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Abstract 

Bureau of Land Management (BLM) customarily prohibits grazing near riparian 

areas for two years post-fire in order to let bank stabilizing vegetation to recover. 

However, there is a lack of science to justify this tradition. Wildfire in northern Nevada 

in 2012 provided an opportunity to explore this as well as to compare spring-only 

grazing with hot-season grazing. Multiple Indicator Monitoring (MIM) was used to 

evaluate riparian health and short and long-term indications of grazing impact. In this 

study, BLM authorized grazing to resume in eight Designated Monitoring Areas (DMA)s 

after only one year of exclusion, contrary to custom. Four other pastures were grazed 

ranging from zero (no exclusion) to four years of grazing exclusion. As these grazing 

strategies are unreplicated, our results should not be used to infer specific treatment 

effects. While there were no significant differences found between hot-season grazed 

areas and spring-only grazed areas, this may be due to the time of sampling (i.e. 

sampling occurred during summer break from school, so observations did not capture 

the full hot-season grazing impact).  
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Introduction 

Nevadan districts in the Bureau of Land Management (BLM) have customarily 

closed pastures to grazing for two growing seasons after prescribed or wildfire to allow 

vegetation (typically upland vegetation) to recover (Wright et al. 1979). When that 

tradition was established, little research had been conducted to determine the 

interaction of grazing with vegetation recovery after fire (Roselle et al. 2010). After 

publication of Multiple Indicator Monitoring (MIM) by Burton et al. (2011), the BLM Elko 

District was admonished by the BLM Nevada State Office that they should quantitatively 

monitor riparian recovery for achievement of objectives, rather than rely on riparian 

proper functioning condition (PFC) (Prichard 1998, Dickard et al. 2015) assessment-

observed improvements for decisions about return of grazing. Thus, rate of riparian 

recovery became more a pertinent question. MIM was the tool chosen to address this as 

it is a quantitative data collection method with established data reduction tools (Burton 

et al. 2011) 
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The Hanson and Holloway lightning-ignited fires of 2012 in northern Nevada 

provided an opportunity to explore this, as well as comparing recovery between spring-

only and hot-season grazed areas. MIM (Burton et al. 2011) was used in tracking long-

term indicators to evaluate riparian health and short-term indicators to evaluate grazing 

impact. This research uses the same study sites established in “Riparian post-fire 

response: factors influencing vegetation recovery and channel stability” by Dencker et 

al. (2017) using data collected in 2016.  

Stream channels are naturally dynamic with varying rates of annual disturbance, 

but streams are constantly adjusting as they recover stability and maintain channel 

capacity and competence (Bernard et al. 1998). Reaches composed of non-cohesive, 

fine-grained alluvium are susceptible to mass wasting and bank shearing, so may be 

more dependent on vegetation to maintain bank integrity (Abernethy and Rutherfurd 

1998, Gurnell 2014, Swanson 2015). Once destabilization occurs, it may be difficult for 

vegetation to reestablish as banks stabilize (Corenblit et al. 2007). 

Riparian areas may act similarly to a sponge, slowing water runoff, recharging 

groundwater (Dickard et al. 2015), and retaining moisture availability longer into the 

growing season (Elmore, 1997; Wagner, 2015). Riparian and stream habitats are most 

sensitive and dynamic at the interface between substrate or streambank and water. 

Because hydrophilic vegetation is often heavily rooted with woody or fine roots and 

rhizomatous stems, it can resist stream erosion due to these superior site-stabilizing 

characteristics (Manning et al., 1989; Corenblit et al. 2007; Dickard et al. 2015). 
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Vegetation stabilizes banks primarily by increasing shear strength of the soil (Thorne and 

Lewin, 1979; Gray and MacDonald, 1989), reducing water velocity (Gray and MacDonald 

1989), and armoring the bank (Thorne, 1979; Simon, 2000).  

Riparian areas commonly flood, resulting in adaptations by vegetation to 

mitigate the effects of a frequent disturbance regime (Naiman et al. 1993, Dwire and 

Kauffman 2003, Corenblit 2007 and 2009, Swanson et al. 2017). Rhizomatous roots and 

the ability to resprout from remaining plant material allows for quick plant regeneration 

following above ground vegetation removal. These mechanisms can facilitate survival 

following wildland fire, giving them a competitive edge in contributing to the rapid 

recovery of riparian areas. This has direct implications for the functionality of the entire 

system, as riparian vegetation has a well-established relationship with channel 

morphology, hydrologic function and geomorphic processes of the stream (Beschta and 

Platts 1986; Tabacchi et al. 1998; Hession et al. 2003) as assessed in PFC (Dickard et al. 

2015).  Micheli and Kirchner (2002) found herbaceous riparian vegetation reinforces 

streambanks by increasing soil strength and stabilizing undercut banks.  Root complexes 

of wetland obligate species are extensive and work to stave erosion and preserve 

channel form (Wyman et al. 2006). Vegetation stabilizes banks by increasing shear 

strength of the soil (Thorne and Lewin 1979, Gray and MacDonald 1989, Simon and 

Collision 2001), reducing water velocity (Gray and MacDonald 1989), and armoring the 

bank (Thorne 1982, Simon and Collision 2001). 
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Riparian areas that function properly are much more resilient and resist crossing 

an ecologic or geomorphic threshold, withstand grazing pressure, and recover from 

short-term impacts (Swanson, 2015; Dickard et al., 2015). Recovery of vegetation is 

particularly important in riparian areas, where stability can moderate the devastating 

effects of episodic floods (Prichard, 1998). Vegetation may persist after fire by 

regenerating after top-kill, by resprouting, or with seeds that survive fire (Sugihara et al., 

2006). Because vegetation relies on foliage for energy production, survival of damaged 

plants depends on rapid regeneration of burned foliage (Sugihara et al., 2006).   

Measuring this recovery and potential impact from grazing requires specific 

monitoring. In 2011, after extensive review from the U.S. Forest Service and many 

others, BLM published Multiple Indicator Monitoring (MIM) of Stream Channels and 

Riparian Vegetation (Burton et al. 2011).  These methods built on riparian vegetation 

monitoring developed by Winward (2000) for the U.S. Forest Service by focusing many 

riparian vegetation measurements on the greenline, where riparian vegetation is most 

critical for maintaining bank and channel stability (Wyman et al. 2006; Burton et al. 

2011; Swanson et al. 2017). Greenline refers to “the first perennial vegetation that 

forms… on or near the water’s edge” (Winward, 2000). It is the critical zone for 

maintaining bank stability and channel form and is highly stressed as an important 

measure in the Emergency Stabilization and Rehabilitation (ESR) Handbook (DOI, 2007), 

Riparian Proper Functioning Condition Assessment (Dickard et al. 2015) and riparian 

grazing management guidelines (Wyman et al., 2006).   
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The intent of the ESR was to enable post-fire recovery of vegetation for the 

stabilization of soils, but does not mandate a specific timeframe, enabling management 

to regulate on an individual, case-by-case basis. PFC involves the interlinking factors of 

water, vegetation, and soils/landforms. MIM was developed to objectively and 

efficiently quantify current stream conditions and changes integrated over time when 

subjected to livestock impact or changes in grazing management.   

In 2010, Kozlowski et al. studied pre to post-fire changes of ten riparian 

attributes sampled from 43 burned streams. Bankfull width decreased 21%, riparian 

width increased 79%, bank stability slightly increased, and median bank angle slightly 

decreased. Bank cover, organic debris, bank undercuts, and embeddedness did not 

change. Furthermore, “overall, degradation to stream channel attributes was minimal to 

non-existent suggesting riparian stability and/or resiliency.”  However, post-fire years 

generally had below average precipitation, and the resulting flows were not large 

enough to result in the damage that could be expected if there had been a flooding 

event in nonfunctional or functional at-risk riparian areas as in Myers and Swanson 

(1996).  Overall, they found there was little evidence suggesting that fire caused stream 

degradation in any of the 43 study streams. On the contrary, many of the streams 

showed improvement, but whether this resulted from the effects of fire or the changes 

in land management could not be ascertained (Kozlowski, 2010).   

Dalldorf et al. (2013) used livestock grazing variables derived from 24 years of 

federal grazing management history to “identify interactive effects of grazing strategies, 



6 
 

 
 

fire, and natural stressors across 81 independent riparian areas.” These included those 

studied by Kozlowski (2010) and another set chosen to approximate similar unburned 

streams in the various mountain ranges or areas of Nevada. They found that an increase 

in bankfull width was less likely with a spring-grazing prescription, and that responsible 

grazing can result in positive stream response.   

Dencker et al. (2017) found that a significant negative change in bank stability 

was observed from year two to year three post-fire. Results suggested a two-year rest 

from grazing was not adequate to maintain an upward trend towards recovery. After 

fire, sites with fine textured soils were found to be more susceptible to bank instability 

and were destabilized with increased duration of post-fire grazing. Bank stability was 

significantly greater at sites with spring-only grazing versus sites with hot season 

grazing. They concluded that a longer rest or recovery period from grazing (e.g. 3+ 

years) may be required to maintain site stability. Minimum values for MIM indices had 

not yet been determined and may depend on vegetation community, substrate texture, 

and bank condition prior to the fire.  

Methods 

 All of the Designated Monitoring Areas (DMAs) used for this study were located 

within one of two areas burned in 2012 on public lands within the Great Basin region of 

Nevada. The Holloway fire was the largest, burning 175,000 hectares (676 square miles) 

in Nevada and Oregon between August 5th and 15th. The Hanson fire, also starting on 

August 5th, burned 5,200 hectares (20 square miles) (USFS, 2019).  The Holloway fire 
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Figure 2- Vicinity map 

burned in the Kings River valley, and the Hanson fire in Paradise Valley (Figure 1- Extent 

of, page 7).  All four of the DMAs in the Hanson fire were grazed as spring only use. All 

twelve DMAs in this study were in pool-riffle systems (Montgomery and Buffington 

1998). Sites were originally selected by Dencker (2017), under the guidance of 

Winnemucca BLM hydrologist John McCann, to likely reflect BLM priority reaches.  

Study area 

Figure 1- Extent of the Holloway and Hanson fires 

 

 

 

 

 



8 
 

 
 

Figure 3- Study sites within the Holloway fire, Kings River valley, looking north 

 

The purple (semi)-horizontal line is the Nevada / Oregon border. 
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Figure 4- Study sites within the Hanson fire, Paradise Valley, looking northwest 

 

All of the DMAs in the Hanson fire were grazed as spring-only use.  

 

Grazing strategies 

Calendar grazing charts were created from BLM grazing permitting records for 

each DMA to discern grazing strategy, as shown on Figure 5. Each row represents a 

single DMA. It is important to note that no DMA s were grazed all four years of this 

study, and only one was grazed three of the four years. “Exclusion” refers to the number 

of years when grazing wasn’t allowed (i.e. since the fires were in 2012, “none” refers to 

grazing being allowed in 2013, “1 year” refers to grazing being allowed in 2014, etc.). 

Spring-season and Hot-season grazed sites were all rested in 2016. Grazing strategies 

were prescribed by BLM, not experimentally chosen by the authors. 



10 
 

 
 

Figure 5- Calendar chart of the permitted grazing that occurred. Only Lamance was 
grazed in three growing seasons. The number indicated refers to number of years out of 
four post-fire that grazing occurred.  

Legend 

 

Number of seasons grazed in the four years following fire. None were grazed all four 

years post-fire. 

   

Despite former custom, most of the sites in this study had one year of exclusion 

from grazing. There were only four exceptions from which to examine variation, with 

one site each for no deferment and for two or three years of deferment from grazing. 

As there was no replication regarding alternative years for deferment of grazing, 

this experiment was uncontrolled for the stochastic factor. There is usually at least one 

level at which replication is obligatory, at least if significance tests are to be employed 

(Hurlbert, 1984). Improper replication usually results in the underestimation of true 

variation or the confounding of its sources, thereby increasing the risk of a Type I error 
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(i.e., the chance of rejecting a null hypothesis that is true). At best, such analyses yield 

the vague statistical result that there was or was not a “treatment effect” that cannot 

be statistically separated from a “location effect” (Heffner et al. 1996).  

Hypotheses tested 

The null hypothesis was that grazing strategy (spring vs hot; grazed in 2016 vs 

rested in 2016) made no impact on the results of the particular riparian indicator 

analyzed. When the Fisher statistic is greater than the F Critical value or the p-value is 

less than 0.05, we would be able to reject the null hypothesis. That is, it would show 

that the means of the grazing strategies were significantly different. 

It was hypothesized that DMAs with spring-season grazing would have more 

favorable long-term indicator ratings than those with hot-season grazing, as they would 

have had longer during the growing season to recover. Both spring-season grazed sites 

and hot-season grazed sites were hypothesized to have higher long-term indicator 

ratings than those grazed in 2016 (also a category with four replicates) because they did 

not experience any disturbance in 2016, the final year of sampling.  

 

Data collection 

Data were collected using Multiple Indicator Monitoring (MIM) (Burton et al. 

2011 and 2013). The specific indicators that we analyzed included: bank stability, 

Winward greenline stability rating, percent hydric species present, percent woody 



12 
 

 
 

species present, and woody height. A Daubenmire frame (20x50 cm) was placed along 

the greenline (Figure 6, page 14) and plant species are identified with their proportion 

of cover in the frame. Next, observations of hoof prints were recorded as alterations, 

along with any signs of bank instability (e.g., sloughing or slumping of the bank, or 

erosional scars). Median stubble height of key species, typically graminoids or other 

herbaceous plants palatable to livestock, were measured to the centimeter and 

indications of browsing estimated in percent of leaders browsed.  

Bank stability describes a plot 50 cm along the streambank from the bottom of 

the bank at the toe of the bank slope to the top of the first bench. It thus is focused on 

the active channel bank and not a gully bank from former incision. Bank stability is 

noted for each bank location that is not depositional in nature, by whether it is covered 

or uncovered by perennial vegetation or anchored rock or wood and whether it exhibits 

instability, including undercutting of bank, block or slump failures, or the most common 

(to our DMAs), sloughs of materials that falls off streambanks and into the channel and 

that are prone to erosion during the next storm event. 

The difference between bank stability and Winward greenline stability rating 

involves vegetation. Bank stability captures the geotechnical nature of the streambank 

at the time, as opposed to the Winward greenline stability rating, which deals with the 

anchoring ability of different species of vegetation on streambanks. Winward greenline 

stability ranges from zero (being the least effective) to ten (the most effective). 

Winward greenline stability may not correlate well with whether a species is hydric (e.g. 
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obligate or facultative wetland species) (Dencker, 2017). Percent hydric species is a 

worthy indicator due to their complex root structure’s ability to resistant stream erosion 

(Manning et al., 1989). Percent woodies and woody height data were also collected, as 

these may aid land manager’s decision-making process, depending on their objectives.  

Over the 110m length of DMA, 80 plots are recorded (with 40 typically spaced 

every 2.75m on each side of the stream). The authors of MIM created a macro-based 

Microsoft Excel spreadsheet that generates a weighted value for each long- and short-

term indicator observed (Burton et al., 2011 and 2013). Plant characteristics were from 

the U.S. Department of Agriculture’s plant database (USDA, 2019).  

 

Statistical analysis 

We applied ANOVA to analyze seasonal grazing. Of the twelve study DMAs, there 

are four in each of three categories. One aspect the first two have in common, which 

differentiates them from the remaining group of four, is that none of these eight were 

grazed in 2016, the last year data were collected. There were not enough data to apply 

ANOVA to the question of how many years grazing should be excluded post-fire. 
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Replication limitation 

Statistically analyzing impact due to deferring grazing ran afoul of 

pseudoreplication errors. Pseudoreplication is “the use of inferential statistics to test for 

treatment effects with data from experiments where either treatments are not 

replicated (though samples may be) or replicates are not statistically independent” 

(Hurlbert, 1984). Therefore, our experiment is of a mensurative nature, not 

manipulative. Hurlbert (1984) suggests that under these circumstances, the best that 

one can do is develop graphs that clearly show mean values and the variability of the 

data on which they are based. 

 

Figure 6- Placing the Daubenmire frame along the greenline 
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Results 

Table 2 Multiple Indicator Monitoring results - ranked in order of perceived grazing 
impact. For example, Singas was entirely excluded from grazing during the study, while 
Bilk was grazed the year immediately after fire (and had the longest grazing duration). 
Factors that were considered included duration of grazing, number of seasons grazed 
post-fire, and grazing that occurred during the hottest and driest parts of the season 

 

Depositional observations are stable, so it was added to give context to bank stability. 
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Regarding number of years grazing is excluded post-fire 

Bank Stability 

The definition of a stable channel may best be summed up as one in which there 

is no progressive adjustment in channel form (Schumm, 1984; Montgomery, 1998). Four 

years post-fire, the results are as shown on Figure 7. 

 

Figure 7- Bank stability versus number of years grazing was excluded 
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Bank Cover 

Figure 8- Bank cover versus number of years grazing was excluded 

 

Winward greenline stability rating 

Figure 9- Winward greenline stability rating vs. number of years grazing was excluded 
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Percent hydric species 

Figure 10- Percent hydric species versus number of years grazing was excluded 

 

Percent woody species 

Figure 11- Percent woody species versus number of years grazing was excluded 

 



19 
 

 
 

Woody height 

Mean woody height may be a poor indicator when considering objectives due to 

the tendency to decrease over time (fig. 12) as increasing amounts of young, smaller 

vegetation emerge. Between 2015 and 2016, Woody height actually decreased in eight 

of the twelve DMAs. Three DMAs (Bilk, Morey, and Wilder) had mean woody heights of 

about 2m or more by 2014 (1.95m, 3.40m, 2.06m, respectively). Hanson and Lamance 

come close to 2m in 2015 (1.83m and 1.94m, respectively). It is generally accepted that 

woodies reaching 2m have reached “escape height.” That is, foliage has grown to escape 

the reach of browsing ungulates.  

 

Figure 12- Woody height versus number of years grazing was excluded 
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Regarding spring-season grazing versus hot-season grazing 

ANOVA tested the hypotheses that sites with spring-season grazing would have 

higher indicator values than those hot-season grazed, both of which would have higher 

values than sites grazed in the last year of this study. 

With the Fisher statistic (F=0.24) less than the F Critical value (FCrit=4.26) and the 

p-value=0.79, we are unable to reject the null hypothesis that the means of the grazing 

strategies were significantly different. Figure 13demonstrates the lack of significant 

difference in bank stability. Similar results were observed for bank cover (Figure 14), 

Winward bank stability (Figure 15), percent hydric species (Figure 16), Percent woody 

species (Figure 17), and percent woody height (Figure 18). 
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Figure 13- Bank stability per grazing strategy 

 

 

Figure 14- Bank cover per grazing strategy with the Fisher statistic (F=1.21) less than the 
F Critical value (FCrit= 4.26) and the p-value=0.34. 
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Figure 15- Winward greenline stability rating per grazing strategy with the Fisher 
statistic (F=0.64) less than the F Critical value (FCrit= 4.26) and the p-value=0.55. 

 

 

Figure 16- Percent hydric species per grazing strategy, with the Fisher statistic (F=0.14) 
less than the F Critical value (FCrit= 4.26) and the p-value=0.87. 
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Figure 17- Percent Woody per grazing strategy, with the Fisher statistic (F=0.14) less 
than the F Critical value (FCrit= 4.26) and the p-value=0.87. 

  

 

Figure 18- Woody height (m) per grazing strategy, with the Fisher statistic (F=2.19) less 
than the F Critical value (FCrit= 4.26) and the p-value=0.17. 
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Discussion 

Regarding the impact of number of years of exclusion from grazing  

 Grazing is important not just as forage for livestock and wildlife, but as a tool for 

rangeland managers. Grazing uplands would provide fuels removal, but to do so, 

animals would require the water source that riparian areas can provide. How long a 

riparian area requires rest to recover post-fire is a worthy question. With the limited 

number of sites to work from, we were unable to provide a robust analysis. Future 

studies addressing this question might use many DMA sites, with randomly dispersed 

grazing treatments among them (Hurlbert 1984). 

With unreplicated scenarios, we were unable to differentiate treatment effect 

from location effect (Hurlbert 1984). So our results should not be used to infer 

conclusions from treatment effects. It should be noted that the 3-year exclosure was 

sampled too early to properly ascertain grazing impact (i.e. only three weeks into its 

two-month plan of hot-season grazing). Actual grazing conditions may not reflect what 

was permitted and supposed to have happened, compromising our analysis. 

Our results agree with Bates et al. (2009), who demonstrated that requiring 

grazing rest the first two years after fire to encourage herbaceous recovery may not be 

necessary in all situations. Our results also agree with West and Yorks (2002), who 

indicated no differences in cover among burned-ungrazed and burned-grazed areas for 

the first six years after fire. However, West and Yorks also indicated that longer-term 
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monitoring was needed to evaluate post-fire grazing. Similarly, our study may have 

benefitted from longer (2017 or 2018) monitoring. 

 

Regarding spring-only grazing compared to hot-season grazing 

ANOVA tested hypotheses that spring-only grazing would have higher indicator 

values than hot-season grazing, both of which were hypothesized to outperform DMAs 

that were grazed in 2016. This was not affirmed by the non-significant differences found 

in this study, possibly due to lack of replicate DMAs (Hurlbert 1984).  

Our research lacks control due to what Hurlbert (1984) coined as “non-demonic 

intrusion.” That is, “the impingement of chance events on an experiment in progress.” 

MIM observations from 2014 to 2016 show indications of unauthorized grazing in 2015 

(in Raster, the DMA with 3 years exclusion, and in Singas, supposedly with no grazing 

during the study period). If there was trespass grazing (from fences that burned down 

and that were not promptly replaced), or if there was a significant wildlife presence, we 

would have expected to see similar signals in short-term indicators in 2014. 

 

Management Implications 

Robust experimental design will be required in the future in order to analyze the 

question of how long grazing should be excluded from riparian areas post-fire. 
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Introducing replicate scenarios would be required in order to separate location effects 

from treatment effects. 

Monitoring to support adaptive resource management will enable flexible 

solutions custom-fit to a specific area. This will, however, require compromises between 

the scientist’s need for experimental rigor with manager’s needs for timely decision 

making (West and Yorks, 2002). There is no single prescribed approach to grazing 

management that will work on all riparian areas (Wyman et al., 2006). Different streams 

affected by the same fire event are conceivably ready to resume livestock grazing at 

different times.   
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Appendix: To the future graduate student 

Things will go wrong. Abrupt changes in your plan can cast fatal doubt. You will 

face seemingly impossible deadlines. You will lose all hope. It is the unspoken path of all 

graduate students. It is a rite of passage that you succeed just when you had thought all 

was lost. At your defense, the culmination of your research, relax knowing that you’ve 

spent literally your whole graduate career making that moment come to pass. 

Remember what you started this program for. Hold the vision of its rewards 

close. When you complete this program, you will realize that you are capable of far 

more than you had thought. It’s a feeling worth more than initials on your resume. 

Know where your thesis is heading. Things will likely change, but give full faith to your 

Advisor. As Dr. Peter Weisberg once explained, at the Bachelor’s level, the University 

teaches one a profession. At the Master’s level, the University begins retraining us to 

become more like scientists. If you have painful gaffes or blunders, like me, remember 

that it’s in the failures and setbacks that one learns the most. But you’re in Nevada. You 

Are Battle Born resilient! 

 

General advice 

☐ Go to every colloquium! This is your chance to hear cutting edge science from 

veritable experts in the field. Afterwards, carouse with them over free food. 
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☐ Use your thesis credits wisely, but work on it continually in the background. Use 

three (or less) credits each semester following your fieldwork seasons to process data. If 

you are working on a funded project, you will be reminded that you are obliged for 

20hours during school and 40hours per week gathering data during summer break. You 

are not the first nor will you be the last to actually work twice that. It’s why we deserve 

free food at all gatherings.  

☐ If enough students have a specific need (e.g. learning to program in R), and there is a 

professor known for their expertise in that matter, approach them to see if they’ll start 

a 700-level course (typically for 1 or 2 credits). Keep in mind, this is an enormous 

amount of work that you’re asking them to perform!  

☐ Regularly hold counsel with your advisor so they know your progress and the issues 

that have you struggling.  

☐ Feed your brain in the downtime. This area has lush history! Try “Nevada's changing 

wildlife habitat” (Gruell & Swanson 2012) or “It Happened In Nevada: Remarkable 

Events that Shaped History” (Gibson 2010). And when you need to get away, take 

advantage that Lake Tahoe is just over that mountain ridge. 

First Year 

☐ Begin working on your Plan of Study. Know what courses you are expected to take to 

graduate. It’s like making a plan before you sail off for Hawaii. You do not want to end 

up heading towards Japan. 
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☐ Siphon your Advisor’s vision of what your thesis research entails at every 

opportunity. Engage them with questions to flesh out the details. Aim to have them 

approve a rough draft of your study plan prior to embarking upon field collection. 

☐ Specifically detail your methods and your proposed statistical analysis of data 

collected in what you give them. You do not want surprises when you think you are 

getting close to being finished. 

☐ While nobody wants to be accused of cherry-picking by using select data, consider 

adding one or more sites to monitor than you think you will actually need. In two years, 

there will likely be at least one that gets disqualified from usefulness in some fashion. 

☐ Take STAT 652 to learn Analysis of variance (ANOVA) 

☐ Did your Advisor warn you you’ll need a committee of three? Consider carefully the 

kind of expertise you will require to guide you through your tricky question. After all, if it 

were not a difficult question, how could it be interesting? You are, of course, asking 

them to devote a significant amount of their time to help you. The way to recompense 

them, without running afoul of the University’s Conflict of Interest policies, is: 

☐ Plan to get published!  
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Fieldwork 

☐ The uninitiated would be wise to wear a long-sleeved shirt and bring an umbrella for 

breaks. Even if you’ve got a shady hat, don’t forget that your hands still need sunscreen. 

☐ Take lots of pictures! Rename or LABEL THEM IMMEDIATELY! 

When transferring, “Date Taken” may become the time it was transferred. Consider 

using timestamps, as they can always be cropped if used for presentations. 

☐ Take advantage of UNR’s unlimited storage space to document your travels. It’s 

actually an obligation if you are taking public money to fund your research. 

Second Year 

☐ Remember that you never really have downtime, not if you plan on graduating 

promptly. Use momentum from finishing coursework to make gains on your thesis 

research. 

☐ Have you nailed your testable hypotheses yet?  

How can you collect data properly if you haven’t yet asked the right question?! 

☐ You are processing data and making gratuitous graphs to look at the variables from 

all angles. Where are the issues that may require changes in the next season’s field 

work?  
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☐ If you have time, put together lists of what you anticipate finding during next year’s 

field season. This is Lincoln’s proverbial “if you have six hours to chop down trees, spend 

the first four sharpening your axe.” You will be sorely tempted to skip this step, as we all 

are, but it is precisely in this mire where you will have your most profound insights into 

what your system is doing. 

☐ By now you have an established committee and are in regular communication and 

consensus. At the very least, get them to sign off on your Plan of Study to prevent 

having to take unexpected courses. 

☐ If you finish coursework, but need time to finish your thesis, sign up for additional 

thesis credits. If all you sign up for is thesis credits, you will need a minimum of three. It 

may seem like an unnecessary expense, but the system will drop you (and you will have 

to begin repaying loans soon after) if you don’t. 

When things fall apart 

☐ Return to the question(s) that your research ultimately got funded for. 

☐ Remember to be grateful that Master’s students are not held as accountable as if 

they were Doctoral candidates. 

☐ Own up to mistakes. Don’t be juvenile with temptations to fudge or influence data. 

It’s a complex world, and you may not know what you’ve discovered yet.  

☐ Remember what you started this program for. Visualize the relief of graduation!  



32 
 

 
 

Literature Cited 

Abernethy, B., and I.D. Rutherfurd., 1998. Where along a river’s length will vegetation 

 most effectively stabilize stream banks? Geomorphology, 23(1): 55-75. 

Bates, J. D., Rhodes, E. C., Davies, K. W., & Sharp, R., 2009. Postfire succession in big  

 sagebrush steppe with livestock grazing. Rangeland Ecology & Management,  

 62(1), 98-110. 

Beschta, R. L., & Platts, W. S. 1986. Morphological Features Of Small Streams:  

 Significance And Function 1. JAWRA Journal of the American Water Resources  

  Association, 22(3), 369-379. 

Bernard, J. M., & Tuttle, R. W. 1998. Stream corridor restoration: Principles, processes,   

 & practices. In Engineering approaches to ecosystem restoration (pp. 320-325). 

Bureau of Land Management (BLM), 2007. Emergency fire rehabilitation handbook. 

 Washington, DC, USA: BLM. 80p. 

Burton, T. A., Smith, S. J., & Cowley, E. R., 2011. Technical Reference 1737-23. Multiple 

 indicator monitoring (MIM) of stream channels and streamside vegetation (USA, 

 U.S. Department of the Interior, Bureau of Land Management, Denver, CO). 

Burton, T. A., Smith, S. J., & Cowley, E. R., 2013. Addendum to Technical Reference 

 1737-23. Field Guide:  Riparian Area Management, Multiple Indicator Monitoring 

 (MIM) of Stream Channels and Streamside Vegetation (USA, U.S. Dept. of the 

 Interior, Bureau of Land Management, Denver, CO).  

Corenblit, D., Tabacchi, E., Steiger, J., & Gurnell, A. M., 2007. Reciprocal interactions and 

 adjustments between fluvial landforms and vegetation dynamics in river  



33 
 

 
 

 corridors: a review of  complementary approaches. Earth-Science Reviews, 

 84(1-2), 56-86. 

Corenblit, D., Steiger, J., Gurnell, A. M., Tabacchi, E., & Roques, L. 2009. Control of 

 sediment dynamics by vegetation as a key function driving biogeomorphic 

 succession within fluvial corridors. Earth Surface Processes and Landforms: The 

 Journal of the British Geomorphological Research Group, 34(13), 1790-1810. 

Dalldorf, K. N., Swanson, S. R., Kozlowski, D. F., Schmidt, K. M., Shane, R. S., & 

 Fernandez, G., 2013. Influence of livestock grazing strategies on riparian 

 response to wildfire in northern Nevada. Rangeland Ecology & Management, 

 66(1), 34-42. 

Dencker, C., 2017, Riparian post-fire response: factors influencing vegetation recovery 

 and channel stability. (Unpublished Masters thesis). College of Agriculture,  

 Biotechnology & Natural Resources, University of Nevada, Reno. 

Dickard, M., Gonzales, M., Elmore, W., Leonard, S., Smith, D., Smith, S., Staats, J., 

 Summers, P.,  Weixelman, D., & Wyman, S., 2015. Riparian area management: 

 Proper functioning condition  assessment for lotic areas (Technical Report No. 

 1737‐15).Denver, CO, USA: US Department of the Interior, Bureau of Land 

Management. 

Dwire, K., and J. Kauffman, 2003. Fire and riparian ecosystems in landscapes of the 

 western USA: Forest Ecology and Management,  178: 61-74. 

Elmore, W., & Beschta, R. L., 1987. Riparian areas: perceptions in management. 

 Rangelands Archives, 9(6), 260-265. 



34 
 

 
 

Gibson, E., 2010. It Happened In Nevada: Remarkable Events that Shaped History.  

  Rowman & Littlefield. 

Gruell, G. E., & Swanson, S. R., 2012. Nevada's changing wildlife habitat. University of 

  Nevada, Reno. 

Gray, D. H., & MacDonald, A.,1989. The role of vegetation in river bank erosion. In 

 Hydraulic engineering (pp. 218-223). ASCE. 

Gregory, S., F. Swanson, W. Mckee,  and K. Cummins, 1991, An ecosystem perspective 

of riparian zones: Bioscience,  v. 41: 540-551. 

Gurnell, A., 2014. Plants as river system engineers. Earth Surface Processes and 

 Landforms, 39(1): 4-25. 

Heffner, R. A., Butler, M. J., & Reilly, C. K. 1996. Pseudoreplication revisited. Ecology, 

 77(8), 2558-2562. 

Hession, W. C., Pizzuto, J. E., Johnson, T. E., & Horwitz, R. J. 2003. Influence of bank 

 vegetation on  channel morphology in rural and urban watersheds. Geology, 

 31(2), 147-150. 

Hurlbert, S. H. 1984. Pseudoreplication and the design of ecological field experiments. 

 Ecological monographs, 54(2), 187-211. 

Keeley, J. E., Lubin, D., & Fotheringham, C. J. (2003). Fire and grazing impacts on plant 

 diversity and alien plant invasions in the southern Sierra Nevada. Ecological 

 applications, 13(5), 1355-1374. 

Kozlowski, D., Swanson, S., & Schmidt, K. 2010. Channel changes in burned streams of 

 northern Nevada. Journal of arid environments, 74(11), 1494-1506. 



35 
 

 
 

Leopold L.B.,  M.G. Wolman, and J.P. Miller.,1992. Fluvial Processes in Geomorphology,  

 San Francisco: W.H. Freeman. 

Manning, M. E., Swanson, S. R., Svejcar, T., & Trent, J., 1989. Rooting characteristics of 

 four intermountain meadow community types. Journal of Range Management,  

 42(4),309-312. 

Micheli, E. R., & Kirchner, J. W. 2002. Effects of wet meadow riparian vegetation on 

 streambank erosion. Measurements of vegetated bank strength and 

 consequences for failure mechanics. Earth Surface Processes and Landforms: The 

 Journal of the British Geomorphological Research Group, 27(7), 687-697. 

Montgomery, D. R., & Buffington, J. M. 1998. Channel processes, classification, and 

 response. River Ecology and Management: Lessons from the Pacific Coastal 

 Ecoregion, RJ Naiman and RE Bilby (Editors). Springer-Verlag, New York, New 

 York, 13-42. 

Naiman, R.J., Décamps, H. & Pollock, M. 1993. The role of riparian corridors in 

 maintaining regional biodiversity. Ecological Applications, 3, 209–212. 

Prichard, D., J. Anderson, C. Correll, J. Fogg, K. Gebhardt, R. Krapf, S. Leonard, B. 

 Mitchell, J. Staats, 1998, Riparian area management: A user guide to assessing 

 proper functioning condition and the supporting science for lotic areas, Technical 

 Reference 1737-15. BLM/RS/ST-98/001+1737. U.S. Department of the Interior, 

 Bureau of Land Management, National Applied Resource Sciences Center, 

 Denver, CO. 



36 
 

 
 

Roselle, Lovina & Seefeldt, Steven & Launchbaugh, Karen. 2010. Delaying sheep grazing 

 after wildfire in sagebrush steppe may not affect vegetation recovery. 

 International Journal of Wildland Fire. 19. 10.1071/WF07109. 

Schumm, S. A., M. D. Harvey, and C. C. Watson. 1984. Incised Channels: Morphology, 

 Dynamics and  Control. Water Resources Publications, Littleton, Co. 

Simon, A., Curini, A., Darby, S. E., & Langendoen, E. J. 2000. Bank and near-bank 

 processes in an incised channel. Geomorphology, 35(3-4), 193-217. 

Simon, A. and Collison, A.J., 2001. Pore‐water pressure effects on the detachment of 

 cohesive streambeds: seepage forces and matric suction. Earth Surface 

 Processes and Landforms, 26(13),pp.1421-1442. 

Sugihara, N. G., Van Wagtendonk, J. W., Fites-Kaufman, J., Shaffer, K. E., & Thode, A. E., 

 2006. Fire in California's ecosystems. University of California Press. 

Swanson, S., S. Wyman, and C. Evans, 2015. Practical Grazing Management to Maintain 

 or Restore Functions and Values.  Journal of Rangeland Applications, 2, pp. 1-28. 

Swanson, S., 2018. Nevada rangeland monitoring handbook. 3rd edition. 

Tabacchi, E., Correll, D. L., Hauer, R., Pinay, G., Planty‐Tabacchi, A. M., & Wissmar, R. C., 

 1998. Development, maintenance and role of riparian vegetation in the river 

 landscape. Freshwater biology, 40(3), 497-516. 

Thorne, C. R., & Lewin, J., 1979. Bank processes, bed material movement and 

 planform development in a meandering river. Adjustments of the Fluvial 

 System, 10, pp. 117-137. Dubuque, Iowa: Kendall/Hunt. 



37 
 

 
 

Thorne, C. R. 1982. Processes and mechanisms of river bank erosion. Gravel-bed rivers,  

 John Wiley, New York, pp. 227-271. 

Thorne, C. R., & Zevenbergen, L. W. 1990. Prediction of ephemeral gully erosion on 

 cropland in the south-eastern United States. In Soil erosion on agricultural land. 

 Proceedings of a workshop sponsored by the British Geomorphological Research 

 Group, Coventry, UK, January 1989.  (pp. 447-470). John Wiley & Sons Ltd.. 

U.S. Department of the Interior (DOI), 2007, H-1742-1 Burned Area Emergency 

 Stabilization and Rehabilitation Handbook, Rel. 1-1702, Bureau of Land 

 Management, National Operations, Denver, CO. 

USDA, 2019. PLANTS Database: USDA PLANTS. 2019. Retrieved from   

 https://plants.sc.egov.usda.gov/java/. 

U.S. Forest Service (USFS). 2020. InciWeb the Incident Information System. Retrieved 

 from https://inciweb.nwcg.gov/ 

Wagner, K. 2015. Evaluating the use of Conceptual Models to explain surface water and 

 groundwater interactions at meadows restored with the pond and plug   

 technique (Doctoral dissertation). College of Agriculture, Biotechnology &  

 Natural Resources, University of Nevada, Reno.  

West, N. E., & Yorks, T. P. 2002. Vegetation responses following wildfire on grazed and 

 ungrazed sagebrush semi-desert. Rangeland Ecology & Management/Journal of 

 Range Management Archives, 55(2), 171-181.  

https://plants.sc.egov.usda.gov/java/


38 
 

 
 

Winward, A., 2000, Monitoring the vegetation resources in riparian areas:  Gen. Tech. 

 Rep. RMRS-GTR-47. Ogden, UT: U.S. Department of Agriculture, Forest Service, 

 Rocky Mountain Research Station, p 49.  

Wright, H. A., 1979. The role and use of fire in sagebrush-grass and pinyon-juniper plant 

 communities: a state-of-the-art review (Vol. 58). Intermountain Forest and 

 Range Experiment Station, Forest Service, US Department of Agriculture. 

Wyman, S., D. Bailey, M. Borman, S. Cote, J. Eisner, W. Elmore, B. Leinard, S. Leonard, F. 

 Reed, S.Swanson, L. Van Riper, T. Westfall, R. Wiley, and A. Winward, 2006. 

 Riparian area management: Grazing management processes and strategies for 

 riparian-wetland areas. Technical Reference 1737-20. BLM/ST/ST-06/002+1737. 

 U.S. Department of the Interior, BLM, National Science and Technology Center, 

 Denver, CO. 


	Abstract
	Acknowledgements
	List of tables
	List of figures
	Introduction
	Methods
	Study area
	Grazing strategies
	Hypotheses tested
	Data collection
	Statistical analysis
	Replication limitation

	Results
	Regarding number of years grazing is excluded post-fire
	Bank Stability
	Regarding spring-season grazing versus hot-season grazing

	Discussion
	Regarding the impact of number of years of exclusion from grazing
	Regarding spring-only grazing compared to hot-season grazing

	Management Implications
	Appendix: To the future graduate student
	Literature Cited

	Student Name - Please enter full name in ALL CAPITAL LETTERS: Brian Rasmussen 
	Thesis Title - Please enter as both CAPITAL and lower-case letters: 

Post-fire monitoring of multiple riparian indicators  
	Degree name - Enter name of degree (i: 
	e: 
	, MASTER OF SCIENCE) in ALL CAPITAL LETTERS: Master of Science


	Advisor: Sherman Swanson, Ph.D.
	Committee Member: Mark Walker, Ph.D.  
	Grad School Representitive: Kerri Jean Ormerod, Ph.D.  
	Date (Type May, August OR December AND four-digit year): May, 2020


