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A 2-yr study of livestock/wildlife tracking was conducted on four streams in eastern Oregon. Binomial
sampling of tracks proved to be an effective statistical method for monitoring the proportion of samples
containing tracks on stream greenlines and testing the observed value against an established standard.
Study results indicate that tracks are related to variables outside of the control of livestock grazing
management.

© 2019 The Society for Range Management. Published by Elsevier Inc. All rights reserved.
Introduction

Livestock trampling on a streambank is thought to break down
banks (streambank alteration) to the extent that soil is displaced,
allowing harmful particles to move into the stream channel, settle
in the substrate, and in some circumstances smother fish eggs
through oxygen deprivation (Bjorn and Reisner 1991). Streambank
alteration has been identified if the hoof of an ungulate left an
imprint 13 mm deep or the print within the plot sheared or
trampled the bank or terrace wall (Burton et al. 2011). Streambank
alteration has been identified as a “take” on endangered species
critical habitat streams. A range of 15�35% fine sediment (Bryce
et al. 2008) has been recommended in streambed composition
coupled with a limitation on wildlife and livestock streambank
alteration set at 20% (Bengeyfield 2006).

Trampling impacts from wildlife and livestock before, during,
and after a grazing season require frequent site inspections to avoid
an Endangered Species Act (USDC National Marine Fisheries Service
1998) “take” due to the accumulation of wildlife and livestock
streambank alteration. In addition, managers need reliable infor-
mation tomake decisions on the basis of a point-in-time evaluation
when the result is near a management standard or threshold
(Turner and Clary 2001; Heitke et al. 2008).

Confidence in point-in-time evaluations requires random se-
lection of sampling units to ensure each plot location is
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independent of the other plots (Schumacher and Chapman 1948;
Steele and Torrie 1980). Turner and Clary (2001) investigated a
binomial sampling procedure for stubble height monitoring. They
found it provided statistically defensible answers in a short amount
of time andwas a theoretically soundmethod to make accurate and
objective decisions of whether an area is above or below a standard
using simple yes-no answers at each observation. They suggested
their binomial sampling would also be applicable for estimates of
trampling on streambanks where standards have been established
for riparian management.

The objective of this study was to use binomial sampling to
evaluate the amount and timing of wildlife and livestock tracking
on the near stream greenline of monitoring sites established by the
US Forest Service. Data sets were analyzed to address the following
questions: Did the amount of tracking exceed the bank alteration
standard? Did the amount of tracking observed before livestock
grazing occurred change between years? Did the tracking change
during the period of livestock grazing?
Materials and Methods

Study Area

The study areas were located in eastern Oregon in the John Day
and Blue Mountain Ecological Provinces of eastern Oregon
(Anderson et al. 1998). The provinces encompass a number of
ecological sites and in practice can be described in terms of vege-
tation differences caused by local geology, geomorphology, and
climate. The riparian areas surveyed occurred as narrow,
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interrupted bands of vegetation along geologically constrained
tributary streams with channel widths of 1�4 m and channel
substrates consisting of cobbles, gravels, and smaller fragmented
materials. Riparian areas within the mountainous regions of
eastern Oregon often form a narrow interface that is 1�2 m wide
between aquatic and terrestrial ecosystems (Table 1).

The annual average precipitation of the Blue Mountain Province
is 57 cm (22.4 in), and the John Day Province is 39 cm (15.4 in).
Approximately 28�32% of the annual precipitation falls between
April and July during the active growing season. The streams and
riparian areas in the study are in the Wallowa Whitman National
Forest in Union (45.3240N, 118.0870W) and Baker County (44.7740N,
117.8340W) and the Malheur National Forests in Grant County
(44.4150N, 118.9530W) in mixed conifer and Ponderosa pine (Pinus
ponderosa Dougl.) forests. The livestock grazing that occurs in the
allotments is managed to protect the habitat for wildlife and listed
endangered fish species. The livestock grazed allotments supported
herd sizes of 300�400 cow-calf pairs using a rest-rotation pasture
management with pasture grazing periods of 35�40 d.

Methods

The study was conducted over a 2-yr period in four different
livestock grazing units. Sites 1, 2, and 4 were grazed by livestock
and wildlife for the 2-yr period. Site 3 was only grazed by wildlife.
The study was located at permanent US Forest Service monitoring
sites that had an established bank alteration standard of 20%.
Sampling occurred along the stream greenline (Winward 2000)
until the required number of samples was achieved and was not
restricted to established US Forest Service transects.

Sampling was conducted annually to assess the amount, when
and where tracking was occurring. Data collection occurred before
livestock grazing (i.e., early June) and after livestock were removed
(i.e., late September). Within each collection period, data sets from
randomly (random number generation of each pace distance)
located plots (0.1 m2) were collected 0�0.3 m (near) and 0.3�0.6 m
(far) from the bankfull stream edge.

Within riparian areas, the impact of livestock and wildlife bank
alteration are entangled and typical monitoring protocols lack the
rigor to distinguish between ungulate impacts. To address this
issue, sampling objectives and methodologies were partitioned to
conduct sampling before livestock use and after livestock were
rotated out of the units. While not a perfect partitioning, this
approach separated periods of dominant livestock and dominant
wildlife use.

The amount of bank alteration from wildlife and livestock
tracking was assessed in the field using a sequential sampling
procedure (Wald 1947; Dixon and Massey 1957; Turner and Clary
2001) to determinewhen an adequate number of samples had been
collected and if the accumulated bank alteration exceeded the bank
alteration standard of 20%. The term sequential sampling describes
any method of sampling that reads an ordered frame of N sampling
units and selects the sample with specified probabilities or speci-
fied expectations. Data for the assessment was accumulated in sets
of 25 randomly selected plots. At the conclusion of 50 accumulated
plots, a bank alteration decision was made to determine if the
accumulation of tracks exceeded the 20% bank alteration standard.
Table 1
Summary of study sites monitored at four different livestock grazing units.

Site Elevation (m) Rosgen (1996) classification Forest type

1 1 249 B3 Mixed conifer
2 1 341 B3 Mixed conifer
3 1 453 B3 Ponderosa pine
4 1 260 B3 Ponderosa pine
The standard was exceeded (sample adequacy confidence of 95%) if
more than 12 plots were observed in a 50-plot data set.

Chi-square tests (P < 0.05) were performed to determine dif-
ferences that occurred between early (early June before livestock
grazing) and late (late September after the grazing) sampling pe-
riods, years, and distance (0�0.3m [near] and 0.3�0.6m [far]) from
the bankfull stream edge. The purpose of the analyses was to
provide an assessment of changes in the overall occurrence of
tracks within the riparian area and their location within the near-
stream landscape. Data sets for each sampling period contained
fifty 0.1-m2 plots.

Results and Conclusions

Johnson et al. (2016) conducted a 5-yr study tracking Global
Positioning System (5-min recording interval) collared cows across
four allotments in northeastern Oregon for 5 yr. They observed
livestock presence in riparian areas varied substantially with
somewhat frequent use occurring on some perennial streams and
little or no use occurring on others. Overall, cattle occupancywithin
30 m and 60 m of streams was 1�2% and 1�4% respectively (n ¼
3.75 million points over 5 yr). They also observed livestock had
preferred access points along streams and found that large per-
centages (75�95%) of the length of streams hadminimal (< 2 hr/yr)
occupancy by livestock. In other words, stream access and occu-
pancy by livestock were selective, being influenced by multiple
factors such as obstacles (topography, shrubs and brush, steep
banks); trailing patterns; and off-site water. Furthermore, estab-
lished pathways from favorite grazing areas to streams, roadways,
and jeep trails that parallel streams affected cattle travel routes
within the allotments and influenced where cattle could water
along the stream. These observations indicate that track patterns
are nonrandom and that their measurement will reflect seasonal
ungulate activity and landscape attributes that occur along
streambanks.

Streambank Alteration Pattern

Binomial sampling of bank alteration (data not shown) along the
lineal length of the stream identified variable alteration. Sites 1 and
2 had open low terrace meadow environments, unimpeded animal
access, and minimal animal concentration. Sites 1 and 2 had only
one exceedance of the bank alteration standard during the study.
Sites 3 and 4 contained scattered shrub colonies and terrace
heights, which tended to concentrate animal access to specific
areas. Bank alteration was exceeded two times on Sites 3 and 4. In
each case the exceedance occurred before livestock access and was
sustained through the period of livestock grazing.

Streambank Impact Accumulation Before Livestock Grazing

The accumulation of streambank impacts before the livestock
grazing season showed that tracking bywildlife increased on sites 3
and 4 in the second yr of the study (Table 2). The difference be-
tween sites 1 and 2 verses 3 and 4 was likely associated with an
extended period of high water on the floodplains of all sites in yr 1.
The impact of that event delayed wildlife access to the near-stream
location on all sites. Sites 1 and 2 are open low terrace meadow
environments in which ungulates seeking water have unimpeded
access. As a result, the access restriction imposed by high water
would have limited impact on areas of concentrated animal access.
By contrast, sites 3 and 4 contained a landscape dominated by
shrub colonies and variable terrace heights, which concentrate
animal access and alterations. In that landscape, decreasing the
amount of time when animals access wetted streambank soils in yr
2 decreased the bank alterations.



Table 2
Track accumulation before livestock grazing season in yr 1 and 2.

Site Distance (m) Yr 1 Yr 2 Significance

1 0.0-0.3 7 11 Ns1

0.6-0.6 5 4 Ns
2 0.0-0.3 2 2 Ns

0.6-0.6 1 2 Ns
3 0.0-0.3 4 22 2

0.6-0.6 3 10 2

4 0.0-0.3 5 15 2

0.6-0.6 3 10 2

1 Ns, nonsignificant.
2 P � 0.05.
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Streambank Impact Accumulation During Livestock Grazing

Track observations in this study were restricted to the area
contained within 0.6 m of the stream channel. Table 3 displays the
bank alteration during the grazing season at distances 0�0.3 m and
0.3�0.6 m from the streambank in each year. The pattern of animal
tracks that accumulated during the livestock grazing season was
variable. Accumulation of bank alteration in the 0e0.3 and the
0.3e0.6 near-stream locations was similar in pregrazing and post-
grazing seasons on most sites and showed a minimal increase in
track occurrence during the grazing season. The exception to that
statement occurred in the open landscape of site 2 in both yr, where
an increase in track occurrence was observed during the grazing
season in both streambank locations. Site 3 also showed an increase
in track occurrence during yr 1 at the 0.3e0.6 location. Because Site
3 was closed to livestock grazing, the increase was solely attributed
to wildlife.
Considerations for Management

The site-specific nonrandom nature of bank alterations on ri-
parian areas requires clearly stated objectives and a random sam-
pling strategy. Sampling must occur across a sufficiently large
sampling area to take into account site characteristics that influ-
ence ungulate access. In addition, hoofed wildlife access to satu-
rated riparian soils had a direct impact on the accumulation of
tracks. This was particularly obvious on site 3 (no livestock grazing),
where all tracks could be assigned to wildlife activities because
cattle were excluded from the allotment during the 2-yr study.

In this study we monitored the occurrence of tracks to estimate
the proportion of streambank containing tracks. We did not
observe erosional patterns that suggested a direct link between
bank alteration occurrence and increased streambank erosion
during the study. Past literature has suggested that bank alteration
is related to increased substrate fines in streams (Bjorn and Reisner
1991; Platts 1991). However, subsequent research has not demon-
strated a direct link between animal hoof prints and fine sediments
within streams. Lucas et al. (2009) in a grazing study did not find
significant changes to channel widths or large erosion of
Table 3
Track accumulation during the livestock grazing season in yr 1 and 2.

Site Distance (m) Livestock season 1 Livestock season 2
Pre Post Significance Pre Post Significance

1 0.0-0.31 7 6 Ns1 11 13 Ns
0.3-0.61 6 9 Ns 4 7 Ns

2 0.0-0.3 2 6 2 2 8 2

0.3-0.62 1 8 2 2 6 2

3 0.0-0.3 4 7 Ns 22 18 Ns
0.3-0.6 3 9 2 10 9 Ns

4 0.0-0.3 5 3 Ns 15 15 Ns
0.3-0.6 3 5 Ns 10 5 Ns

1 Ns, nonsignificant.
2 P � 0.05.
streambanks. They concluded many smaller-scale changes were
part of the normal geomorphological adjustments made by
streambanks and did not contribute to lasting streambank
morphological change. Similarly, a 3-yr study conducted on cool-
season grass pastures by Bear et al. (2012) compared livestock
stocking rates with erosion but attributed runoff and streambank
erosion to natural climate events.

Summary and Conclusions

It may seem plausible that tracks on the stream greenline
impact streambank erosion, but the tracking patterns observed in
this study suggest that the concentration of tracks is site specific
and can be influenced by a number of variables outside the control
of livestock grazing management. For the measurement of
streambank alteration to be meaningful to livestock management,
the monitoring objective must be clear and the sampling strategy
must reflect both the objective and limitations imposed by site
conditions on ungulate access and track formation.

In this study random sampling provided a statistically valid
method of establishing whether a threshold bank alteration stan-
dard had been achieved. Random selection of each plot location
allowed for dispersion of samples in the study area and encouraged
the sampling of a sufficiently large area to take into account site
characteristics that influence ungulate access. Credible data is
critical for effective communication between the agencies and
livestock grazers. More research is needed to establish a clear
definition of alteration and to fully understand the relationship
between hoof prints and streambank alteration.
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