provide avariety of riparian and aguatic habitats appropriate to the
location and will be the most effective at sequestering and/or mitigating pollutants that enter the riparian
system while minimizing the stream’ s own contribution to those pollutants. A properly functioning
condition yields good water quality, water availability, and aquatic habitat in relation to its potential
(Prichard et al. 1998). A nonfunctional reach will be just the opposite, not only less effective at storing
upland pollution contributions but also contributing pollutants that were previously sequestered for long
periods. Just how effective at pollution mitigation/contribution a functional-at-risk reach will be depends
upon which attributes are deficient. Ideally, the combined reachesin ariparian system ought to all
function properly for maintaining habitats and water quality. Ultimately the pollution processing
effectiveness for the entire system depends on the collective interacting functionality and dynamics of
individual reaches. Such interactions are highly complex and worthy of future study.

I mplications to Water Quality: Sediment, Nutrients, Temperature, and Dissolved
Oxygen (DO).

All attributes of the PFC assessment are expected to affect sediment levels (i.e., inputs, storage, and
environment) and therefore affect nutrients. Many affect temperature and dissolved oxygen (DO). Table
1 summarizes expected benefits (* Y es’ responses) or detriments (“No” responses) for each of the PFC
attributes. Note that the checklist items in hydrology, vegetation, and erosion/deposition groups are
intended to aid an interdisciplinary team in observing indicators of opportunities for improved
management to restore or maintain PFC. PFC is the condition sustaining the many water quality benefits.
Y et the individual items also suggest direct and indirect relationships to water quality. Anincreaseina
relevant PFC attribute generally contributes to a decrease in sediment movement, an increase in nutrient
sequestration, a moderation of temperature extremes, and stabilization in DO. A decrease in functionality
contributes to declining water quality.

Table 1. Summary of Water Quality Implications of Checklist Item Responses in PFC Assessment.

Water Quality and Aquatic Habitat Responsesto PFC Attribute Condition

# PFC Attribute Yes No

1 Floodplain above Capture and storewater, nutrients, and Increased sediment, TN, TP, and
bankfull isinundated sediment; dissipate flood energy and turbidity. Lessdischargein baseflow and
in "relatively decrease erosion, TP and TN; diminish shorter higher peak flows, putting more
frequent” events, magnitude of downstream floods by stress on banks.

increasing detention time and facilitating
riparian vegetation.

2 Where beaver dams Better aquifer recharge and pond storageto | If beaver dam blows out, short-term burst
arepresent arethey sustain riparian vegetation and base-flow of water and long-term increasein
active and stable? conditions; increased sediment deposition sediment, nutrients, microbiota, and other

and valley bottom widening; increasein fish | stored materialsdelivered to the stream
refuge — cooler water on pond bottoms and duetoincreased risk of channel incision;
in water returning to the stream from the loss of pond habitats.

aquifer; nutrient sequestration and
denitrification; increase in fecal coliforms;
decreasein trace metals
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3 Sinuosity, width/depth | No accelerated erosion or release of Accelerated erosion of soil and chemicals
ratio, and gradient are | chemicals sequestered in riparian stored in riparian alluvium; altered
in balance with the sediments; stable water temperature and aquatic habitat; floodplain access often
landscape setting (i.e., flow of water and sediments. diminished and flow variation increased if
landform, geology, and channel steepened; increased temperature
bioclimatic region). fluctuations if channels are widened,;

aquatic habitats degraded.

4 Riparian-wetland area | More area of vegetation uptake of nutrients; | Missed opportunitiesfor riparian
iswidening or has increased sediment and trace metals vegetation induced sediment deposition
achieved potential capture; decreasein temperature and nutrient sequestration, and often a
extent. fluctuationwith increased shade or downward trend toward increased risk of

narrower channel and hyporheic exchange. | incision.

5 Upland water shed is No unnatural rate of sediment or water Accelerated erosion and supply of fine
not contributing to supply sufficient to destabilize the riparian sediment contributes pollution. Increased
riparian-wetland system by exceeding itsresilience; riparian or decreased bedload or peak flows alter
degradation. functions continue. channel pattern, profile, and dimension.

Thiscan release stored riparian sediment,
nutrients, and other materials, especially
if alteration causesincision.
Evapotranspiration from excess woody
vegetation may diminish base flow and
habitatsand stressor reduceriparian
vegetation.

6 Diver se age-class Recruitment and survival of various age Missing age classes are missed
distribution of classes ensuresthat plants continue their opportunitiesand ar e often diminished
riparian-wetland rolesin riparian functions (e.g., nutrient or functions (uptake, roughness, and soil
vegetation pollutant uptake, slowing flows, and binding). Missing recruitment leadsto
(recruitment for stabilizing banksto restore or maintain futurerisk.
maintenance/recovery). | form) without future excessrisk.

7 Diverse composition of | Diversity of plantstaking up diversity of Risk of monoculturetypefailure and
riparian-wetland nutrients at varioustimes, trapping increased likelihood that important
vegetation (for sediment of various sizesin slowed water on | functions (uptake, roughness, and soil
maintenance/recovery). | various geomor phic surfaces; stabilizing binding) will not be performed by missing
[species present] bankswith rootsthroughout the soil profile. | speciesor functional groupsif disease

All with continuity and backup. removes a monoculture.

8 Species present Riparian root abundance and depth much Drier plantslead to weakened roots and
indicate maintenance greater in moist or saturated soil; this increased bank erosion, risking
of riparian-wetland stabilizes streambanks and fuels conversion to much less stable channel
soil moisture denitrification in the zone between aer obic forms.
characteristics. and anaer obic conditions.

9 Streambank vegetation | Denseroot systems stabilize under cut Weak roots allow accelerated bank
iscomprised of those banks, creating fish refuge and decreasesin | erosion and alteration of channel pattern,
plantsor plant temperature from shading. Roots and stable | profile, and dimension. Thisunleashes
communitiesthat have | banksdampen volatility by maintaining stored materialsthat cause sedimentation
root masses capableof | roughness, channel form, and pattern. This | and eutrophication, while increasing
withstanding high diminishes pollution from erosion. insolation, radiation and water
streamflow events. Vegetation well anchored against high flows | temperature extremesand degrading
[community types persiststo continue functions (e.g., uptake habitat.
present] and shade).

10 | Riparian-wetland More uptake of nutrientsdowsthe nutrient | Weak plantsfail to function optimally,

plants exhibit high
vigor.

spiral and decreases eutrophication. More
vigor leadsto morereproduction for
maintenance and recovery.

leaving bar e ar eas, faster export of
riparian materials, and greater risk of
collapse.
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11

Adequate riparian-
wetland vegetation
cover present to
protect banksand
dissipate energy during
high flows[enough?]

Adequate vegetation performsvegetation
roles discussed above sufficiently well to
maintain channel pattern, profile, and
dimension and riparian functions through
large flow events (20-25 year flows).

Inadequate stabilizing vegetation poorly
performsriparian functions and risks
major channel alterationsin high flows

12

Plant communitiesare
an adequate sour ce of
coar se and/or large
woody material (for
maintenance/r ecovery).

Wood stabilizes banks and bed sedoiments
to form plunge pools that dissipate energy.
It provides habitat diversity and stores
water, sediment, and nutrients/pollutants.
Thewoody plant communities provide
shade-ameliorating water temper ature and
rootsto reinforce channel form.

L oss of wood and woody plant community
increasesrisk of losing structural
reinforcement needed to maintain channel
form and retain stored materials.

13

Floodplain and
channel characteristics
(i.e, rocks, overflow
channels, coar se
and/or lar ge woody
material) adequate to
dissipate energy.

Dissipation of flood energy allowsriparian
functionsto protect and restore habitats and
water quality against the destabilizing
effects of exponentially increased stream
power.

Undissipated stream power can
fundamentally alter channel and riparian
form and function causing sequester ed
sediment, nutrients, and organic and
other materialsto berapidly exported.

L oss of form and function then continues
this export with habitat degradation.

14

Point barsare
revegetating with
riparian-wetland

While point bars are natural locations for
bedload deposition, riparian vegetation
helps build the veneer of fine sediment that

Absence of riparian vegetation misses
opportunitiesfor dowing flows, inducing
sediment and organic matter deposition,

vegetation. convertsa point bar into a floodplain with nutrient uptake, and riparian habitat

stable banks. Thus, pointbar riparian restoration. If point barsfail to build into
vegetation decr eases sediment and nutrient floodplainswith stable banks, an over-
transport by inducing deposition, rebuilds wide channel increasesinsolation,
or maintains a stable meander pattern with | radiation, and temper atur e extremes and
a low width/depth ratio channel between increasesrisk of avulsion and incision.
stable banks, and this aids denitrification
and uptake and as hyporheic water flows
under riparian vegetation on point bars.

15 | Lateral stream Erosion at a natural rate allows Accelerated lateral movement through

movement is associated
with natural sinuosity.

maintenance of channel pattern, profileand
dimension, and floodplain accesswith its
functions of flood energy dissipation;
floodwater captureto support riparian
vegetation and base flows; and regulation of
sediment and nutrient fluxes.

excess bank erosion or channel evulsion
risks channel incision with greatly
accelerated input of sediment and
nutrients, often indicated by unstable
mid-channel barsand only reduced short-
term sequestration.

16

System isvertically
stable. (i.e., not
downcutting)

Stability decreasesrisk of incision and rapid
input of stored materials. Vertical stability
facilitatesriparian functions, uptake, energy
dissipation, and soil binding.

A headcut or an over-steepened reach is
likely to erode headward, causing channel
incision. Erosion and export of stored
riparian materialsthen pollutes water,
degrades habitats, and diminishes
function for many years, even decades.
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17 | Streamisin balance With the stream having the pattern, profile | Excessive sediment supply, a channel too
with thewater and and dimension needed to transport the wide, or insufficient water to transport
sediment being water and sediment being supplied by the sediment load can lead to aggradation
supplied by the water shed, riparian functions can continue | which damages aquatic habitat by filling
water shed (i.e., no to dissipate ener gies, stabilize banks, slow pools, and it can lead to grosdly altered
excessive erosion or the nutrient spiral, and maintain or improve | form. Insufficient sediment (e.g., hungry
deposition). water quality and habitats. Gradual changes | water below a reservoir), or too much

allow systemsto adjust form to match water can incise a channel and accelerate

function. erosion of fine, nutrient-rich bank
materials. Rapid or excessive changes
overwhelm internal adjustment processes.

Justification

The current system of water quality regulation focuses on the total maximum daily load (TMDL) process.
Water quality monitoring is often implemented to ascertain pollutant levels. Acrossthe U.S., hundreds of
millions of dollars are spent each year by private enterprise, education and research facilities, government
agencies, and others to monitor water quality in streams and rivers; although an accurate estimate has not
been found, the USGS (2012) a one has budgeted some 62 million dollars to its National Water Quality
Assessment program for 2013, and the USEPA (2012) has budgeted 3.8 billion dollars toward its
Protecting America’ s Water goal. Acceptable levels of pollutants are set by comparing the beneficial uses
for which each water is used to standards established for each use. Waters not meeting standards for their
designated beneficia uses go on the states' list of impaired water bodies (the 303(d) (section of the Clean
Water Act) list). Thisinitiatesthe TMDL process. A TMDL isset for each listing, usually based on
modeling predictions that consider, anong other things, sources, flows, estimates of pollutant
concentrations, and waterbody assimilative capacity. The TMDL isthen allocated among the landowners
and potential sources of pollution in the watershed. Education/funding toward best management practices
to keep pollutants from entering the waterway are usually the first efforts made to protect the system.

Unfortunately, allocation of loads does not necessarily reflect opportunity to reduce pollution. Many
streams (and other types of water bodies) are themselves the source of sediment, or nutrients, due to their
failure to function properly. These often have extreme temperatures and sediment/nutrient loads, low
DO, and poor habitat for aguatic organisms. In these cases, reducing an external load is not the solution.
Rather, riparian functions must be restored to reduce pollution-releasing processes like erosion and
engage assimilation processes that slow the nutrient spiral with flooding, uptake, and complex niches and
food webs.

This system of water quality regulation is fraught with complications that can make the TMDL system all
but ineffectual at reducing pollution levels. One problem is the assumption that the landowners, users,
and managers have control of the pollutants and are the sole sources. The source of pollution addressed
by this study is the stream and riparian area due to its nonfunctional or functional at risk physical
condition. 1n 2000, the BLM reported that in Nevada only 30% of riparian miles and 26% of wetland
acres were functioning properly (BLM 2001). Thisclearly limited the ability of the TMDL process to
make any progress toward meaningful water quality improvement in these areas, because the waterway is
the pollution source. Water quality and aquatic habitat, particularly in rural areas, can be improved by
returning riparian/wetland systems to a functional condition. Once in afunctional condition, riparian
areas can act as pollutant processors helping to mitigate water quality before it enters the waterway. Only
by including the functionality of the riparian system can the TMDL process effectively address water
quality issues. Furthermore, water quality aso embraces the physical and biological, not just the
chemical, aspects of habitat, and properly functioning riparian areas provide far more complex and
biologically productive aquatic habitat.
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Objective

The primary objective of this study isto document changes in riparian land management to effect
physically functional riparian condition of streams and test hypotheses related to changes in water quality.
Maggie Creek in north-central Nevada serves as a case study location. It was chosen for its relatively rich
water quality data sets and dramatic change in riparian land management leading to significant
improvements in riparian zone physical functionality in small parts of the watershed having most of the
important perennial stream habitat,

Conditions Affecting Hypotheses Devel opment:
o Water quality datasets, spanning the entire time of this study, are only available at:

o MAG?2 (site established in middle section of Maggie Creek by Newmont Mining Corporation,
hereafter referred to asthe “ upper station”).

o Simon Creek (site established on Simon Creek near confluence with Maggie Creek by
Newmont).

o MAGL & HS14 (sites established on Maggie Creek closer to the Humboldt River confluence
by Newmont (MAG1) and the Nevada Department of Environmental Protection (HS14),
hereafter referred to as the “lower station”).

o Water quality parameters collected differ slightly among the stations.

e Results of PFC assessments given in full detail.

Hypotheses

1. Because of the improved functional attributes and condition above the upper station, all water
quality parameters addressed by this study will generally trend toward improvement through
time, that is:

e Improved base flows (higher flows, increased duration)
e Decreased TSS

e Decreased nutrients (TN, TKN, and/or NOx; OP)

e Increased summer DO

e Decreased summer water temperature

2. For the same reason, aquatic habitat features will also show improvement through time:
o Increased riparian condition class
o Decreased width to depth ratio
e Increased riparian zone width
o Increased shorewater depth
o Increased woody riparian vegetation overhang (shading)
e Increased pool quality
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3. Because of the minimal improvement of functional attributes and condition of stream reaches
between the upper and lower station, the lower station will demonstrate the residual effects of
water quality improvement of trend from above, but to alesser degree.

Site Description

The Maggie Creek Watershed isin northeastern Nevada within the northern Great Basin (atemperate
desert with cold snowy winters and hot dry summers) and drains to the Humboldt River basin (Figure 2).
Maggie Creek Watershed is bounded by the Tuscarora Mountains on the west and the Independence
Mountains to the north and east. The National Hydrologic Dataset (NHD) indicates the Maggie Creek
Watershed has 1,094 stream miles, predominantly intermittent or ephemeral, with 224 miles of perennial
reaches (Figure 3). Elevation ranges from about 1435 to 2700m. The Maggie Creek Watershed covers
254,150 acres, of which BLM administers 42% and manages eight smaller and three large grazing
allotments (Figure 4), 55% is privately owned and 3% is owned by the state of Nevada (Figure 5).

HumEaJdt River Basin ‘
WYHITE FINE.,

UNCOLN

Figure2. Study Area, Maggie Creek, NV.

Most of the watershed isin the Upper Humboldt Plains level 4 ecoregion (Bryce et al. 2003) except for
the Semiarid Uplands of the Tuscarora Mountains on the basin’ s west side (Figure 6). The Tuscarora
Mountains supply most of the runoff for Maggie Creek. Most precipitation is deposited as snow,
especially at higher elevations. Snowmelt and spring flow is the major source of water feeding the
streamsin this study. The thirty year average (1970-2000) precipitation of the watersheds in the general
arearange from 284-830 mm (11.2-32.7 inches). Land cover is primarily shrub/scrub of short and
mountain big sagebrush (Artemisia tridentata Nutt. ssp. Vaseyana) with Idaho fescue (Festuca idahoensis
Elmer) and other grasses. Some juniper and aspen forests occupy headwater areas of tributaries.

Riparian vegetation consists primarily of willow communities. There are smaller meadow areas of
hay/pasture production located mostly along waterways (Figure 7). The primary land uses include
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ranching, hay production requiring diversions of stream water, and mining. As described, Maggie Creek
is amicrocosm representative of the northern Great Basin.

During the period of this study, the 2001 Coyote Fire burned 11,637 acres primarily in the Beaver Creek
sub-basin. Inthe same year, the Maggie Creek Fire burned approximately a 2,550 acre portion on the east
side of the lower portion of the watershed. The Basco Fire, in 2006, burned approximately 11,750 acres
within the watershed on the east side in the upper portion of the watershed (Figure 8). Collectively, 9.8%
of the watershed burned during this study. However, only the Red house Fire was adjacent to perennialy
flowing water connected to Maggie Creek.
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Figure 3. Maggie Creek, NV, River Reach and 12-Digit Hydrologic Units.
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Figure4. Maggie Creek, NV, BLM Grazing Allotments and largest ranches.
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Figure5. Maggie Creek, NV, Land Ownership.
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~ Upper Humboldt Plains

Figure 6. Maggie Creek, NV, Ecoregions.
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Figure 7. Maggie Creek, NV, National Land Cover Database Homer et al. (2007).
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History

Commercia ranching probably started in the watershed in the late 1870's around the time the T Lazy S
Ranch was amassing vast acreages via homesteading and railroad land acquisitions. Land use then
consisted of open range grazing and developing irrigated hay production, particularly in the Rock Creek
and Humboldt drainages. The T Lazy S Ranch has since been renamed the TS Ranch, which today has
private holdings and grazing allotments within the Maggie Creek Watershed. The Maggie Creek and
Twenty-Five ranches also operate within the watershed. The TS Ranch is managed by the Elko Land &
Livestock Company, a subsidiary of current owner Newmont Mining Corporation (Newmont), which
purchased the ranch in 1986 to gain minera rights, water rights, and transportation access.

The Carlin Trend, a 50-mile long, 5-mile wide belt of faulted terrain runs northwest to southeast from the
town of Carlin, Nevada, through the Maggie Creek Watershed. The Carlin Trend has been called the
most prolific goldfield in the Western Hemisphere. Newmont started open pit production on the Carlin
Mine (within the lower portion of Maggie Creek Watershed) in 1965. With the discovery of higher grade
gold at depth, underground mining began in 1994, necessitating mine water extraction and mitigation
(BLM 1993).

Prior to 1993, the majority of Maggie Creek was grazed by cattle throughout the growing season,
resulting in impacts to riparian vegetation and degraded stream conditions. Decades of intensive grazing,
water development, and road construction degraded aquatic and riparian habitats. By the early 1990's,
miles of stream were characterized by unstable banks, channel incision, riparian vegetation loss, wide
shallow channels, excessive erosion and deposition, reduced stream flows, and increased water
temperatures. Thisleft degraded reachesin physically nonfunctional or functional-at-risk condition
(Prichard et al. 1998) and fragmented critical habitat for the Lahontan Cutthroat Trout (LCT), causing
their populations to decline.

The LCT, Nevada's state fish, was listed as threatened under the Endangered Species Act in 1975 and
remains so today. The Maggie Creek drainage was historically renowned for its fishery and now supports
multiple remnant LCT populations. Maggie Creek basin is considered one of only afew watersheds in
northeastern Nevada that could support LCT metapopulations (multiple popul ations within an areain
which interbreeding could occur), but does not due to geographic barriers.

As mitigation for their 1993 South Operations Area Project (SOAP, mine dewatering), Newmont, in
cooperation with the Elko District Bureau of Land Management (BLM) and the Elko Land and Livestock
Company, developed the Maggie Creek Watershed Restoration Project (MCWRP) to improve streams,
riparian habitats, and watershed conditions within the Maggie Creek Basin (BLM 1993). The project was
developed to enhance 82 miles of stream, 2,000 acres of riparian habitat and 40,000 acres of upland
watershed primarily through prescriptive livestock management.

Beginning in 1994, grazing systems were implemented for portions of the perennial/intermittent streams
and the twenty-five ranch allotments in the Maggie Creek Watershed (specifics found in Evans 2009).
This greatly reduced the frequency and duration of hot season grazing on Maggie Creek and its
tributaries. The areais divided into three zones including exclusion zones, arestoration zone, and a
controlled grazing zone (Figure 9). The exclusion zone is closed to grazing while livestock use of the
restoration zone is contingent on meeting and maintaining biological standards. The controlled grazing
zone provides for rotational and deferred grazing practices. The extent of restoration accomplished by
focused riparian grazing management isillustrated by the front cover of this publication. Both the
exclusion and restoration zones support LCT habitat. Other measures, including construction of water
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developments, tree plantings, prescribed burning, and development of a conservation easement were also
part of the restoration effort.

The primary focus of the plan was to improve LCT habitat. Other efforts to improve fish populations
included replacing culverts and irrigation diversions that bar migration, and placement of barriers at the
bottom of the watershed to keep out non-native fish species. Trout Unlimited and partners are working
within the watershed to monitor fish population response due to habitat improvement and barrier removal.

Land uses that most significantly affect water quality and aguatic habitat issues elsewhere in the
Humbol dt basin include grazing, irrigation agriculture, and mining. Changing the land management of
grazing and agricultural usesleadsto changesin riparian functionality, which affects water quality and
aguatic habitat variables. Changes in active mining management, in its current form, will likely not lead
to changesin PFC. Exceptions would be accidental release of acid mine discharge (AMD), and
deposition of excess sediment and/or flocculants (e.g., iron precipitates). Changesin PFC are not
expected to significantly change water quality issues associated with mining (i.e., heavy metals, soluble
metals, mineralization, and low pH). However, increased organic matter will provide binding sites for
suspended and dissolved trace metals. Thereis also an ancillary effect via the absorption of soluble trace
metals by riparian wetland plants, and deposition due to slowing of stream flows. Mine dewatering can
lead to lowering water tables and reduced or augmented flow in stream channels, which is occurring in
areas of Maggie Creek below where grazing management has changed.

Impacts to PFC are far more prevalent from grazing, agricultural use, and roads than from mining in the
Humboldt Basin, including Maggie Creek. Water quality variables that most closely respond to changes
in land use/management in the Humboldt Basin include sediment (turbidity, total suspended solids), flow
ateration (quantity, timing), nutrients, temperature, dissolved oxygen, pathogens and trace metals.
Important aquatic habitat variables include riffle/pool ratios, bankfull width/depth ratios, embeddedness,
and bank stability.

Water Quality Stations

Four sample collection stations have water quality data spanning the entire period of this study. Other
stations have data from much shorter periods, and are of limited or no use. Stations MAG1 (Newmont),
HS14 (Nevada Department of Environmental Protection (NDEP)), and 1032200 (USGS) are within a
quarter mile of each other (the “lower station”). Station HUM82 (EMAP, with asingle sample date, July
1998) is about two and a half miles upstream of these stations. All are at the bottom of the watershed near
the confluence to the Humboldt River. The “lower station” therefore represents water quality resulting
from traveling through a physically poor or non-functional series of reaches with numerous water
diversionsfor hay field irrigation. Station MAG2 (the “upper station™) is about 6.5 miles upstream of the
lower stations, just above the mine reservoir flow augmentations, and below the Maggie Canyon narrows
about 4.5 miles below the first pasture with a change in management. Station locations are shown in
Figure 9.
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Figure9. Management Change and Water Quality Stationsin the Maggie Creek Water shed Restoration Project
(MCWRP) and the Beaver Creek Riparian Pasture (BCRP), NV.

Water Quality Data Available

Sources of water quality data within Maggie basin include Newmont, NDEP, USGS, and the EPA. The
dates of data collection are displayed on the hydrograph in Figure 10, which demonstrates good
representation of data across many flow discharges. Noted also isthe increased occurrence of data
collected during periods of no flow starting in 2001, corresponding to aloss of continuous base flows
discussed in Results. The parameters collected at any particular time are highly variable. Water quality
data collected above the influence of mining activity and associated with flows as recorded at station
10321950 come exclusively from Newmont' s data collection at station MAG2, which is approximately
two and a half miles downstream of the USGS station 1031950 and just upstream of where reservoir
water is discharged to Maggie. Both NDEP's station HS14 and Newmont’s MAGL station are within a
guarter mile upstream of the USGS station 10322000. The EPA’s station HUM82 is about 2.8 miles
upstream of the USGS gage.
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USGS Station 10321950, Maggie Cr. @ Maggie Cr. Cyn near Carlin, NV
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Figure 10. Water Quality Data Available at USGS Gage Station 10321950 on Hydrograph, Maggie Creek, NV ..

Methods

Assessing Stream Functional Condition

Stream functional condition was assessed using the methods of Clemmer (1994) and Prichard et al.
(1998). Evauations were performed by an interdisciplinary team composed of a hydrologist,
geomorphologist, and ecologist for the years 1994 and 2006 because of the availability of imagery. The
year 1994 isimportant because it preceded management changes, and 2006 reflects recent conditions
within the period of water quality data. Much of this assessment was done through remote sensing datain
ArcGIS. 2006 Color Infrared (CIR) and National Agriculture Imagery Program (NAIP) 1-meter
resolution imagery was used (with other ancillary data) to assess PFC condition for 2006. 1994 black-
and-white (B& W) Digital Orthophoto Quarter-Quadrangles (DOQQs) and CIR 1-meter imagery (with
other ancillary data) were used to assess PFC for 1994. 1994 CIR imagery (obtained from the BLM) is
not complete for the entire Maggie Creek Watershed. It coversthe major tributaries of Simon Creek, Jack
Creek, Coyote Creek, and Spring Creek as well as Maggie Creek proper upstream nearly to Beaver Creek.
Beaver Creek and the main channel and tributaries to the north were evaluated with B&W only. While
some interpretations about vegetation status can be made using B& W photography, use of these images
limits what interpretations can be made in the vegetation category of PFC assessments. For both years,
some on-the-ground photography was available from stream surveys performed by the BLM. Very Large
Scale Aeria (VLSA) imagery was flown by Open Range Consulting in 2006 (provided by the BLM) for
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some portions of Maggie Creek, Coyote Creek, and Beaver Creek. Where available, all these images
were used to help assess PFC condition.

Ancillary data used for PFC assessments include: the USGS NHD showing springs, water bodies, and
perennia and intermittent streams; landowner polygons from the BLM; landcover rasters from the USGS
National Land Cover Database 2001; USGS topographic maps; pasture polygons from the BLM; and
stream survey locations from the BLM. Several other layers have helped to alesser degree.

Assessing PFC over hundreds of milesis alarge task even when using aerial photography. However,
investigations indicate many of the perennial stretches of stream in the upper watershed fail to connect to
Maggie Creek in any but the more significantly large hydrologic events. 1n most cases, the larger
tributaries of Jack’s, Coyote, and Beaver creeks go sub-surface as they flow into the alluvial deposits at
the base of the Tuscarora Mountains, except perhaps briefly in the early spring during the snowmelt
runoff of agood snow year. In most years, surface water contributions from tributaries to water quality in
Maggie Creek are negligible. Therefore, it is not relevant to downstream water quality to evaluate the
PFC of the upper reaches. Similarly, downstream water quality measurements cannot be used to
understand water quality or habitats in these headwater reaches. However, in the lower portion of the
larger tributaries, springs return sub-surface flow to lentic and lotic systems that remain perennial or at
least intermittent. These springs and seeps, as well as occasional surface waters and riparian conditions,
likely influence water quality of Maggie Creek.

“Reach rules’ were developed to help determine which segments (reaches) of streams were likely to
significantly influence water quality and therefore, which reaches we would complete a PFC assessment
for in both years.

Used reach rules;

1. There must be perennial flow on the stream (Maggie Creek proper) or primary, secondary, or
tertiary tributary (unless tertiary isinsignificant).

Tributaries must have at |east an intermittent connection to Maggie Creek.
Ephemeral reaches above uppermost perennial sections are not included.

Secondary and tertiary tributaries less than 0.5 miles are not considered.

ST <

Delineated reaches will be homogeneous in their potential, based on geomorphology and plant
community complex (Winward and Padgett 1987 and Burton et a. 2011) and apparently in their
management, and generally no shorter than 0.25 miles.

6. Wherethereisno indication of riparian vegetation, areach will be assumed to be ephemeral, and
thus any perennial or intermittent reaches above this will be ignored.

To ground truth and validate observations made via remote sensing images, afield visit to Maggie Creek
was made on April 9 & 10, 2010. A laptop with the geographic information system (GIS) project
coupled with an interactive global positioning system (GPS) was used to help verify location in the field
and find points of interest with relative ease.

Precipitation and Discharge

Datafor precipitation were obtained from the National Oceanic and Atmospheric Administration
(NOAA) Nationa Climatic Data Center (http://www.ncdc.noaa.gov/oa/ncde.html) for the Elko airport,
the closest available data source that spans the time of the study. Stream flow data were obtained from
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the USGS National Water Information System (NWIS, http://waterdata.usgs.gov/nwis) for the stations
1031950 and 1032200 within the Maggie Creek Basin. Station 1032200 does not have data for 1990-
1992. The 1993 data from the two stations was used to create a predictive regression model to fill in
relatively dry 1990-1992 data gaps.

Water Quality and Aquatic Habitat Data

Water quality datafor the stations HUM82, HS14, 1032200, and MAGL1 (Figure 9) were combined to
represent the “lower station” as the one lowest in the watershed location and associated with flow data
from station 1032200. MAG2 (upper station) water quality data were associated with flow data from
station 1031950, representing alocation further up in the watershed. There were no flow dataavailableto
associate with the Simon Station, which represents a tributary location of static or slightly degrading
physical functionality.

In order to prevent bias of predictions, this study did not analyze water quality data until PFC-based
hypotheses were developed. However, the general natures of data sets were examined to select variables
for testable hypotheses.

Analysesincluded trend of each water quality parameter. Students T-tests compared early to late study
period data means and F-tests compared variances. In some instances medians were tested as data were
skewed. Thelength of early or late period data depended on data availability, but generally focused on
data from 1990-1993 (pre-management change period) compared to 2003-2006. Four years of data
including at least one high flow event represent each period.

Total Suspended Solids (TSS)

TSSisknown to be related to discharge. Therefore, in addition to the above mentioned general analyses
of the parameters, sediment rating curves were devel oped to examine trends between sites. Having
sufficient data necessitated using longer early (1990 to 1996, upper station; 1993 to 1999, lower station)
and late (2000 to 2006, upper station; 2002 to 2008, lower station) periods.

Orthophosphate Phosphorous (OP-P)

Of four different types of phosphorus parameters collected, none span the entire range of dates for either
the upper or lower station. OP-P has more coverage than most, with considerable overlap with other
phosphorous parameters, especially at the lower station. Where overlaps occur, regression anaysisis
used to establish relationship models with TSS concentrations (R? = 0.934 to 0.986) to estimate OP-P
values where gaps existed. Phosphate transport is associated with sediment transport (and therefore
discharge), so phosphate rating curves were developed to examine trends between sites. Aswith TSS
analysis, this necessitated using longer early and late periods.

Nitrogen (Total Nitrogen (TN), Total Kjeldahl Nitrogen (TKN) and Nitrate/Nitrite (NOx))

The upper station has very limited nitrogen data. TN isthe sum of TKN (nitrogen bound by organics)
and NOx (inorganic nitrogen sources). The lower station has better data coverage for TKN, but is
missing some TN (14% of those with any data) and almost all NOx. Regression analysisis used to
establish arelationship between TN and TKN (R? = 0.784), and the model used to fill in TN data gaps
where they existed. NOx gapswerefilled in by subtracting TKN from TN.
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Dissolved Oxygen (DO)

DO concentration (mg/L) datawere used in this analysis. Data are more limited at the upper station.
Concentrations between 6 and 9 mg/L are generally desired for maintenance of aquatic health in cold
freshwater fish habitat (EPA 1988).

Water Temperature

Air temperature data obtained from the NOAA National Climatic Data Center, Elko airport, are used to
compare water temperature trends at the two Maggie Creek locations.

Results

Stream Functional Condition

Approximately 53 stream miles were assessed as 98 reaches (Figure 11) as defined by the reach rules
described in Methods. Comparison of Figures 9 and 11 reveals that most of the restoration and controlled
grazing zones and all of the Beaver Creek Riparian Pasture are outside of the accessed reaches. The
perennial upstream reaches valued for fish and riparian habitat were isolated from downstream reaches
and were not expected to influence water quality at sampling stations except during unusually high flow
conditions. Downstream exclosure, restoration, and controlled grazing pastures comprised 14 of the 53
miles assumed to most directly affect water quality.

| Arsaneed
.-ﬂﬂ PEZ Reacles
E| Aziegsed

| — Reach Break

Figure11. PFC Stream Reaches Assessed Along Maggie Creek, NV.
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PFC assessments found no instances where upland watershed is contributing to riparian degradation
(attribute 5). Asmentioned previously, open pit mining is prevalent in this watershed, but aerial images
revealed no evidence that tailings or sediment from erosion was making its way into any of the studied
stream reaches. Furthermore, no evidence of natural mass wasting or excessive erosive forces that would
contribute to stream degradation was found. One example of mass wasting was high in the Coyote Creek
tributary. It occurred above miles of ephemeral channel and was therefore disregarded as per reach rules.
Thisindicates that sediment pollution issues are likely to originate from erosional processes within the
stream channel itself.

Determining riparian plant vigor (attribute 10) from the aerial photos was difficult. The influence of
vigor on long-term water quality is also assessed by other PFC variables. Stream stability within assessed
reaches is not dependent upon coarse and/or large woody debris (attribute 12). Where sticks provide a
similar role along small brushy streams, that role is well addressed by items 6 and especially 11 and 13.
Therefore, PFC attributes 10 and 12 are not addressed further.

Table 2 shows the percent change of assessed stream miles for PFC attributes and PFC rating on Maggie
Creek and itstributaries. Note attributes 2, 4, 6, 7, 9, 11, 13, 14, and the functional rating all had more
than 10% change on either Maggie or the total miles assessed. While arbitrary, it was decided 10% or
greater represented a robust enough change for attribute or rating' s role to be further evaluated as a driver
of water quality change. While other tributaries had greater percentages of change, the relative length of
stream miles to the whole was small (collectively only 3%).

The functional rating of Maggie Creek improved on 13% of the stream miles assessed and constitutes the
largest portion of the 13.2% increase in functionality of the system overall. The largest contributors to
thisincrease include an increase in active/stable beaver dams, an increase in the diverse age classes,
composition, and amount of adequate well-rooted riparian plant communities, and an improvement of
floodplain/channel energy dissipation characteristics.
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Table 2. Percentage of Stream Milesthat Changed According to Attribute, Maggie Creek, NV

Hydrologic Attributes Vegetative Attributes Soils, Erosion/Deposition Attributes
Stream
Miles Functional
Creek Assessed | % of Total 1 2% 3 4* 6* 7* 8 9* 11* 13* 14* 15 16 17 Rating*
Maggie 33.8 64% 3.5% 28.6% 6.7% 8.9% 12.3% 10.5% 2.3% 17.4% 20.6% 11.8% 7.5% -1.0% 6.7% -2.5% 13.0%
Maggiein
the
MCWRP 14.2 27% 0.0% 56.7% 13.5% 0.0% 23.7% 19.1% 0.0% 28.9% 39.9% 19.9% 3.7% 0.0% 8.5% -5.9% 26.8%
Simon 2.7 5% 0.0% 0.0% 13.1% 2.6% -3.0% -3.0% -3.0% -0.2% 10.0% 5.5% -0.2% 0.0% 0.0% -3.0% 2.8%
Haskell 3.0 6% 0.0% 20.3% -8.1% -22.3% -36.8% -26.4% -11.5% -21.1% -31.9% -29.4% -15.0% 0.0% 0.0% -6.1% -15.2%
Coyote 2.7 5% 0.0% 0.0% 0.0% 52.6% 31.4% 62.7% 31.4% 0.0% 0.0% 0.0% 31.4% 0.0% 0.0% -17.0% 0.0%
Beaver 2.3 4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
Spring 2.1 4% 35.7% 0.0% 0.0% 35.7% 0.0% 35.7% 35.7% 35.7% 35.7% 35.7% 71.4% 71.4% 71.4% 0.0% 35.7%
Jack 6.0 11% 35.8% 0.0% 35.8% 52.4% 0.0% 0.0% 35.8% 35.8% 71.5% 35.8% 46.3% -7.3% -35.8% -35.8% 35.8%
Total % Total
Miles Miles
Assessed 52.6 Changed 7.8% 19.5% 8.6% 14.7% 7.3% 9.8% 7.8% 15.5% 21.6% 11.7% 13.7% 1.3% 3.1% -7.1% 13.2%

Positive values represent overall improvement w hile negative values represent overall degradation. *Values on either Maggie Cr. or the entire assessed system greater than 10% w e consider a robust measure of change for further evaluation.
Attribute: 1) Floodplain inundated in relatively frequent events (1-3 years); 2) Active/stable beaver dams; 3) Sinuosity, w idth/depth ratio, and gradient are in balance w ith the landscape setting (i.e., landform, geology, and bioclimatic region);

4) Riparian zone is widening or has achieved potential extent; 6) Diverse age-class distribution (recruitment for maintenance/recovery); 7) Diverse compositon of vegetation (for maintenance/recovery); 8) Species present indicate

maintenance of riparian soil moisture characteristics; 9)Streambank vegetation is comprised of those plants or plant communities that have root masses capable of w ithstanding high streamflow events; 11) Adequate vegetative cover

present to protect banks and dissipate energy during high flow s; 13) Floodplain and channel characteristics (i.e. rocks, overflow channels, coarse and/or large w oody debris) adequate to dissipate energy; 14) Point bars are revegetating;

15) Lateral stream movement is associated with natural sinuosity; 16) System is vertically stable; 17) Stream is in balance with the water and sediment being supplied by the watershed (i.e., no excessive erosion or deposition);

Functional Rating) PFC, FAR w /trend, or Nonfunctional.

FAR — Functional At Risk
PFC — Proper Functioning Condition
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Precipitation and Discharge

Figure 12 shows yearly precipitation for the period of study. Six years had below average precipitation
while eight where above average. Four of the six below average years are clustered together in the
middle of the study period from 1999 through 2002. This precipitation pattern is generaly reflected in
the hydrograph displayed in Figure 7. It should be noted, while EIko had below average precipitation in
1993, there was considerable spring runoff recorded at Maggie Creek (Figure 13).

Yearly Precipitation in Elko, NV 1985 - 2006
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Figure 12. Yearly Precipitation in Elko, NV.
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USGS Station 10321950, Maggie Cr. @ Maggie Cr. Cyn near Carlin, NV
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Figure 13. Monthly Precipitation at Elko, NV vs. Daily Hydrograph of Maggie Creek, NV.

Two USGS stations have discharge data available for the period of study (1994 — 2006) on Maggie Creek
(Figure 14). Station 10322000 is about nine miles downstream of station 10321950 and is near the
confluence to the Humboldt River. Discharge at 1032200 isinfluenced by additions from areservoir built
about seven miles upstream near the time of the beginning of this study to hold water from mine
dewatering activities. As seen in Figure 14, flows prior to the middle of 1994 were generally lower than
the above station. After 1994, flows were higher, marking the beginning of the reservoirsinfluence.

Y early peak discharges are similar at the two stations. Above average precipitation is recorded at Elko
from 2003 through 2006 (Figure 12). Thisis evidenced by higher spring discharges (Figure 13) during
the same time period. There does not appear to be areturn of continuous base flows at station 10321950
as there was prior to July of 2000.
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Figure 14. Comparison of Upstream (Bold Line) and Downstream (Light Line) Gage Stations on Maggie Creek, NV.
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The cumulative frequency distribution of discharge at station 10321950 (Figure 15) shows that 90% of all
flows are below approximately 55 cfs (bankfull discharge) and 70% are below 10 cfs. No flow is
recorded about 27% of thetime. The average flow at this station is about 24 cfs, the median is 4.5 cfs,
and the modeis O cfs.

Cumulative Frequency Distribution of Discharge @ Maggie Cyn, 1990-

2006
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Figure 15. Cumulative Frequency Distribution of Discharge at Maggie Creek, NV, 1990 - 2006.
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Total Suspended Solids (TSS)

TSS data collected at the four stations ranged from 0 (non-detectable or ND) to 1100 mg/L. The average
value was approximately 51 mg/L, the median was 12 mg/L, and the mode was 10 mg/L.

Prior to management change, the trend in TSS at the upper station (Figure 16) was highly influenced by
the March, 1993 runoff event. After the change in grazing management in 1994, TSS tended to decrease,
though slightly (R* = 0.005). Figure 16 demonstrates the need for a sediment rating curve to help
interpret high TSS anomalies.

TSS through Time @ Upper Station
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Figure 16. TSS Trend at Upper Station, Maggie Creek, NV, Pre- and Post-M anagement Change.



Figure 17 displays the suspended solids rating curves at the upper station established for the beginning
and ending periods of thisstudy. A downward shift of the TSS rating curves indicates TSS became less
concentrated at higher flows after a change in management. At adischarge of 200 cfs, there was a
modeled 46% reduction in TSS concentrations between before and after. While flows greater than 200
cfsdid occur during the later period, no TSS data where obtained during those times. Data for flows at or
below bankfull suggests no significant TSS or temporal differencein TSS.

Sediment Rating Curves @ Upper Station
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Figure 17. Sediment Rating Curvesat Upper Station, Maggie Creek, NV.
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Prior to management change the TSS trend in 1994 was increasing but again was influenced by the
March, 1993 runoff event (Figure 18). TSS tended to slightly increase at the lower station after the
change in grazing management. However this may be largely flow related.

TSS through Time @ Lower Station
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Figure 18. TSS at L ower Station, Maggie Creek, NV, Pre- and Post-M anagement Change.
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Figure 19 demonstrates the same downward model shift at the lower station as the upper station (Figure
17). Again, acomparison of TSS concentrations at aflow of 200 cfs shows (Figure 19) a reduction of
about 47% over the time periods, which is similar to what was modeled at the upper station. Note also
what appears to be a threshold response around 125 cfsin the 1993-1999 point data, where small
increases in discharge seem to bring about large increasesin TSS concentrations. This may be a signature
of the release of reservoir water into lower Maggie Creek, or of incision and discharge large enough to
contact gully banks above hydrophilic riparian vegetation. Below 50 cfs (approximately 90% of all

flows), thereislittle to no relationship between TSS and stream flow Q.

Sediment Rating Curves @ Lower Station
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Figure 19. Sediment Rating Curvesat Lower Station, Maggie Creek, NV.
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The rating curves developed in Figures 17 and 19 used the limited data available to this study. Figure 20
depicts rating curves established using a substantially larger data set collected by Newmont. The figure
illustrates the need for large data sets to make simple, more accurate yearly comparisons. Note that the
2005 curveis highly influenced by only a couple of data points representing higher flows.
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Figure 20. Rating Curves Developed by Newmont to Illustrate TSS Reductionsthrough Time (from Simonset. al.
2009), Maggie Creek, NV.
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Orthophosphate Phosphorus (OP-P)

Dissolved OP-P values for al stations ranged from 0 to 1.6 mg/L with an average value of 0.13 mg/L
(Figure 21). The median value was 0.1 mg/L and the mode was 0 mg/L. The recommended maximum
level for rivers and streamsis 0.1 mg/L (USEPA, 1986). Prior to management change, the trend in OP-P
concentration was influenced by the March, 1993 runoff event (Figure 21). After the changein grazing
management, OP-P tended to decrease (R? = 0.30). No datawere available at the upper station beyond
1999.

OP-P through Time @ Upper Station
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Figure 21. OP-P Trend at Upper Station, Maggie Creek, NV, Pre- and Post-M anagement Change.

The average value of OP-P (mg/L) from 1990-1993 was 0.25 compared to 0.14 from 1996-1999, a 44%
reduction in concentrations (p = 0.18). The median value of OP-P during those same periods were 0.17
and 0.12 mg/L respectively, a 31% reduction (p = 0.14).
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OP-P has arelationship with TSS and discharge (Q), as seenin Figure 22. TSS and Q were strongly
related (Figure 17), especially at higher flows. Therefore, an OP-P discharge rating curve (Figure 23) was
developed using beginning and middle periods of the study (OP-P data from the upper station are not
available after 1999). There was a downward shift of the models, indicating OP-P becoming less
concentrated at higher flows between the two time periods. At adischarge of 200 cfs, there is a model ed
66% reduction in OP-P concentrations between the two periods. Flows greater than 216 cfs did not occur
during the middle time period.
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Figure 22. OP-P vs. Dischargeand TSS at Upper Station, Maggie Creek, NV.
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OP-P Rating Curves @ Upper Station,
Beginning and Middle Periods

1.80
1.60

1.40 /
1.20

1.00 / ¢  1990-1993
0.80 / O  1996-1999

/
0.60
0.40 / L

0.20
0.00

OP (mg/L-P)

Trend 90-93, R-squ=0.98

--------- Trend 96-99, R-squ=0.66

Figure 23. OP-P Rating Curves at Upper Station, Maggie Creek, NV, for Beginning and Middle Periods of the Study.

Both pre- and post-management change time periods exhibit declining trends in OP-P concentrations and
are not appreciably different (Figure 24). OP-P concentrations for beginning (1990-1993, R? = 0.011) and
ending (2003-2006, R* = 0.005) time periods were compared. At the lower stations, the mean value of
0.147 for the earlier time period was significantly higher than the later period value of 0.055 (p = 0.009),
indicating this location experienced a 63% reduction in mean phosphorus concentrations over time.
Comparison of median concentration values demonstrates a 93% reduction (p = 0.002). This could be
related to dilution from groundwater/reservoir additions.
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OP-P through Time @Lower Station
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Figure 24. OP-P Concentration Trendsfor Two Periods at the Lower Station, Maggie Creek, NV.

A downward shift of the OP-P rating curve models for the lower station (Figure 25) indicates OP-P
becoming less concentrated at higher flows between the two time periods. At a discharge of 200 cfs,
there is a modeled 45% reduction in OP-P concentrations between the two periods. However, both
models are heavily influenced by one large event. In the early time period (1990-1993), prior to flow
augmentations from the reservoir, the upper station had 1.26 times the median phosphorus concentrations
of the lower station (p = 0.179). After this period (1994-1999), the upper station had about 2.25 times the
median OP-P concentration (p = 0.034), suggesting augmentation from reservoir releases may have been
diluting phosphorous concentrations by almost 80% during that time period.
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Figure 25. OP-P Rating Curves Displaying Lowering Trends at the L ower Station, Maggie Creek, NV.
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Over two year time intervals, there was a steady decline in OP-P concentrations at the upper station and a
general decline at the lower station with the exception of a spike in 1998/99 (Figure 26). This spike is not
exhibited at the upper station. OP-P concentrations are generally declining at both locations while
discharge is generally increasing (more obvious at the upper station), despite the positive relationship
between discharge and OP demonstrated in Figure 22. The variance of OP-P values between the 1990-93
and the 2003-06 periods are the same.
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Figure 26. Median OP-P Concentrations and Flows at Upper and L ower Stations, Maggie Creek, NV, Based on
Two-year Intervals.




Nitrogen: Total (TN), Total Kjeldahl (TKN), and Nitrate + Nitrite (NOXx)

Prior to 1994, the trend of both TN and NOx was sharply increasing at the lower station (R? = 0.31 and
0.28, respectively) (Figure 27), representing a drought period that preceded awet 1993. TKN isincreased
(R?=0.01) at aslower rate. After grazing management changes in 1994, all nitrogen levels continued to
increase, but all at moderate to slower rates. During the post-management change, NOx was a much
smaller component of TN than before. Through time TKN contributes less, but still made up the mgjority
of TN throughout the entire post-management change period. The average value of NOx-N prior to
management change (1990-1993) was 0.25 mg/L, nearly 6.5 times the average between the years 2003-
2006 (p = 0.067).
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Figure 27. Nitrogen Concentration Trends at the Lower Station, Maggie Creek, NV.
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Nitrogen data for the upper station is limited, consisting primarily of TKN data from 1991 through 1997
(n=8, al R*<0.11). Figure 28 shows these data compared to the lower stations for the same period and
shows the upper station had dlightly lower TKN concentrations compared to the lower station prior to
management change (p = 0.02), but had higher concentrations post-change (p = 0.19). The figure also
demonstrates the continued increasing trend in concentrations as seen at the lower station.
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Figure 28. TKN Concentration Trends at Upper and L ower Stations, Maggie Creek, NV.
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Dissolved Oxygen (DO)

The concentration of DO over time at the lower station (Figure 29) shows an increasing trend pre-
management change (R? = 0.32) and a slightly declining trend post management (R? = 0.00). However,
the increase in the pre-management change period was primarily caused by low levelsin the dry summer
of 1991. The average value for the years 1990-1993 was 8.5 while the average value for 2003-2006 was
9.5, indicating an insignificant (p = 0.152) increase of DO levels through the study period.
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Figure 29. DO Concentration Trend at Lower Station, Maggie Creek, NV, Pre- and Post-M anagement Change.
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The DO concentration over time at the upper station (Figure 30) increased during both pre- and post-
management change. However the increase in the pre-management change period was primarily caused
by low levelsin the dry summer of 1991. The average value for the years 1990-1993 was 6.9 mg/L while
the average value for 2003-2006 was significantly higher (p = 0.030) at 9.7 mg/L.
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Figure 30. DO Concentration Trend at the Upper Station, Maggie Creek, NV, Pre- and Post-M anagement Change.
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Water Temperature

The yearly average air temperature recorded at Elko, NV for the period of study displays atrend of
increasing temperature (R? = 0.27) that appears to be heavily influenced by one early low (1993) and
three later high readingsin 2001, 2003, and 2006 (Figure 31).
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Figure 31. Yearly Average Air Temperature Trend at Elko, NV, 1990 - 2006.
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Water temperature measurement at the upper station was very limited. In some cases the year

ly average

was based on one or two measurements. At the lower station, increasing water temperature (R? = 0.02)
(Figure 32) reflects increasing air temperatures at EIko, while the upper station temperature increased
more quickly (R? = 0.12). The average water temperature at the lower station averaged about 2.2° C

higher than at the upper station for all data collected during the study period (p = 0.053).
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Figure 32. Yearly Average Water Temperature Trend at Upper and Lower Stations, Maggie Creek, NV.

Discussion

Figure 16 does not show awater quality issue related to TSS, yet occasionally TSS s high presumably
during very high flow events. These events may indicate the ability of the stream to handle big events
and maintain its functions. The water quality standards approach is not likely to address the more
important question of whether TSS or sediment in general isrelated to what motivates water quality
standards. For fish habitat, for example, spawning gravels can become clogged and the complexity of the
aguatic food web can be diminished if habitat becomes less diverse and complex due to the force of big
events when not dissipated and to the physical effects of sediment in altering habitats.

With no negative answers for “upland watershed contributing to riparian degradation” (attribute 5), itis
clear that sources of sediment and pollutants are primarily the riparian ecosystem itself rather than
external sources. Of the functional groups of attributes (hydrologic, vegetation, and soils) evaluated in a
PFC assessment, the vegetation group responds most quickly to and is most immediately affected by
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management change. While each functional group is intertwined with the others (a functionality triangle
or the “three-legged stool concept™), afunctional vegetation community is crucial for riparian repair and
maintenance. The vegetation response due to the change in grazing strategy on Maggie Creek during the
time of this study has been addressed by Simonds et al. (2009). Some of their key findings include:

Substantial recovery of riparian vegetation as a consequence of changesin livestock
management.

138% increase in riparian vegetation acreage within all prescribed grazing pastures, 1994 vs.
2006 via (CIR) analysis.

114% increase in riparian vegetation acreage of Maggie Creek Watershed Restoration Project
(MCWRP) reaches, 1994 vs. 2006 (CIR).

Riparian recovery leading to elevated and more stable water tables.

Well datain relation to precipitation, elevation, stream order, grazing use, and changesin
riparian vegetation data suggest increased well elevations are correlated with increased
vegetation beyond ambient influences.

Percent of riparian vegetation in relation to the potentia riparian area on Beaver Creek
riparian pasture increased from 34% in 2001 to 85% in 2006 (Landsat analysis).

Other geomorphic features related to PFC and aquatic habitats have been measured/evaluated by Simonds
et a. (2009) and Evans (2009) including:

54% decrease in water acreage of MCWRP reaches, 1994 vs. 2006, CIR analysis (indication
of narrowing channels, especially in light of the following...).

7% increase in stream length of MCWRP reaches, 1994 vs. 2006, CIR analysis (indication of
increased sinuosity, which aids in energy dissipation and increased water storage capacity).

54% decrease in gravel acreage of MCWRP reaches, 1994 vs. 2006, CIR analysis.

Stream width to depth ratios decreased in al important LCT reaches monitored (1994 or 1996
to 2006).

Woody riparian vegetation overhang generally tends toward increasing over time, but 2006
shows a decline likely due to the smothering by gravels from the 2006 flooding.

Average number of quality pools has increased, with data starting from 1996. Quality pools
are deeper and have more fish hiding cover.

Limited hydrophytic plant cover data collected in 2006 by BLM and photos appear to support
awetter system than before.

Streams generally show an improvement in PFC with the exception of the Lower Simon
Creek Parcel (grazing practices questioned) and areas impacted by 2006 flooding.

While 2006 flooding may have reduced the functionality ratings, riparian characteristics were
effective at dissipating energy and capturing sediment, indicating that the riparian zone was
functioning during a high flow event to maintain functions.

Comparisons to survey data prior to 1994 indicate that riparian conditions have increased
dramatically, with a substantial increase in riparian condition class, decrease in width to depth
ratios, and increase in percent pool quality.
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e Beaver activity has increased substantially, creating high quality pool habitat, especially in
Maggie Creek.

These findings are consistent with and expected by the PFC assessments of this study. Two hydrologic,
four vegetation, and two soil PFC attributes were found to have improved in over 10% of stream miles
assessed, contributing to an overall improvement in the functional ratings of the reaches. These
improvements lead to the general hypothesis that all water quality parameters examined would show an
improving trend, especially at the upper station. The only attribute that declined over total stream miles
(by less than 10%) was attribute 17 (stream isin balance with the water and sediment being supplied by
the watershed). Thiswas due to the excessive gravel |oads that were moved during the 2006 floods.
These gravels suggest that all reaches in the watershed and item 5 (upland watershed contributing to
riparian degradation) may be relevant to functionality, even if reaches isolated by downstream ephemeral
reaches are not relevant to water quality at monitoring stations.

Improved base flows (i.e., higher flows, increased duration) were predicted. Improvement was the case
for the lower station, but may not have been for the upper station. As mentioned in the results, this may
be due to mine dewatering activities that were in proximity to the upper station that discharged mine
water back into Maggie Creek between the two stations. Baseflow is aso influenced by the cycle of
above average and below average precipitation, which occurred during the time period of this study.
Furthermore, various water diversions in both the mid and lower watershed confound flow and
groundwater recharge dynamics, making it difficult to determine if improvements were realized even
without mine dewatering. A more detailed hydrologic study focused on the mid-basin where land
management changes were implemented is needed to answer base flow questions;, however, Simonds et
al. (2009) did find evidence of increased well water elevations which, if sufficient, might help enhance
future base-flow conditions.

Reductionsin TSS were predicted and realized. Sediment rating curves for both stations indicated similar
reductionsin sediment transport, while it was hypothesized the lower stations should have less reduction.
Simonds et al. (2009) cite a 2005 Newmont report that used an independent data set to determine a 10-
fold decrease in sediment loads on Maggie Creek between 1993 and 2005 (Figure 20), although the
specific location of data collection is unclear in the Newmont report. Other water quality issues are
related to sediment (e.g., nutrients), and sediment isitself a chief pollutant of concern. There were no
known upland land management changes which would have changed sediment delivery to the stream
system. In fact, three fires occurred within the watershed during the period of this study. Bare, unstable
banks persisted prior to the study. They became vegetated with enough of the appropriate riparian plant
communities to not only reduce sediment delivery from bank erosion, but to effectively filter any fire
induced sediment. Thisisastrong case for managing toward proper functioning condition.

Reductions in nutrients (P and N) were predicted. The results for this hypothesis were somewhat mixed,
which is not surprising given the complex dynamics of nutrient cycling. It is expected that as plant
communities expanded, nutrients would be taken up to meet growth needs and be filtered/processed by
the expanded riparian width. It is also anticipated that litter material would become a source of nutrients
eventually. However, it isthought the pace of uptake will be high enough to offset decomposition during
this period of increasing riparian biomass and complexity.

Phosphorus, being highly associated with sediment, was expected to decline. Thiswas the case for OP-P
at both stations. Reductions in concentrations were found to be greater at the lower stations. Flow
augmentations from the reservoir were likely diluting OP-P concentrations at the lower station,
confounding hypothesis testing. Phosphorus release is expected during reducing conditions, which the
majority of this system was clearly not experiencing during thistime. Increased water oxygen levels
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coupled with increasing nitrate levels (addressed bel ow) supports the assumption that Maggie Creek
system was not dominated by a reducing environment. As the riparian systems continue to expand, a more
reducing environment may eventually dominate. However, such an environment engages more effective
sediment deposition on floodplains and more plant growth with nutrient uptake.

Phosphorus appeared to be effectively trapped and taken up by the riparian community during the time of
thisstudy. Total phosphorusis anutrient of concern on Maggie Creek, being listed on the 2006 303(d)
list as having alow TMDL priority. Continued decline in phosphorus could lead to delisting dueto
improved riparian functionality.

Nitrogen data are limited at the upper station, with only afew TKN values over a short time span to
compare to the lower station. These data demonstrate comparably lower TKN concentrations prior to
management change with indication of increasing trends. Post-management change saw continued
increasing trends, but a considerable increase in concentration at the upper station. Thisislikely the
result of increased organic litter accumulation due to increased riparian plant communities just upstream
from the upper station.

The lower station had more nitrogen data than the upper station. Prior to management changes, TN was
on asharply increasing trend, driven mostly by increasesin NOx in 1993. NOx may accumulate during
drought and then be flushed in high water flows, especially if the flows come from uplands and precede
the growing season. TKN isrelatively low and barely exhibits an increasing trend. Thisindicates
possible nitrogen sources other than vegetation. After management change, trend of all nitrogen forms
leveled to dightly increasing, with the bulk of TN made up of TKN at the beginning. Asthe trend
continues, TKN still makes the majority of TN, but progressively gives way to greater concentrations of
NOx. This suggeststhat plant matter became the primary source of nitrogen in the system, perhaps from
beaver feeding and their waste products along with accumulating organic nitrogen from leaf litter was
gradually starting to convert to nitrate/nitrite especially in more oxygenated conditions upstream. If
functionality increases and anoxic conditions prevail, nitrogen will be sequestered in the riparian zone. A
fluctuating high water table with available organic material (e.g., from roots) facilitates denitrification.

Dissolved Oxygen (DO) was predicted to increase. Thiswas the case for the overall data and upper
station. At both the upper and lower stations, pre-management change trends were rapidly increasing due
to very low DO levelsrecorded in 1991. The post-management period demonstrated an increasing trend
at the upper station, a decreasing trend for the lower station, though both rates are much lessradical than
pre-management. That the lower station was trending down is not surprising. Any oxygen gains realized
in the upper reaches would surely be diminished by the poorly functioning lower riparian reaches coupled
with the augmentation of warm, relatively oxygen-poor reservoir water.

Water temperature was predicted to decrease. Water temperature is highly variable in general, fluctuating
on adiel and seasonal basis, as well as being affected by variationsin local shading, channel morphology,
and ground water-surface water or hyporheic interactions. It istherefore unrealistic to expect meaningful
trends in water temperature data collected at most once every four months (the upper station was not
collected nearly as often) at alocation that is outside the influence of management change. The results of
yearly average air and water temperature comparisons shows the lower station exhibited an increasing
water temperature trend not too unlike that of the air with just adlightly lower slope. Thiswould be
expected as water from the reservoir is fully exposed to the atmosphere (Smith and Lavis (1975). Crisp
and Howson (1982) and Mackey and Berrie (1991) showed that surface water temperature is closely
related to air temperatures across arange of catchment types and sizes, but water has a higher thermal
capacity. Trend for the upper station demonstrated a markedly increased trend toward warmer
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temperatures, but variance between the later years was high due to missing quarterly data. In summary,
little can be determined about the water temperature trend within the managed area with the data
available.

Conclusion

Rather than implement a sampling design tailored to address the specific hypotheses (realized to be an
excessively expensive approach), this retrospective study was based on currently available data, which
limited the ability to sufficiently address hypothesis questions. To address this challenge, we sought and
used a watershed with (relatively) extensive and intensive data, far more than generally available to
managers of land and water quality.

Even though water quality data for this watershed were dense in comparison to other watersheds for
which the study questions could be asked, they were inadequate. The sediment rating curves suggested a
difference between before and after the change in management, but the change in slope was based on four
points. One point was near the origin of the graph and represented base flow conditions. The other three
points represented higher flows that were great enough to transport sediment (two before and one after).
Many other graphs and statistical relationships (e.g., nitrogen and phosphorous especialy, Figs. 21-28)
appeared to be driven by special data points representing high or low flows. Because the Nevada
Division of Environmental Protection protocol states that data from floods and droughts should not be
used to evaluate whether water quality standards are being met these specia conditions are deemed
inappropriate for basing impairment decisions. Therefore, one isleft to use average flow data even
though these conditions may not be critical for the beneficia use. It isduring drought and seasonal low
flows when fish populations generally suffer.

Interestingly, during dry periods riparian vegetation can help a stream recover by growing toward the
remaining water. Subsequently, in wetter periods, vegetation is available to capture sediment, build
banks, and narrow the channel width. Much stream habitat rebuilding occurs during floods if a stream
has floodplain accessibility for energy dissipation and vegetation in place for stabilizing banks and
providing resistance to scouring flows.

In the Maggie Creek Watershed, the stream flows through three or four sequences of channel incision and
recovery through gully widening. Thisis probably the major source of sediment (and nutrients or
pollutants) in awatershed without upland watershed conditions that lead to riparian degradation. Thus,
TSS data do not provide useful information to address the very reasons why monitoring data are collected
and used to manage water quality. Furthermore, these data are so expensive ($300-500 for lab fees plus
labor and travel expensesto collect the sample per sampling event at one location), that they can be
collected only at infrequent locations that represent large watersheds. This watershed contained almost
one hundred reaches that were presumed to be relevant to these water quality data and hundreds more
where water quality and aquatic habitats are important to organisms and important to people. Lahontan
Cutthroat Trout (LCT) live in some of the tributary streams that were not addressed by this study because
the intervening reaches were ephemeral. Y et this large watershed had water quality data from only two
locations and only quarterly.

A far better approach to monitoring for water quality management is to monitor the drivers (leading
indicators) rather than the lagging response indicator of water quality. The driving functions provide
insight to the variables that should be the focus for monitoring and management. For water quality in
rangeland or most other wildland aquatic habitats, riparian PFC focuses attention on those attributes
useful for quantitative monitoring (see introduction). An example of using these functions for focused
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monitoring is packaged in the Multiple Indicator Monitoring protocol (Burton et al. 2011). Thiswas
developed to quantitatively monitor fish habitat and focuses most attention on the conditions of riparian
vegetation as it relates to bank stability. To apply Multiple Indicator Monitoring or any other quantitative
monitoring method, it isfirst important to identify functional-at-risk static or downward trending reaches
where a management change is needed or has recently been implemented. The PFC items discussed
above provide insight to needed changes and help set good objectives. Good objectives should be
specific, measureable, achievable, related to management and riparian functions, and valued by
stakeholders. Since riparian conditions often depend on vegetation and the riparian management that
drives these changes, riparian and water quality concerns should often focus on measuring vegetation
change (e.g., Winward 2000 or Burton et al. 2011).
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