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Summary
We collected substantial data on oshá populations from our plots in Cumbres Pass and
Missionary Ridge in southern Colorado in August of 2016, and compared it to our previous work
at these two sites. We continue to work toward our goal of providing guidance on the
sustainability of harvest of oshá. Here we present current results from our experiment in which
we altered the rate of harvest of oshá in different habitats. Although more data is likely needed,
results so far suggest that low rates of harvest in some habitats may still harbor stable oshá
populations. However, limitations to the study include the fact that root yields were not measured
a second time, a second harvest on plots was not conducted, and weather impacts were not clear.
Limitations to the current scientific knowledge imply that future oshá harvest should use
conservative rates of harvest until more data can be collected.
Introduction
Oshá (Ligusticum porteri) is an important medicinal plant whose roots are harvested as an herbal
remedy for flu, sore throat, and other illnesses. However, little is known about population
structure, root production, or the capacity of oshá to recover from harvest in different
environmental contexts. In our effort to learn about the population dynamics and sustainability of
harvest of oshá, we harvested and continue to study oshá in 3 by 10 m plots at Cumbres Pass in
the Rio Grande National Forest, and Missionary Ridge in the San Juan National Forest. We have
measured the response of these populations to harvest and are continuing to collect data to see
what the longer-term response of these plants are to differences in harvesting pressure over time.
We are most interested in determining what a sustainable rate of harvest could be and we believe
that this report may offer some insights into this.
Methods
At Cumbres Pass we collected oshá population data on either side of a U.S. Forest Service road,
with all transects being on a north-facing slope (Kindscher et al. 2013; Kindscher et al. in press).
The habitat on the uphill side of the road is referred to as the meadow habitat due to greatly
reduced canopy cover from contracted logging in 1991 (Figure 1). The downhill side of the road
had significant mixed spruce-fir tree canopy cover that was never logged and is referred to as the
forested habitat (Figure 2). In August of 2012 within each habitat type at Cumbres Pass we
established two parallel transects spaced 10m apart. Each transect consisted of 10m x 3m plots
(n=20) with a buffer of 2m between plots, thus establishing 40 plots per habitat type for a total of
80 plots. In August of 2014, we established an additional 40 plots of the same dimensions at the
Missionary Ridge site, northeast of Durango, Colorado, increasing the total number of
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permanently-marked plots in the study to 120. Missionary Ridge, designated as the burned
habitat, was consumed by the historic fire of June 2002, which covered over 71,000 acres and
was the fourth largest fire at the time in Colorado history (Durango Herald 2002). Recolonization
of trees following the fire has been very limited, and there was no canopy cover above any plot
at this site (Figure 3).

Figure 1. Cumbres Pass meadow plot in August 2016 at Rio Grande National Forest. Flags
show plants and stage classes.
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Figure 2. Cumbres Pass forest plot in August 2016 at Rio Grande National Forest.
Flags show plants and stage classes.
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Figure 3. Transect and plots at Missionary Ridge in August 2016 at the San Juan National
Forest.
Within each plot we recorded counts of plants and percent cover (which is the area the plant or
plant class covers of the entire plot from a bird’s eye perspective) for specific stage classes of
oshá: seedling, juvenile, vegetative, and reproductive (Table 1; Figure 4). We also recorded the
total percent cover of all oshá in each plot, as well as the total number of flowering stalks in each
plot. An individual oshá plant can be challenging to discern due to its rhizomatous root system,
and in some areas a large patch of continuous osha is obviously more than one plant. Therefore,
we assigned the criteria that one individual plant is 50 cm or less in diameter, and that a plant
should be considered a separate individual if it is greater than 20 cm away from the edge of
another individual. Although these criteria may be subjective, they were used consistently across
plots, and imposing them was necessary in order to both quantify root production and
aboveground variables at a realistic scale of harvest (both the scale of the plant across a large
area, and the scale at which they are harvested with shovels), and to mimic the wild harvest that
is occurring in the area, where clumps of osha about 50 cm across are often dug.
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Table 1. Definitions of oshá stage classes used in the oshá experiment.
Stage Class
Definition
Seedling
Plants with cotyledons and plants of comparable size, given that cotyledons
senesce
Juvenile
Plants with single- or double-stemmed leaf stalks that were distinctly larger
than seedlings
Vegetative
Plants that had three or more leaf stalks and obtained a size equivalent to
reproductive plants, but were not flowering during the year of observation
Reproductive Plants that displayed inflorescences or evidence that a flowering stalk had
formed during the year of observation (if aborted or eaten off)

Figure 4. Group photo of crew members collecting data at Cumbres Pass in August 2016 at Rio
Grande National Forest.
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Harvest intensity treatments were imposed on these plots to study long-term effects of harvest on
oshá populations. The harvest percentages of mature plants (both vegetative and reproductive)
were 0%, 33%, 66%, and 100%, with 10 replicate plots of each harvest intensity per habitat type
(meadow, forest, burned). One of every three mature plants was harvested in the 33% treatment,
two of every three mature plants were harvested in the 66% treatment, all mature plants were
harvested in the 100% treatment, and no plants were harvested in the 0% treatment, which served
as a control. Because a minimum of six mature oshá plants was required to differentiate between
these treatments (i.e., the problem of harvesting 33% of 2 or 5 plants was most easily solved by
only working with larger numbers), prospective plot locations along each transect with fewer
than six mature plants were omitted from the study and included in the buffer between plots. We
met with both US Forest Service personnel and wild-harvesters and examined non-experimental
harvest pits to ensure that our methods realistically mimicked wild-harvest. Harvested plants
were preferentially selected based on large size and ease of access (i.e., in open areas, not next to
large rocks, logs, or fallen trees). All mature plants were harvested in the 100% harvest treatment
regardless of size and ease of access. Every effort was exerted to harvest all roots of marketable
size from mature plants. Soil that was removed by harvesting oshá roots was subsequently
replaced in pits in order to simulate practices of larger commercial and more conscientious
harvesters. Surveys of counts and cover of plant populations as described above occurred every
year in August after the initial harvest event at the beginning of the experiment.
Statistical Analysis
We analyzed Cumbres Pass harvest treatment data separately from the Missionary Ridge data
because the experiments were started in different years. We used repeated measures ANCOVA
to determine whether harvest treatments differed for all response variables at each site. For both
locations, we took into consideration the counts and covers of oshá plants in plots prior to
harvest (2012 for Cumbres Pass and 2014 for Missionary Ridge) in our analysis. We did this
because plots had different numbers and covers of oshá for the various classes prior to
harvesting. In order to compare them through time, those initial numbers need to be accounted
for. To do this, we included data before harvest (time 0) as a covariate in our statistical models.
Practically, we originally set up our plots and collected data (time 0) then harvested them the
same year. We returned one year later in August and collected data on counts and cover (time 1)
and time 4 was collected at Cumbres sites in August 2016. We analyzed whether harvest
treatments differed, whether there were any overall trends across years (time), and whether
harvest treatments differed across time (time x harvest treatment interactions). If the harvest
treatment indicated there were significant differences, we conducted Tukey’s post hoc tests to
determine which treatments differed from each other. For Cumbres Pass, we were interested in
whether the forest and meadow habitats were different. Therefore, we included habitat in the
statistical model, but we interpret any significant differences in habitat conservatively because
the habitats were not replicated. Percent cover response variables were logit transformed, and
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count variables were ln + 1 transformed prior to analyses to improve normality (Warton 2011).
Untransformed means are reported in figures and tables. All analyses were conducted using R
version 3.0.2 (R Core Team 2013).
Results
In no case did habitat type (forest vs. meadow) impact the outcome of the harvest treatments at
Cumbres Pass, but it affected juvenile and vegetative plants overall, regardless of treatments
(Table 2; Figures 3 and 4). The cover of juveniles at Cumbres Pass was 1.3 times higher in the
meadow than in the forest, and this did not vary significantly across time (Table 2; Figure 5).
However, habitat type at Cumbres Pass impacted the number of juveniles, the number and cover
of vegetative plants, and total oshá cover differently over time (Table 2; Figures 5, 6, and 8).
Specifically, the number of juveniles peaked in 2013 more strongly in the meadow than in the
forest even though the meadow had a greater number to begin with (Figure 5). The meadow had
2.6 times more juveniles in 2013, the year following harvest, and the difference between
meadow and forest reached 3.1 times higher five years later (Figure 5). Number of vegetative
plants increased more in 2015 and 2016 in the meadow than the forest, while cover of vegetative
and total oshá increased more in the forest in 2013 than in the meadow (Figure 6).
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Table 2. Results (F statistic; Probability) of repeated measures ANCOVA for counts and cover
at Cumbres Pass, with Tukey’s post hoc tests (Probability). Results of Tukey’s post hoc tests
were NA if the overall harvest treatment effect was not significant, because post-hoc tests are not
conducted in that case.
Cumbres Pass counts of plants by stage class
Source

Time 0
Habitat (H) (Block)
Treatment (Trt)
H x Trt
Error (Plot x H x Trt)
Time (T)
Time 0 x T
HxT
Trt x T
H x Trt x T
Error (Plot x H x Trt x T)
Post Hoc Tests
0 – 33%
0 – 66%
0 – 100%
33% - 66%
33% - 100%
66% - 100%

df

1
1
3
3
71
3
3
3
9
9
213

Number of
Juvenile

Number of
Vegetative

Number of
Reproductive

24.75 (<0.01)
39.97 (<0.01)
1.19 (0.32)
1.83 (0.15)

60.72 (<0.01)
4.70 (0.03)
1.73 (0.17)
1.56 (0.21)

39.84 (<0.01)
0.17 (0.68)
7.84 (<0.01)
0.48 (0.70)

Number of
Flowering
Stalks
50.65 (<0.01)
0.01 (0.92)
8.03 (<0.01)
0.47 (0.70)

37.50 (<0.01)
4.51 (<0.01)
6.59 (<0.01)
1.14 (0.33)
0.45 (0.91)

18.14 (<0.01)
0.10 (0.96)
7.44 (<0.01)
1.40 (0.19)
1.06 (0.40)

4.43 (<0.01)
0.59 (0.63)
0.50 (0.69)
1.29 (0.24)
0.66 (0.75)

6.15 (<0.01)
2.30 (0.08)
1.15 (0.33)
1.23 (0.28)
0.27 (0.98)

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

1.00
0.24
0.01
0.23
0.01
0.66

1.00
0.27
0.02
0.27
0.03
0.74

Cover of
Juvenile
0.94 (0.34)
13.18 (<0.01)
0.73 (0.54)
0.97 (0.41)

Cover of
Vegetative
46.21 (<0.01)
0.43 (0.51)
2.28 (0.09)
0.41 (0.75)

Cover of
Reproductive
33.08 (<0.01)
0.53 (0.47)
5.55 (<0.01)
0.71 (0.55)

Total Oshá
Percent Cover
77.08 (<0.01)
0.52 (0.47)
5.04 (<0.01)
0.17 (0.92)

8.05 (<0.01)
0.98 (0.40)
2.63 (0.05)
2.78 (<0.01)
0.88 (0.55)

64.80 (<0.01)
0.47 (0.70)
5.47 (<0.01)
1.28 (0.25)
1.33 (0.22)

8.97 (<0.01)
3.78 (0.01)
0.97 (0.41)
1.54 (0.14)
1.02 (0.43)

67.21 (<0.01)
0.89 (0.45)
6.39 (<0.01)
1.21 (0.29)
0.81 (0.61)

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

0.99
0.04
0.01
0.08
0.03
0.98

0.99
0.13
<0.01
0.25
0.02
0.69

Cumbres Pass percent cover of plants by stage class
Source
Time 0
Habitat (H) (Block)
Treatment (Trt)
H x Trt
Error (Plot x H x Trt)
Time (T)
Time 0 x T
HxT
Trt x T
H x Trt x T
Error (Plot x H x Trt x T)
Post Hoc Tests
0 – 33%
0 – 66%
0 – 100%
33% - 66%
33% - 100%
66% - 100%

df
1
1
3
3
71
3
3
3
9
9
213
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Figure 5. Means ± standard error bars of number (top panels) and percent cover (bottom panels)
of juvenile plants in each harvest treatment over time in the forest (left panels) and meadow
(right panels) habitats at Cumbres Pass. Data from 2012 was taken just prior to harvest
treatments being implemented that year, and 2013-2016 data were after harvest treatments were
implemented. Juveniles were defined as having single- or double-stemmed leaf stalks that were
distinctly larger than seedlings.
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Figure 6. Means ± standard error bars of number (top panels) and percent cover (bottom panels)
of vegetative plants in each harvest treatment over time in the forest (left panels) and meadow
(right panels) habitats at Cumbres Pass. Data from 2012 was taken just prior to harvest
treatments being implemented that year, and 2013-2016 data were after harvest treatments were
implemented. Vegetative plants had three or more leaf stalks and obtained a size equivalent of
reproductive plants, but were not flowering during the year of observation.
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Figure 7. Means ± standard error bars of number (top panels) and percent cover (middle panels)
of reproductive plants, and number of flowering stems (bottom panels) in each harvest treatment
over time in the forest (left panels) and meadow (right panels) habitats at Cumbres Pass. Data
from 2012 was taken just prior to harvest treatments being implemented that year, and 20132016 data were after harvest treatments were implemented. Reproductive plants displayed
inflorescences or evidence that a flowering stalk had formed during the year of observation (if
aborted or eaten off).
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Figure 8. Means ± standard error bars of total percent cover of all oshá in each harvest treatment
over time in the forest (left panel) and meadow (right panel) habitats at Cumbres Pass. Data from
2012 was taken just prior to harvest treatments being implemented that year, and 2013-2016 data
were after harvest treatments were implemented.
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Figure 9. Means ± standard error bars of all oshá response variables in each harvest treatment
over time at Missionary Ridge. Data from 2014 (time 0) was taken just prior to harvest
treatments being implemented that year, and 2015-2016 data were after harvest treatments were
implemented. Oshá stage classes are defined in Table 1.
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Number and cover of vegetative plants were not impacted by harvest treatments at either site, but
harvest treatments impacted juveniles differently at Cumbres Pass and Missionary Ridge.
Specifically, harvest treatments impacted the number of juveniles at Missionary Ridge but not
Cumbres Pass, and juvenile cover differed with treatments over time at Cumbres Pass, but it was
not impacted by treatments at all at Missionary Ridge (Tables 2 and 3; Figures 6 and 9). And in
all cases, juvenile numbers increased in the year immediately after harvest. There were 2.2 times
as many juveniles in the 100% harvest treatment compared to controls at Missionary Ridge.
Thus, juveniles were conditionally impacted by harvest treatments between the sites.
Table 3. Results (F; P) of repeated measures ANCOVA for Missionary Ridge and Tukey’s post
hoc tests (P). Results of Tukey’s post hoc tests were NA if the overall harvest treatment effect
was not significant, because post-hoc tests were not conducted.
Missionary Ridge counts of plants by stage class
Source

Time 0
Treatment (Trt)
Error (Plot x Trt)
Time (T)
Time 0 x T
Trt x T
Error (Plot x Trt x T)
Post Hoc Tests
0 – 33%
0 – 66%
0 – 100%
33% - 66%
33% - 100%
66% - 100%

df

1
3
35
1
1
3
35

Number of
Juvenile

Number of
Vegetative

Number of
Reproductive

3.77 (0.06)
4.59 (0.01)

15.86 (<0.01)
2.18 (0.11)

69.92 (<0.01)
11.77 (<0.01)

Number of
Flowering
Stalks
41.10 (<0.01)
8.51 (<0.01)

0.85 (0.36)
0.01 (0.91)
0.79 (0.51)

0.18 (0.67)
0.01 (0.92)
0.51 (0.68)

8.65 (<0.01)
0.21 (0.65)
0.64 (0.59)

4.87 (0.03)
3.88 (0.06)
1.38 (0.26)

0.85
0.02
0.02
0.17
0.14
1.00

NA
NA
NA
NA
NA
NA

0.94
<0.01
<0.01
0.02
<0.01
0.78

<0.01
<0.01
<0.01
0.03
0.06
0.26

0.03 (0.86)
0.63 (0.60)

Cover of
Vegetative
1.05 (0.31)
0.94 (0.43)

Cover of
Reproductive
47.65 (<0.01)
9.43 (<0.01)

Total Oshá
Percent Cover
87.12 (<0.01)
7.40 (<0.01)

0.04 (0.84)
2.03 (0.16)
2.25 (0.10)

2.39 (0.13)
0.01 (0.94)
0.90 (0.45)

0.45 (0.51)
4.05 (0.05)
0.66 (0.58)

1.74 (0.20)
11.82 (<0.01)
0.82 (0.49)

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

0.86
0.01
<0.01
0.12
<0.01
0.69

0.74
0.09
<0.01
0.55
0.05
0.59

Missionary Ridge percent cover of plants by stage class
Source
Time 0
Treatment (Trt)
Error (Plot x Trt)
Time (T)
Time 0 x T
Trt x T
Error (Plot x Trt x T)
Post Hoc Tests
0 – 33%
0 – 66%
0 – 100%
33% - 66%
33% - 100%
66% - 100%

df
1
3
35
1
1
3
35

Cover of Juvenile
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The number and cover of reproductive plants, the number of flowering stalks, and the total cover
of oshá were all significantly impacted by harvest treatments at both Cumbres Pass and
Missionary Ridge (Tables 2 and 3; Figures 7, 8, and 9). In none of these cases did the difference
in treatments change significantly over time (Tables 2 and 3). In all cases, the 100% harvest
treatment had significantly lower levels of oshá than the control and the 33% harvest treatment
(all Tukey’s Post Hoc P ≤ 0.05, except number of flowering stalks at Missionary Ridge, which
was marginally significant at P = 0.06) (Tables 2 and 3; Figures 7 and 8). Specifically, at
Cumbres Pass, the number and cover of reproductive plants, the number of flowering stems, and
total oshá cover was 44%, 46%, 54%, and 31% lower in the 100% harvest treatment compared to
controls (Table 2; Figures 7 and 8). The number and cover of reproductive plants, the number of
flowering stems, and total oshá cover were also 37%, 33%, 44%, and 23% lower in the 100%
harvest treatment compared to the 33% harvest treatment (Table 2; Figures 7 and 8). The control
treatment did not differ from the 33% or 66% harvest treatment at Cumbres Pass for any of these
classes except the cover of reproductive plants, which was 34% lower in the 66% harvest
treatment compared to controls (Table 2; Figure 7). Total cover of oshá also differed between
habitats across time, such that the forest had higher oshá cover in 2013, but by the fourth year
after harvest (2016), the meadow had 1.2 times more oshá than the forest (Table 2; Figure 8). At
Missionary Ridge, the number and cover of reproductive plants, the number of flowering stems,
and total oshá cover were 48%, 51%, 48%, and 45% lower in the 100% harvest treatments
compared to the controls (Table 3, Figure 9). The number and cover of reproductive plants, the
number of flowering stems, and total oshá cover were also 43%, 45%, 45%, and 38% lower in
the 100% harvest treatment compared to the 33% harvest treatment (Table 3; Figure 9). All of
these classes also had less oshá in the 66% harvest treatment compared to controls (and total
oshá cover was marginally significant at P = 0.09) (Table 3; Figure 9). The number of flowering
stems was also lower in the 33% harvest treatment compared to the control treatment at
Missionary Ridge (Table 3; Figure 9).
Seeds and seedlings could be important to the regeneration of oshá populations. Most plots in
most years had no seedlings that we observed. Seedlings appeared very rarely, though they are
small enough that it is likely we did not observe all that were present. When we did observe
seedlings, they seemed to be most common in disturbed areas. Because there were so many
zeroes in the seedling data, we were unable to analyze the data. When seedling data was added to
the juvenile data category, it did not affect the results. Therefore, we decided to exclude them
from the analysis.
Overall, there was significant variation across time for all of the Cumbres Pass oshá response
variables (Table 2; Figures 5, 6, 7, and 8). There was not as much variation across time at
Missionary Ridge (Table 3; Figure 9), but this could be due to the fact that there were fewer
sample dates (fewer years of data) to test for this variation.
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Discussion
Overall, we found that thus far, oshá, and particularly the reproductive stage class and total oshá
cover, has been recovering from very low levels of harvest. The results were conditional in some
cases based on site (particularly juveniles at Missionary Ridge versus Cumbres Pass), but there
were also some consistencies which suggest that, although it is still very early to draw concrete
conclusions, we can make a few early generalizations about the impact of harvest treatments on
oshá thus far. Here, we will highlight the consistencies in an effort to draw some generalizations,
and we will highlight the disparities in an effort to highlight the fact that some aspects of these
populations are, thus far, not acting the same with respect to the treatments across sites.
The first and most striking similarity in harvest results was that when 100% of the mature plants
were harvested, this resulted in, as one would expect, significantly lower number and cover of
reproductive plants, number of flowering stems, and total oshá cover than the control (no
harvest) treatments for both sites. This indicates that even four years after harvest, the 100%
harvest treatments did not recover to pre-harvest levels. Thus, 100% harvest should likely be
avoided if short-term recovery of aboveground oshá after harvest is a goal.
The second similarity was that 100% harvest treatment also resulted in significantly lower levels
of oshá than the 33% harvest treatment for number and cover of reproductive plants, number of
flowering stems, and total oshá cover at both sites. However, this result is a bit more difficult to
interpret with respect to providing harvest guidelines. Therefore, we will focus on results of
comparisons to no harvest (control) treatments.
Differences between Cumbres Pass and Missionary Ridge exist when comparing controls to the
33% and 66% harvest treatments, which imparts questions about whether these levels of harvest
might be sustainable under all conditions. When 33% and 66% of the mature plants were
harvested, the number of reproductive plants, number of flowering stems, and total oshá cover
did not differ from controls at Cumbres Pass. Initially, therefore, one might conclude that
harvesting up to 66% of the oshá could result in sustainable harvest. However, the cover of
reproductive plants at Cumbres Pass was lower in the 66% harvest treatment than the control
treatment, indicating that harvesting 66% could result in lower cover of reproductive plants even
after four years post-harvest. Large amounts of cover could also mean there are large roots below
ground if the plants are fairly large. Furthermore, results at Missionary Ridge further muddle this
conclusion. The number and cover of reproductive plants and number of flowering stems were
lower in the 66% harvest treatment compared to controls, and the number of flowering stems
were also lower in the 33% harvest treatment compared to controls at Missionary Ridge. This
indicates that even 33% harvest could be detrimental to the number of flowering stems in some
cases. We only have two years of data post-harvest at Missionary Ridge, and more years of data
could generate results more similar to Cumbres Pass. However, the conditionality of these
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results thus far indicates that harvest should proceed cautiously, and at fairly low levels, when
considering the time frame for this experiment.
Vegetative plants were not affected by harvest treatments at either site, and juveniles were
affected by harvest treatments conditionally between Cumbres Pass and Missionary Ridge. The
cover of juveniles fluctuated among treatments differently over time at Cumbres Pass, and the
number of juveniles differed between the control and 100% treatments at Missionary Ridge,
although not in a way that was expected. The 100% harvest treatment actually contained more
juveniles than the control at Missionary Ridge, indicating that juveniles may increase with
harvest disturbance. However, once again, Missionary Ridge data only spans two years postharvest, whereas Cumbres Pass data spans four years post-harvest. The conditionality of these
results make generalizations difficult at this time with respect to this stage class.
Habitats within Cumbres Pass were not replicated (we only had one location for our meadow
plots and one location for our forest plots), and thus we cannot draw strong conclusions about
differences between them. However, they provide a glimpse into whether or not there might be
some tendencies towards differences that could be important to take into account or study
further. Within Cumbres Pass, the meadow produced higher levels of juveniles and vegetative
plants, which varied a bit over time in some cases. However, the habitat types never impact the
treatments. This indicates that the treatments were fairly consistent within Cumbres Pass despite
these different habitat types. We can only speculate, therefore, that Missionary Ridge results will
more closely resemble those of Cumbres Pass as time goes on, but more data will help to clarify
whether the conditionality of the site differences for some of our results will continue or not.
Seeds are very common on oshá plants and we have observed large quantities every year.
However, seedlings were very uncommon and did not have a direct impact on our results. In one
observational study conducted in 2016, peripheral to our main work, we counted the number of
mature seeds on flowering stems along the outside of our transects in the meadow and forest at
Cumbres Pass, and at Missionary Ridge. We found that the number of seeds per flowering stem
was lowest in the forest (61.8 ± 2.9 seeds per flowering stem), followed by Missionary Ridge
(115.7 ± 18.0) and the meadow (181 ± 27.0). These values include counts of flowering stems
even if some of the seeds were eaten (primarily by cattle or elk) from umbels (in the forest,
meadow, and at Missionary Ridge, 13%, 20% and 1% of the umbels were eaten per flowering
stalk on average, respectively). If we compare these values to the number of flowering stems in
our plots, the forest would have contained a range of 143 (100% harvest plots) to 381 (control
plots) seeds per plot on average; the meadow would have contained a range of 667 (100%
harvest plots) to 1,529 (control plots) seeds per plot on average, and Missionary Ridge would
have contained a range of 445 (100% harvest plots) to 2,251 (control plots) seeds per plot on
average. In another side observational study, we tracked the fate of 18 groups of seedlings that
were found in our plots from August 2015 to August 2016. Most of these seedlings died; only 25
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of the 135 total seedlings survived during their first year of growth (Staab 2016). Therefore,
despite oshá plants producing a fairly large number of seeds, only a very small percentage of
seeds likely germinate and survive.
The significant amount of variation over time at Cumbres Pass for all oshá response variables
indicates that something other than harvest treatments can impact populations. Weather, grazing,
and any other outside influences could impact oshá population levels. We have observed light to
heavy grazing by cattle and some elk, insect damage to foliage, and chipmunks regularly climb
up the flower stalks to eat ripening seeds. The dip in total oshá cover in 2014 at Cumbres Pass,
for example, could very likely be attributed to low total precipitation from October the previous
year through September of that year, which would impact the populations. That time period saw
only 56.1 cm of precipitation, and is only one of three years besides 2000 (53.1 cm) and 2002
(37.1 cm) that saw total precipitation fall below 60 cm since 1981 (a 36 year time span). The
average amount of precipitation during that 36 year span was 91.8 cm. The year of harvest
(2012), and the year after harvest (2013) at Cumbres Pass also saw lower than average
precipitation at 69.9 and 66.3 cm. Only three other years (1981, 1989, and 1996) out of that 36
year timespan saw total precipitation fall below 75 cm (USDA 2016). The drought severity index
also indicates that the area was in various stages of severe or moderate drought from 2012
through the early part of 2015, but that the drought broke towards mid-summer in 2015, which
might explain the slight rebounding in total cover of oshá that year (National Drought Mitigation
Center 2016). Thus, it is possible that the populations we were measuring at Cumbres Pass were
less abundant than a series of years with average or above average precipitation. At Missionary
Ridge, the number of reproductive plants and flowering stems were also different over time, but
none of the other response variables showed significant variability over the two years of postharvest data we collected. There was no drought at Missionary Ridge, or it was only moderately
dry the year of harvest. Not until very early in 2015 did the drought severity index reach the
“severe” category, and it was only for a few months (National Drought Mitigation Center 2016).
More years of sampling at Missionary Ridge could reveal more variability, however, and more
data should be collected to determine if that is the case.
The Life Cycle of Oshá and Sustainable Harvest Parameters
We were unable to track individual oshá plants through time, but knowing the length of time it
takes for an oshá plant to transition from seedling to juvenile, to vegetative, to reproductive
would be useful in understanding how populations are responding after harvest. For example, we
do not know if the juveniles identified in one year remained juveniles the following year. We
expect some to become vegetative, or even reproductive. Furthermore, some vegetative and
reproductive plants may have died, and we expect that root fragments after harvest may have
produced some new juveniles. Identifying an individual plant is challenging because of its
rhizomatous nature; however, this may also be the reason oshá may be resilient at low levels of
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harvest. Knowing these specific population dynamics could aid further understanding in the
response of oshá to harvest.
Other Limitations of the Research
Some other questions remain with respect to the generality of our results. First, the large amounts
of variability over time also suggest that conditions during the year of harvest could be very
important factor in determining whether oshá populations will rebound or not. If harvest takes
place during a drought, for example, it could take much longer for oshá to regenerate to control
levels. Only by harvesting different patches in different years with varying weather conditions
would we be able to determine whether this might be the case.
Second, although we are planning to sample another year at Missionary Ridge, currently we can
only draw conclusions about harvest treatments with four years of post-harvest data at Cumbres
Pass and two years of post-harvest data at Missionary Ridge. Ideally, longer-term results would
be desirable, as it is not yet known how long it would take for Missionary Ridge results to
resemble more closely those of Cumbres Pass, particularly with respect to the differences among
harvest treatments.
Third, we only conducted a single harvest event on our plots. If policy-makers would like to
make recommendations for number of years between harvests, we do not yet have a scientific
understanding of the number of years between harvests that would be acceptable for oshá
populations to remain viable. This would require a much more long-term study, with multiple
harvests in the same plots and longer-term monitoring.
Finally, and perhaps most importantly, although we studied the aboveground populations of oshá
after experimental harvest, we did not collect subsequent data on whether root production was
different between the harvest treatments four and two years post-harvest. Without this data, the
assumption must be made that aboveground and belowground dynamics are correlated. We did
find that aboveground and belowground biomass was correlated when we conducted our initial
harvest (unpublished data). However, whether this relationship changes after harvest is not
known. The correlation could remain, or it could be altered when roots are broken up during
harvest activities and regrow. Only another harvest event would tell us if root production could
remain viable as well.
Conclusion
Overall, it appears that low levels of harvest (33% or lower) could produce stable populations of
oshá over the short term, perhaps with lower levels of root biomass. This rate of harvest appeared
to not impact reproductive plants and total oshá cover to a level below that of no harvest
treatments. However, even a 33% harvest rate reduced levels of flowering stems below that of
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controls at Missionary Ridge. Longer-term data would help clarify whether this difference might
continue. Conditionality of some results, including juvenile abundances, indicates not all results
will be the same across different sites. Limitations to this study, including no second harvest to
determine length of time that might be acceptable between harvests; no subsequent root harvest
data to determine if root production is viable in a similar manner as aboveground oshá
populations; and a limited number of years of post-harvest data, particularly at Missionary
Ridge, suggest that any policy regarding oshá harvesting should be generated with caution, and
actionable steps to monitor oshá after harvesting events should be considered.
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