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Abstract 
Stream and wetland riparian areas are able to sustain a state of resiliency based on the ecosys-
tem’s ability to attain the functions of its ecological potential. This resiliency allows an area to 
provide and produce desired and valued water quality and aquatic habitat ecosystem services. 
Maintaining healthy aquatic and riparian habitats depends on “management” allowing for, or faci-
litating natural recovery of riparian functions. Altering grazing management practices in Maggie 
Creek lead to changes in riparian functionality, water quality, and aquatic habitat. Maggie Creek 
basin, historically renowned for its fishery, is one of only a few watersheds in Nevada capable of 
supporting Lahontan Cutthroat Trout (LCT) (Oncorhynchus clarkia ssp. Henshawi) meta-popula- 
tions. Prior to 1993, the majority of Maggie Creek was grazed by cattle throughout the growing 
season. Decades of intensive grazing, water development, and road construction degraded aquatic 
and riparian habitats. By the early 1990’s, a majority of the Maggie Creek watershed was rated as 
nonfunctional or functional-at-risk condition with unstable banks, channel incision, loss of ripa-
rian vegetation, wide shallow channels, excessive erosion and deposition, reduced stream flows, 
and increased water temperatures. As mitigation for their 1993 South Operations Area Project 
mine dewatering, Newmont Mining Company, in cooperation with the Elko District Bureau of Land 
Management (BLM) and the Elko Land and Livestock Company, developed the Maggie Creek Wa-
tershed Restoration Project to enhance LCT habitat. The project was developed to enhance 82 
miles of stream, 2000 acres of riparian habitat and 40,000 acres of upland watershed primarily 
through prescriptive livestock management. Beginning in 1994, grazing systems were imple-
mented for portions of the perennial/intermittent streams. This greatly reduced the frequency 
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and duration of hot season grazing on Maggie Creek and its tributaries. The objective of this paper 
is to compare 1994 and 2006 stream and wetland riparian assessments using proper functioning 
condition (PFC) protocol and water quality data. 
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1. Introduction 
Maintaining healthy aquatic and riparian habitat after natural or anthropogenic disturbance depends on man-
agement allowing or facilitating natural recovery of riparian functions. Streams differ in their potential to pro-
duce habitats, biota, and water quality for beneficial uses (i.e., swimmable, fishable, drinkable, etc.). Water 
quality and biological communities vary depending on the stream’s ability to attain the functions of its ecologi-
cal potential. Within the paradigm of water quality standards (WQS), the objective for reducing pollutant loads 
is to reduce the allowable concentrations. The question is how to reduce loads when many streams are them-
selves the source of sediment, or nutrients, due to their failure to function properly. In these cases, reducing an 
external load is not the solution. Rather, riparian functions must be restored to reduce the pollution-releasing 
processes (i.e., erosion), and engage sequestration and/or assimilation processes. Restoring riparian functions 
will result in slowing the nutrient spiral with flooding and floodplain deposition and allow nutrient uptake, aqui-
fer recharge, and reconstruction of quality habitat, and complex niches/food webs that integrate riparian and aq-
uatic ecosystems [1]. 

The current system of water quality regulation is fraught with complications making the TMDL process for 
NPS poorly focused. Basically, the regulatory system is ineffectual for reducing pollution levels, improving 
water quality, and restoring habitats [2]. This study documents change in riparian and rangeland management 
effecting physically functional riparian conditions of streams and tests hypotheses related to changes in water 
quality. The source of pollution addressed by this study is the stream and riparian area due to its nonfunction-
al or functional at risk physical condition. The BLM reported that in Nevada only 30% of riparian miles and 
26% of wetland acres were functioning properly [3]. This dysfunction clearly limits the ability of the TMDL 
process, to make progress toward meaningful water quality improvement in these areas, especially where the 
waterway is the pollution source and where riparian functions could remediate pollution and impaired habi-
tats. 

Anthropogenically altered water cycles often lead to hydrologic alterations (e.g., increased/decreased volume 
and velocity of runoff and sediment, size and frequency of floods, altered groundwater recharge and discharge). 
These alterations frequently create additional environmental stressors via erosional/depositional processes such 
as channel incision, changes in sediment and chemical concentrations. These changes modify habitats and affect 
other beneficial uses of water or water bodies. To address the aquatic impacts from environmental stressors, it is 
important to understand the interconnections of an ecosystem, and also recognize the fundamental changes to 
riparian ecosystem services coming from changes in hydrology, vegetation, and soil erosion/deposition within a 
geomorphic context. 

Impaired functions accelerate erosion in a long-term chain reaction of geomorphic adjustment leading to 
significant changes in water quality and aquatic habitats. Sediment is a major pollutant across the nation [4]. 
Reducing erosion, or inducing sedimentation, has direct water quality implications. Sediment is the primary 
medium for transporting organic and inorganic chemicals impacting aquatic biota and beneficial uses (e.g., 
recreation and wildlife). Pathogens and nutrients are the most common biological and chemical stressors to 
wildland streams and lentic wetlands. Temperature and other environmental variables fluctuate through time 
and space in relation to diurnal and annual cycles. 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 aquatic 
insolation and reduce heat exchange through radiation. They ameliorate fluctuations of water volume (down-
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stream low flows and floods) through underground storage with aquifer recharge and hyporheic zone inter-
change. Thus, winter low temperatures remain higher and summer high temperatures remain lower. 

Riparian Proper Functioning Condition (PFC) assessment [5] [6] connects land management to water qual-
ity through ecosystem attributes. These attributes lead managers to grasp the story of individual reaches and 
the overall watershed. Integrated riparian management focuses attention to at-risk reaches and impaired func-
tions so managers can select strategies for remediation and adjust these through time based on monitoring [6]. 
This study assesses changes in riparian physical functionality and biophysical alterations due to changes in 
land management strategies. Understanding the drivers of ecosystem function and the resulting changes in 
water quality and aquatic habitat at a local scale empowers resource managers for adaptive management al-
ternatives. 

1.1. Proper Functioning Condition Development 
PFC is an interagency assessment protocol focusing on physical structure and functioning in relation to on-site 
potential. Although qualitative, it is based upon quantitative science [5]-[7]. PFC incorporates the important 
attributes numerically based surveys commonly address [8]. An interdisciplinary team conducting PFC assess-
ment in the field uses all relevant science and life experience to inform understanding of local potential to de-
termine what is locally possible, and what is needed for the system to maintain functions in large flow events. A 
PFC rating relates how well the physical stream/riparian processes are functioning. To be properly functioning, a 
riparian 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 stream banks against cutting action; de-
velop diverse ponding and channel characteristics to provide the habitat and the water depth, duration, and tem-
perature necessary for fish production, waterfowl breeding, and other uses, and; support greater biodiversity” 
[5]. 

Riparian Proper Functioning Condition assessment connects to water quality and aquatic habitat by assess-
ing the degree of functionality and the risk of losing this functionality. To determine how well a riparian 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 
attributes in the PFC checklist provide important foci for this study’s research. The rationale for the PFC as-
sessment, including all seventeen attributes, has been summarized in technical references [9] (revised and 
elaborated by) [5] [6]. 

When the stream and riparian system functions properly, it is stable and resilient to major hydrologic events, 
even those with recurrence intervals of 20 - 25 years [5]. 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 [10] [11] 
describe a Great Basin morphologic setting influenced by climate changes that implies some riparian systems in 
this region may be more sensitive to disturbance and incision than “typical” streams. The hydrologic/stability 
interval expressed by [5] suggests possible instability at lower probability/higher magnitude events. Yet PFC 
streams may buffer the hydrologic and geomorphic stresses of even dam-break events analogous to extremely 
rare precipitation events. [9] and [5] also describe mechanisms of natural recovery toward a renewed stability 
with restored functionality borrowing from [12] and many others. 

If a riparian 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” be-
cause 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, de-
grade nutrient uptake, and accelerate erosion. Undissipated hydraulic energy detaches particles ineffectively 
bound by roots. [13] modeled changes in several stream channel attributes of burned northern Nevada riparian 
zones using PFC attributes, functional ratings, precipitation, and upland and riparian burn severity. 

1.2. Maggie Creek 
The Maggie Creek Watershed is in northeastern Nevada within the northern Great Basin (a temperate desert 
with cold snowy winters and hot dry summers) and drains to the Humboldt River basin (Figure 1). Maggie 
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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 1094 stream miles, pre-
dominantly intermittent or ephemeral, with 224 miles of perennial reaches in 11 sub-basins (Cherry Spring, 
James Creek, Cottonwood Creek, Simon Creek, Jack Creek, Coyote Creek, Fish Creek, Beaver Creek, Chicken 
Creek, Lone Mountain Creek and Coon Creek) (Figure 2). Elevation ranges from about 1435 to 2700 m. The 
Tuscarora Mountains supply most of the runoff for Maggie Creek. Most precipitation is deposited as snow, es-
pecially at higher elevations. Snowmelt and spring flow are the major sources of water. The thirty year average 
(1970-2000) precipitation of the watersheds in the general area range from 284 - 830 mm (11.2 - 32.7 inches). 
Maggie Creek is comprised of 11 sub-basins. 

Most of the watershed is in the Upper Humboldt Plains level IV ecoregion [14] except for the Semiarid 
Uplands of the Tuscarora Mountains on the basin’s west side. Land cover is primarily shrub/scrub of short 
and mountain big sagebrush (Artemisiatridentata Nutt. ssp. Vaseyana) with Idaho fescue (Festucaidahoensis 
Elmer) and other grasses. Some juniper and aspen forests occupy headwater areas of tributaries. Riparian 
vegetation consists primarily of willow communities. Smaller meadow areas of hay/pasture are located 
mostly along waterways. The primary land uses include ranching, hay production requiring diversions of 
stream water, and mining. As described, Maggie Creek is a microcosm representative of the northern Great 
Basin. 

Maggie Creek Watershed covers 254,150 acres, of which BLM administers 42% and manages eight small and 
three large grazing allotments (Figure 2), 55% is privately owned and 3% is owned by the state of Nevada 
(Figure 2(a)). 

Maggie Creek Watershed covers 254,150 acres, of which BLM administers 42% and manages eight small and 
three large grazing allotments (Figure 2), 55% is privately owned and 3% is owned by the state of Nevada 
(Figure 2(a)). 

 

 
Figure 1. Location of map of the Maggie Creek watershed northeastern Nevada within the Humboldt River basin. 
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Figure 2. Location of map of the Maggie Creek watershed northeastern Nevada within the Humboldt River basin. 

 
Historical records indicate commercial ranching began in the Maggie Creek watershed in the late 1870’s 

around the time the T Lazy S Ranch was amassing vast acreages via homesteading and railroad land acquisitions 
(Figure 2(a)). Land use then consisted of open range grazing and developing irrigated hay production, particu-
larly 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 (Figure 2(b)). The 
Hadley 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 pur-
chased the ranch in 1986 to gain mineral 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 pro-
lific 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, under-
ground mining began in 1994, necessitating mine water extraction and mitigation [15]. 

During the period of this study, the 2001 Coyote Fire burned 11,637 acres primarily in the Beaver Creek 
sub-basin (Figure 3). In the same year, the Maggie Creek Fire burned approximately 2550 acres in the southeast 
portion of the watershed. The Basco Fire, in 2006, burned approximately 11,750 acres in northeast of the wa-
tershed (Figure 3). Collectively, 9.8% of the watershed burned during this study. This area is normal or below 
normal, given the historic fire return intervals for similar vegetation types [16] [17]. 

2. Methods 
Stream differences are often discussed or classified using stream order [18], valley confinement and landform  
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Figure 3. Maggie Creek, NV, fire event areas. 

 
setting, gradient, substrate, entrenchment, width/depth ratio, sinuosity, and bed form [19]-[21]. Differences are 
caused by climate and geologic parent material, as well as historic and prehistoric human modifications [22] 
[23]. Riparian vegetation exerts strong influences on channel form and ecological processes [5]. The importance 
of riparian vegetation and its differing roles in various geomorphic and ecological settings has led to numerous 
riparian vegetation classifications [24] and scorecards [8] [25]. 

Stream riparian functional condition was assessed using the methods of [5] and [26]. Evaluations were per-
formed for the years 1994 and 2006 because of the availability of imagery by an interdisciplinary team com-
posed of a hydrologist, geomorphologist, and ecologist. The year 1994 is important because it preceded man-
agement changes, and 2006 reflects recent conditions within the period of water quality data. Much of this as-
sessment was done through remote sensing data in ArcGIS. 2006 Color Infrared (CIR) and National Agriculture 
Imagery Program (NAIP) 1-meter resolution imagery were used (with other ancillary data) to assess PFC as-
sessment 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 covers the 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 in-
terpretations about vegetation status can be made using B&W photography, use of these images limits what in-
terpretations can be made in the vegetation category of PFC assessments. For both years, some on-the-ground 
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photography was available from stream surveys performed by the BLM. Very Large Scale Aerial (VLSA) im-
agery was flown by Open Range Consulting in 2006 (provided by the BLM) for some portions of Maggie Creek, 
Coyote Creek, and Beaver Creek. Where available, all these images were used to help assess PFC condition. 

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 attribute 6 and especially attributes 11 and 13. Therefore, PFC 
attributes 10 and 12 are not addressed further. 

Stream reaches to be assessed were defined as a homogenous management unit (i.e., fence line to fence line). 
Reaches were to be perennial stream systems. The upper reaches of the stream were not assessed if perennial 
streams were disconnected by an ephemeral reach. Approximately 53 perennial stream miles were assessed as 
98 reaches (Figure 4(a)). The assessed area was the low gradient portion of Maggie Creek. The upper reaches 
were not assessed because middle reaches were ephemeral. Beaver Creek Riparian Pasture restoration and con-
trolled grazing zones are outside of the accessed reaches. The perennial upstream reaches valued for fish and ri-
parian habitat were isolated from downstream reaches and were not expected to influence water quality at sam-
pling 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. 

Water quality data for this study was provided by Newmont Mining Co., Nevada Division of Environmental 
Protection (NDEP), and US Geological Survey (USGS). Study area is divided into 2 analysis areas, Upper and 
Lower. MAG2 (upper station) water quality data were associated with flow data from USGS gauging station 
1,031,950, which represents a location further up in the watershed (Figure 4(b)). Lower stations are represented 
by sampling locations HUM82, HS14, 1,032,200, and the one lowest in the watershed MAG1 (Figure 4(b)),  

 

 
Figure 4. (a) PFC stream reaches assessed along Maggie Creek, NV. (b) Management change and water quality stations in 
the maggie creek watershed restoration project (MCWRP) and the beaver creek riparian pasture (BCRP), NV. 
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which is most closely associated with flow data from USGS gauging station 1,032,200. 
Data for precipitation was obtained from the National Oceanic and Atmospheric Administration (NOAA) Na-

tional Climatic Data Center (NCDC) (http://www.ncdc.noaa.gov/oa/ncdc.html) for the Elko airport, the closest 
available data source that spans the time of the study. Yearly precipitation data indicate six years had below av-
erage 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. 

Available stream flow data for the period of study (1994-2006) were obtained from the USGS National Water 
Information System (NWIS, http://waterdata.usgs.gov/nwis) for the stations 1,031,950 and 1,032,200 within the 
Maggie Creek Basin. Station 1,032,200 does not have data for 1990-1992. The 1993 data from the two stations 
were used to create a predictive regression model to fill in relatively dry 1990-1992 data gaps. USGS Station 
10,322,000 is on Maggie Creek near the confluence to the Humboldt River. USGS station 10,321,950 is located 
approximately nine miles upstream. Newmont Mining Co. developed a reservoir on the east side of Maggie 
Creek basin and about 7 miles upstream with the confluence of the Humboldt River. The reservoir was built be-
fore the beginning of this study and after changes in land management. The reservoir is designed to hold water 
from mine dewatering activities and supply cool water to Maggie Creek. Discharge at USGS station 1,032,200 is 
influenced by additional flow from the reservoir. Flows prior to the middle of 1994 were generally lower than 
the above station 10,321,950. After 1994, flows were higher, marking the beginning of the reservoir’s influence. 
Yearly peak discharges are similar at the two stations. Above average precipitation is recorded at Elko from 
2003 through 2006. This is evidenced by higher spring discharges during the same time period. There does not 
appear to be a return of continuous base flows at station 10,321,950 as there was prior to July of 2000. At station 
10,321,950, 90% of all flows are below approximately 55 cfs (bankfull discharge) and 70% are below 10 cfs. No 
flow is recorded about 27% of the time. The average flow at this station is about 24 cfs, the median is 4.5 cfs, 
and the mode is 0 cfs. 

3. Results 
3.1. Proper Functioning Condition Assessments 
As seen in Table 1 the percent change of assessed stream miles for PFC attributes and PFC rating on Maggie 
Creek and its tributaries are shown. 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 qual-
ity change. While individual tributaries had greater percentages of change, the relative length of stream miles to 
the whole was small (collectively only 3%). 

Although open pit mining is prevalent in this watershed, PFC assessments using aerial images revealed no 
evidence that tailings or sediment from upland erosion or natural mass wasting would contribute to stream de-
gradation of any studied reach (attribute 5, Table 1). One example of mass wasting high on the Coyote Creek 
tributary occurred above miles of ephemeral channel and was therefore disregarded as per reach rules. Thus se-
diment pollution or riparian degradation issues are likely to originate from erosional processes within the stream 
channel itself. 

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 this in-
crease 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. 

3.2. Total Suspended Solids 
Total suspended solids (TSS) data collected at the upper station 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 5) was highly influenced by the 
March, 1993 runoff event. After the change in grazing management in 1994, TSS was influenced by a few 
smaller events, but Figure 5, demonstrates the need for a sediment rating curve to help interpret high TSS ano-
malies. 

http://www.ncdc.noaa.gov/oa/ncdc.html
http://waterdata.usgs.gov/nwis
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Figure 5. TSS trend at upper station, Maggie Creek, NV, pre- and post-management change. 

 

 
Figure 6. Sediment rating curves at upper station, Maggie Creek, NV. 

 
Figure 6 displays the suspended solids rating curves at the upper station established for the beginning and 

ending periods of this study. A downward shift of the TSS rating curves indicates TSS became less concentrated 
at higher flows after a change in management. This could indicate an increase of in-stream channel shear stress 
resistance from an increase of hydrophilic riparian vegetation. Thus decreasing erosion and allowing for more 
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suspended material to drop out of suspension and be deposited. At a discharge of 200 cfs, there was a modeled 
46% reduction in TSS concentrations between before and after. While flows greater than 200 cfs did occur dur-
ing the later period, no TSS data where obtained during those times. Data for flows at or below bankfull sug-
gests no significant TSS or temporal difference in TSS. 

Sediment rating curve at the lower station (Figure 7) demonstrates the same downward shift as the upper sta-
tion (Figure 6). Again, a comparison of TSS concentrations at a flow of 200 cfs shows (Figure 8) a reduction of 
about 47% over the time periods. Note, what appears to be a threshold response around 125 cfs in the 1993-1999 
point data, where small increases in discharge seem to bring about large increases in 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), there is little to no relationship between TSS and stream flow (Q). 

The rating curves developed in Figure 6 and Figure 7 used the limited data available to this study. Figure 8 
depicts rating curves established using a substantially larger data set collected by Newmont. The figure illu-
strates the need for large data sets to make simple, more accurate yearly comparisons. Note, the 2005 curve is 
highly influenced by only a couple of data points representing higher flows. 

3.3. Nitrogen: Total, Total Kjeldahl, and Nitrate + Nitrate 
Prior to 1994, the trend of both Total Nitrogen (TN) and Nitrogen Oxides (NOx) was sharply increasing at the 
lower station (R2 = 0.31 and 0.28, respectively) (Figure 9), representing a drought period that preceded a wet 
1993. Total Kjeldahl (TKN) increased (R2 = 0.01) at a slower 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 contributed less, but still made up the 
majority of TN throughout the entire post-management change period. The average value of NOx-N prior to man- 

 

 
Figure 7. Sediment rating curves at lower station, Maggie Creek, NV. 
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Figure 8. Rating curves developed by Newmont to illustrate TSS reductions through time (from Simonds et al. 2009), Mag-
gie Creek, NV. 

 

 
Figure 9. Nitrogen concentration trends at lower station, Maggie Creek, NV. 
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agement change (1990-1993) was 0.25 mg/L, nearly 6.5 times the average between the years 2003-2006 (p = 
0.067). 

Nitrogen data for the upper station are limited, consisting primarily of TKN data from 1991 through 1997 (n = 
8, all R2 < 0.11). Figure 10, shows these data compared to the lower stations for the same period and shows the 
upper station had slightly lower TKN concentrations compared to the lower station prior to management change 
(p = 0.02), but had higher concentrations post-change (p = 0.19). Figure 10 also demonstrates the continued in-
creasing trend in concentrations as seen at the lower station. 

3.4. Dissolved Oxygen 
The Dissolved Oxygen (DO) concentration over time at the upper station increased during both pre- and post- 
management change. At the upper station post management increase in DO was at a much slower rate. The con-
centration of DO over time at the lower station had an increasing trend pre-management change (R2 = 0.32) and 
a slightly declining trend post management (R2 = 0.00). However, the increase in the pre-management change 
period at both stations was primarily caused by low water levels in the dry summer of 1991. 

3.5. Orthophosphate Phosphorus 
Dissolved Orthophosphate Phosphorus (OP-P) values for all stations ranged from 0 to 1.6 mg/L with an average 
value of 0.13 mg/L. The median value was 0.1 mg/L and the mode was 0 mg/L. The recommended maximum 
level for rivers and streams is 0.1 mg/L [30]. Prior to management change, the trend in OP-P concentration was 
influenced by the March, 1993 runoff event. After the change in grazing management, OP-P tended to decrease 
(R2 = 0.30). No data were available at the upper station beyond 1999. 

 

 
Figure 10. TKN concentration trends at the upper and lower stations, Maggie Creek, NV. 
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4. Discussion 
Beginning in 1994, a grazing management plan was developed using PFC assessment and implemented for por-
tions (Figure 4) of the perennial/intermittent streams and the Twenty-Five ranch allotments in the Maggie Creek 
Watershed [27]. This greatly reduced the frequency and duration of hot season grazing on Maggie Creek and its 
tributaries. The area is divided into three zones including exclusion zones, a restoration zone, and a controlled 
grazing zone. 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 is illustrated 
in Figure 11(a) and Figure 11(b). Both the exclusion and restoration zones support Lahontan Cutthroat Trout 
(Oncorhynchus clarkia ssp. Henshawi) LCT habitat. Other measures, including construction of water develop-
ments, 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 aquatic habitat issues elsewhere in the Humboldt 
basin include grazing, irrigation agriculture, and mining. Changing grazing management and agricultural uses 
lead to changes in riparian functionality, which affects water quality and aquatic habitat variables. Open pit 
mining is prevalent in this watershed, but aerial images revealed no evidence that tailings or sediment from ero-
sion was making its way into any of the studied stream reaches. 

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 alteration 
(quantity, timing), nutrients, temperature, dissolved oxygen, pathogens and trace metals. Important aquatic ha-
bitat variables include riffle/pool ratios, bankfull width/depth ratios, embeddedness, and bank stability. 

While each functional driver (vegetation, water, and soil/landform) is intertwined with the others (a functio-
nality triangle or the “three-legged stool concept”), functional riparian vegetation is crucial for repair and main-
tenance. The vegetation responses due to the change in grazing strategy on Maggie Creek during the time of this 
study were addressed by [28]. Some of their key findings include: 
• Substantial recovery of riparian vegetation as a consequence of changes in 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). 
 

  
(a)                                                   (b) 

Figure 11. (a) Maggie Creek with season-long cattle grazing in November, 1980. (b), Maggie Creek in 2011 with shortened 
season of use differing among years since 1994. 
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• Riparian recovery leading to elevated and more stable water tables. 
• Well data in relation to precipitation, elevation, stream order, grazing use, and changes in riparian vegetation 

data suggest increased well elevations are correlated with increased vegetation beyond ambient influences. 
• Percent of riparian vegetation in relation to the potential riparian area on Beaver Creek riparian pasture in-

creased from 34% in 2001 to 85% in 2006 (Landsat analysis). 
Other geomorphic features related to PFC and aquatic habitats have been measured/evaluated by [28] and [29] 

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 si-

nuosity, 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 all 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 a wetter sys-

tem than before. 
• Streams generally show an improvement in PFC with the exception of the Lower Simon Creek Parcel (graz-

ing 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 to maintain 
functions during a high flow event. 

• 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.  

• 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, con-
tributing to an overall improvement in the functional ratings of the reaches (Table 1). 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 is in balance with the water and sediment being supplied by the watershed). This was due to the exces-
sive gravel loads that were moved during the 2006 floods. These gravels suggest that all reaches in the wa-
tershed may be relevant to functionality, even if reaches isolated by downstream ephemeral reaches are not re-
levant to water quality at monitoring stations. 

Sediment rating curves for both stations indicated similar reductions in sediment transport, while it was hy-
pothesized the lower stations should have less reduction. [28] cite a 2005 Newmont report that used an indepen-
dent data set to determine a 10-fold decrease in sediment loads on Maggie Creek between 1993 and 2005, al-
though 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 is itself 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. Many became vegetated with enough of the appropriate riparian plant communities to not only reduce 
sediment delivery from bank erosion, but to effectively filter fire induced sediment. This too is a strong 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 is 
thought the pace of uptake will be high enough to offset decomposition during this period of increasing riparian 
biomass and complexity. 
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Phosphorus, being highly associated with sediment, was expected to decline. This was the case for OP-P 
Phosphorus release is expected during reducing conditions, which the majority of this system was clearly not 
experiencing during this time. Increased water oxygen levels coupled with increasing nitrate levels (addressed 
below) 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 this 
study. Total phosphorus is a nutrient of concern on Maggie Creek, being listed on the 2006 303(d) list as having 
a low TMDL priority. Continued decline in phosphorus could lead to delisting due to improved riparian func-
tionality. 

Nitrogen data are limited at the upper station, with only a few 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 considera-
ble increase in concentration at the upper station. This is likely 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. NOx may accumulate during drought and 
then be flushed in high water flows, especially if flows come from uplands and precede the growing season. 
TKN is relatively low and barely exhibits an increasing trend. This indicates possible nitrogen sources other than 
vegetation. After management change, trend of all nitrogen forms leveled to slightly increasing, with the bulk of 
TN made up of TKN at the beginning. As the trend continues, TKN still makes the majority of TN, but progres-
sively gives way to greater concentrations of NOx. This suggests that plant matter became the primary source of 
nitrogen in the system, and 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 condi-
tions prevail, nitrogen will be sequestered in the riparian zone. A fluctuating high water table with available or-
ganic material (e.g., from roots) facilitates denitrification. 

5. Conclusions 
Rather than implement a sampling design tailored to address the specific hypotheses (realized to be an exces-
sively expensive approach), this retrospective study was based on currently available data, which limited the 
ability to sufficiently address hypothesis questions. Even though water quality data for Maggie Creek watershed 
were dense in comparison to other watersheds for which the study questions could be asked, they were inade-
quate. The sediment rating curves suggested a difference between before and after the change in management, 
but the change in functionality allowed analysis based on only 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). Because the Nevada Division of Environmental Protec-
tion protocol states that data from floods and droughts should not be used to evaluate whether water quality 
standards are being met, these special conditions are deemed inappropriate for basing impairment decisions. 
Therefore, one is left to use average flow data even though these conditions may not be critical for the beneficial 
use. It is during 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 remain-
ing water. Subsequently, in wetter periods, vegetation is available to resist bank erosion, capture sediment, build 
banks and narrow the channel width. Furthermore, once the vegetation, especially woody plants thrive with 
grazing management, beaver dams can greatly increase aquifer water storage and base flows during dry periods 
[30]. Much stream habitat rebuilding occurs during floods if a stream has floodplain available for energy dissi-
pation 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 re-
covery through gully widening. This is probably the major source of sediment (and nutrients or pollutants) in a 
watershed 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 expenses to col-
lect 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 re-
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levant to these water quality data and hundreds more where water quality and aquatic habitats are important to 
organisms and people. LCT lived in some of the tributary streams that were not addressed by this study because 
the intervening reaches were ephemeral. Yet 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 indica-
tors) rather than the lagging response indicators of water quality [31] [32]. 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 wild land aquatic habitats, riparian PFC focuses attention on those attributes useful for quantitative moni-
toring. An example of using these functions for focused monitoring is packaged in the Multiple Indicator Moni-
toring protocol [33]. This was developed to quantitatively monitor fish habitat and focused most attention on the 
conditions of riparian vegetation as it related to bank stability. To apply Multiple Indicator Monitoring or any 
other quantitative monitoring method, it is the most important to identify functional-at-risk downward trending 
reaches where a management change is needed or where a change has recently been implemented. The PFC 
items discussed above provide insight to needed attribute 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 
changes in vegetation, riparian and water quality concerns should often focus on measuring vegetation change 
[34] [33]. Such objectives should change through time depending on the time scale of the management and 
monitoring plan. Early changes in vegetation show occupation of moist areas near a stream by colonizing vege-
tation. Later, the proportion of stabilizing wetland species increases and becomes capable of stabilizing stream-
banks. Because of the vegetation, the greenline to greenline width also narrows. All these drive improvement in 
fish habitat and water quality. 

Water quality and aquatic habitat, particularly in rural areas, can be improved by returning riparian/wetland 
systems to a functional condition. Once in a functional 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 ripa-
rian system can the TMDL process effectively address water quality issues. 
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