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Abstract 
A study was conducted in Rich County, Utah, to determine the 

relationship between land ownership and range condition. Anrly- 
sis of variance and paired-plot t-tests were used to compare range 
condition ratings on Forest Service, Bureau of Land Management 
(BLM), state, and private lands. Forest Service land was in the 
highest range condition, BLM and private land had comparable 
intermediate condition ratings, and state-owned rangeland was in 
the lowest condition. Per acre grazing program expenditures in 
Utah by various hmd management agencies show an apparent 
correlation between expenditures and range condition. Thus, 
range condition may reflect management effort rather than the 
structure of public land property rights. 
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The relationship between land ownership (and associated prop- 
erty rights) and the use and health of renewable resources was an 
important focus in recent arguments to transfer federal land to 
private or state control. While the economic consequences of some 
such transfers have been addressed (Workman et al. 1981), there is 
little information concerning the impacts of ownership transfers on 
range conditions, long-term forage production, and erosion. 
Advocates of privatization suggest that the lack of efficient and 
well-defined property rights governing public land use has led to 
ecological degradation. They maintain that private ownership of 
natural resources is the only way to avoid resource depletion 
(Baden and Stroup 1977, Hardin 1977). Opponents of privatiza- 
tion contend that the market fails to address the public good of 
long-term ecological stability. They provide many historical 
examples to illustrate the short-sighted approach of the private 
sector and resulting mismanagement of western rangeland (Roset- 
ta 1985). Neither side, however, has offered comparable quantita- 
tive data to support their positions. 

Some published information is currently available on the 
general condition of grazing land under the management of the 
Bureau of Land Management (BLM), Forest Service, and the 
private sector. Table 1 provides the percentages of grazing land in 

Table 1. Percentages of total Utah rnngeland acreage in each range condi- 
tion class for each ownership. 

Condition Class 
Ownership class Excellent Good Fair Poor Other 
Non-Fed’ 2 20 47 29 2 
BLM* 4 33 39 16 
USFS' - 27 46 27 
USFP 13 36 37 14 - 

‘U.S. Dept. of Agriculture, 1984a (SCS condition classification is: >75% climax 
vegetation q  excellent, 51-75s = good, 2650% = fair, and 525% = poor). 
*U.S. Dept. of Interior, 1984(BLM condition classification is the same as that used by 
SCS). 
W.S. Dept. of Agriculture, 1977 (USFS condition classification is: 61-100% climax 
vegetation = good, 41-60% q  fair, 21-40s = poor, and Uo% = very poor). 
WSFS conditionclasses reported in 1977converted to SCSand BLM classificationas 
follows:excellent = l/2 USFSgood,good = 1/2X USFSgood + 1/2X USFSfair,fair 
= l/2 X USFS fair + l/2 X USFS poor, and poor = l/2 X USFS poor + very poor. 
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each range condition class by major ownership categories for the 
state of Utah. While not providing statistical reliability, this table 
suggests that transfer of Forest Service grazing land to private 
ownership might, over time, result in a decrease in range condition. 
Range condition on BLM land also appears to be slightly better 
than on nonfederal rangeland. The limitations of this general 
condition information have been well explained in earlier reports 
(Box et al. 1976, Box 1979). Reliable conclusions cannot be drawn 
for 2 major reasons: (1) the general survey methods vary between 
agencies, as do sampling and estimation techniques; and 2) the 
sampling methodology for assessing range condition varies by 
agency and sampling year. In view of these limitations, we sampled 
a single representative county in Utah in order to achieve the 
statistical reliability needed for comparison of range condition 
among the different ownership classes. 

Study Area 
The area selected for study was Rich County, located in the 

northeastern part of the Utah panhandle (Fig. 1). Forest Service, 
BLM, Utah Division of State Lands and Forestry, and the private 
sector are well represented in the county, and all ownership groups 
manage grazing on large, contiguous acreages of rangeland. Eleva- 
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tions range from 5,924 feet at Bear Lake to 9,148 feet at Monte 
Cristo Peak (Soil Conservation Service 1982). Sagebrush-grass 
communities dominate the 271,614 acres of rangeland (Utah 
Department of Agriculture 198 1). The sagebrush-grass ecosystem 
provides important spring and fall forage and is critical to the 
seasonal range use patterns of Rich County. Seven range sites 
comprising the majority of acreage within the sagebrush-grass 
ecosystem were selected for range condition evaluation. In addi- 
tion to economic importance, these range sites were selected 
because they readily exhibit vegetation composition responses to 
livestock use and demonstrate a consistent positive correlation 
between carrying capacity and range condition rating (Mason 
1971). The 7 range sites, as identified by the Soil Conservation 
Service (1982), are: (1) mountain gravelly loam, (2) mountain stony 
loam, (3) upland loam, (4) upland shallow loam, (5) upland stony 
loam, (6) semidesert loam, and (7) semidesert stony loam. 

Methods 
The experimental designs were an analysis of variance (ANOVA) 

randomized block design, using range sites as blocks and owner- 
ship classes as treatments, and a paired-plot sampling design ap- 
plied on range sites that extended across fence ownership boundar- 
ies for comparisons between ownership pairs. 

All soil mapping units in the county lying within the 7 selected 
range sites were identified through the use of the SCS soil survey 
guide (SCS 1982). Areas where grazing was not discretely con- 
trolled (i.e., state school sections and areas with checkerboard 
ownership configurations) were eliminated from the study. The 
soil mapping units were then numbered separately for each of the 2 
experimental designs by range site and by ownership class or pair. 
Mapping units were selected for field sampling through random 
generation of their identity numbers. Three soil mapping units for 
each range site and each ownership class were sampled for the 
ANOVA test. The paired-plot test required sampling the same soil 
mapping unit on either side of a fenced ownership boundary. Each 
combination of range site and ownership pair was presented by 2 
mapping units for the paired-plot test. A separate randomization 
scheme was used for the paired-plots to maintain design indepen- 
dence. 

Sampling points were located at the approximate center of each 
randomly selected range site and the position marked on topogra- 
phical maps. Range sites dominated by introduced seeded species 
or small grain cultivation were eliminated and replacement sites 
were located through the previously described randomized scheme. 
The number of necessary relocations for each ownership class was 
recorded. 

Field sampling was conducted from early June to early August 
in 1985. To minimize intra-seasonal variation, sampling began at 
lower elevations and proceeded to higher elevation sites as the 
season advanced. Two lOO-meter transect lines were extended at 
right angles from each sampling point and the orientation of the 
lines was randomly determined. Ten 0.5m2 circular plots were 
randomly located along each transect. Green weights for each 
species at each of the 20 circular plots were determinated using the 
double sampling method for weight estimation (Pechanec and 
Pickford 1937). A subset of 4 randomly selected plots were clipped 
for regression adjustments of weight estimates. Samples of each 
plant species at each sampling location were collected for conver- 
sion from green to dry-weights. 

Range condition rating estimates were based on calculated spe- 
cies composition percentages using the standard SCS method 
(SCS 1976). Although it is recognized that the concept and mea- 
surement of range condition is currently being revised (Range 
Inventory Standardization Committee 1983), potential natural 
community indices and updated mapping units were not yet avail- 
able for Rich County. For this reason, SCS climax composition 
guides were used to rate range condition. 

Some blocks of observations were not available, complicating 

the statistical analysis of the ANOVA results. For example, the 
Forest Service boundary did not extend to lower elevation semi- 
desert sites, while the Utah Division of State Lands and Foresty did 
not control grazing on higher elevation mountain sites (Table 2). 

Table 2. Range condition ratings (percent climax vcgetetion) for ANOVA 
experimental design. 

Range 
Site 
Number 

I. 

Range Site 

Mtn. Gravelly 
Loam 

2. Mtn. Stony 
Loam 

3. Upland 
Loam 

Soil Mapping Units by Ownership Class 
State Private BLM USFS 

28 24 24 
23 II 22 
23 29 28 
32 35 44 
51 34 55 
38 30 47 

33 41 52 
60 52 36 
19 48 40 

4. Upland Shallow 46 47 36 34 
Loam 41 40 35 43 

40 40 39 48 
5. Upland Stony 26 34 17 33 

Loam 34 29 31 35 
29 26 44 28 

6. Semidesert 46 53 49 
Loam 55 60 53 

55 41 46 
7. Semidesert 36 63 47 

Stonv Loam 23 51 47 
43 38 38 

For this reason, analyses of the 2 main effects of ownership class 
and range site, as well as the analysis of the interaction effect, were 
based on 3 data subsets from the principal design (Table 3). Aver- 
age range condition ratings for the ownership classes for each data 
subset were then compared using Least Significant Difference 
(LSD) confidence intervals @<.lO) based on the difference 
between 2 means (Neter and Wasserman 1974). 

Table 3. F-test results for data subsets of the ANOVA design. 

Number P Level 
of of 

Range Signifi- 
Subset Sites Comparison Source F ratio cance 

A 4 Priv. vs BLM Ownership (0) 2.64 0.09 
vs USFS Range Site (R) II.09 0.00 

OXR 0.83 0.56 

B 7 Priv. vs. BLM Ownership (0) 3.46 0.07 
Range Site (R) 8.38 0.00 

OXR 0.22 0.97 

C 5 St. vs Priv. vs Ownership (0) 1.30 0.29 
BLM Range site (R) 6.31 0.00 

OXR 0.68 0.71 

The paired t-test (significance set at 6.10) was used in the 
statistical analysis for the paired-plot design. It was not possible to 
directly compare Forest Service and state-owned lands because 
there were no adjacent tracts owned by these 2 agencies in Rich 
County. 

Results 

Range condition ratings for the ANOVAdesign are presented in 
Table 2. The 3 data subsets used for statistical analysis are as 
follows: Subset A (range sites 1,2,4, and 5) was used to compare 
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private, BLM, and Forest Service land; Subset B (all 7 range sites) 
was used to compare private and BLM land; Subset C (range sites 3 
through 7) was used to compare state, private, and BLM land. 

Although range condition ratings were significantly influenced 
by range site blocks (Table 3), pair-wise comparisons of block 
means revealed no recognizable trends. Significant mean differen- 
ces within an elevational grouping (i.e., mountain, upland, and 
semidesert) occurred as often as significant differences among 
elevation groups. Pair-wise comparisons also showed no apparent 
effect due to loamy, shallow, or stony soil characteristics. Inconsis- 
tencies in the percentages of plant species counted toward climax in 
the SCS technical guides may have contributed to this unclear 
effect. However, further analysis was not pursued because there 
was no significant interaction between range site and owner- 
ship (Table 3). 

Data subsets A and B demonstrated a significant (pC. 10) rela- 
tionship between ownership class and range condition (Table 3). 
Further analysis of these subsets using pair-wise comparison 
(Table 4) showed that Forest Service range condition ratings were 
significantly higher @<. 10) than those for BLM land (Subset A). 
When all 7 range sites were examined (Subset B), private rangeland 
was also in higher condition than BLM land. Though not statisti- 
cally significant, private land also tended to be in higher condition 
than state land. 

Table 4. Results of LSD pair-wise comparison of mean difference for data 
subsets of the ANOVA design. 

Number 
of 

Range Owner- Pair 
Subset Sites Comparison ship Mean Comparison 

A 4 Priv. vs BLM Priv. 35.08 Priv. vs BLM 
vs USFS BLM 30.42 Priv. vs USFS 

USFS 36.75 BLM vs USFS* 

B 7 Priv. vs BLM Priv. 41.33 Priv. vs BLM* 
BLM 36.81 

C 5 St. vs Priv. vs State 39.07 St. vs Priv. 
BLM Priv. 44.20 St. vs BLM 

BLM 40.67 Priv. vs. BLM 

*Significant at p<. IO 

Paired t-test comparisons showed a stronger relationship between 
range condition and ownership class than did the ANOVA tests 
(Table 5). Forest Service rangeland was in higher (p<.lO) range 
condition than either private or BLM lands. However, there was 
no significant difference between the condition of BLM and pri- 
vate rangeland in the paired-plot experiment. Range condition on 
private land was significantly higher than on state-owned range- 

Table 5. Summary of results for tbe paired-plot design. 

Pair 

Priv. vs. USFS 

Priv. vs BLM 

USFS vs BLM 

Priv. vs St. 

Ownership Mean 

Priv. 29.38 

USFS 34.88 

Priv. 37.60 

BLM 38.60 

USFS 39.50 

BLM 38.20 

Priv. 42.50 

St. 35.60 

Sample P level of 
Size t Significance 

8 1.91 0.10 

*o 0.21 0.84 

8 3.87 0.01 

1o 1.87 0.09 

BLM vs St. BLM 50.33 3 1.84 0.21 
St. 34.67 

land, a result consistent with the results of the ANOVA pair-wise 
comparison. Although there was a large apparent difference 
between average condition of BLM and state rangeland, it was not 
statistically significant, due in part to an unavoidably small sample 
size. 

Different sampling strategies of the 2 experimental designs 
explains why a stronger relationship between ownership and range 
condition was demonstrated by the paired-plot analysis than by the 
ANOVA. The minor differences in slope, aspect, and soil character 
change soil mapping unit delineations but do not affect SCS delin- 
eation of range sites. Samples in paired-plot comparisons involved 
the same soil mapping unit for each ownership pair, effectively 
removing all sources of variation other than ownership class. Thus, 
the paired-plot design is more accurate in detecting differences 
between ownership groups. NO contradictory outcomes were 
generated by the 2 experimental designs. 

Discussion and Conclusions 

Land Transfer Impkations 
The relationship between ownership class and range condition in 

Rich County corresponded closely with the information for Utah 
in Table 1. Forest Service rangeland was in higher condition than 
either BLM or private land. Thus, any transfer of Rich County 
Forest Service grazing land to private ownership might bring a 
decline in range condition. The higher condition of Forest Service 
rangeland compared to BLM land may reflect the historical fact 
that the Forest Service acquired control of livestock grazing sev- 
eral decades before the BLM (Wagner 1978). It is more difficult to 
predict the effects of privatization of BLM rangeland for several 
reasons. First, even though results of the ANOVA indicated that 
private rangeland was in higher range condition than BLM land, 
this conclusion was not supported by the more conservative paired 
r-test analysis. 

Second, the statistical analysis did not consider how historical 
regulation of grazing has affected present condition of BLM range- 
land. As was noted in Senate Document No. 199 (U.S. Senate 
1936), the most severe ecological degradation prior to the 1934 
Taylor Grazing Act occurred on public domain rangeland that 
BLM later acquired. Thus, the fact that range condition of Rich 
County BLM lands is currently comparable to that of private 
rangelands might or might not be a valid argument against pro- 
posed privatization of BLM lands. 

Finally, BLM and private range managers have different man- 
agement objectives. Twenty-nine percent of the sample sites ran- 
domly located on private rangeland had to be relocated due to 
seedings of crested wheatgrass (Agropyron crisrarum (L.) Gaertn.) 
monocultures, while only 1% of BLM sites were relocated for this 
reason. Therefore, transfer of Rich County BLM land to private 
ownership might bring increased seedings of non-native monocul- 
tures, an ecological change that should be considered. 

The Effect of Property Rights 
Comparisons of range condition on federal and private lands in 

Rich County were different than expected, based on incentive 
theory of renewable resource use. Resource economists contend 
that efficient user incentives occur only when all benefits and costs 
of using the resource accrue solely to the user (Tietenberg 1984). 
Although it is argued that this exclusivity requirement is not met by 
federal land grazing permits, other factors affecting range condi- 
tion may be more important than nonexclusivity. Change in range 
condition is a subtle and continuous process involving complex 
changes in the composition of plant communities. Sensitivity to 
these changes, which depends on available budget and expertise, 
can greatly affect range condition. The confounding influences of 
management objectives, expertise, budgetary allocation, and enforce- 
ment capability may have overshadowed the effect of illdefined 
federal property rights. Consequently, any proposal for federal 
land privatization based solely on the expected influence of prop- 
erty rights on user incentives seriously oversimplifies the situation. 
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Table 6. Comparison of agency expenditures on grazing programs in Utah 
for 1984. 

Agency 

USFS 
BLM’ 
State of 

Utah-’ 

1984 Expenditures Total Acres’ 1984 
for Grazing Program($) Managed $/ac. 

2,198,800* 7,990,7 lo-’ 0.275 
3,331,969 22,708,363 0.146 

228,000 3,785,296 0.076 
306,000 0.081 

lTotal acreages are used for consistency 
W.S. Dept. of Agriculture, 1984b 
‘U.S. Dept. of Agriculture, 1985 
‘BLM, 1982 and 1985 
,Utah Auditor General 1986 report to the Utah legislature on grazing program income 
for fiscal 1984. (Includes high and low estimates). 

Even though property rights had less effect than other factors, 
this does not imply that property rights are not important. The 
comparison of private rangeland and Utah Division of State Lands 
and Forestry rangeland illustrates how property rights affect range 
condition. The goal of the State Lands and Forestry Division is to 
allocate the use of state lands to activities promising the highest 
returns to the state. Programs supervised by the State Lands and 
Forestry Division are accountable to the Utah Legislature Auditor 
General’s Office (Utah Auditor General report to Utah legislature 
1985). Consequently, the range conservation objective is often 
secondary to that of generating income. Twenty-seven percent of 
the randomly selected sample sites on state-owned rangeland had 
to be relocated because they were in dryland wheat production, 
with some cultivation observed on soil mapping units with slopes 
averaging about 20% (SCS 1982). 

The income-generating goals of the State Lands and Forestry 
Division may create strong incentives to not invest budget and 
labor in long-term improvements of range condition. Table 6 
compares grazing program expenditures for the Forest Service, 
BLM and State of Utah. Relative per acre expenditures of the 
agencies follow the same pattern as the range condition ratings 
discussed above. The apparent correlation between grazing pro- 
gram expenditures and range condition among the agencies indi- 
cates that the level of management effort may be more important 
than the effects of public land property rights. 

Range condition comparisons between Rich County private and 
state lands conformed more closely to expectations based on prop- 
erty rights incentive theory. Because per acre grazing management 
expenditures were small on state lands (compared tofiderullands), 
state management effort had less confounding influence on the 
relationship between publicland propertyrightsand range condition. 
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