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Introduction  
The Meeteetse Conservation District (MCD) in conjunction with other Wyoming conservation districts are 
working closely with the University of Wyoming Department of Renewable Resources in order to help 
producers predict forage quality and quantity available for livestock based upon precipitation and soil moisture 
readings. The monitoring is an evolving process that will be continued into the future (dependent on resources) 
in order to acquire baseline data and examine the inter-relationships between soil moisture, precipitation, 
vegetation abundance, and species composition.  
 
Based on a 20-year study conducted by Dr. Michael Smith of the University of Wyoming’s Department of 
Renewable Resources, April precipitation has a 50% correlation with forage production for the entire summer. 
May precipitation has a 27% correlation. The window for this key precipitation is wider at lower elevations, 
(early March to late May-early June) such as Casper, Wyoming, which is below 5,200 feet. The study indicates 
that precipitation that occurs after May does not have a significant impact on native rangeland production. 
Therefore, grazing plans for non-irrigated rangeland, including maintaining, decreasing or increasing stock 
levels can be based upon spring time precipitation (Smith, 2007). 
 
Methods and Materials 
The monitoring site is approximately 17 miles southwest of Meeteetse within the Little Buffalo Basin. The site 
is on rangeland near the foothills adjacent to Bureau of Land Management and oil and gas land. According to 
the Citation Oil and Gas Corporation website:  “The [Little Buffalo Basin] field is a classic breached anticlinal 
feature that produces oil under a secondary waterflood recovery process primarily from the Permian Phosphoria 
(Embar) and Pennsylvanian Tensleep formations at depths of 4,500' and 4,750', respectively…Gas production 
occurs from the shallower Muddy and Frontier sands (Citation Oil & Gas corporation, 2009). 
 
The elevation of the site is 6,201 ft. The GPS coordinates for the site are: N 44°05'00.6"  W 108°51'29.0"N. The 
monitoring site was burned approximately 11 years ago. The fire appeared to have been of high intensity 
leaving a scarce amount of sagebrush compared to the unburned adjacent land. Also, worth noting is that there 
was not any livestock grazing within the site from 2000 through 2008. During the end of June through mid July 
of 2008 there was livestock grazing (approximately 100 head – cows and calves). The area is frequently grazed 
by wildlife. 
 

 
Inside cooler is soil moisture device. Note the contrast between the two sides of the fence (side with the cooler was 
burned). 

 



     

Range monitoring began in 2005 and has continued annually (August 22, 2005, August 7th, 2006, July 25th, and 
27th, 2007, and July 23, 2008). Forage clippings were taken where exclosures were placed the previous year. 
Four cover by lifeform transects were laid out in 2005 and evaluated each year. 

At the site there are three probes that measure soil moisture. Each probe is buried in the soil at a different depth. 
The depths are approximately: 2-12”, 12-24”, and 24-36”. The probes buried 2-12”, and 12-24” were laid in the 
ground vertically. The probe buried 24-36” was laid in the ground horizontally due to flat rock impeding further 
digging by hand. The soil moisture is measured in %, with 40% being the maximum value, indicating total 
saturation of the soil with water. Data is continuously collected and is summarized monthly (see Figure 1). 
However, data from December 2005-March 2006 and December 2006-April 2007 is unavailable due to 
winterization of soil moisture device. Additionally, an incomplete data set for March 05, Nov. 05, April 06, 
Nov. 06, and May 07 exists due to winterization of the soil moisture device. In 2006, a rain gauge was set up at 
the site (see Figure 2 for readings). 

 

Average Monthly Soil Moisture Readings at Little Bu ffalo Basin March 2005 through September 2008
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Figure 1:  Soil Moisture Monthly Averages at Little Buffalo Basin 

 

 



     

Precipitation Measurements at Little Buffalo Basin 

0

0.5

1

1.5

2

2.5

3

3.5

4

6/
1/

06

7/
1/

06

8/
1/

06

9/
1/

06

10
/1

/0
6

11
/1

/0
6

12
/1

/0
6

1/
1/

07

2/
1/

07

3/
1/

07

4/
1/

07

5/
1/

07

6/
1/

07

7/
1/

07

8/
1/

07

9/
1/

07

10
/1

/0
7

11
/1

/0
7

12
/1

/0
7

1/
1/

08

2/
1/

08

3/
1/

08

4/
1/

08

5/
1/

08

6/
1/

08

7/
1/

08

8/
1/

08

9/
1/

08

10
/1

/0
8

date

P
re

ci
pi

ta
tio

n 
(in

ch
es

)

Precipitation
measured in the
gauge (inches)

New snowfall
(inches)

Precipitation 
Measurements

 

Figure 2:  Precipitation Measurements at Little Buffalo Basin 

Digital photo points and GPS technology were used to delineate the general area and condition of forage 
clippings. In 2005, photos were taken before clippings were done. In the years 2006, 2007, and 2008 photos of 
the clipping area before the clippings took place and after were taken in order to provide additional 
documentation of conditions. Clippings were taken as accurately as possible attempting to select the current 
year’s growth and leaving last year’s growth. In 2006, it was difficult to distinguish between the current year’s 
and prior year’s growth. Clippings were placed in brown paper bags that were taken back to the MCD office in 
order to dry out. Once the samples were dried out, they were weighed, and weights were recorded in grams to 
the nearest tenth.  

In 2007 and 2008, the vegetation was mowed before staking the new cage locations in order to remove as much 
as possible prior year’s growth. This procedure will be used in subsequent years. Also, stakes holding 
exclosures were modified to a “u” shape for easier removal and replacement due to the hard soil conditions at 
the site. 

Data was collected for the 4 “cover by lifeform” transects, in accordance with Wyoming Rangeland Monitoring 
Guide (Wyoming Range Service Team, 2001). Each transect was 100 ft long and lifeform data was recorded at 
every 1 foot increment using a pointer from north to south.  The following lifeform data was collected using 7 
categories:  perennial grasses and sedges, annual grasses, forbs, shrubs, cover, rock, and bare soil. (For specific 
details, including species see Appendix A). 

Digital photo documentation was completed for the cover by lifeform transect at recorded intervals along the 
100 ft tape. In 2007 and 2008 photos were taken at the 10’, 40’, 60’, and 90’ mark. Photos looking north and 
south were also taken of each transect. After collecting data, % of species for each category was determined, as 
well as the % of the total for each category (See Figures 4 and 5). In addition, the data for the 4 transects 



     

collected in 2005, 2006, 2007, and 2008 were averaged in order to be able to look at average percentages for 
each perennial grasses and sedges category by year. 

In the fall of 2007, Dr. Ginger Paige from University of Wyoming’s Department of Renewable Resources 
visited the monitoring site to obtain soil samples to determine soil texture and bulk density. Bulk density was 
determined to be 1.29 g/cm3 with a loam soil texture. The soil moisture program was then modified using these 
calculations and re-loaded onto the soil moisture data logger device. Data collected prior to the new program 
was transformed using Dr. Paige’s calculations. 

Statistical analyses of the data were completed. An analysis of Variance (ANOVA) was completed for dry 
weight of forage by year. ANOVAs are used to test for differences among three or more treatments (the years 
2005-2008) for one factor (forage dry weight). An ANOVA was completed using soil moisture percentages for 
each probe and the month of May for 2005-2008. T-tests were completed that examined soil moisture 
percentages measured by each probe by year for the month of April. T-tests are the same as ANOVAs, except 
they are used when there are only 2 variables or treatments for one factor. All statistical analyses were done 
using JMP ® software. 
 
Results 
 
Statistical Analysis of Dry Forage Weight  
The oneway analysis (ANOVA) of dry weight of forage by year was done using the dry weight values with 
normal log distribution and equal variances. The analysis showed that there is not a significant difference 
between dry weight in 2005 and 2008 (see Figure 3). In addition, there is not a significant difference between 
dry weight for the years 2006 and 2007. Also, 2005 and 2008 dry weights are significantly higher than dry 
weights recorded for 2006 and 2007.  Though, it should be noted that in 2006 it was more difficult to 
distinguish between current year’s growth and last year’s growth so is likely that forage weight may have been 
overstated for 2006. 

Oneway Analysis (ANOVA) of Dry Weight of Forage by Year 

 
Figure 3:  ANOVA of log dry weight by year. Normal log distribution. 

Variances are equal. Analysis of variance:  Prob > F = <.0001. Tukey-Kramer 
results:  1.  years 2005 and 2008 no significant difference.  2.  years 2006 and 2007 

no significant differences. 3. 2005 and 2008 significantly higher than 2006 and 2007. 
 

 
 
 
 
 



     

Differences Between Soil Moisture Levels at Different Probe Depths for April and May 
According to the ANOVA of soil moisture % measured by the probe buried 2-12” by month-year, there was no 
significant difference between April-2005 and April-2008 (see Figure 4). For the probe buried 12-24” April-
2005 appeared slightly higher than April-2008 (see Figure 5). For the probe buried 24-36” April-2008 appeared 
significantly higher (see Figure 6). Considering the root systems of most grasses, it would appear that the soil 
moisture levels measured by the probes buried 2-12” and 12-24” would have the most impact on growth. 
Unfortunately, April soil moisture data is unavailable for 2006 and 2007 due to winterization of soil moisture 
device.  

 
T-test of % soil moisture (40% is total saturation)  measured by the probe buried 2-12” By Month-Year 

 
 

Figure 4:  Welch Anova, allowing standard deviations that are not equal and 
           data not normally distributed. Prob>F = 0.3969. No significant difference between April-05 and April-08. 

 
 
 

 
 
T-test of % soil moisture (40% is total saturation)  measured by the 
probe buried 12-24” By Month-Year 

 
Figure 5:  Welch Anova, allowing standard deviations that are no 
equal and data not normally distributed. Prob>F = 0.0043. 
Significant difference between April-05 and April-08 (April-05 appears 
slightly higher). 

 
T-test of % soil moisture (40% is total saturation)  measured by the 
probe buried 24-36” By Month-Year 

 
Figure 6:  Welch Anova, allowing standard deviations that are not equal 
and data not normally distributed. Prob>F = <.0001. Significant 
difference between April-05 and April-08 (April-08 appears higher). 
 



 For the May data, 2005 soil moisture percentages were higher than all of the other years for all three probes 
(See Table 1). Average dry forage weight was higher in 2005 than all other three years (see Figure 10), however 
statistically dry forage weight in 2005 was not higher than in 2008. Statistically, dry forage weights in 2005 and 
2008 were both higher than in the years 2006 and 2007. Therefore, you would expect soil moisture levels for all 
three probes to be higher in 2008 (as seen in 2005) when compared to soil moisture levels in 2006 and 2007, but 
this did not occur. Thereby, April soil moisture levels at the two shallowest depths appear to have a stronger 
relationship with future dry forage weight than May soil moisture levels. Future complete data sets will allow us 
to examine this closer. Additionally, it should be noted that there are other factors related to forage yield. 

 

Table 1:  Differences Between Soil Moisture Levels at Different Probe 
Depths for April and May 

Month Years 
Probe 
depth 

Sig. difference between Soil 
Moisture Levels? 

April 
2005 and 
2008 2-12" no 

April 
2005 and 
2008 12-24' 

yes April-05  slightly appears 
higher 

April 
2005 and 
2008 24-36 yes April-08 appears higher 

May 

2005, 
2006, 
2007, and 
2008 2-12" yes- 2005 appears higher 

May 

2005, 
2006, 
2007, and 
2008 12-24' yes- 2005 appears higher 

May 

2005, 
2006, 
2007, and 
2008 24-36 yes- 2005 appears higher 

 
 
 
 
 
 
 
Oneway Analysis of % soil moisture (40% is total sa turation) 
measured by the probe buried 2-12” By Month-Year 
 

 
Figure 7:  Welch Anova, allowing standard deviations that are not equal 
and data not normally distributed. Significant differences between 
month-year (May-05 appears higher). Prob>F = <.0001 .  

Oneway Analysis of % soil moisture (40% is total sa turation) 
measured by the probe buried 12-24” By Month-Year 

 
Figure 8:  Welch Anova, allowing standard deviations that are not equal 
 and data not normally distributed. Significant difference between 
month-year (May-05 appears higher). Prob>F = 0.0001. 
 
 
 
 
 
 
Oneway Analysis of % soil moisture (40% is total sa turation) 
measured by the probe buried 24-36” By Month-Year 

 
Figure 9:  Welch Anova, allowing standard deviations that are not equal 
and data not normally distributed. Significant difference between 
month-year (May 05 appears higher). Prob>F = <.0001. 



     

 
 

Soil Moisture Measured at the Beginning of May and at the end of May in conjunction with 
Average Forage Weights for the years 2005 through 2 008 
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Figure 10:  Soil Moisture Measured at the Beginning of May and at the end of May in conjunction with Average Forage Weights 

Average % of total for cover by lifeform transects 
Perennial grasses and sedges were a higher percentage of the total in 2006, 2007, and 2008 than in 2005 (see 
Figure 11).  Also, bare soil was a higher percentage of the total in the year 2005 than in 2006, 2007, and 2008. 
While this data may appear to suggest that overall rangeland health is improving, additional data is needed in 
subsequent years in order to determine if it is within the normal range of variability.  
 

 
Average % of total for cover by lifeform transects for data collected in August of  2005,  

August of 2006, and July of 2007 and 2008 at Little  Buffalo Basin  
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Figure 11:  Average % of total for cover by lifeform transects for data collected in August of 2005, August of 2006, and July of 2007 and 2008 at Little Buffalo Basin. 
 



     

Comparison of Percentages of Species for Perennial Grasses and Sedges 
Looking at the perennial grass data by % of species (see Figure 12), Agropyron spp. (rhizomatous wheatgrasses) 
were a higher percentage of the total in that category in the years 2006, and 2007 compared to the year 2005 and 
2008. Rhizomatous wheatgrasses are considered cool season grasses that are typically dormant in the summer 
and begin growth in the fall if soil moisture is high enough (Stubbendieck et.al, 1997).  This correlates with 
higher averaged monthly soil moisture percentages for the probe buried 2-12” in October and November of 
2005 (preceding the 2006 growing season) and 2006 (preceding the 2007 growing season) than in 2007 (see 
Table 2). However, the same isn’t true for the probe buried 12-24” (2007 is higher) or for the September 
monthly averages.  
 

Comparison of Percentages of Species that Comprise the Category: Perennial Grasses and 
Sedges for the Cover by Lifeform 

Data Collected in the years 2005, 2006, 2007, and 2 008 at Little Buffalo Basin
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Figure 12:  Comparison of Percentages of Species that Comprise the Category:  Perennial Grasses and Sedges for the Cover by Lifeform Data collected in the years 
2005, 2006, and 2007 at Little Buffalo Basin. 

 
 
Table 2:  Averaged Soil Moisture Percentages by Month-Year for Different Probe Depths (40% is total saturation) 

 Sep-05 Oct-05 Nov-05 Sep-06 Oct-06 Nov-06 Sep-07 Oct-07 Nov-07 
SM 

probe 
2-12”  12.3 15.2 15.2 11.2 13.0 13.4 12.6 12.5 12.1 

SM 
probe 
12-24”  8.8 9.8 9.9 7.3 6.9 6.6 8.2 7.7 7.3 

SM 
probe 
23-36”  5.2 5.0 5.0 4.4 4.0 3.8 4.8 4.4 4.1 

 
 
Koeleria macrantha (prairie junegrass) and Stipa comata (needleandthread) were both a higher percentage for 
the perennial grasses and sedges category in 2005 and 2008 than in 2006 and 2007. This seems logical because 
both grass species typically begin growth in the early spring and thereby take advantage of higher soil moisture 
levels in the spring of 2005 and 2008 than in the spring of 2006 and 2007 [Stubbendieck et.al, 1997].  
 



     

In 2007, there was an increase in the percentage of Poa sp. (bluegrass). Bluegrass has a shallow root system, 
thus it does not flourish in times of drought. It is also considered an increaser (increases after management 
practices, such as grazing if there is adequate moisture) and is a cool season grass with most of its growth in the 
spring and the fall. It is typically dormant in the summer (Brown, 1979). At this time, is difficult to hypothesize 
why there was more bluegrass noted in 2007. Perhaps, more data collection over time will shed light on this 
matter.  

In 2008, there was an increase in the percentage of Pseudoroegneria spicata (bluebunch wheatgrass) compared 
to previous years. Bluebunch wheatgrass begins growth in April and regrowth takes place after fall precipitation 
events. Utah State University, states “an abundance of bluebunch wheatgrass is an indicator of well managed 
ranelands” (Utah State University, 2002). It will be interesting to see if this trend continues. 

 

Discussion 
The results indicate that April soil moisture levels at 2-12” and 12-24” may have a strong correlation for future 
forage production. The May soil moisture data for 2005 demonstrated that May soil moisture could also play an 
important role in determining future forage yields, however the 2008 May soil moisture levels did not support 
this. Thus, it appears that April soil moisture levels at 2-12” and 12-24” are a better indicator than May soil 
moisture levels as to whether or not there will be enough feed later that year. Producers may want to consider 
using April soil moisture data measured at 2-12” and 12-24” for helping determine grazing management 
strategies for later that year. 
 
Further analysis should be done to see how strong of a correlation there is between the soil moisture levels 
measured by the two shallowest probes and forage yield. In addition, other possible future research topics could 
include but are not limited to:  1.  focusing on fall moisture levels and cover by lifeform data of certain grass 
species, such as rhizomatous wheatgrass.   2.  examination of precipitation in conjunction with soil moisture 
levels.  3.  comparing nearby unburned land with current site.   
 
MCD will continue to analyze this data and gather new data to benefit producers and the University of 
Wyoming Renewable Resources Department’s research in regards to grazing management strategies on 
rangelands. Perhaps, with more data, a soil moisture threshold could be determined for certain species or for 
perennial species in general, as to whether or not there will be significant growth in the upcoming months. 
MCD also hopes to gain a better understanding of the inter-relationship between grass clipping weights, species 
composition, and soil moisture levels. The data also serves the purpose of: 
 

¨  Providing valuable background and historical information that could be used in other research efforts 
(“setting the stage” for conditions in the Meeteetse area during the early 2000s).  

¨  Increasing accuracy for range and watershed modeling efforts.  
¨  An opportunity for local FFA to become involved with the District in range science. 
¨  Providing data to assist in developing a soil moisture threshold for certain species or for perennial grass 

species in general, as to whether or not there will be significant growth in the upcoming months. 
¨  Determining what soil moisture data might be most useful for producers. 

 

 



     

Appendix A 

CATEGORY SPECIES 
PERENNIAL 
GRASSES    
& SEDGES NEEDLE & THREAD 

 BLUEBUNCH WHEATGRASS 

 INDIAN RICEGRASS 

 BLUEGRASS 

 THREADLEAF SEDGE 

 BLUE GRAMA 

 IDAHO FESCUE 

 
RHIZOMATOUS 
WHEATGRASSES. 

 ALKALAI SACATON 

 JUNE GRASS 

 
OTHER OR UNIDENTIFED 
GRASS 

ANNUAL GRASSES   

FORBS   

 CACTUS 

 NOXIOUS WEED 

 ANNUAL FORB 

 FORB 

SHRUBS   

 GARDNER SALTBUSH 

 WINTERFAT or SHADSCALE 

 BIG SAGEBRUSH 

 SILVER SAGE 

 RABBIT BRUSH 

 OTHER 

COVER   

 LITTER 

 MOSS & LICHEN 

 PEBBLE<3/4" 

ROCK   
BARE SOIL   

 

 



     

Little Buffalo Basin Monthly Averages for April and  May Soil Moisture Data 2005 through 2008
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Little Buffalo Basin Monthly Averages for April and  MaySoil Moisture Data and April and May 
Precipitation Data collected at the MCD office for 2005 - 2008
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Soil Moisture Levels measured at Little Buffalo Bas in March 21, 2005 through August 31, 2008
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 Dry Forage Weight of Clippings at Little Buffalo Basin collected on August 22, 2005, August 8, 2006, and July 25, 2007 
and July 23, 2008

10

20

30

40

50

60

70

80

90

100

110

120

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Cage # where clippings were taken

dr
y 

w
ei

gh
t o

f c
lip

pi
ng

s 
in

 g
ra

m
s 

(d
ry

 w
t m

in
us

 ta
re

)

2005 Range
Clippings

2006 Range
Clippings

2007 Range
Clippings 

2008 Range
Clippings

Average Dry Wt
2005

Average Dry Wt
2006

Average Dry
Weight 2007

Average Dry Wt
2008

Dry Forage Weights

 

 





     

References 

Brown, L. 1979. Grasses and Identification Guide. Houghton Mifflin Company, Boston, MA. 

Smith, M.A. 2007.  Recognizing and Responding to Drought on Rangelands. WYO Range Facts MP-111.09. 
University of Wyoming Cooperative Extension Service. 

Stubbendieck, J., Hatch, S.L., C.H. Butterfield. 1997. North American Range Plants. University of Nebraska 
Press, Lincoln, NE. 

Wyoming Rangeland Monitoring Guide. A Cooperative and Voluntary Approach to Monitoring Rangelands. 
2001. Wyoming Range Service Team. 

Citation Oil & Gas Corporation 2009. Little Buffalo Basin. Available:  http://www.cogc.com/operations/rocky-
mountain/. 

 


