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Figure 6. Spatial representation of whether BLM allotments have met Land Health Standards (LHS) 
(Upland, Riparian and Biodiversity) and whether livestock have contributed to unmet LHS. Data 
provided by BLM. 
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Figure 7. Predicted probability (risk) of any given BLM allotment not meeting Land Health Standards 
(LHS) across Montana (Billings BLM Field Office, Panel A), Wyoming (State-wide, Panel B), and 
Colorado (Gunnison Basin, Panel C). The model was developed using available data for 1,131 LHS 
assessments in the region, for which 798 met LHS and 333 did not meet LHS. A total of 1,510 of 3,564 
allotments are at risk of not meeting LHS (crosshatching), based on an optimal model probability 
classification point of 0.271. 
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Figure 8. Predicted probability (risk) of not meeting standards, with livestock being the primary cause. 
Predictions are shown for all BLM allotments not meeting Land Health Standards (LHS) across 
Montana (Billings BLM Field Office, Panel A), Wyoming (State-wide, Panel B), and Colorado (Gunnison 
Basin, Panel C).  A total of 1,131 LHS assessments in the region, for which 798 met LHS and 333 did 
not meet LHS.  
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Table 1. Top table summarizes office file results from 310 allotments selected at random across 13 Bureau 
of Land Management (BLM) field offices.  
 
[Bottom table summarizes results from 62 of 310 allotments that cited livestock grazing as reason for not meeting at 
least one Land Health Standard. In both tables, allotments are divided into those being managed to “Maintain” vs. 
“Improve” rangeland condition. For each data type, “Freq.” indicates the percentage of allotments across the region 
with at least 1 year of data between 1997 and 2007 (although completeness of data within a given allotment is 
variable, for example, some allotments may have data for only a subset of key areas or pastures). The “mean # 
years” column indicates the average number of years for which data exist ± 1 SE (excluding allotments that had no 
data). AMP = Allotment Management Plan] 
  

ALL SAMPLED ALLOTMENTS 

Data type 
Maintain (n=109) Improve ( n=201) 

Freq.  mean # yrs  Freq.  mean # yrs  

1) Actual Use 59% 6.3±0.46 77% 6.8±0.29 

2) Utilization 51% 4.4±0.47 52% 4.7±0.33 

3) Vegetation Trend 34% 1.0±0 38% 1.04±0.03 

4) Photo Points 53% 1.3±0.06 61% 1.7± 0.09 

AMP or Grazing Plan 17% -.- 26% -.- 

Allotment Evaluation 15% -.- 8% -.- 
 

ALLOTMENTS CITING LIVESTOCK ISSUES 

Data type 
Maintain (n=17) Improve (n=45) 

Freq. mean # yrs  Freq. mean # yrs  

1) Actual Use 47% 5±1.22 84% 3.66±0.59 

2) Utilization 53% 2.56±1.07 51% 4.43±0.69 

3) Vegetation Trend 35% 1.0±0 36% 1.01±0.03 

4) Photo Points 65% 1.6±0.19 71% 2.02±0.22 

All 4 data types 35% -.- 24% -.- 

Data types 1,2,3 35% -.- 27% -.- 

Data types 1, 2 42% -.- 49% -.- 

No data 29% -.- 9% -.- 
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Table 2. Types of data (collected between 1997 and 2007) contained in a randomly selected sample of 310 allotment files from 13 Bureau of Land 
Management (BLM) offices across 6 States.  
 
[All Frequency, Cover, and Production techniques are described in the 1996 Interagency Technical Reference 1734-4, except Line-point, which is a variation of 
the point-intercept method. All Utilization techniques are described in the 1996 Interagency Technical Reference 1734-3, except the Utilization Gauge method 
which is a US Forest Service stubble height method. Both “State D” offices also collected Observed Apparent Trend data, a subjective numerical rating that 
considers vigor, seedlings, surface litter, pedestals and gullies. Offices A-1, C-1, D-1 and D-2 also used 3× 3 feet or 5× 5 feet Range Trend Plots for visual 
estimates of  key species attributes such as cover, frequency, density, and vigor; specific methodology varied across BLM offices] 
 

Office  

Frequency (and ground 
cover) Cover Production (and 

composition) Utilization 
Photo 
points quadrat 

freq.  
nested 
freq. 

pace 
freq. 

Daub-
enmire 

Line 
intercept 

Line-
point  

Step 
point 

Method 
not 

specified  

Dry-
weight- 

rank 

Com-
parative 

yield  
Grazed-

class  
Height-
weight 

Util-
ization 
gauge 

Key 
species 

A-1 x   x         x x   x     x x 
B-1 x   x            x x 
B-2                           x x 
C-1 x        x        x x 
C-2 x       x x       x       x x 
D-1         x         x x 
D-2   x   x x   x             x x 
E-1 x x    x           x x 
E-2                       x   x x 
F-1                  x x 
F-2          x        x x 
F-3          x        x x 
F-4         x   x           x   x 
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Table 3. Results of Land Health Standards (LHS) evaluations conducted by Bureau of Land Management (BLM) allotments between 1997 and 2007.  
 
[Allotments are divided into those managed to “Maintain” vs. “Improve” rangeland condition. For allotments that had “Not met” a standard, the “Livestock-
caused” column indicates the percentage of “Not met” due to livestock. Top table summarizes whether allotments met all of their state standards (three to eight, 
depending on state). Other tables summarize three standards common to all states (Upland Soil, Riparian, and Biodiversity). ANOVA indicates significant 
differences in meeting of “all standards” between Maintain and Improve allotments (F1,18=7.74, p=0.02) and across states (F9,18=31.27, p=<0.0001). Standards 
that were “Not met” due to livestock differed significantly across states (F9,18=3.14, p=0.02) and among Upland, Riparian and Biodiversity standards (F2,18=5.18, 
p=0.02), and there was a significant interaction between standards (Upland, Riparian, Biodiversity) and allotment status (Maintain, Improve) (F2,18== 21.09, 
p<.0001). Raw LHS data supplied by BLM] 

 
ALL STANDARDS 

  "MAINTAIN" ALLOTMENTS "IMPROVE" ALLOTMENTS 
NO DATA 

 State   

All 
stds 
met 

≥ 1 std 
Not met 

Livestock-
caused   

All stds 
met 

≥ 1 std 
Not 
met 

Livestock-
caused 

A n=67 73% 27% 11% n=83 66% 34% 14% n=189 56% 
B n=182 71% 29% 42% n=461 64% 36% 47% n=292 31% 
C n=62 35% 65% 55% n=57 25% 75% 72% n=409 77% 
D n=204 61% 39% 56% n=262 52% 48% 46% n=353 43% 
E n=140 79% 21% 52% n=246 82% 18% 43% n=565 59% 
F n=385 70% 30% 23% n=352 47% 53% 30% n=862 54% 
G n=100 63% 37% 14% n=107 34% 66% 34% n=71 26% 
H n=371 63% 37% 45% n=469 39% 61% 60% n=583 41% 
I n=1463 87% 13% 47% n=670 68% 32% 56% n=124 5% 
J n=130 89% 11% 14% n=180 85% 15% 41% n=1093 78% 
TOTAL n=3104 77% 23% 41% n=2887 59% 41% 48% n=4541 43% 
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Table 3. Results of Land Health Standards (LHS) evaluations conducted by Bureau of Land Management (BLM) allotments between 1997 and 
2007.—Continued.  
 
[Allotments are divided into those managed to “Maintain” vs. “Improve” rangeland condition. For allotments that had “Not met” a standard, the “Livestock-
caused” column indicates the percentage of “Not met” due to livestock. Top table summarizes whether allotments met all of their state standards (three to eight, 
depending on state). Other tables summarize three standards common to all states (Upland Soil, Riparian, and Biodiversity). ANOVA indicates significant 
differences in meeting of “all standards” between Maintain and Improve allotments (F1,18=7.74, p=0.02) and across states (F9,18=31.27, p=<0.0001). Standards 
that were “Not met” due to livestock differed significantly across states (F9,18=3.14, p=0.02) and among Upland, Riparian and Biodiversity standards (F2,18=5.18, 
p=0.02), and there was a significant interaction between standards (Upland, Riparian, Biodiversity) and allotment status (Maintain, Improve) (F2,18== 21.09, 
p<.0001). Raw LHS data supplied by BLM] 
 

UPLAND SOIL STANDARD 
  "MAINTAIN" ALLOTMENTS  "IMPROVE" ALLOTMENTS 

NO DATA 

 State   Met  
Not 
met 

Livestock-
caused   Met  

Not 
met 

Livestock-
caused 

A n=54 96% 4% 0% n=67 96% 4% 0% n=218 64% 
B n=182 87% 13% 39% n=457 79% 21% 48% n=296 32% 
C n=57 81% 19% 73% n=55 60% 40% 68% n=416 79% 
D n=204 87% 13% 50% n=260 85% 15% 35% n=355 43% 
E n=140 95% 5% 71% n=246 91% 9% 43% n=565 59% 
F n=375 91% 9% 34% n=336 85% 15% 31% n=888 56% 
G n=96 98% 2% 50% n=88 93% 7% 50% n=94 34% 
H n=371 95% 5% 71% n=464 79% 21% 67% n=588 41% 
I n=1455 95% 5% 57% n=656 93% 7% 73% n=146 6% 
J n=127 93% 7% 0% n=178 87% 13% 48% n=1098 78% 
TOTAL n=3061 93% 7% 50% n=2807 86% 14% 53% n=4664 44% 
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Table 3. Results of Land Health Standards (LHS) evaluations conducted by Bureau of Land Management (BLM) allotments between 1997 and 
2007—Continued.  
 
[Allotments are divided into those managed to “Maintain” vs. “Improve” rangeland condition. For allotments that had “Not met” a standard, the “Livestock-
caused” column indicates the percentage of “Not met” due to livestock. Top table summarizes whether allotments met all of their state standards (three to eight, 
depending on state). Other tables summarize three standards common to all states (Upland Soil, Riparian, and Biodiversity). ANOVA indicates significant 
differences in meeting of “all standards” between Maintain and Improve allotments (F1,18=7.74, p=0.02) and across states (F9,18=31.27, p=<0.0001). Standards 
that were “Not met” due to livestock differed significantly across states (F9,18=3.14, p=0.02) and among Upland, Riparian and Biodiversity standards (F2,18=5.18, 
p=0.02), and there was a significant interaction between standards (Upland, Riparian, Biodiversity) and allotment status (Maintain, Improve) (F2,18== 21.09, 
p<.0001). Raw LHS data supplied by BLM] 
 
 

RIPARIAN STANDARD 
  "MAINTAIN" ALLOTMENTS  "IMPROVE" ALLOTMENTS 

NO DATA 
 State   Met  

Not 
met 

Livestock-
caused   Met  

Not 
met 

Livestock-
caused 

A n=54 94% 6% 33% n=67 96% 4% 67% n=218 64% 
B n=182 94% 6% 73% n=457 88% 12% 72% n=296 32% 
C n=56 70% 30% 65% n=47 36% 64% 83% n=362 78% 
D n=200 75% 25% 66% n=260 66% 34% 49% n=359 44% 
E n=139 91% 9% 77% n=246 93% 7% 82% n=566 60% 
F n=371 86% 14% 40% n=324 75% 25% 49% n=904 57% 
G n=96 89% 11% 9% n=87 70% 30% 77% n=95 34% 
H n=358 85% 15% 68% n=436 66% 34% 72% n=629 44% 
I n=1459 93% 7% 61% n=656 77% 23% 68% n=142 6% 
J n=130 100% 0% 0% n=180 98% 2% 100% n=1093 78% 
TOTAL n=3045 90% 10% 59% n=2760 78% 22% 66% n=4664 45% 
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Table 3. Results of Land Health Standards (LHS) evaluations conducted by Bureau of Land Management (BLM) allotments between 1997 and 
2007.—Continued  
 
[Allotments are divided into those managed to “Maintain” vs. “Improve” rangeland condition. For allotments that had “Not met” a standard, the “Livestock-
caused” column indicates the percentage of “Not met” due to livestock. Top table summarizes whether allotments met all of their state standards (three to eight, 
depending on state). Other tables summarize three standards common to all states (Upland Soil, Riparian, and Biodiversity). ANOVA indicates significant 
differences in meeting of “all standards” between Maintain and Improve allotments (F1,18=7.74, p=0.02) and across states (F9,18=31.27, p=<0.0001). Standards 
that were “Not met” due to livestock differed significantly across states (F9,18=3.14, p=0.02) and among Upland, Riparian and Biodiversity standards (F2,18=5.18, 
p=0.02), and there was a significant interaction between standards (Upland, Riparian, Biodiversity) and allotment status (Maintain, Improve) (F2,18== 21.09, 
p<.0001). Raw LHS data supplied by BLM] 
 

BIODIVERSITY STANDARD 
  "MAINTAIN" ALLOTMENTS  "IMPROVE" ALLOTMENTS 

NO DATA 
 State   Met  

Not 
met 

Livestock-
caused   Met  

Not 
met 

Livestock-
caused 

A n=68 84% 16% 36% n=55 93% 7% 25% n=216 64% 
B n=459 74% 26% 50% n=182 75% 25% 40% n=294 31% 
C n=55 40% 60% 67% n=59 51% 49% 52% n=414 78% 
D n=260 65% 35% 40% n=204 74% 26% 50% n=355 43% 
E n=245 87% 13% 31% n=140 86% 14% 45% n=566 60% 
F n=341 77% 23% 33% n=375 88% 12% 30% n=883 55% 
G n=88 72% 28% 36% n=96 79% 21% 20% n=94 34% 
H n=466 54% 46% 61% n=367 74% 26% 43% n=590 41% 
I n=665 88% 12% 58% n=1460 94% 6% 32% n=132 6% 
J n=178 87% 13% 43% n=128 91% 9% 18% n=1097 78% 
TOTAL n=2825 75% 25% 50% n=3066 87% 13% 39% n=4641 44% 
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Table 4. Results of informal conversations with federal and university rangeland science experts on how 
best to prioritize monitoring of rangeland condition and livestock impacts.  
 
[Experts were presented with a hypothetical monitoring scenario (appendix 5). Although we spoke with 22 
university scientists, three participated in a group conversation and expressed consensus opinions; they are therefore 
counted as a single expert] 

 
Monitoring priority Federal (n=20) University (n=20) 

cover  55% 70% 
bare ground 25% 15% 
gap 5% 5% 
production 10% 10% 
frequency 5% 0% 
density 10% 10% 
utilization 35% 25% 
cattle and/or wildlife condition 5% 10% 
      
soils 25% 10% 
reference areas or ecological sites  30% 40% 
photos 30% 15% 
remote sensing 30% 35% 
identification of at-risk areas 25% 15% 

 
Additional insights:   

Perceived disincentive to report under-grazing 5% 0% 
Photo points compelling in court 5% 0% 
Effectiveness of monitoring teams 0% 5% 
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Table 5. Mean, standard deviation (Std) and t-test comparisons of sagebrush vegetation characteristics for 
allotments in Montana (Billings BLM Field Office), Wyoming (State-wide), and Colorado (Gunnison Basin) that 
have “Met” (798) versus “Not met” (333) Land Health Standards (LHS) assessments.   
 
[Cover variables include sagebrush (sb), herbaceous (hb), litter (lt), and bare (ba); metrics assessed include mean, 
median and standard deviation (std)] 
 
 Met  Not Met  t-test means comparison 
Variable/metric Mean Std  Mean Std  t-value df p-value 

sb_mean 9.882 4.060  8.167 4.073  6.460 619.971 0.0000 
sb_std 3.520 1.153  3.129 1.313  4.722 555.894 0.0000 
sb_median 9.830 4.464  8.117 4.447  5.896 624.049 0.0000 
hb_mean 24.320 11.037  18.236 9.881  9.112 689.802 0.0000 
hb_std 7.510 3.003  6.778 2.878  3.849 646.623 0.0001 
hb_median 23.972 11.533  17.697 10.519  8.885 677.587 0.0000 
lt_mean 21.013 6.792  18.233 7.332  5.936 581.274 0.0000 
lt_std 6.149 1.871  5.825 1.750  2.779 661.487 0.0056 
lt_median 21.060 7.453  18.060 7.976  5.876 585.625 0.0000 
ba_mean 42.677 14.128  52.357 16.035  -9.575 557.569 0.0000 
ba_std 11.828 3.374  11.426 3.338  1.840 627.959 0.0663 
ba_median 41.711 15.429  52.306 17.544  -9.583 556.733 0.0000 
 
 

Table 6. Mean, standard deviation (Std) and t-test comparisons of sagebrush vegetation characteristics for 
allotments in Montana (Billings BLM Field Office), Wyoming (State-wide), and Colorado (Gunnison Basin) 
that did not meet Land Health Standards (LHS) assessments due to livestock (132) versus other causes 
(201).  
 
[Cover variables include sagebrush (sb), herbaceous (hb), litter (lt), and bare (ba); metrics assessed include mean, 
median and standard deviation (std)] 
 
 Other causes  Livestock as cause  t-test means comparison 
Variable/metric Mean Std  Mean Std  t-value df p-value 

sb_mean   7.592   4.029    9.042   3.998  -3.226 281.887 0.0014 
sb_std   3.017   1.370    3.300   1.207  -1.982 303.930 0.0484 
sb_median   7.557   4.407    8.970   4.388  -2.869 281.211 0.0044 
hb_mean 16.988   8.796  20.136 11.104  -2.740 235.078 0.0066 
hb_std   6.546   2.429    7.132   3.430  -1.704 216.167 0.0899 
hb_median 16.498   9.322  19.523 11.924  -2.462 232.715 0.0145 
lt_mean 17.425   7.547  19.465   6.838  -2.554 299.060 0.0111 
lt_std   5.604   1.708    6.163   1.767  -2.860 273.593 0.0046 
lt_median 17.294   8.166  19.227   7.560  -2.211 295.149 0.0278 
ba_mean 54.831 16.069  48.591   5.288   3.570 290.048 0.0004 
ba_std 10.990   3.335  12.091   3.244  -2.995 285.738 0.0030 
ba_median 54.721 17.506  48.629 17.018   3.159 285.895 0.0018 
 


