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ABSTRACT

Resource categories for monitoring standing herbage by visual obstruction 
readings (VOR) with management guidelines were developed for the sands eco-
logical site in the Nebraska Sand Hills on the Samuel R. McKelvie National For-
est. Clipped vegetation ranged from 122 kg•ha-1 to 2968 kg•ha-1. VOR ranged 
from 0 to 5.6 bands (band = 2.54 cm). Cluster analyses (ISODATA) identified 3 
distinct resource categories for management. Resource categories for mean VOR 
band and standing herbage (kg•ha-1) are short (band 1, 585 kg•ha-1), intermedi-
ate (band 2, 1130 kg•ha-1), and tall (band 3.6, 2003 kg•ha-1). Band 2 represents 
residual standing herbage at 40% utilization and is the recommended guideline 
to maintain or improve the resources. Three transects are required for monitor-
ing areas of 259 ha or less. The guidelines developed provide resource managers 
a tool for VOR data collection that is simple to use, cost effective, accurate and 
reliable for monitoring standing herbage for livestock use and wildlife habitat.
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INTRODUCTION

Monitoring vegetation for livestock use and wildlife habitat values with the 
Robel pole on rangelands is simple, fast and economical compared to clipping 
and processing the material (Benkobi et al. 2000; Volesky et al. 1999; Vermeire 
and Gillen 2000; Uresk and Benzon 2007; Uresk and Juntti 2008). Benkobi et 
al. (2000) modified the pole for this study in the Nebraska Sand Hills by using 
2.54 cm bands instead of the decimeter bands originally developed by Robel et 
al. (1970). Other indirect methods, such as visual or ocular estimates, are com-
monly used for monitoring rangelands but have major drawbacks, yielding esti-
mates for monitoring grasslands that are highly variable among observers when 
lacking calibration and adequate sample size (Schultz e al. 1961; Kershaw 1973; 
Block et al. 1987; Irving et al. 1995).
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Information for the Sand Hills rangeland and wildlife habitat has been well 
documented (Frolik and Keim 1933; Gilbert et al. 1979; Potvin and Harrison 
1984; Stubbendieck and Reece 1992; Volesky et al. 1999; Reece et al. 2001; 
Volesky et al. 2005; Volesky et al. 2007). Bleed and Flowerday (1990) and Stub-
bendieck et al. (1989) present overviews and literature reviews of the area. The 
calibration of the Robel pole for this study (visual obstruction with standing 
herbage (kg•ha-1)) was completed by Benkobi et al. (2000) on sandy lowlands 
(Sands Ecological site); however resource guidelines for monitoring were not 
provided. Objectives of this study were to 1) develop guidelines for monitoring 
herbage, and 2) provide management guidelines for livestock grazing and wildlife 
habitat.

STUDY AREA

The study was conducted on the Samuel R. McKelvie National Forest located 
southwest of Valentine, Nebraska, and is approximately 47,301 ha (Benkobi et 
al. 2000) within the sandy ecological type (Bleed and Flowerday 1990; USDA 
NRCS 2001). The sandy ecological site in the past has been described as the val-
leys or lowland range site (Burslaff 1962, Barnes et al. 1984). Common plants 
include sand bluestem (Andropogon hallii Hack.), little bluestem (Schizachyrium 
scoparium (Michx.) Nash), prairie sandreed (Calamovilfa longifolia (Hook.) 
Scribn., and needle-and-thread (Stipa comata Trin. & Rupr.). Plant nomencla-
ture follows Great Plains Flora Association (1986). Elevation ranges from 1,219 
to 1,310 m above sea level. Precipitation recorded at Halsey, NE, (87-year aver-
age) is 541 mm, with most precipitation occurring as rain from April through 
August (High Plains Regional Climate Center 2011). Snow is commonly present 
from November through March. Average maximum and minimum temperatures 
are 16.9 oC and 1.4 oC, respectively. The frost-free period is 150 days.

METHODS

Data used for these analyses are from Benkobi et al. (2000) collected with a 
modified Robel pole and clipped vegetation. The pole had alternating white and 
grey bands (2.54 cm bands) with the bottom band numbered with 1and placed 
at the soil surface. If the first band was visible, the reading was 0, and a reading of 
1 meant the first band was totally obscured. When bands were totally obscured, 
the lowest non-visible VOR band was recorded. Transects were 200 m in length 
with 20 stations spaced 10 m apart. Four VOR’s were recorded in the cardinal 
directions at a distance of 4 m from each station with the reader’s eye at a height 
of 1m. At stations (50, 100, 150, and 200 m), all herbaceous vegetation was 
clipped at ground level within a 0.25 m2 hoop, bagged and oven dried.

Cluster analysis with ISODATA (Ball and Hall 1967; del Morel 1975) was 
used to develop resource categories with visual obstruction readings (VOR) and 
standing herbage (kg•ha-1) (Benkobi et al. 2000) for 173 transects. VOR (2.54 
cm bands) and kg•ha-1 were standardized (individual data subtracted from the 
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sample mean/standard deviation) to give equal weight for analyses. Data were 
also analyzed by SPSS (2003) for descriptives, means analyses, regression and 
other exploratory analyses. All data were collected in the fall after first frost 
(Benkobi et al. 2000).

RESULTS

Visual obstruction readings (VOR) of standing herbage for 173 transects 
ranged on grazed and ungrazed pastures from 0 to 5.6 bands (2.54 cm) with a 
mean of 1.9 bands. Clipped vegetation varied from 122 to 2968 kg•ha-1, a mean 
of 1055 kg•ha-1. Cluster analysis (ISODATA) based on bands (VOR) and kg•ha-1 
resulted in 3 distinct resource categories (Table 1). Resource categories are short 
(0-1.5 bands), intermediate (1.6-2.7 bands) and tall (2.8-3.9+ bands). We calcu-
late that 40% use by herbivores based on 2003 kg•ha-1 is 1202 kg•ha-1 at band 
2.1. The estimated number of transects is 3 per 259 ha to be within 20% of the 
mean with an 80% confidence (Benkobi et al. 2000).

DISCUSSION

The Robel pole is an excellent tool for monitoring rangelands with VOR and 
standing herbage. Resource categories define the range from short to tall vegeta-
tion based on data from Benkobi et al. (2000). The short category would be 
considered heavily grazed; intermediate category, moderately grazed; and the tall 
category lightly grazed or ungrazed. These categories may be useful with various 
grazing systems and provide the heterogeneity and diversity required by wildlife 
(Stubbendieck and Reece 1992; Holechek et al. 1998; Vodehnal et al. 2009). On 
the sandy ecological site, USDA-NRCS (2001) estimated average high potential 
vegetation over four communities at 2380 kg•ha-1. At 2003 kg•ha-1, data from 

Table 1. Resource categories for short, intermediate, and tall vegetation by band number (2.54 
cm, 1-inch) on a Robel pole (VOR) with corresponding standing herbage (kg•ha-1) value. Catego-
ries were defined by cluster analysis for 173 transects.

CATEGORY ATTRIBUTE MINIMUM MEAN MAXIMUM

Short (n = 73)†
Band number‡ 0 1.0 1.5
Standing herbage§ 39 595 858

Intermediate (n = 72)
Band number 1.6 2.0 2.7
Standing herbage 912 1130 1512

Tall (n = 28)
Band number 2.8 3.6 3.9+
Standing herbage 1567 2003 2167

†Number of transects.
‡Visual obstruction reading (VOR).
§Based on the corrected misprint  band-weight equation in Benkobi et al. (2000); corrected mis-
print is: SCDW (kg•ha-1) = 39.10 + 214.81 VOR (cm); [kg•ha-1 = 39.1 + 545.6*Band (2.54 cm)].



82 Proceedings of the South Dakota Academy of Science, Vol. 91 (2012)

the current study are in close agreement with this, justifying its use as representa-
tive of the average potential vegetative production in calculating a band guideline 
based on 40% utilization of herbage. Although the vegetation was sampled after 
frost for standing herbage, the utilization standard still applies based on oven 
dry weights. This corresponds to approximately band 2 with 1202 kg•ha-1 of 
residual standing herbage remaining. Approximately 40% use is considered light 
grazing in the area by Stubbendieck and Reese (1992). Monitoring livestock 
use throughout the growing season based on the model developed after frost is 
feasible (Uresk 2012). When management objectives are for a specific band to 
remove livestock, such as band 2, then a 1-sided t-test is appropriate to test for 
differences using the variance of the 3 transects (Steel and Torrie 1980; Uresk 
and Juintti 2008; Uresk et al. 2010). Resource managers can use a VOR-based 
monitoring protocol to prevent residual vegetation from being reduced by over 
grazing where resource values are being lost or damaged. Retaining adequate 
residual vegetation and structure reduces soil erosion by both wind and water, 
soil surface temperature, loss of soil moisture and increases soil organic matter 
(Blackburn 1983; Stubbendieck et al. 1989; Stubbendieck and Reese 1992; Re-
ese et al. 2001; Linse et al. 2001). Adequate residual vegetation provides benefits 
not only for plants and soils, but also structural diversity for wildlife.

Utilization of herbage is often estimated using subjective ocular methods 
without correction factors for current residual vegetation or adequate sample 
size, producing utilization estimates that are highly variable among observers 
(Schultz et al. 1961; Kershaw 1973; Block et al. 1987; Irving et al. 1995). Our 
protocol developed for use with the Robel pole provides accurate, precise and 
cost effective information. Moreover, measuring residual standing herbage rather 
than utilization results in more consistent management (Uresk and Juntti 2008; 
Uresk et al. 2010).

A mosaic of resource categories based on VOR and standing herbage provides 
a full range of plant structure that would maximize plant and animal diversity 
(Holecheck et al. 1998; Vodehnal et al. 2009; Benkobi et al. 2007; Fritcher 
et al. 2004). For general resource management, Kershaw (1973) and Mueller-
Dombnois and Ellenberg (1974) recommend approximately 10-15% standing 
herbage in both tall and short resource categories and 70% in the intermediate 
category. However, management of wildlife based on VOR and standing herbage 
will vary by animal species. For sharp-tailed grouse, an important upland game 
species, nesting success generally requires light or ungrazed areas. Thus it would 
be prudent to manage at approximately VOR band 4 with fall measurements 
for spring nesting (> 8.6 cm of residual herbage; Prose et al. 2002) and up to 
band 5 (13 cm) for nest site selection. For prairie grouse Vodehnal et al. (2009) 
recommend a diversity of resource categories and plant species composition over 
the landscape

For monitoring vegetation, the Robel pole with 2.54 cm bands as modified 
by Benkobi et al.(2000) is less precise and accurate than poles with 1.27 cm 
bands (Uresk and Benzon 2007; Uresk and Juntti 2008; Uresk et al. 2010). My 
recommendation, therefore, is to use 1.27 cm bands for future monitoring and 
estimation of standing herbage.



Proceedings of the South Dakota Academy of Science, Vol. 91 (2012) 83

ACKNOWLEDGEMENTS

Thanks are extended to Nebraska National Forest for providing partial fund-
ing for the original research (Benkobi et al. 2000) under cooperative agreement 
number 28-A3-746. 

LITERATURE CITED

Ball, G.H., and D.J. Hall. 1967. A clustering technique for summarizing multi-
variate data. Behavioral Science 12:153-155.

Barnes, P. W., and A. T. Harrison. 1982. Species distribution and community 
organization in a Nebraska Sandhills mixed prairie as influenced by plant/
soilwater relations. Oecologia 52:192-201.

Benkobi, L., D.W. Uresk, G. Schenbeck and R.M. King. 2000. Protocol for 
monitoring standing crop in grasslands using visual obstruction. Journal of 
Range Management 53:627-633.

Benkobi, L., D.W. Uresk and R.D. Child2007. Ecological classification and 
monitoring model for the Wyoming Big Sagebrush shrubsteppe habitat type 
of northeastern Wyoming. Western North American Naturalist 67:347-358.

Blackburn, W.H. 1983. Livestock grazing impacts on watersheds. Rangelands 
5:123-125.

Bleed, A., and C. Flowerday. 1990. An atlas of the Sand Hills. Conservation and 
Survey Division Institute of Agriculture and Natural Resources University of 
Nebraska-Lincoln. Resource Atlas No. 5a.

Block, W.M., K.A. With and M.L. Morrison. 1987. On measuring bird habitat: 
influence of observer variability and sample size. The Condor 89:241-251.

Burzlaff, D.F. 1962. A soil and vegetation inventory and analysis of three Ne-
braska sandhills  range sites. Nebraska Agriculture Experiment Station 
Research Bulletin 206. Lincoln,  Nebraska.

del Morel, R. 1975. Vegetation clustering by means of ISODATA: Revision by 
multiple discriminant analysis. Vegetatio 29:179-190.

Frolik, A.L., and F.D. Keim. 1933. Native vegetation in the prairie hay district 
of north central Nebraska. Ecology 14:298-305.

Fritcher, S.C., M.A. Rumble and L.D. Flake. 2004. Grassland bird densities in 
seral stages of mixed-grass prairie. Journal of Range Management 57:351-
357. 

Gilbert, W.L., L.J. Perry, Jr. and J. Stubbendieck. 1979. Dry matter accumula-
tion of four warm season grasses in the Nebraska Sandhills. Journal of Range 
Management 32:52-58.

Great Plains Flora Association. 1986. Flora of the Great Plains. University Press 
of Kansas, Lawrence, Kansas. 1392 pp.

High Plains Regional Climate Center. 2011. Halsey 2W, Nebraska (253540). 
Available at http://www.hprcc.unl.edu/data/historical/ [Cited 20 July 2011].

Holechek J.L., H. Gomes, F. Molinar, and D. Galt. 1998. Grazing intensity: 
Critique and Approach. Rangelands 20:15-18.



84 Proceedings of the South Dakota Academy of Science, Vol. 91 (2012)

Irving, B.D., P.L. Ruthledge, A.W. Bailey, M.A. Neath and D.S. Chanasyk. 
1995. Grass utilization and grazing distribution within intensively managed 
fields in Central Alberta. Journal of Range Management 48:358-361.

Kershaw, K.A. 1973. Quantitative and dynamic plant ecology, second edition. 
American Elsevier Publishing Company, Incorporated. New York.308 pp.

Linse, S.J., D.E. Mergen, J.L. Smith and M.J. Trlica. 2001. Upland erosion 
under a simulated most damaging storm. Journal of Range Management 
54:356-361.

Mueller-Dombois, D. and H. Ellenberg. 1974. Aims and methods of vegetation 
ecology. John Wiley & Sons., New York. 547 pp.

Potvin, M.A., and A.T. Harrison. 1984. Vegetation and litter changes of a Ne-
braska sandhills prairie protected from grazing. Journal of Range Manage-
ment 37:55-58

Prose, B.L., B.S. Cade and D. Hein. 2002. Selection of nesting habitat by sharp-
tailed grouse in the Nebraska Sandhills. Prairie Naturalist 34:85-105. 

Reece, P.E, J.D. Volesky and W.H. Schact. 2001. Cover for wildlife after summer 
grazing on Sandhills rangeland. Journal of Range Management: 54:126-131.

Robel, R.J., J.N. Briggs, A.D. Dayton and L.C. Hulbert. 1970. Relationships 
between visual obstruction measurements and weight of grassland vegeta-
tion. Journal of Range Management 23:295-297.

Schultz, A.M., R.P. Gibbens and L. Debano. 1961. Artificial populations for 
teaching and testing range techniques. Journal of Range Management 
14:236-242.

SPSS. 2003. SPSS Base 12.0 for Windows User Guide. SPSS Inc. Chicago, Il-
linois.

Steel, R.G., and J.H. Torrie. 1980. Principles and procedures of statistics, 2nd 
ed. 

 McGraw-Hill, New York, New York. 633 pp.
Stubbendieck, J.L.,T.R. Flessner and R.R. Weedon. 1989. Blowouts in the Ne-

braska sandhills: The habitat of Penstemon haydenii. Pages 223-225 in: Pro-
ceedings of the Eleventh North American Prairie Conference. Ed. T.B.Bragg 
and J. Stubbendieck, Lincoln Nebraska: University of Nebraska-Lincoln.

Stubbendieck, J.L., and P.E. Reece. 1992. Nebraska handbook of range manage-
ment.  Historical materials from University of Nebraska-Lincoln ex-
tension. EC92-124. 66 pp.

Uresk, D.W. 2012. Monitoring standing herbage of mid-grass prairie on the 
Fort Pierre National Grassland, South Dakota. Prairie Naturalist 44: 39-46.

Uresk, D.W., and T.A. Benzon. 2007. Monitoring with a modified Robel pole 
on meadows in the central Black Hills of South Dakota. Western North 
American Naturalist 67:46-50. 

Uresk, D.W., and T.M. Juntti. 2008. Monitoring Idaho fescue grasslands in the 
Big HornMountains, Wyoming, with a modified Robel pole. Western North 
American Naturalist 68:1-7.

Uresk, D.W., T. Juntti and J. Javersak. 2010. Monitoring standing herbage on 
granitic soils in the Big Horn Mountains, Wyoming, USA. Grassland Sci-
ence 56: 189-193.



Proceedings of the South Dakota Academy of Science, Vol. 91 (2012) 85

USDA-NRCS. 2001. Ecological site description. R065XY032NE. Nebraska 
Sand Hills  Technical Guide Section IIE, MRLA 65-Sandy. USDA NRCS.

Vermeire,L.T., and R.L. Gillen. 2000. Estimating herbage standing crop with 
visual obstruction in tall grass prairie. Journal of Range Management 54:57-
60.

Vodehnal, W.L., J.B. Haufler, and R.K. Baydack. 2009. A grassland conservation 
plan for praire grouse in North America. Pages 31-43. in: Transactions of 
the seventy-third North American wildlife and natural resources conference. 
J. Rahmn editor. Wildlife Management Institute. Washington DC. 264 pp.

Volesky, J.D., W.H. Schacht, and P.E. Reece. 1999. Leaf area, visual obstruction, 
and standing crop relationships on Sandhills Rangeland. Journal of Range 
Management 52:494-499. 

Volesky, J.D., W.H. Schact, P.E. Reece, and T.J. Vaughn. 2005. Spring growth 
and use of cool-season graminoids in the Nebraska Sandhills. Rangeland 
Ecology Management 58:385-392.

Volesky, J.D., W.H. Schact, P.E. Reece, and T.J. Vaughn. 2007. Diet composi-
tion of cattle grazing sandhills range during spring. Rangeland Ecology 
Management 60:65-70.


