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Genomic Testing Does Not Correlate with Performance 
Phenotype in Crossbred Angus Cattle 1 
 
Mackenzie Roberts2, Victor Omar Perez3, and Michelle Kutzler4 

 

Synopsis 
 

Research was conducted to compare two 
commercially available genomic tests with collected 
birth weight (BW), weaning weight (WW), docility 

scores (DOC), and ultrasound measurement of 
subcutaneous fat thickness (FAT), rib-eye area 
(REA), and percent intramuscular fat (IMF%). 

 
Summary 

 

The objective of this research was to compare 
the predictive values of birth weight (BW), weaning 
weight (WW), docility scores (DOC), subcutaneous 
fat thickness (FAT), rib-eye area (REA), and percent 
intramuscular fat (IMF%) from two commercially 
available genomic testing companies, Zoetis and 
Neogen, with actual measurements of BW, WW, 
DOC, FAT, REA, and IMF% in crossbred Angus 
cattle. DOC was scored based on Beef Federation 
Guidelines. FAT, REA, and IMF percentage were 
measured ultrasonographically with a 7.5 mHZ 
linear transducer on a MindRay 5 unit using the 
functional distance, lasso tool, and ImageJ software, 
respectively. Overall, the results show no correlation 
between actual measurements and the genomic 

predictive data. Based upon these results, we found 
that currently available genomic testing does not 
accurately predict BW, WW, DOC, FAT, REA, and 
IMF percentage in crossbred Angus cattle. 

 
Introduction 

 

Before genomics, improving genetic traits in 
cattle was accomplished by phenotypic selection. 
Using genomic predictive values might shorten the 
generation intervals to produce superior livestock 
(Schefers et al., 2012). As an animal produces more 
offspring, the accuracy of the expected progeny 
difference (EPD) increases. Genomic testing has the 
possibility of accurately predicting EPDs before any 
progeny are produced (Beef Cattle Research 
Council, 2017). Although the sire accounts for half 
of the genetic traits the offspring will inherit, EPDs 
are primarily generated for bulls since bulls with 
superior genetics are more desirable. Genomic 
testing of heifers can also have advantages but 
producers will not see these returns until the heifer 
has had her first calf and that calf has been sent to 
slaughter. 
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Genomic panels developed for beef cattle utilize 
single nucleotide polymorphisms (SNP). A SNP is a 
single base pair mutation found at a specific location 
(loci) within the genome. SNP testing looks at areas 
that may be associated with, or located close to, a 
segment of DNA that codes for a specific protein 
(Beef Cattle Research Council, 2017).  NeoGen 
(formerly Merial) developed a low-density panel 
(Igenity®, containing 26,000 SNPs) whereas Zoetis 
(formerly Pfizer Animal Genetics) developed a 
medium-density panel (i50k™, containing 54,000 
SNPs). Genomic testing by both companies is being 
used to create predictive data on cattle and other 
livestock species to determine which individuals in 
the herd may have better value returns for producers 
in terms of performance at slaughter and production 
of future progeny. 

There are various phenotypic traits associated 
with performance that can be analyzed using 
genomic testing. Both NeoGen and Zoetis offer 
testing for crossbred Angus cattle using proprietary 
genomic sequences targeting these performance 
traits. NeoGen’s Igenity® test claims to be able to 
accurately predict the future performance of cattle 
with respect to birth weight, weaning weight, back 
fat thickness, ribeye area, percent intramuscular fat, 
and docility. Zoetis’s i50k™ test has similar claims. 

Birth weight (BW) is one trait beef producers 
use when looking at EPDs in bulls. Low BW is 
important when breeding heifers, as smaller calves 
are associated with less birthing difficulties 
(dystocia). However, high BW has been associated 
with increased gains at slaughter (Dawson et al., 
1947). Higher weights at weaning are associated 
with higher average daily gains and better returns at 
harvest. However, subcutaneous fat thickness and 
carcass quality/grade are not significantly associated 
with weaning weight (Christian et al., 1965).  

Subcutaneous back fat thickness is measured 
between the 12th and 13th rib at a distance three-
fourths the length of the ribeye from the chine 
(backbone). This measurement is adjusted if there 
are unusual amounts of fat in other areas of the 
carcass (Hale et al., 2013). The back fat 
measurement affects yield grade negatively as the 
more external fat the animal possesses, the less meat 

is yielded from the trimmed carcass. The USDA 
grades animals with excessive external fat the lowest 
(a score of ‘5’).  In addition to the amount of 
external and internal (kidney, heart and pelvic) fat 
and carcass weight, the yield grade of a carcass is 
also determined by the ribeye area (REA) (Bertelsen, 
2019.). An increase in the ribeye area increases the 
percentage of retail cuts, such that an increase of one 
square inch in ribeye area increases the yield grade 
by approximately 30% (Bertelsen, 2019.). 

Intramuscular fat (IMF), also known as 
marbling, is the streaks of white fatty tissue that 
appear between the muscle fibers in meat (Figure 
1). Intramuscular fat is one of the most important 
factors determining meat quality and consumers use 
it as a basis for estimating both the quality and 
nutritional value of beef (Albrecht et al., 2006).  

Ultrasonographic determination of the percentage of 
IMF (IMF%) can be made prior to slaughter (Nunes 
et al., 2014) and IMF% is highly correlated with the 
USDA marbling score (Peña et al., 2013). In 
addition, expression of the KLF3 gene variant 
H7/H7 is associated with significantly higher IMF in 
purebred Qinchaun cattle (Guo et al., 2018). 

 Producers also desire cattle that are more docile 
because calmer cattle are easier to handle and are 
safer for the rest of the herd.  In addition, cattle that 
become agitated during routine handling (or are 
more aggressive) have lower average daily gains and 
significantly lower body weights at finishing; 
whereas cattle that remain calmer during handling 
have higher average daily gains (Brouček et al., 
2008; Voisinet et al., 1997).  

NeoGen and Zoetis claim to offer beef producers 
returns on investment when testing calves for 
predictive values for the previously listed traits, but 
there has not yet been independent research to 
validate these claims in crossbred Angus cattle. The 
objectives of this research were to: (1) determine the 
performance traits in crossbred beef cattle and then 
(2) compare these traits to the results of genomic 
testing. It was hypothesized that genomic testing 
will strongly correlate with performance phenotypes, 
thereby providing producers with useful information 
for making decisions regarding selection of 
replacement breeding stock. 
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Materials and Methods 

 

The animals used for this experiment included 
90 crossbred Angus cattle from the Oregon State 
University Soap Creek Ranch in Corvallis, OR. The 
calves (45 males and 45 females) had samples 
collected over a two-day period immediately post-
weaning. In the first day post-weaning, calves were 
restrained in a squeeze chute and 10 mL of blood 
was collected from the tail vein into EDTA-
containing Vacutainer® tubes. Each tube was 
labeled with the calf’s ear tag number and kept on 
ice. In accordance with instructions provided by 
each genomic testing company, 1-2 drops of blood 
from each tube were deposited onto each blood card. 
Each blood card was labeled with the calf’s ear tag 
number and then shipped overnight to each 
manufacturer for genomic testing.  

Birth weight was measured within 24 hours after 
calving using a weight tape and weaning weight was 
measured at weaning (31 days ± 49 days) using a 
scale. NeoGen and Zoetis use the weaning weight at 
205 days for their genomic predictions. Due to 
varying ages of the calves at weaning, the 205-day 
weaning weight was calculated by determining 
average daily gain between birth and weaning. The 
average daily gain was then subtracted or added 
from the actual weight if the calf was not 205 days 
old.  Docility was scored based on Beef Federation 
Guidelines, which utilizes a 1 - 6 scale (Beef 
Improvement Federation, 2018). Docility scoring 
was evaluated twice on days one and two post-
weaning (https://youtu.be/ kQ5il28Woc) and 
docility scores for individual animals were averaged. 
On day two post-weaning, calves were restrained in 
a squeeze chute for ultrasound evaluation of live 
carcass traits using a 7.5 mHz linear transducer 
(MINDRAY model #50L60EAV) by a trained 
ultrasonographer. Briefly, hair was shaved over the 
ultrasonographic area of interest and 75% ethanol 
followed by ultrasound coupling gel was applied to 
the skin. The ribeye area (in2), back fat thickness 
(in), and percent intramuscular fat were measured by 
the same ultrasonographer at a point three-fourths 
the distance from the medial end of the longissimus 

dorsi muscle (12th-13th rib interface). The ribeye area 
was measured using the ultrasound machine’s 
functional distance tool.  The rib eye area fat 
thickness was measured using the ultrasound 
machine’s functional lasso tool. Measurements for 
rib eye area and back fat thickness from each calf 
were made in triplicate from each ultrasonographic 
image and averaged for each individual. A flow 
chart explaining how IMF percentage was calculated 
using ImageJ software (version 1.51) with Microsoft 
Excel (version 16.24) is provided in Figure 2.  
Briefly, the desired area to analyze was highlighted 
by clicking on the “Rectangle” on the ImageJ 
toolbar. A 1.5 cm (81 X 81 pixel) region of interest 
(ROI) was selected for analysis and then the lower 
and upper thresholds were set to 20 and 85, 
respectively. Phenotype measurements were 
compared with genomic scores using a simple linear 
regression using Microsoft Excel. 

 
Results 

 

For NeoGen’s Igenity® test, the higher the 
ranking, the heavier the calf at birth. Using a linear 
regression, only 11% of the birth weight can be 
predicted using NeoGen’s test (Figure 3). With 
respect to weaning weight, the higher the NeoGen 
ranking, the heavier the calf is predicted to be at 
weaning. NeoGen predicts values that indicate 
weaning should be done at 205 days of age. At both 
true weight at weaning (Figure 4), and calculated 
weaning weight (Figure 5), their results did not 
correlate with our phenotypic sampling.  The higher 
the NeoGen ranking for docility predicts for a more 
acceptable temperament. Using a linear regression, 
only 2% of DOC can be predicted using NeoGen’s 
test (Figure 6). With respect to back fat, the higher 
fat genomic scores equate to lower lean yield. Using 
a linear regression, less than 1% can be predicted 
using NeoGen’s data (Figure 7). NeoGen predicts 
rib eye area such that the higher genomic value, the 
better corresponding USDA carcass scoring. Using a 
linear regression, less than 1% can be predicted 
using NeoGen’s test (Figure 8). There was no 
correlation between the ultrasound measurement of 
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intramuscular fat (%IMF) and the genomic testing 
results from Neogen (Figure 9). 

Some Zoetis scores have negative values 
associated with them. Average Zoetis score for birth 
weight is 0.0, which translates into a BW of 75-80 
pounds; anything less than 0 is desirable because 
this would indicate a genetic predictability for a 
lower birth weight and just the opposite for anything 
higher than 0. Using a linear regression, only 5% of 
the birth weight can be predicted using the Zoetis 
test (Figure 10). Average Zoetis score for weaning 
weight is 45; anything higher than 45 is desirable 
because this would indicate a genetic predictability 
for a higher weaning weight and just the opposite for 
anything lower than 45. Zoetis predicts values that 
indicate weaning should be done at 205 days of age. 
At both true weight at weaning (Figure 11), and 
calculated weaning weight (Figure 12), their results 
did not correlate with our phenotypic sampling. 
Average Zoetis score for docility is 9 (quantified as 
a percentage). Results higher than the average are 
desirable because this would indicate a genetic 
predictability for a better disposition. Using a linear 
regression, only 0.06 % of the docility disposition 
can be predicted using the Zoetis test (Figure 13). 
Average Zoetis score for back fat thickness (between 
the 12th and 13th rib space) is 0.00 inches. Results 
lower than the average are desirable because this 
would indicate a genetic predictability for a better 
USDA yield grades. Using a linear regression, only 
0.4% of the back fat can be predicted using the 
Zoetis test (Figure 14). Average Zoetis score for rib 
eye area is 0.33 in2. Results higher than average are 
desirable because this would indicate a genetic 
predictability for a favorable impacts USDA yield 
grades and associated carcass premiums. Using a 
linear regression, only 0.4% of the rib eye area can 
be predicted using the Zoetis test (Figure 15). There 
was no correlation between the ultrasound 
measurement of intramuscular fat (%IMF) and the 
genomic testing results from Zoetis (Figure 16). 

 
Conclusions 

 

The results from the current study show that 
irrespective of company used, genomic test results 

do not correlate with performance traits in crossbred 
Angus calves. Both NeoGen and Zoetis utilize 
proprietary genetic sequences that each company 
believes relates to birth weight, weaning weight, 
docility, rib eye area and back fat. It would be 
interesting to compare and contrast which genetic 
sequences (genes) these companies use to predict 
these traits so that the predictive accuracy could be 
improved. Based upon the results of the current 
study, there is no evidence to support using this 
technology in crossbred cattle operations.  
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Figures 

 

 

Figure 1. Illustration of intramuscular fat (marbling) and subcutaneous back fat in a cut of beef. 
Courtesy of Nathan Parker.  
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Figure 2. Instructions on how to determine percentage of intramuscular fat (IMF%) from 
ultrasonographic images using ImageJ software.  
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Figure 3. Simple linear regression plot of birth weight (BW) by NeoGen’s genomic predicted birth 
weight. There was no correlation (R2 = 0.11065). 

 

Figure 4. Simple linear regression plot of true weaning weight (WW) by NeoGen’s genomic weaning 
weight value score. There was no correlation (R2 = 0.00282).  
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Figure 5. Simple linear regression plot of calculated weaning weight (WW) by NeoGen’s genomic 
weaning weight value score. There was no correlation (R2 <0.00001). 

 

Figure 6. Simple linear regression plot of docility (DOC) by NeoGen’s genomic docility value score. 
There was no correlation (R2 = 0.01876). 
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Figure 7. Simple linear regression plot of back fat thickness (x axis) by NeoGen’s genomic fat thickness 
value score. There was no correlation (R2 = 0.00159). 

 

Figure 8. Simple linear regression plot of ribeye area (REA) by NeoGen’s genomic ribeye area value 
score. There was no correlation (R2 = 0.00075). 
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Figure 9. Relationship between ultrasound determined %IMF area and genomic testing marbling score (GS Mrb 
Score) for the same animals provided by NeoGen genomic testing. There was no correlation (R2 = 0.0004). 

 

Figure 10. Simple linear regression plot of birth weight (BW) by Zoetis’ genomic birth weight value score. There 
was no correlation (R2 = 0.04929). 
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Figure 11.  Simple linear regression plot of true weaning weight (WW) by Zoetis’ genomic weaning 
weight value score (y axis). There was no correlation (R2 = 0.05615). 

 

Figure 12. Simple linear regression plot of calculated weaning weight (WW) by Zoetis’ genomic 
weaning weight value score. There was no correlation (R2 = 0.00205). 

977



Genomic Testing Does Not Correlate with Performance Phenotype in Crossbred Angus Cattle 
 

Page 13 
 

 

Figure 13. Simple linear regression plot of docility (DOC) by Zoetis’ genomic docility value score. 
There was no correlation (R2 = 0.00058). 

 

Figure 14. Simple linear regression plot of fat thickness by Zoetis’ genomic fat thickness value score. 
There was no correlation (R2 = 0.00398). 
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Figure 15. Simple linear regression plot of ribeye area (REA) by Zoetis’ genomic ribeye area value 
score. There was no correlation (R2 = 0.00393). 

 

Figure 16. Relationship between ultrasound determined IMF % area and marbling for the same animals 
provided by Zoetis genomic testing (% Rank). There was no correlation (R2 = 0.0201). 
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Management of Self-Regenerating Annual Clovers in Rainfed (Hay/Silage) and 
Irrigated (Dairy Grazing) Production Systems in Western Oregon 
 
Contact Person: Serkan Ates, Department of Animal and Rangeland Sciences, Corvallis, OR  
Phone Number: (541) 737-5060          Email: serkan.ates@oregonstate.edu 
Collaborators: David Hannaway, Troy Downing, Shelby Filley, Carlos Ochoa 
 
Project Objectives: The production and persistence of annual clovers are mainly dependent on rainfall, 
grazing management and flowering time (maturity) of the varieties. Early flowering cultivars exploit winter 
rainfall and ensure high quality forage and seed production early in spring. Later flowering annual clover 
cultivars always produce greater herbage production, if soil moisture is present. Current subterranean clover 
seeds available in the market are predominantly earliest flowering varieties (suitable for areas with <15 
inch rainfall). However, the amount and seasonal distribution of rainfall in Western Oregon would permit 
successfully growing mid-late flowering subterranean clover varieties and therefore producing greater 
amount of high quality forage. Within annual clover pastures, sowing cultivars together in mixtures that 
differ in flowering time may be useful in exploiting and coping with variable spring rainfall. Therefore, two 
interrelated experiments will investigate the total and seasonal pasture productivity, nutritive quality and 
persistence of annual legumes that belong to different groups of maturity in irrigated and rainfed pastures.  
The overall objective is to explore the potential of annual legumes in permanent pastures and develop 
sustainable management practices for higher productivity and persistence.  Specific objectives of the study 
are to (i) determine the forage and livestock production from pastures containing annual legumes with 
different maturities; and (ii) assess the production and persistence of self-regenerating annual legume 
varieties and perennial pasture species in irrigated and rainfed conditions.  
 
Project Start Date:  September 2019 (A preliminary study was conducted in 2018/2019 growing season) 

Project Completion Date: October 2021 

Project Status and Preliminary Findings: Two multispecies perennial pasture mixtures for rainfed-
hay/silage production (orchard grass, red clover, balansa clover and subterranean clover) and irrigated, 
grazed pastures (perennial ryegrass, orchard grass, chicory, white clover, balansa clover and subterranean 
clover) will be established both in 2.1-ha plots, in September 2019. Currently, the soil preparations for both 
fields are ongoing. The seeding will be realized in the final week of September. Following cultivation and 
seedbed preparation, both pasture paddocks will be divided into three, blocks to serve as replicates for the 
experiment. Each block will be divided into 3 subplots, which will be randomly allocated to a combination 

977

http://blogs.oregonstate.edu/beef


Oregon Beef Council Report – Progress Reports – Animal Sciences  
 

Page 16 
 

of (1) self-regenerating annual clover mixtures (2) or only perennial pastures without any annual clovers, 
giving a total 6 plots in both hay and grazing pastures. Pastures with annual clovers will be further divided 
into three subplot and planted with either early maturing annual clovers, later maturing annual clovers or 
mix of early-late maturing annual clovers. Seeds of legumes will be inoculated with the appropriate 
rhizobia. All plots will be fertilized based on the soil test results and recommendations of the Western 
Oregon and Washington Pasture Fertilizer Guide. 
 
A second experiment will be established to quantify the seasonal DM production, nutritive value and 
persistency of subterranean, balansa, and arrowleaf clover varieties in flat and hill sites in Corvallis (hill 
side: sheep unit; flat site: dairy unit). Following cultivation and seedbed preparation, binary mixtures of 
annual clover varieties with orchardgrass will be sown into 1.5 × 6 m plots in the final week of September. 
 
 

 
 
Image 1: The field map of dairy pastures. Irrigated pastures to be grazed by dairy heifers will be established 
Paddock 4, while the hay pastures will be planted in the east side of Paddock 8. 
 
A preliminary demo study was conducted to observe the persistence of balansa clover, subterranean clover, 
arrowleaf clover and Persian clover varieties in a highly waterlogged site. Both forage and seed production 
of all balansa and Persian clover varieties were promising while arrowleaf clover had a poor establishment 
and production. Although all subterranean clover varieties were able to establish, their growth and 
production were greatly stunted by the waterlogging conditions.  
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Image 2: A snapshot of the plots on June 13, 2019. Balansa clover at seed setting stage in the foreground 
and flowering Persian clover in the background. 
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Irrigation and Seeding Date Effects on Winter Grasses and Forbs Forage 
Production and Quality in Eastern Oregon 
Contact Person: Guojie Wang – EOARC Union 
Address: 372 S 10th St. Union OR 97883 
Phone Number: 541-962-3641 
Email: guojie.wang@oregonstate.edu 
 
Project Objectives: The research goal is to search and test the best management practices to produce 
high quantity and quality forages from winter species in eastern Oregon. The specific objectives are: 

 1) Evaluate diverse winter forage species to recommend the best choice; 
 2) Identify the best irrigation management protocol to produce winter forage species; 
 3) Identify the best seeding time to produce winter forage species; 

4) Quantify winter forage species regrowth potential after first cut. 

Project Start Date: September of 2018 

Expected Project Completion Date: December of 2020 

Project Status: We seeded five winter grasses, including winter barley, wheat, rye, triticale, and Italian 
ryegrass, along with five winter forbs, including hairy vetch, yellow sweetclover, Austrian pea, canola, 
and radish on September 21 and October 27, 2018. Irrigation in 2019 was carried out according to the 
experimental design with four treatments: 1) whole season irrigation from May 1 to September 15; 2) late 
season water shortage irrigation from May 1 to August 1; 3) middle and late season water shortage 
irrigation from May 1 to June 15; and 4) no irrigation at all. The plots were fertilized, weeded, and 
monitored after seeding and through the 2019 growing season. We harvested the plots when the 
corresponding forage species reached their maturity stage and will finish the harvesting right after the first 
noticeable frost this fall of 2019. The forage samples was grinded and will be grinded and sent to the lab 
for forage quality analysis this fall of 2019 and winter of 2020. The yield and forage quality data will be 
presented in the final report next year. 

 We will repeat this project another year with seeding this fall of 2019 and a full growing season 
of 2020. 
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Effect of Platelet Rich Plasma on Endometrial Cytokine Expression in Beef 
Heifers            
 
Contact Person:  Michelle Anne Kutzler – Oregon State University, Corvallis 
Address: 112 Withycombe Hall, Corvallis, OR  97331 
Phone Number:  541-737-1401 (office); 541-740-1434 (cell) 
E-mail:  michelle.kutzler@oregonstate.edu 
 
Project Objectives:   In 2017, the Oregon Beef Council funded a proposal to investigate the effect of 
platelet rich plasma (PRP) on the resolution of subclinical endometritis in beef heifers. Twenty-one 
commercial crossbred Angus heifers calving at the Oregon State University Hogg Animal Metabolism 
Barn from February-March 2018 were used for this study. Eighteen heifers calved without difficulty and 
three heifers had difficulty calving. One to two days after calving, heifers were turned out on pasture with 
their calves at Oregon State University’s Soap Creek Ranch. Two weeks after calving, each heifer was 
restrained in a chute. Following thorough cleaning and disinfection of the base of tail, perineum and 
external genitalia, endometrial samples were then collected for aerobic bacteriologic and cytologic 
analyses using a double guarded swab and cytobrush, respectively. An additional sample was collected 
using a double guarded swab and processed for future RNA isolation and determination of gene 
expression. Following sample collection from the eighteen normally-calving heifers, six heifers (selected 
randomly) were treated with PRP, six heifers were treated with platelet-poor plasma (PPP), and six 
heifers were treated with saline (SHE).  The three heifers that had difficulty calving were also treated with 
saline (SHD). In all cases, the treatment (10 mL) was aseptically infused into the uterus. Two weeks after 
treatment (4 weeks after calving), heifers were restrained in the chute again so that the transrectal 
palpation and ultrasonography and endometrial sample collection could be repeated.  
The results from this research support the hypothesis that PRP reduces subclinical endometritis as there 
was a decrease in the number of inflammatory cells (neutrophils and macrophages) found on the 
endometrial cytology. Despite these positive results, the physiologic mechanism for how PRP reduces 
inflammation is not known. During infection, small proteins (cytokines) are secreted from neutrophils and 
macrophages, which regulate immunity and inflammation. Interleukin-8 (IL-8) and tumor necrosis factor-
α (TNF-α) concentrations are elevated in uterine tissue within a few hours following experimental 
bacterial infusion into the uterus. Elevated interleukin-6 (IL-6) gene expression has been detected in cows 
susceptible to developing subclinical endometritis (Ishikawa et al., 2004). In addition, IL-8 and TNF-α 
gene expression are increased in the bovine uterus with subclinical endometritis (Fischer et al., 2010). 
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Therefore, the objective of the funded research is to determine if PRP reduces endometrial IL-8, IL-6, and 
TNF-α gene expression in beef heifers with subclinical endometritis.  
 
Project Start Date: July 1, 2019 
Expected Project Completion Date: June 30, 2020 
 
Project Status:  
Work completed 
Preliminary research in our laboratory demonstrated that collection of endometrial cells using a cotton 
swab yielded a greater RNA concentration than with a cytobrush. The tip of the endometrial swab from 
each heifer was placed in a sterile tube containing 1 mL Trizol reagent (Invitrogen) and sharply detached 
using scissors. Total RNA was extracted from endometrial samples according to the manufacturer’s 
instructions. Briefly, 0.2 mL of chloroform per 1 mL of Trizol reagent was added to each sample. Sample 
tubes were incubated for 2 minutes at room temperature and then centrifuged at 12,000 X g for 15 
minutes at 4°C. The aqueous phase was then transferred to a fresh tube and RNA was precipitated by 
mixing with 0.5 mL isopropyl alcohol. Samples were then be incubated at room temperature for 10 
minutes and centrifugation was repeated before removing the supernatant. The pellet was resuspended in 
1 mL of 75% ethanol. The samples were vortexed briefly and centrifuged at 7,500 X g for 5 minutes at 
4°C. The final RNA pellet was dried for 20 minutes at room temperature. The RNA was then dissolved in 
20 μL of RNase-free water by repetitive gentle pipetting and incubated in a heat block at 55°C for 10 
minutes. The integrity was verified at the Oregon State University Center for Genome Research and 
Biocomputing using the Agilent 4200 TapeStation. Of the forty-two RNA samples analyzed, only twenty-
four samples were deemed suitable for additional RNA analysis on the basis of RNA integrity (>4) and 
concentration (>25 ng/µL) (see Figure 1).  
 
Work continuing 
Quantitative real-time polymerase chain reaction (qRT-PCR) will be used to assess cytokine expression in 
the endometrial samples. First, cDNA will be synthesized using the qScript cDNA Synthesis Kit (Qiagen) 
according to the manufacturer’s instructions. Briefly, 500 ng of total RNA will be reverse transcribed by 
adding 4 μL of qScript reaction mix, 1.0 μL of qScript RT and nuclease free water to a final volume of 20 
μL. The cDNA will be prepared in the GeneAmp PCR System 9700 (Applied Biosystems) using the 
following program: 1 cycle at 22°C for 5 minutes, 1 cycle at 42°C for 30 minutes and 1 cycle at 85°C for 
5 minutes. At the end of the run, samples will be stored at -20 °C. The PerfeCta SYBR Green for iQ Kit 
(Invitrogen) will be used according to the manufacturer’s instructions to perform qRT-PCR analysis of 
IL-6, IL-8, and TNF-α transcript frequency. β-actin will be used as a housekeeping gene for internal 
control of the experiment. Briefly, 9 μL of PerfeCta SYBR green master mix for iQ (2X), 3 μL of primer 
sets at 3.3 μM, plus 3 μL of cDNA (approximately 10 ng) template will be added for a final reaction 
volume of 15 μL. The reaction will be performed in the iCycler iQ RTPCR detection system (Bio-Rad 
Laboratories) using the following program: 1 cycle at 50°C for 2 minutes, 1 cycle at 95°C for 30 seconds, 
45 cycles of 95°C for 15 seconds, 55°C for 30 seconds, and 72°C for 30 seconds. After cycling, the 
temperature will be increased starting from 56°C at a rate of 1°C every 10 seconds to generate a melting 
curve (40 times). Samples will be amplified in duplicate and a melt curve will be completed after each 
PCR reaction to ensure fluorescence quantification will be specific to a single PCR product. The 
specificity of PCR products from each primer pair will be further validated by sequence analysis 
(Beckman CEQ 2000XL) and the efficiency of PCR amplification will be determined. The amplification 
data obtained by the qRTPCR for individual genes will be expressed as cycle threshold (Ct) and will be 
subtracted from the Ct for β-actin to obtain the ∆Ct where (∆Ct = Ct [cytokine gene] - Ct [β-actin]). 
 
All statistical analyses will be performed using Graphpad Prism software. Differences will be considered 
significant for p<0.05. The Shapiro–Wilk test will be used to determine if the data in the groups is 
normally distributed (p>0.05). Gene expression data will be stratified by treatment group. This data 
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stratification will be used to determine how well relative expression levels (∆Ct) for individual cytokines 
(IL-6, IL-8, TNF-α) are associated with subclinical endometritis. Additionally, linear regression analyses 
will be used to determine the relationship between the proportion of neutrophils or macrophages (from the 
2017 study) and the level of IL-6, IL-8, and TNF-α expression in qRT-PCR. Linear regression analyses of 
the association between the expression of endometrial cytokines (IL-8 and IL-6), (IL-8 and TNF-α), and 
(IL-6 and TNF-α), will be performed to determine if there is a significant association within cytokine 
groupings. 
 
References:  
 
Fischer C, Drillich M, Odau S, et al. Selected pro-inflammatory factor transcripts in bovine endometrial 
epithelial cells are regulated during the oestrous cycle and elevated in case of subclinical or clinical 
endometritis. Reprod Fertil Dev 2010;22:818–829.  
 
Ishikawa Y, Nakada K, Hagiwara K, et al. Changes in interleukin-6 concentration in peripheral blood of 
pre- and post-partum dairy cattle and its relationship to postpartum reproductive diseases. J Vet Med Sci 
2004;66:1403–1408. 
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Figure 1. RNA integrity and concentration from the TapeStation (on this and two following pages).
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In vitro/Hybrid Approach to Study Nutrigenomic Effects of Fatty Acids 
 
Contact Person: Massimo Bionaz 
Address: 561 Weniger Hall, Corvallis, OR 97331 
Phone Number: (541) 737-9507               Email: massimo.bionaz@oregonstate.edu   
  
Project Objectives:  
1)  To use the newly develop in vivo-in vitro hybrid system to determine the activation of the various 
types of PPAR by most important fatty acids present in the diet of dairy cows. 
2)  Perform a pilot study to validate the in vitro results. 
 
Project Start Date: September 2018 
Project Completion Date:  December 2019 
We are submitting this project as progress 
report and not as final report 
 
Project Status: We have performed the first 
objective of our proposal. Results clearly 
indicated that most of the fatty acids known to 
be present in the diet of dairy cows activate 
PPAR in vitro, with higher activation detected 
by palmitic, 
stearic, and 
lauric acid 
(Figure 1). The 
data support a 
stronger 
activation of 
PPAR by 
certain fatty 
acids, especially 
interesting is the 
result about 
lauric acid. 

Figure 1 Bovine cells were treated with an increase concentration 
of several fatty acids in media and activation of the PPAR was 
measured. Letter in the graph denote linear (L), quadratic (Q), or 
cubic (C) statistical effect. 

Figure 2 Bovine cells were treated with single or combination of fatty acids and activation of PPAR 
measured. Presented are only the combinations of each fatty acid with lauric acid (C12:0).  
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Dietary lipids in dairy cows contain a mixture of fatty acids. Although theoretically PPAR bind fatty acids 
individually, it has been reported that certain types of PPAR bind more than one fatty acid simultaneously. 
More importantly, animals have a multiple of different fatty acids in the circulation. Therefore, based on 
results shown in Figure 1, we combined 2 or 3 fatty acids with the dose showing to maximally activate 
PPAR (Figure 2). Results clearly indicated that combination of 3 fatty acids is more effective than single 
fatty acids to activate PPAR. The combination of the 3 fatty acids with the highest activation of PPAR in 
vitro will be used to accomplish the second objective of this project. We are waiting for the IACUC 
approval to start with the in vivo experiment. 
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Perennial Bunchgrass Re-growth Under Different 
Utilization Seasons and Intensities 1 
 
Dustin Johnson2, Vanessa Schroeder2, David Bohnert2, Kirk Davies3, Pete Schreder2, Fara Brummer2, 
Chad Boyd3 and Travis Miller4 

 

Synopsis 
 

Assessing utilization with height-weight curves 
can lead to utilization estimates not consistent with 

expectations. Visual assessments of grazing that 
incorporate a manager’s expertise is a more 

appropriate way to assess and manage grazing at the 
pasture scale. 

 
Summary 

 

Despite new management guidelines on public 
lands, very little is known about how the timing and 
intensity of grazing influences sage-grouse’s 
potential nesting habitat. Specifically, the short-term 
re-growth response of bunchgrasses in response to 
differing timing and intensity of utilization is a 
relative unknown. The objectives of this project 
were to test the effect of common utilization seasons 
and intensities on the short-term ability of native 
perennial bunch grasses to provide and recover 
visual obscurity, volume, and height by the critical 
sage-grouse breeding season. We applied light, 
moderate and heavy utilization treatments across 
four different utilization regimes and assessed the 
regrowth of three different species of native 

perennial bunchgrasses. Our study identified a large 
knowledge gap within the field of rangeland ecology 
surrounding the assessment and quantification of 
grazing utilization. Assessing utilization with height-
weight curves can lead to utilization estimates not 
consistent with expectations. Our application of 
20%, 40% and 60% by weight utilization treatments 
were not in line with our intended light, moderate 
and heavy treatment classes. This has lead us to the 
conclusion that a manager’s expertise is the best way 
to assess and manage grazing at the pasture scale. 

 
Introduction 

 

The Greater Sage-grouse (Centrocercus 
urophasianus) has experienced significant 
population declines in the past several decades, 
currently occupying only 56% of its historic (pre-
1800) habitat (Innes 2016). The primary threats to 
sage-grouse are habitat based, with significant losses 
in habitat range contributing to the recent population 
declines (Aldridge et al. 2008). Sage-grouse are 
dependent upon the sagebrush ecosystem, requiring 
adequate levels of sagebrush and herbaceous cover 
for successful nesting (Connelly et al. 2000).  

977

http://blogs.oregonstate.edu./beefcattle/research-reports/
mailto:tmiller@blm.gov


Perennial Bunchgrass Re-growth Under Different Utilization Seasons and Intensities 
 

Page 30 
 

Landscape scale threats impacting the sage-
steppe, coupled with documented sage-grouse 
population declines, have resulted in multiple 
petitions for the United States Fish and Wildlife 
Service (USFWS) to list the bird under the 
Endangered Species Act. The USFWS ruled on the 
petition during the fall of 2015, reaching a decision 
of not warranted, primarily due to the large number 
of conservation efforts arising throughout the west to 
bolster and conserve habitat. However, leading up to 
the 2015 decision, the Bureau of Land Management 
(BLM) released management guidelines that could 
change current grazing on some BLM allotments in 
an effort to preserve adequate nesting cover. 
Possible changes might include reduced permitted 
AUMs or season of use. In addition, while agencies 
are increasingly directing more money towards 
restoration of degraded rangelands, sustaining 
existing habitat through effective management is of 
equal or greater importance. In the face of 
multifaceted, landscape scale threats to the sage-
steppe ecosystem, much of the existing habitat, 
particularly in Oregon, remains relatively intact. 
Thus, research that improves our understanding of 
management strategies contributing to the 
productivity and resiliency of intact sagebrush 
rangeland is vital for sustaining both healthy 
populations of sage-grouse, as well as the economic 
viability of ranching in Oregon. 

Structure is a key component of quality habitat 
for sage-grouse, especially during nesting season. 
Shrub canopy cover provides vertical visual 
obstruction from avian predators, while bunchgrass 
and shrub volume laterally obscure nesting sage-
grouse and chicks from land-based predators. 
Previous work in Wyoming indicates that grouse 
selected nests in areas with greater shrub canopy 
cover, grass cover and height compared to random 
sites (Holloran and Anderson 2005), and chick 
survival has been shown to be positively correlated 
to herbaceous cover (Gregg and Crawford 2009). 
Cattle grazing can affect bunchgrass cover, thereby 
altering available screening cover for nesting grouse. 
Most research-based studies have examined only 
plant community responses to growing season 
grazing (Beck and Mitchell 2000). Even though 

season of use potentially plays a dominant role in 
determining the effects of grazing on sagebrush 
habitat, there are no studies that directly assess how 
different utilization seasons and intensities influence 
subsequent year’s potential nesting cover provided 
by bunchgrasses. As such, there is a potential risk 
that non-science-based literature and assumptions 
will play a role in determining the direction of public 
land management where priorities are now focused 
on the management of sage-grouse habitat.   

 For example, Instructive Memorandum 2016-
142 put forth by the BLM Washington Office 
mandates that at least one NEPA alternative be 
analyzed that incorporates thresholds and responses. 
These thresholds are meant to ensure the success of 
the sage-grouse habitat objectives set forth in the 
Approved Resource Management Plan Amendments 
(ARMPA; Table 2-2); such as perennial bunchgrass 
cover of 10 to 30% and perennial grass and forb 
height of 7 inches in warm-dry sagebrush types. 
Land managers are currently grappling with the 
development of biologically relevant thresholds, 
which when crossed would trigger a response action, 
such as altering the number of cattle, timing, or 
season of grazing. Research examining the effects of 
different grazing regimes on potential thresholds, 
such as utilization, stubble height, and percent cover 
of perennial bunchgrasses, is critical for establishing 
science-based thresholds, and developing 
management strategies to help ensure that plant 
communities will meet the habitat objectives set 
forth in the ARMPAs.  

Despite the new management guidelines, very 
little is known about how the timing and intensity of 
grazing influences sage-grouse’s potential nesting 
habitat. Specifically, the short-term re-growth 
response of bunchgrasses in response to differing 
timing and intensity of utilization is a relative 
unknown and of particular importance with regards 
to the standards set forth in the ARMPAs. In light of 
the USFWS’s pending 2020 status review on sage-
grouse, it is imperative to better understand the 
ability of our native bunchgrasses to provide and 
recover visual obscurity (i.e., nesting cover) under 
various utilization regimes. Land managers’ ability 
to effectively maintain healthy sage-steppe 
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ecosystems that sustain both agriculture and healthy 
wildlife populations depends on effective 
management strategies supported by science.  

 The objectives of this project were to test the 
effect of common utilization seasons and intensities 
on the short-term ability of native perennial bunch 
grasses to provide and recover visual obscurity, 
volume, and height by the critical sage-grouse 
breeding season (March 1 to June 30).   
Additionally, we evaluated evaluate the cumulative 
effects of repeated application of common utilization 
regimes on the longer-term structural attributes 
(basal area, canopy volume) associated with 
individual bunchgrass plants. 

 
Materials and Methods 

 

Study Area 
 We established study sites in three areas across 

Southeastern Oregon, one located at the Northern 
Great Basin Experimental Range (NGBER) 
approximately 35 miles west of Burns, Oregon, one 
at Hart Mountain National Antelope Refuge, and the 
third located on a private ranch near Diamond, 
Oregon. Within the NGBER study area, we have 
established six 5-acre study sites (i.e., blocks) that 
are excluded from livestock use, four blocks in 
Diamond and three at Hart Mountain for a total of 13 
blocks. 
Treatments/Design 

Treatments were arranged in a 4 X 4 factorial 
design including four different utilization treatments 
(none, light, moderate, and heavy) across four 
different seasons (May 1st (SPRING), May 1st and 
July 15th in alternating years (SPRING-
DEFERRED), July 15th (DEFERRED), and 
November 1st (DORMANT)), and applied in a 
randomized block design. The time frames 
associated with utilization regimes approximate 
grazing use typical for BLM allotments.  
Bunchgrasses present at study sites include 
bluebunch wheatgrass (Pseudoroegneria spicata), 
Thurber’s needlegrass (Achnatherum thurberianum), 
and Idaho fescue (Festuca idahoensis).  Species are 
held constant at the site level, by selecting only the 
dominant species within the site. We selected and 

marked three bunchgrasses within the same size 
class for each treatment combination prior to study 
initiation within each study site. In order to 
minimize differences in grazing history at the plant 
or site level, all pre- selected plants were clipped to a 
stubble height of four inches during November of 
2016 prior to the start of the study in 2017. In 2017-
2018, each plant was hand clipped to the stubble 
height determined by our site and species specific 
height-weight utilization curves that correlates to its 
randomly assigned utilization level in order to 
simulate grazing. Treatment intensities were light 
(20%), moderate (40%) and heavy (60%). These 
three treatment intensities were applied across the 
four utilization regimes, for a total of 12 treatment 
types plus a control with no clipping for 13 
treatment classes (table 1). 

 
Results/Conclusions 

 

Issues with Quantifying Utilization 
At the start of this study we were surprised to 

find that grass utilization has no standard 
quantification method, and past studies define 
moderate in a wide variety of ways. We chose 20%, 
40% and 60% by weight as our various intensities to 
reflect light, moderate and heavy in hopes that these 
would accurately reflect those classes. Although 
50% by weight has been suggested as moderate 
grazing (“take-half, leave half”), we felt we should 
apply a more conservative, and what we thought to 
be more reflective of contemporary grazing, defining 
40% as the moderate utilization intensity. As we 
began to implement this study it became 
increasingly clear that “moderate utilization” has a 
wide variety of meanings. This was clearly 
problematic, as we hoped to apply common 
utilization regimes in our study, but common 
regimes do not seem to exist. Many past clip studies 
arbitrarily assign a clip height to their treatments and 
stratify clip heights into various intensities. We 
chose to avoid this route because each plant will 
experience the same clip height quite differently; a 
small bunchgrass, for example, at only 8 cm tall has 
much less biomass removed when clipped to 3 cm 
than a tall, robust bunchgrass that is 32 cm tall. 
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While clipped to the same height, the percent 
utilization of each of those bunchgrasses differs 
drastically. For this reason we chose to define our 
intensity treatments by percent of the plant’s 
aboveground weight removed. Furthermore, the 
adage “take half, leave half” typically refers to half 
the biomass, not a certain clip height. If we chose 
standard clip heights as our treatment, we would not 
be able to interpret our results in terms of percent 
biomass removed.  
In order to know how much to remove from each 
plant, we created height-weight curves. These curves 
correlate the percentage of the height removed from 
each plant to the percentage of the weight removed 
(Coulloudon et al. 1999). Using this mathematical 
relationship, we were then able to measure the max 
height of our study plants, and calculate what height 
to clip the plant to in order to achieve our target 
percent utilization by weight (20, 40 or 60%) (Figure 
1). We chose to create our height-weight curves 
using standing crop (this year and previous years’ 
growth combined) because cows consume the entire 
plant, and we are interested in wildlife habitat 
metrics such as visual obscurity, which rely on both 
new and old growth. However, when calculated in 
this way, each subsequent treatment year becomes 
more extreme: when 40% of the aboveground plant 
biomass is removed, if it does not regrow to recover 
all of that loss, the next year the the plant will be 
shorter, leading to a shorter clip height and more 
extreme treatment. This can be clearly seen in figure 
2 examining height-weight curves for Thurber’s 
needlegrass in the summer (defer) and dormant 
season. The 2018 dormant curve (light green) is 
much more extreme than the 2017 dormant curve 
(dark green); it takes more height removal to meet 
the percentage by weight targets in 2018 than 2017. 
The summer curves reflect the same pattern: summer 
2018 (dark blue) is more extreme than summer 2017 
(light blue). For example, about 97% of the height of 
the plant needed to be removed to achieve 40% 
weight removal for dormant 2018 compared to 90% 
of the height removed to achieve 50% weight 
removal in 2017. This pattern can be seen in the 
averaged clip heights of bluebunch wheatgrass and 
Thurber's needlegrass for the treatment applications 

in 2017 and 2018 (table 2). Some treatments were 
reduced by as much as 55% in 2018 compared to 
2017 (example highlighted in red). Most of the 
weight of a bunchgrass is at the base of a bunchgrass 
in the bottom 10%. To achieve 40 or 60% reduction 
in weight a very large proportion of the height must 
be removed (figures 3-4). This is simply an artefact 
of the method for quantifying utilization using 
height-weight curves. For this reason, our treatment 
in 2018 was much more extreme than 2017, and not 
reflective of light, moderate and heavy grazing. We 
feel that our moderate treatments were more 
reflective of heavy utilization (figure 4) and our 
heavy treatments appear to be more extreme (figure 
3).    
What does moderate grazing really mean? 

We are in the position where we have identified 
a concerning gap within the field of rangeland 
ecology. The way scientists, managers and cattlemen 
talk about utilization is not consistent, nor is it 
replicable. We chose the most labor intensive and 
quantitative method for assessing utilization, and 
found glaring issues. For a separate grazing study we 
are concurrently implementing, we have measured 
or estimated grazing utilization in four different 
ways and found large discrepancies between all 
methods. This leads us to the conclusion that a 
manager’s expertise is the best way to assess and 
manage grazing. A manager walking through a 
pasture can assess variable use, species preference, 
current years weather conditions and a variety of 
other complex factors and incorporate them into an 
adaptive management plan which tweaks 
management in order to improve or maintain 
rangeland and herd health in a way that no 
quantitative method currently can. However, 
managers likely assess grazing differently depending 
on their management goals. A permittee might 
define moderate less conservatively if they are 
managing to reduce fine fuels and fire risk, while a 
wildlife biologist might be very conservative if their 
goal is to leave plenty of cover for wildlife, and 
range cons might fall somewhere in the middle. We 
are interested in better understanding if managers do 
assess and manage grazing differently depending on 
their jobs or management goals. 
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The concerns raised during this project have led 
us to support visual assessments of grazing and 
utilization, and move away from quantitative 
assessments using utilization by weight. As a direct 
result of this OBC funded research we plan to 
implement a new study that will help shed light on 
what moderate grazing means to different managers. 
Grazing utilization is not usually assessed at the 
individual bunchgrass level. Our future work will 
shift away from the plant level to the site level where 
we will evaluate utilization using expert opinion and 
landscape appearance methods. While not in our 
original study design, we believe it will actually 
prove more beneficial to scale up to the site and 
pasture level where managers actually assess grazing 
utilization.  Additionally, we plan to look at what 
factors influence any potential differences in how 
managers evaluate and manage for grazing use. 

Understanding some of the complexity that 
managers use when assessing grazing should help us 
identify and ultimately rectify discrepancies in 
assessing and management of grazing. How different 
groups of managers assess moderate utilization has 
far reaching implications for the future management 
of our rangelands. Without a common understanding 
of what moderate grazing is, managers lack the 
ability to communicate or replicate grazing 
management. By shedding light on some of these 
nuanced differences in grazing assessment, we hope 
to connect the dots between how public land 
managers, permittees and biologists quantify and 
manage grazing utilization. 

 

 
Acknowledgments 

 

This research study was financially supported by 
the Oregon Beef Council. 

Literature Cited 
 

Aldridge, C.L., Nielsen, S.E., Beyer, H.L., Boyce, 
M.S., Connelly, J.W., Knick, S.T. and Schroeder, 
M.A., 2008. Range‐wide patterns of greater sage‐
grouse persistence. Diversity and Distributions, 14(6), 
pp.983-994. 
 

Beck, J.L. and Mitchell, D.L., 2000. Influences of 
livestock grazing on sage grouse habitat. Wildlife 
Society Bulletin, pp.993-1002. 
 
Coulloudon, B., Eshelman, K., Gianola, J., Habich, 
N., Hughes, L., Johnson, C., Pellant, M., Podborny, 
P., Rasmussen, A., Robles, B. and Shaver, P., 1999. 
Utilization studies and residual measurements. USDA 
Forest Service and US Department of the Interior 
Bureau of Land Management, Bureau of Land 
Management’s National Applied Resource Sciences 
Center, Denver, Colorado, USA. 
 
Gregg, M.A. and Crawford, J.A., 2009. Survival of 
greater sage‐grouse chicks and broods in the northern 
Great Basin. The Journal of Wildlife 
Management, 73(6), pp.904-913. 
 
Holloran, M.J. and Anderson, S.H., 2005. Spatial 
distribution of greater sage-grouse nests in relatively 
contiguous sagebrush habitats. The Condor, 107(4), 
pp.742-752. 
 
Innes, Robin J. 2016. Centrocercus minimus, C. 
urophasianus, sage-grouse. In: Fire Effects 
Information System, [Online]. U.S. Department of 
Agriculture, Forest Service, Rocky Mountain 
Research Station, Missoula Fire Sciences Laboratory 
(Producer). Available: 
http://www.fs.fed.us/database/feis/animals/bird/cent/a
ll.html  
  

977



Perennial Bunchgrass Re-growth Under Different Utilization Seasons and Intensities 
 

Page 34 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1. Table of treatments. All 13 treatments were applied across three different 
species: Idaho fescue, bluebunch wheatgrass and Thurber's needlegrass. 

Table 2. Average clip heights across years and treatments for bluebunch wheatgrass 
(above) and Thurber's needlegrass (bottom). Some treatments were reduced by as 
much as 55% in 2018 compared to 2017 (example highlighted in red). 
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Figure 1. Example of the creation of a height weight curve. Each grass has the max height measured, then divided into 10% segments 
(indicated by the pink lines). Each segment is clipped, then dried and weighed and calculated to determine what percentage weight of 
the total plant that segment of height represents. This leads to the creation of a graph correlating the percentage of the height segment 
of the plant to the percentage of the weight of the total. The inset table and graphs are examples of one such curve. The graphs show 
the same data, with the axes inverted. 

Figure 2. Thurber's needlegrass (ACTH) height-weight curves for summer (defer) (blue) and dormant 
season (green) utilization in 2017 (dark) and 2018 (light). The 2018 dormant curve (light green) is much 
more extreme than the 2017 dormant curve (dark green). The summer curves reflect the same pattern: 
summer 2018 (dark blue) is more extreme than summer 2017 (light blue). It took more height removal 
to meet the percent weight targets in 2018 than in 2017. About 97% of the height of the plant needed 
to be removed to achieve 40% weight removal for Dormant 2018 compared to 90% of the height 
removed to achieve 50% weight removal in 2017. 
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Figure 3. Example of Thurber's needlegrass clipped during dormant season 2018. Initial height was 21.8cm, 91.6% of 
the height was removed to meet the target of 60% weight removal. Grass was clipped to 1.8cm. 

Figure 4.  Example of bluebunch wheatgrass clipped during dormant season 2018. Initial height was 36 cm, 87.3% of the 
height was removed to meet the target of 40% weight removal. Grass was clipped to 4.6cm. 
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Targeted Grazing as a Management Opportunity for Control 
of Ventenata dubia in Oregon Meadows 1 
 
Lesley Morris2 and Fara Brummer3 

Synopsis 
 

Ventenata dubia is a fine fuel concern in the 
northern Great Basin and a degrader of wildlife 

habitat.  It has similar forage quality to cheatgrass 
but reaches satisfactory height for grazing in late 

spring. Ventenata dubia was utilized by cattle in the 
meadow system employed for this project. 

 
Summary 

 

Ventenata (Ventenata dubia), a winter 
germinating annual grass from North Africa, has 
been identified as a serious invader throughout the 
Pacific Northwest Region, compromising forage 
availability, plant communities, wildlife habitat, and 
adding to fine fuel loads in the northern Great Basin 
(Brummer et al., 2018).  Targeted grazing may prove 
to be a cost effective control measure; however, 
livestock producers, managers, and researchers have 
reported that ventenata has commonly been rejected 
by cattle, with only a few reports of seasonal 
grazing.  Both low palatability and timing of plant 
growth during grazing have been hypothesized as 
reasons for low use.  Our systematic forage quality 
testing of ventenata in 2018 – 2019 shows that 
ventenata quality is similar to cheatgrass and 
provides adequate nutrition for grazing cows until 
mid to late June.  Our paired plot utilization study in 

2019 was conducted with 9 caged exclosures per 
meadow and corresponding grazed plots for every 
exclosure at three levels of ventenata frequency.  
Results from this pilot study showed utilization of 
ventenata during late May into June at the elongation 
phase, which occurred in late spring. 

 
Introduction 

 

Oregon has traditionally been a source of native 
perennial forage that has sustained both livestock 
production and wildlife populations. Unfortunately, 
our working landscapes and wildlife habitat are 
facing catastrophic threats.  Invasive annual grasses 
reduce habitat diversity for important wildlife 
species, such as the greater sage-grouse 
(Centrocercus urophasianus) by increasing the 
occurrence and size of wildfires.  While cheatgrass 
and medusahead are well known and studied, 
ventenata (Ventenata dubia) is a more recent annual 
grass invader with very little research attention 
(Wallace et al. 2015).   

Ventenata dubia was first seen in Washington in 
1952, and has since spread throughout the Pacific 
Northwest and western Canada. The arrival of 
ventenata in Oregon is undocumented; however, its 
spread has been very rapid. For example, monitoring 
sites in NE Oregon reveal that abundance of 
ventenata has nearly doubled in just 7 years (Ridder, 
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2014). It apparently can invade both highly disturbed 
and undisturbed sites even faster than cheatgrass, 
with or without fire.  Once established, this wispy 
annual grass increases in density and reportedly 
replaces native grasses. Recent research shows 
competition with ventenata seedlings reduces growth 
of native bluebunch wheatgrass seedlings (McKay et 
al., 2017). Ventenata’s economic impacts are also 
becoming clear. As an undesirable forage grass, its 
dominance in pastures has already reduced forage 
yields by 75% and hay values by 28% per ton in 
Idaho.  Finally, it may also pose a threat to both 
crops and native grasses because it can host and may 
facilitate transmission of two types of yellow dwarf 
virus in grasses. 

Ventenata has been identified as a problem in 
several meadow systems of Lake County, Oregon. 
The increasing abundance of ventenata in these 
meadows represents a threat to both livestock 
production and wildlife habitat for Greater sage-
grouse because these mesic (e.g. moderately wet) 
systems are highly productive, serve as a major 
source of summer forage for cattle, and serve as an 
important component of sage-grouse late brood 
rearing habitat (Donnelly et al., 2016). Livestock 
producers, managers, and researchers around the 
region report ventenata is commonly rejected by 
cattle.  Reasons for low utilization of ventenata are 
unclear. Both low palatability and timing of plant 
growth during grazing have been hypothesized as 
reasons for low use (Wallace et al., 2015).  

High desert meadows are important habitat for 
sage-grouse when birds are reliant on herbaceous 
forbs and insects (Donnelly et al., 2016). Given that 
just 50% cover of ventenata can have cascading 
effects on survival of song birds through reduced 
plant diversity, structure, and insect abundance, 
there is concern that increasing ventenata will also 
decrease the suitability of these mesic habitats. Plus, 
nearly half of these mesic habitats in the continuous 
United States have been lost (Donnelly et al., 2016). 
Therefore, the presence and spread of ventenata in 
these important cattle and sage-grouse rearing 
habitat areas is especially troublesome. Furthermore, 
the intersection of cattle and sage-grouse habitat 
illustrates the need and potential utility to examine 

the use of targeted grazing as a means for controlling 
this invasive weed (McKay et al., 2017).  

Grazing provides a lower cost annual treatment 
for controlling invasive grasses when utilized at the 
right time and stocking density. Its beneficial effects 
may also be longer in duration than herbicidal 
treatment. Our two year project provides land 
managers with the foundational information that is 
necessary to consider grazing treatments for the 
utilization and control of Ventenata dubia; however, 
further research is required to enhance information 
for controlled management of this grassy annual 
invader.   

 
Materials and Methods 

 

Our study occurred in two privately owned 
meadows in Lake County that are connected 
hydrologically but separated by a fence line in Lake 
County, and have similar size, ecological site, 
stocking rate, and prior herbicide treatment (Table 
1), but differ in their growth stage of ventenata 
during grazing rotations.  In order to examine the 
utilization of ventenata by beef cattle on ventenata 
during different growth stages of this annual grass, 
we measured it’s frequency  in both Meadow 1 & 2 
before and after grazing in 2018  by clipping and 
measuring plots within three days of grazing 
treatment.  Plots were defined by a one square meter 
frame in randomly chosen sites.  In 2018, we 
sampled one growth year from mid-April to the end 
of July; however in 2019, we only sampled from the 
beginning of May until the middle of May due to the 
lack of ungrazed sites.  We composited same day 
samples when necessary if plant material was 
insufficient.  We added the component of a paired 
plot system in 2019 by choosing paired plots in three 
replicates by frequency levels that were documented 
in 2018 as follows:  (low = 0% -45%), (medium = 
45%-70%), and (high = 70%-100%), for a total of 9 
paired plots per meadow.  Pairs were established as 
caged 1.2 meter X 1.2 meter (4 ft. X 4 ft.) exclosures 
and a corresponding grazed location separated by at 
least 31 meters (100 feet) (Interagency Technical 
Reference, 1999).  Plots were clipped post grazing 
within three days of cattle removal.  In addition, 
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plots were resampled in mid-June to determine 
possible ventenata regrowth.  When plots were 
clipped in both 2018 and 2019, plant material 
samples were separated on site to ventenata and 
other grasses, then weighed to determine wet 
biomass.  Ventenata samples in 2018 were oven 
dried at 55C for 48 hours, ground to 1 mm, and 
composited per pasture, followed by wet chemistry 
analysis of crude protein, acid detergent fiber, 
neutral detergent fiber, lignin, and macro minerals at 
Dairyland Labs, St. Cloud MN.  In 2019, a similar 
system was utilized but samples were sent in their 
entirety to the same laboratory as above.  Results 
from 2018 were reported as mean + SD, and crude 
protein as a primary component of forage quality 
was graphed comparatively with cheatgrass (Bromus 
tectorum), based on nutrient requirements of a 
mature lactating cow (Figure 1).  Results from 2019 
were reported as mean + SD. One - way ANOVA 
was used for comparison of ventenata frequency 
levels with significance declared at p=0.05. 

 
Results 

 

We found that over the growing season in 2018, 
Ventenata mean wet biomass ranged from 27 to 
2,452 kilograms / hectare (24 – 2188 lbs/acre), in 
comparison with other vegetation in the meadow 
that ranged from 262 to 3,859 kilograms / hectare 
(234 – 3443 lbs/acre).  Frequency of ventenata 
ranged from 25% to 100%.  At one hundred percent 
presence, during the peak of forage quality ventenata 
mean dry weight ranged from 180 to 447 kilograms 
per hectare (170 – 399 lbs/acre). Forage quality 
peaked in late May at the elongation phase and was 
adequate for spring calving beef cow/calf grazing 
from the onset of growth in April until the last week 
of June.  Comparative crude protein analysis with 
cheatgrass is given in Figure 1 and graphically 
depicted in Figure 2.  Mean height of ventenata prior 
to May 28th was less than 10 cm (4 inches) and was 
likely not grazed by cattle amidst the much taller 
meadow vegetation.   

In 2019, our paired plot system demonstrated 
utilization of ventenata during late May by cattle 
over three different ventenata frequencies.  Grazing 

in early May provided inconsistent data with respect 
to utilization, most likely due to low grazing height 
of ventenata.  In late May, cattle utilized the 
ventenata from 43% to 98%, depending on site 
location (figure 3).  Meadow hydrology may have 
influenced grazing choices as some spots were 
wetter than others.  A large variance within 
frequency groups indicated unequal distribution of 
grazing, however, no significant differences were 
noted between ventenata frequency groups (p=0.34).  
Further rigorous testing over time is essential to 
determine cattle grazing aptitude of ventenata and 
possible influence of ventenata frequency on cattle 
choices while grazing.   

Re-sampling of ventenata in June 2019 after 
cattle had grazed the meadow showed that ventenata 
had increased in wet biomass from the previous 
sampling date, indicating a possible re-tillering 
effect of this invasive grass.  While grazing on 
ventenata was confirmed within the meadow, it was 
unfortunately claiming a dominant foothold in areas 
of the meadows at the end of the growing season.  
More precise grazing prescriptions based on 
continued research will be necessary to mitigate this 
invasive annual grass. 

 
Conclusions 

 

This study provided the first steps in 
understanding Ventenata dubia as a forage source 
for grazing cattle.  We demonstrated that forage 
quality is adequate and provided a one year snapshot 
of dry matter biomass.  However, as annual grasses 
tend to demonstrate a strong year response to yearly 
precipitation and temperature fluctuations, this study 
will benefit from an additional year of quantitative 
and quality sampling.  This study also demonstrated 
that grazing cattle will utilize ventenata most 
appropriately during late spring at all frequency 
levels. 
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Table 1. – Description of the two meadow system employed in this study. 

  

 Ecological 
Site 

Size 
Acres 

Herbicide 
Treatment 

Typical 
Stocking Rate 

Growth Stage During 
Grazing 

Meadow 1 Dry 
Floodplain 

33  Imazapic Fall 
2016 

1.4 AUMs/acre Vegetative 

Meadow 2 Dry 
Floodplain 

29 Imazapic Fall 
2016 

1.2 AUMs/acre Elongation - Reproductive 
“Boot stage” 
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Figure 1. - Ventenata crude protein %, 2018, in comparison with cheatgrass (BrTe), 1992, 1993. 

 

 

 

 

 

 

 

 

Figure 2. – Percent crude protein of ventenata and growth stage, 2018. 
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Figure 3. – Utilization levels of Ventenata at elongation phase, 2019.  Utilization of ventenata in plots 
with low (0-45%), medium (45-70%) and high (>70%) infestation levels of the invasive annual grass.  
No significant difference (p=0.34) was noted between infestation levels. 
 

 

 

Picture 1. – Cattle grazing in ventenata infested meadow area. 
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Developing Conservation Measures to Restore and Rehabilitate Rangelands 
on Degraded Sage-Grouse Habitat in Southeastern Oregon (Year 2 of 3) 
 
Contact Person:  Sergio A. Arispe, Dustin Johnson, and Kirk Davies 
Address: 710 SW 5th Ave – Ontario, OR 97914 

Phone Number: (541) 881-1417          Email: sergio.arispe@oregonstate.edu 
 
Project Objectives:  The objectives of this experiment were to: 1) implement one mechanical and one 
fire treatment to restore and/or rehabilitate degraded sage-grouse habitat on four ranches with deeded 
property enrolled in the Greater Sage-Grouse Candidate Conservation Agreement with Assurances 
(CCAA); 2) apply native and introduced seeding treatments to five experimental plots on four cow-calf 
ranches; 3) measure and evaluate plant community responses two years (April through November) after 
using mechanical, chemical, and fire treatments, as well as native and introduced fall seedings on 
Ecological State C, low elevation sagebrush rangelands.   
 
Project Start Date: Fall of 2017 
 
Expected Project Completion Date: Fall of 2020 
 
Project Status:  In 2016, Ecological State C sites were selected on four cow-calf operations in Malheur 
and Harney counties whose managers were influential in enrolling land in CCAAs.  These sites were 
selected due to decadent sagebrush and Sandberg bluegrass and/or annual grasses dominance.  Sagebrush 
cover on these sites is greater than 10% and is capable of providing seasonal sage-grouse habitat. 
However, these sites lack resiliency after disturbances like wildfire because they are largely devoid of 
desired, deep-rooted perennial understory grasses and forbs and occur in warm, dry areas of the sagebrush 
ecosystem that are most prone to invasion by exotic annual grasses like cheatgrass and medusahead.  In 
Fall 2016, exclosures were established and baseline data were recorded for cover and density of grass, 
forb, and shrubs.  The following fire, mechanical, and chemical treatments were implemented on 
individual 30 m x 11 m plots at each experimental site: 1) Prescribed burn with imazapic and glyphosate 
(Fall 2016; OSU-funded); 2) Imazapic and glyphosate (Fall 2016; OSU-funded); 3) Disking (Spring 
2017; OSU-funded), 4) Prescribed burn (Fall 2017; Oregon Beef Council (OBC) funded); and 5) 
Modified rangeland drill (November 2017; OBC & OSU-funded).  These treatments were seeded at 12 
lb/acre pure live seed with native (bluebunch wheatgrass and bottlebrush squirreltail; OBC-funded) and 
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introduced (desert & Siberian wheatgrass; OBC-funded) grasses the week of November 6th—using OBC 
funds.  During mid-February and early March 2018, Wyoming big sagebrush was broadcasted on native 
experimental plots while immigrant forage kochia was broadcasted on introduced seeding treatments 
(Figure 1). Limited precipitation suppressed plant growth, which delays the nutritional value of clippings 
until April through November 2019.  Figures 2-7 highlight an example of all treatments and seedings at 
one location. 
 
In 2019, spring precipitation promoted seedling emergence from the 2017 seeding.  During the first week 
of June, data was collected at all four experimental sites.  At the time, seedlings had germinated and were 
too fragile to clip, so we collected the relevant cover and density data.  The data will be being analyzed 
during fall 2019. 
 

   
 

 
Figure 1: Developing conservation measures fire, mechanical, and chemical treatments and seeding treatments.  
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Figure 2: Modified rangeland drill treatment with introduced seeding (left) and native seeding (right).

              
Figure 3: Spring 2017 disking treatment with native seeding (left) and introduced seeding (right).

                   
Figure 4: Fall 2016 prescribed burn with imazapic (8 oz/acre) plus glyphosate (12 oz/acre) with introduced seeding 
(left) and native seeding (right). 
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Figure 5: Fall 2017 prescribed burn with native seeding (left) and introduced seeding (right).  
 

 
Figure 6: Control without disturbance or seeding. 
 

                
Figure 7: Fall 2016 imazapic (8 oz/acre) plus glyphosate (12 oz/acre) with native seeding (left) & introduced seeding 
(right). 
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Fine Fuels Management to Improve Wyoming Big Sagebrush Plant 
Communities Using Dormant Season Grazing 
 
Contact Person: Sergio A. Arispe 
Address: 710 SW 5th Ave – Ontario, OR 97914 

Phone Number: (541) 881-1417           Email: sergio.arispe@oregonstate.edu 

Project Objectives:  The goal of the proposed research is to use an integrated ecological approach to 
promote rangelands that are resilient to disturbance (specifically fire) and resistant to invasive annual 
grasses within Wyoming big sagebrush plant communities. The research is authorized by the Vale District 
Bureau of Land Management (BLM) as Decision Record—Fuels Reduction Grazing Research and 
Education Project within the Three Fingers Allotment—DOI-BLM-ORWA-V040-2017-0001-CX. 
Additionally, five grazing operators are committing up to 1,700 cows for dormant season grazing 
(October 15th through February 28th) while also contributing up to $28,360 for protein supplement needed 
to accomplish research objectives.  

To accomplish this goal, our research objectives test the hypothesis that late-fall (dormant) season cattle 
grazing can be used to: 1) reduce fine fuels enough to lower fire risks benefiting less fire- adapted native 
plant species, 2) promote perennial bunchgrasses by taking advantage of phenological differences 
between native and invasive annual grasses, and by reducing the amount of plant litter on the soil surface, 
and 3) evaluate the economic efficacy of dormant season grazing.  

Project Start Date: Summer of 2019 
 
Expected Project Completion Date: Fall of 2022 

Project Status:  In fall of 2016, two public land permittees and the Vale District Bureau of Land 
Management (BLM) Supervisory Rangeland Management Specialist approached the Oregon State 
University (OSU) Extension Service to implement an experiment to mitigate mega-wildfires in the region.  
Nearly two years later, the Vale District BLM, OSU Extension Service, and permittees partnered for a 
landscape-scale dormant season grazing project on three pastures within the Three Fingers Allotment.   
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Study pastures—McIntyre, South Camp Kettle, and Saddle Butte—are located within the Three Fingers 
Allotment near Jordan Valley, Oregon (43°19’N, 117°6’W). The allotment is managed by the Vale 
District BLM with an elevation of approximately 3,800 ft. Annual precipitation ranges between 8”- 12” 
with the majority falling as rain or snow during the October to March period with an area average annual 
maximum and minimum temperatures between 40 and 70 F, respectively. Due to repeated wildfires 
within the pastures, the plant community is dominated by medusahead and cheatgrass; few perennial 
bunchgrasses and shrubs are present. Historically, livestock grazing on the study pastures has been light 
to moderate. They are on a rest rotation system so the pastures are not grazed during the same window in 
consecutive years.  

During 2019, monitoring took place from June 24 – July 2. Researchers took data to quantify cover, gap, 
herbaceous biomass, density, and height.  Cover was collected using the line-point intercept method; a pin 
was dropped every meter along three, 50 m transects (total points = 150 per treatment plot) and all species 
and ground cover that the pin hit were recorded. Due to the low density of shrubs, shrubs were counted 
and measured within three, 2 X 50 m belt transects located along each transect.  Of those rooted within 
the belt transect, shrub canopy height, greatest width, and greatest perpendicular width to the first width 
was recorded and used to estimate canopy cover and biomass using allometric relationships.  To 
determine the extent and distribution of fuels, foliar canopy gaps (including annuals and perennials) 
greater than 20-cm were measured along each of the three transects.  Herbaceous biomass was collected 
using a 0.2 m2 quadrat; samples were clipped to ~1 cm above ground level and sorted as either perennial 
bunchgrass, annual grass, forbs, or litter.  Biomass was collected every 10 m along each of the three 
transects (total biomass = 15 samples per treatment plot).  Density of 8 life-form categories (perennial tall 
bunchgrass, perennial short grass, perennial forb, annual forb, exotic annual grass, sagebrush, antelope 
bitterbrush, and other shrubs) were collected using a 0.2 m2 quadrat and were recorded every 5 m along 
three, 50 m transects (total quadrats = 30 quadrats per treatment plot). Average vegetation height of 
grasses and forbs were also recorded using the density quadrats to describe the overall height structure on 
a treatment plot.  Data from summer 2019 are being compiled during the fall. 
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Influence of Ravens on Baker, Oregon Sage-Grouse Population: Assessment 
of Raven Removal for the Benefit of Sage-Grouse 
 
Contact Person:  Jonathan B. Dinkins, Assistant Professor, Oregon State University – Department of 
Animal and Rangeland Sciences, Corvallis 97331. Email: jonathan.dinkins@oregonstate.edu. 
Terrah M. Owens, MS Student, Oregon State University – Department of Animal and Rangeland 
Sciences, Corvallis 97331. Email: terrah.owens@oregonstate.edu. 
Lindsey R. Perry, PhD Student, Oregon State University – Department of Animal and Rangeland 
Sciences, Corvallis 97331. Email: lindsey.perry@oregonstate.edu. 
 
Synopsis 

Our research will help inform management decisions on the effectiveness of raven removal as a 
conservation strategy for sage-grouse. This research will also assess habitat quality (specifically related to 
annual grass and fire) for sage-grouse as interactive effects with ravens—a potentially overabundant 
predator. Sufficient data on sage-grouse and ravens was gathered this past year to be included in analyses 
related to our objectives. This report details fall trapping from 2018 and breeding season data for 2019.   

 
Introduction 

Greater sage-grouse (Centrocercus urophasianus: hereafter “sage-grouse”) distribution and 
abundance in western North America has declined over the last century (Connelly et al. 2011), which has 
prompted multiple petitions to the U.S. Fish and Wildlife Service to list sage-grouse as Threatened or 
Endangered. Many factors have been attributed to this decline including habitat fragmentation, habitat 
loss, and predation (Connelly et al. 2011). Several studies suggest that quantity and condition of breeding 
habitat (micro and landscape scale habitat) dictate the productivity of sage-grouse (Connelly et al. 2011). 
Herbaceous cover is important to conceal sage-grouse nests from predators (Coates and Delehanty 2010), 
and microhabitat characteristics such as sagebrush (Artemisia spp.) cover and grass height can influence 
predation rates at sage-grouse nests (Coates and Delehanty 2010). Landscape factors, such as juniper 
encroachment, annual grasses, and fire, also have negative consequences on sage-grouse population 
growth. Understanding mechanisms influencing sage-grouse habitat use and demographic rates related to 
habitat quantity and quality, including interactions among habitat and predators, is essential to ensure 
long-term effective restoration success.  

Even in excellent sage-grouse habitat, most sage-grouse nests are lost to predators (red fox 
[Vulpes vulpes], badgers [Taxidea taxus], coyotes [Canis latrans], black-billed magpies [Pica hudsonia; 
hereafter “magpies”], and common ravens [Corvus corax; hereafter “ravens”]). Breeding success and 
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population growth of ground-nesting birds can be suppressed by generalist predators, such as ravens 
(Coates and Delehanty 2010, Dinkins et al. 2016). Raven presence has been negatively associated with 
sage-grouse nest success and lek trends. Loss and degradation of concealment cover (e.g., sagebrush 
cover and grass height) combined with increasing raven abundance interactively reduce sage-grouse nest 
success. For example, sage-grouse nests with greater sagebrush cover were less likely to be depredated by 
a raven (Coates and Delehanty 2010).  

Ravens can reach high densities in landscapes with human-subsidized resources by utilizing 
human-provided food resources (road-kill, dead livestock, and garbage), perch structures (buildings, 
power lines, oil and gas wells, etc.), and overwintering shelter (industrial facilities). Sources of perch and 
nesting structure attract ravens and may increase their foraging ability. In addition, ravens have greater 
use of areas where intact sagebrush habitat adjoins disturbed habitat. Sage-grouse minimize the risk of 
predation indirectly by avoiding risky habitat and directly by avoiding avian predators (magpies, Buteo 
hawks, ravens, golden eagles, and northern harriers). Combined effects of avoidance of suitable sagebrush 
habitat with high raven abundance, raven presence negatively influencing sage-grouse nest success, and 
increasing raven abundance in sagebrush habitats may have considerable implications for sage-grouse 
population growth in the future. These findings suggest increases in raven abundance along with habitat 
degradation—in the form of anthropogenic features, juniper encroachment, annual grass invasion, and 
fire—may interactively reduce nest success and use of functional habitat available to sage-grouse.  

Unlike other population limiting factors (e.g., weather and drought), predation can realistically be 
reduced by wildlife management agencies. For example, lethal raven removal by Wildlife Services has 
been demonstrated as a potential tool to reduce negative impacts of raven depredation on sage-grouse 
nests (Dinkins et al. 2016). However, it may be difficult to implement raven removal for the benefit of 
sage-grouse, and long-term solutions to reduce raven impacts on sage-grouse are necessary—such as 
reducing food subsidies and overwinter shelter for ravens while improving sage-grouse habitat. Sage-
grouse populations in severe decline may benefit from raven removal followed by identification of long-
term management actions to keep raven abundance lower. The Baker, Oregon sage-grouse population has 
been in severe decline with approximately 350 birds remaining as of spring 2016, and Oregon Department 
of Fish and Wildlife has quantified extremely high densities of ravens throughout this sage-grouse 
population. We have initiated a study to evaluate the influence of ravens and the potential benefit of 
Wildlife Services lethally removing ravens for the benefit of sage-grouse in the Baker, Oregon sage-
grouse population. Generally, this project will be focused on identifying habitat characteristics associated 
with high densities of ravens, raven habitat use (movement, foraging habitat, and nest-sites), and raven 
nest success. Simultaneously, we will compare sage-grouse habitat use, nest success, chick survival, and 
population growth among years before and after raven removal. Focus of secondary objectives will 
generally evaluate the influence of annual grass and fire on ravens and sage-grouse in the Baker sage-
grouse population and the Bully Creek, Cow Lakes, Crowley, and Soldier Creek sage-grouse Core Areas 
in Oregon. 
 
Specific objectives 

1) Evaluate interactive effects of ravens (presence and/or abundance) with anthropogenic subsidies, 
annual grass, and fire on sage-grouse. 

2) Evaluate differences in sage-grouse habitat use, nest success, and chick survival in areas with 
proportionally more annual grass and/or burned area. 

3) Assess benefits of raven removal on nest success, chick survival, and habitat use of sage-grouse. 
4) Identify habitat characteristics associated with habitat use, abundance, and nest success of ravens, 

including anthropogenic subsidies, annual grass, and fire. 
5) Evaluate efficacy of raven removal on radio-marked ravens. 
6) Compare long-term sage-grouse lek trends in the Baker sage-grouse population before and after 

raven removal to reference areas without raven removal. 
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Materials and Methods 
Study area 

The originally proposed project included the Baker, Bully Creek, and Crowley Sage-Grouse 
Priority Areas for Conservation (PACs); ODFW Grand Ronde and Malheur Watersheds, and the Beulah, 
Catherine Creek, Keating, Lookout Mountain, Malheur River, and Owyhee Wildlife Management Units 
(WMUs), on a mixture of public lands administered by the BLM, and private lands. These were the areas 
within the project for 2017. However, we were able to increase the number of PACs in the study from 
three to five for 2018 and 2019. The addition included the Cow Lakes and Soldier Creek PACs, which 
occur in the ODFW Malheur Watershed within the Owyhee and Whitehorse WMUs. 
 

 

Figure 1. Boundaries for our five study PACs. PACs designated with blue are reference study PACs; 
whereas, ravens will be manipulated with lethal or non-lethal management techniques in study PACs 
designated with grey. 
Priority Areas of Conservation (PACs) selected as study areas. 

Study design 
Our study will be stratified by a study area planned to have lethal raven removal implemented by 

Wildlife Services (raven-removal study area) and two study areas without raven removal (non-raven-
removal study areas) in eastern Oregon. The Baker sage-grouse population will have two years of data 
collection without raven removal (2017 and 2018) then Wildlife Services will implement raven removal 
thereafter. The Bully Creek, Cow Lakes, Crowley, and Soldier Creek sage-grouse Core Areas will not 
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have raven removal and will be monitored during the same years as the Baker sage-grouse population. 
We will coordinate with private landowners and state and federal agencies to collect data on ravens and 
sage-grouse. This will allow us to compare the relative change in sage-grouse seasonal habitat use, nest 
success, and chick survival before and after removal of ravens. In addition, we will evaluate raven habitat 
use, abundance, and nest success. 
Sage-grouse monitoring 

We will maintain a sample of approximately 90 radio-marked sage-grouse females each year of 
our study. Captures will occur at night using spotlights and hoop-nets during the spring near lek locations 
and in the fall around roosting sage-grouse locations. We will deploy 30 VHF-collars in each study area. 
We will monitor VHF-collared sage-grouse females with ground tracking using radio telemetry receivers 
and Yagi antennas during April–August and aerial surveys during the remainder of the year. Locations 
will be recorded bi-weekly via ground tracking and monthly via aerial surveys.  

Female survival will be recorded with the aid of telemetry signal (mortality switch). Mortality sites 
will be visited as soon as possible to assess sage-grouse carcasses and potentially identify cause of death 
(e.g., disease, fence or power line strike, predator, etc.). Nest locations will be visually documented while 
ground tracking. We will assess nest fate as successful or unsuccessful after a hen has left her nest. A 
successful nest will be defined as having evidence that at least 1 egg hatched as determined by shell 
membrane condition. We will assess brood survival bi-weekly by either visually detecting chicks or 
observing hen behavior that indicates the presence of chicks (e.g., hesitation to flush, feigning injury, or 
clucking). Brood failure will be determined as 3 consecutive visits without detecting chicks and counting 
chicks at night 35-days after estimated hatch date. 
Raven monitoring 

To quantify the relative abundance of ravens, we will conduct 10-minute point count surveys at 
random locations and 100–200 m away from sage-grouse locations (non-reproductive female, nest, and 
brood). Point count surveys at sage-grouse locations will be within a line-of-sight to the actual sage-
grouse location. Survey distance away from sage-grouse locations will prevent disturbing sage-grouse 
females and causing observer instigated predation events. Point counts at random locations will be 
conducted in all study areas. We will conduct 2-4 point count surveys per month at each random and 
sage-grouse location April–August and as time and access allow in other seasons.  

We will fit 30 ravens with GPS-collars—10 from each study area—to evaluate raven habitat use, 
survival, and locate nests. Raven nests will be monitored visually by observers in the field to assess nest 
success. Clusters of GPS locations will be used to identify nest locations and areas of concentrated use. 
Areas of concentrated use will be evaluated as potential areas of subsidized resources. 
Micro and macro habitat assessment 

To assess habitat quality, we will evaluate both micro and macro habitat variables at sage-grouse 
(nest and brood) and random locations. We will sample vegetation at the microhabitat scale with on the 
ground plots and digital images throughout the breeding season. In brief, we will document vegetation at 
sage-grouse nest and brood and random locations with Robel pole readings, line-intercept, Daubenmire 
quadrats, and digital cameras. Robel pole readings will be used to assess concealment (line-of-sight 
visibility). We will use line-intercept to measure percent canopy cover and height of shrubs. Daubenmire 
quadrats will be used to measure herbaceous vegetation variables (grass height and percent canopy cover 
of annual and perennial grass, residual grass, forbs, litter, cryptobiotic soil, bare ground, and rock). 
Whereas, macrohabitat scale vegetation (proportion of tree, shrub, grass, etc.) and habitat features (power 
lines, roads, buildings, etc.) will be quantified with available GIS layers or manually digitized then 
associated with sage-grouse and random locations throughout each year. 
Data analysis 
Raven abundance 

We propose to quantify abundance of ravens with N-mixture models implemented in the 
Unmarked package of R. The Unmarked package has functions that allow for inclusion of habitat 
covariates to describe differences in abundance across the landscape while simultaneously using 
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covariates to describe differences in detection probability. This will allow us to compare the density of 
ravens before and after raven removal and among study areas.  
Comparison of raven and sage-grouse demographic rates, seasonal habitat use, and movement 

We will assess raven survival and nest success and female sage-grouse adult, nest, and chick 
survival with models in program MARK or Cox proportional hazards models. Seasonal habitat use and 
movement of raven and female sage-grouse will be assessed using resource selection functions, 
generalized linear mixed models, and/or step-selection functions. Micro and macro habitat variables 
(including proximity and density of trees, burned area, and annual grass) will be used as predictors of 
raven and female sage-grouse habitat use and movement. In addition to habitat variables, raven 
abundance will be assessed as interactive effects with habitat variables influencing sage-grouse habitat 
use, nest success, and brood success. Interactions among raven abundance and habitat variables will 
evaluate whether sage-grouse survival rates and seasonal habitat use are disproportionally influenced by 
the combination of pairs of these variables. To evaluate the long-term influence of ravens on sage-grouse 
populations and benefits of raven removal, sage-grouse lek trends in removal and non-removal study 
areas will be compared to raven abundance across approximately eight years. 

 
Preliminary Results 
Accomplishments related to raven specific objectives 

During the 2018–19 reporting period, we collected pre-treatment data on 1) raven demographic 
rates on GPS-marked ravens, 2) conducted raven point count surveys, 3) searched all study areas for 
raven nests, 4) monitored raven nest success, and 5) banded raven chicks for eventual mark-capture-
recapture analyses. 
Monitoring of adult ravens 

During the 2018–19 reporting period, we deployed 31 PTT and 2 VHF transmitters on adult 
ravens, and trapping was conducted year-round (Table 1). The VHF transmitters did not function well and 
were made at the same time as a bad batch of sage-grouse VHF units. Thus, we assume they stopped 
transmitting after a few weeks. Adult raven capture was attempted in the Baker, Bully Creek, and Cow 
Lakes PACs. These PACs were prioritized for intensive raven monitoring as lethal and non-lethal 
manipulation treatment study PACs (Baker and Cow Lakes PACs, respectively) and a reference study 
PAC (Bully Creek PAC). We will use data from individual ravens to analyze movement, habitat use, and 
adult survival.  
 
Table 1. Adult raven marking by PAC in August 2018 – August 2019. 
Study PAC VHF-marked GPS-marked 

Baker 2 18 

Bully Creek 0 0 

Cow Lakes 0 13 

Crowley 0 0 

Soldier Creek 0 0 

2019 Total 2 31 

 
Raven nests 
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During the 2019 breeding season, 53 nests were identified throughout all five study PACs during 
the months of April, May, and June (Table 2). Approximately 50% of the Baker and Bully Creek PACs, 
and 75% of the Cow Lakes PACs were searched, and all raven nests documented (Table 2).  Nest and 
fledgling success will be estimated from nest checks, and nest-site selection will be evaluated. Wing tags 
were not utilized for chicks in order to minimize potential negative effects on wing development. This 
will allow for easy identification of banded individuals that were captured as chicks from our study PACs. 
 
Table 2. Raven nest and chick sample sizes by PAC during breeding season 2019. 
Study PAC Nests Chicks 

Baker 15 10 

Bully Creek 16 11 

Cow Lakes 15 4 

Crowley 5 0 

Soldier Creek 2 0 

2019 Total 53 25 

 
Chicks 

We hand-captured and banded chicks at as many nests as time allowed (Table 2). Banded chicks 
will be used in mark-capture-recapture survival analyses. All chicks were banded with a metal federal ID 
band, as well as three color bands representing their capture year and location. Morphometrics were 
collected and submitted to the Bird Banding Lab.  
Point count surveys 

To assess the effect of raven manipulation by management agencies on raven density, point count 
surveys were conducted during the 2019 field season with 2–4 surveys each month for May–July. 
Random point counts were surveyed throughout sage-grouse PACs and within an 8 km buffer around leks 
near study PACs where sage-grouse hens were captured or were likely to be captured in subsequent years. 
Raven point count surveys are described in greater detail in long-term sage-grouse objective section.  
 
Accomplishments related to sage-grouse specific objectives 

During the 2018–19 reporting period, we have completed collection of pre-treatment data on 1) 
sage-grouse demographic rates and habitat use and 2) raven abundance to assess the effect of ravens on 
sage-grouse.  
Sage-grouse monitoring 

During the 2018–19 reporting period, we deployed 40 VHF and 6 PTT transmitters, and trapping 
was conducted during fall 2018 and spring 2019 (Table 3). Fall trapping 2019 data is currently being 
compiled. Two of the sage-grouse fitted with VHF transmitters also had a Lotek PinPoint-75 GPS unit 
attached to the back of their VHF necklace, which resulted in a combined transmitter weight of <26 g. 
More Lotek GPS units were deployed in August of 2019 (data currently being compiled). The Lotek 
PinPoint-75 units are store-on-board GPS technology designed for use on songbirds. These units have 
25×13×10 mm dimensions, 3.6 g weight, and a non-reflective coating. We programmed these units to 
gather 3 locations per day. After winter mortalities and a few lost birds, there were 61 sage-grouse at the 
beginning of the 2019 breeding season (Table 3). All sage-grouse were monitored via aerial telemetry 
during winter (November–March) 2018–19 and ground tracked May–June. However, poor spring weather 
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inhibited a lot of tracking in most study PACs in May and early-June for VHF-marked birds. The Baker 
PAC had the best accessibility contributed to paved and gravel roads. Sage-grouse habitat use and 
survival was monitored for adults, nests, and broods. We located 31 nests and 8 broods (Table 4).  
 
Table 3. Total sage-grouse captures during late-summer 2018 and spring 2019 and number of birds 
available for ground tracking at the start of the 2019 breeding season.  
Study PAC VHF-marked GPS-marked Alive at beginning of breeding 

season 

Baker   12* 0 15* 

Bully Creek 12 2 14 

Cow Lakes 3 2 8 

Crowley 7 2 9 

Soldier Creek 6 0 15 

2019 Total 40 6 61 

*includes 2 Lotek gps units deployed with VHF collars 
 
Table 4. Sage-grouse nest and brood sample sizes by PAC during breeding season 2019. 
Study PAC Nests Broods 

Baker 6 2 

Bully Creek 5 3† 

Cow Lakes 8 1† 

Crowley 2 0 

Soldier Creek 10 2 

Total 31 8 

†Includes broods found after nesting season from birds that were in inaccessible areas during poor spring 
weather. 
 
Point count surveys 

To assess the effect of raven density on sage-grouse, point count surveys were conducted during 
the 2019 field season with 2-4 surveys each month for May–July. Random point counts were surveyed 
throughout PACs and within an 8 km buffer around leks near study PACs where hens were captured or 
were likely to be captured in subsequent years. Raven point count surveys are described in greater detail 
in long-term sage-grouse objective section.  

 
Accomplishments related to long-term sage-grouse objectives 

During the 2018–19 reporting period, we continued data collection on raven abundance 
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throughout five sage-grouse PACs. Raven abundance data will be aligned with sage-grouse lek count data 
(simultaneously collected by ODFW and partners) to assess the effect of ravens on sage-grouse 
population trends. Details on raven abundance data collection are below. 
Raven point count surveys 

Raven point count surveys were conducted during the 2017, 2018, and 2019 field seasons, which 
has generated sufficient pre-treatment data for the BACI study assessing the benefits of reducing raven 
abundance for sage-grouse (Table 5). Survey locations were randomly placed and data was collected 2-4 
times each month for May–July. Survey were completed in Baker, Bully Creek, and Crowley in 2017 and 
all five PACs in 2018 and 2019. Point count locations within PACs were conducted at the same spatial 
positions 2017–2018 in the Baker, Bully Creek, and Crowley PACs. However, some locations in Bully 
Creek and Crowley were removed from the sample based on access and proximity to sage-grouse capture 
sites. In Bully Creek, 27 of the original 33 locations were retained for surveys in 2018 and 2019. Of the 
six locations removed, one was located in unsuitable habitat, while the other five were inaccessible due to 
private landowner restrictions. In Crowley, 34 of the original 58 locations were retained. Of the 24 points 
removed, five locations were removed based on access and time to complete. The remaining 18 locations 
were removed, because they fell outside of 8 km buffers placed around currently active leks where sage-
grouse hens were captured or are likely to be captured in subsequent years. This reduced the survey 
footprint from 435,000 acres to 314,000 acres. This reduced footprint is much more manageable given 
logistics and manpower as well as targets density estimates around current sage-grouse use areas. This 
strategy was also applied to the Cow Lakes and Soldier Creek PACs, resulting in 22 and 27 random 
points, respectively. 
 
Table 5. Total number of completed 10-minute point count surveys during the reporting periods 2018 and 
2019.  
Study PAC 2018 Random 2018 GRSG 2019 Random 2019 GRSG 

Baker 123 10 64 32 

Bully Creek 85 16 71 6 

Cow Lakes 61 9 92 2 

Crowley 106 12 99 5 

Soldier Creek 70 28 71 9 

Total 445 75 397 54 

 
Conclusions  

Implications of our results will be detailed upon completion of data collection and analysis of 
data associated with our objectives. This report is associated with year 3 of 8. However, we plan to 
present and publish research finds upon completion of parts of the project. We anticipate the first set of 
publication will be out within the next year or two. 
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Grazing Season of Use Effects on Greater Sage-Grouse Habitat 
 
Contact person: Vanessa Schroeder and Dustin Johnson 
Address: Eastern Oregon Agricultural Research Center, 67826A HWY 205, Burns Oregon 97720 
Phone number: 541-573-8936, 541-573-8933 
Email: Vanessa.schroeder@oregonstate.edu and Dustin.johnson@oregonstate.edu 
 
Project objectives: The objectives of this study are to assess the influence of three grazing regimes in 
sagebrush habitat on (1) bunchgrass response, (2) potential sage-grouse nesting cover, (3) recruitment of 
desired plant species, and (4) plant community composition and structure 
 
Project start date: Fall 2016 (OBC funding start: 2019) 
Expected project completion date: treatment applications will be complete fall/winter 2020, and data 
collection will be complete as of summer 2021 (Figure 1).  

 Figure 1. Project timeline. OBC funds are supporting the 
project for 2019/2020. 
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Project Status: We have applied two years of grazing treatments (one full rotation of spring/defer) and 
two years of dormant grazing. (The 2019 defer treatment has been applied, but is not included in our 

preliminary vegetation results as those were collected in June 2019 prior to cattle grazing that year). 
Vegetation and wildlife habitat metrics have been collected for 2017-2019.  
 
Preliminary findings: 
After two years of treatment we have not found any real differences in major vegetation or wildlife 
habitat variables (Figure 2). We have detected a treatment effect: cattle grazed perennial bunchgrasses 
and reduced bunchgrass cover in a consistent amount between dormant and spring/defer treatment (Figure 
2A). 
 
Anticipated outcomes: This research will fill important knowledge gaps that currently exist around the 
short- and long-term effects of different grazing regimes on plant community and habitat characteristics 
of sagebrush rangelands. While not surprising, it is important to document that dormant and spring/defer 
rotational grazing does not indicate differences in important vegetation and wildlife habitat metrics over 
the short term.  
 

 

Figure 2. Perennial bunchgrass cover (A) and density (C) and perennial forb cover (B) and density (D) for 3 
years of data collection (2017-2019). 2017 represents the pre-treatment year: cattle grazing had not yet 
been applied (indicated by grey box). There were no differences between the control (blue), dormant 
season grazed (green) or rotational spring-defer grazed (burnt-orange) for density or cover of perennial 
forbs or perennial bunchgrass density. We did detect a treatment effect where the cattle grazed the 
dormant and spring/defer pastures similarly (A). 
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Organic Fertility Effect on Alfalfa Yield, Quality, Nutrient Concentration and 
Uptake, and Soil Fertility in Central Oregon 
 
Contact Person: Mylen Bohle, OSU Crook County Extension Service 
Address:  Crook County Service Extension, 498 SE Lynn Blvd., Prineville, OR 97754 
Phone Number: (541) 447-6228 
Email:   mylen.bohle@oregonstate.edu 
 
Project Objectives:  To test the effect of beef feedlot manure and chicken manure, with and without 
some of the numerous different organic fertility enhancing products marketed today, on organic alfalfa 
forage production.  We will document effect on alfalfa and weed (grass and broadleaf species) yield, 
quality, nutrient concentration, nutrient uptake, soil fertility, and insect presence. (Some of these organic 
soil fertility enhancing products claim that after being applied the first year and with continued annual or 
biannual application, other fertility nutrient needs can be cut in half the second year and beyond.  Some of 
the products make the claim they will enhance the normal fertility program.) 
 
Project Start Date:   Fall of 2016 (Field Work was run 2012-2015) 
Project Completion Date: Fall of 2020 
 
Project Status:  Soil and Plant samples for the 4th and final year of trial “I”, and 3rd and final year of trial 
“II” have been analyzed by the Central Analytical Lab (CAL) at OSU in Corvallis.  The 2015 soil fertility 
data (funded by Oregon Dairy Farmers Association) and 2015 plant nutrient (funded by Oregon Beef 
Council) results have been tested (all replications were run).  We held off running plant and soil samples 
somewhat thinking we might find some other funding. The decision was finally made to pool reps on the 
soil fertility and the plant samples for 2012-1014 Trial “I” and 2013-2014 trial “II” years to look at 
trends.  These plant samples were submitted to CAL in August, 2019. The amount funding needed to run 
all sample replications was four-fold. There are a total of 30 different soil fertility treatments. Once the 
data are received it will need to be organized, run statistical analysis on the final year of the trials, 
tabulated and written up.  More funding from Oregon Beef Council or Oregon Dairy Farmers has not 
been sought, because of the delay in generating this data.  We received funding from the Lake County 
SWCD to run quality analysis – we have pooled samples for the initial years and will be testing reps for 
the final year. We want to submit the samples in the Fall of 2019; once the new calibrations for the NIRS 
machine at KBREC have been updated. 
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Preliminary Results:  Please see previous reports.  Initial examination of the yield data does not reveal 
any benefit for the organic fertility enhancing products to increase yield.  We need another extension of 
time to complete the project. We think the report will more meaningful and valuable with complete 
results submitted to all grantors (OBC, ODFA, and Lake County SWCD). 
 
 

 

977



 

1. This document is part of the Oregon State University – 2019 Oregon Beef Council Report. Please visit the Beef Cattle 
Sciences website at http://blogs.oregonstate.edu/beefcattle/research-reports/. 

Page 63 
 

BEEF190 

Oregon Beef Council 
Report 

 
Beef Cattle Sciences 

 
 
 
 
 
 

Progress Reports – Rangeland Ecology and Management1 
 
 
Interspace/Undercanopy Foraging Patterns of Horses in Sagebrush Habitats: 
Implications for Sage-Grouse 
 

Contact Person: David W. Bohnert     
Address: 67826A Hwy 205; Burns, OR 97720 
Phone Number: 541-573-8910           Email: dave.bohnert@oregonstate.edu  
Collaborators: Dustin Johnson, Chad Boyd, Kirk Davies, and Roxanne Rios 
 
Project Objectives: We are using a case study approach to determine the impacts of season-long (8 
months/year) horse grazing on 1) sage-grouse nesting habitat structure and composition and (potentially) 2) 
behavioral interactions between nesting sage-grouse and grazing horses within active nesting habitat located 
near a water source. 

 
Project Start Date: May of 2018 
Project Completion Date:  May 2022 
 
Project Status: An approximately 2,000 acre pasture has been fenced and excluded from grazing by 
livestock.  In addition, due to infrastructure challenges we modified the experimental design.  This will 
result in a longer study but will generate comparable data.  Briefly, instead of having 2 separate pastures 
we will use the same overall acreage in a single pasture with 2 yr of preliminary sage-grouse nesting 
habitat structure and composition data collected prior to horse grazing.  We will then graze horses for at 
least 2 years and collect comparable data in response to horse grazing. 
 
Vegetation Sampling:  All vegetation measurements will take place in June of each year of the study.  
Pre-treatment measurements began in 2018.  The north and south halves of the pasture were split into 
three north/south bands that represent increasing distance from water (Figure 1). 
 
Sage-Grouse:  Preliminary sage-grouse nesting data has been collected in the study area for almost 10 
years.  We captured additional grouse the spring of 2018 (Figure 2) and 2019 and placed additional sage-
grouse tracking collars on them.  This practice will continue for the duration of the study. 
 
Horse Grazing:  We anticipate beginning horse grazing in 2020 depending on the quality of preliminary 
data collected.  We currently plan on using approximately 1 horse/100 acres from April through 
November. This stocking rate will be based on horse density in the nearest HMA (South Steens). Horses 
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will be unmanaged during the grazing period to replicate feral horse grazing. A perennial drainage on the 
east end of the plots will provide water for horses. 
 
Expected outcomes/products: This research will result in first-of-its-kind data that can be used to 
characterize the magnitude and nature of the effects of horse grazing on nesting habitat attributes 
important to sage-grouse and, potentially, the influence of horse grazing on sage-grouse nesting behavior 
and nest success. These outcomes would be the basis for two peer reviewed journal publications. 
 

Figure 1.  Study Site. 
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Figure 2.  Sage-grouse capture and nesting sites – 2018. 
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Progress Reports – Rangeland Ecology and Management1 
 
 
A Systems-Based Understanding of Rangeland Watershed-Riparian Systems 
in Eastern Oregon  

Contact Person: Carlos Ochoa 
Address: 112 Withycombe Hall, Corvallis, Oregon 97331 
Phone Number: 541-737-0933 
Email: Carlos.Ochoa@oregonstate.edu 
 
Project Objectives: The long-term goal of this project is to improve production and ecological resilience 
in rangeland watershed-riparian systems of Oregon by providing science-based information to improve 
upland and riparian areas management.  

Objectives: 

1) To characterize biophysical and land use relations influencing water quantity and quality 
indicators (e.g., stream temperature) in a watershed-riparian rangeland system in eastern Oregon. 

2) To develop an integrated, systems-based, understanding of ecohydrological relationships and land 
use information that can be used to develop adaptive management practices, and to inform policy, 
for achieving or maintaining watershed-riparian system resilience in rangeland ecosystems. 

3) To collaborate with stakeholders in the co-production of integrated watershed-riparian systems 
knowledge that will be disseminated through extension and outreach programming. 

Project Start Date: Spring 2019 (preliminary work started in summer 2018) 

Project Completion Date: Fall 2021 

Project status: This long-term project is being established in Malheur County, eastern Oregon. Several 
ecological and hydrological relationships (e.g., vegetation cover and stream temperature) are evaluated at 
the Fish Creek watershed-riparian system in Wilks Ranch. This watershed-riparian system offers a great 
opportunity to understand different land use-environment relationships as it runs through different 
vegetation types and ecotones. An intensive field monitoring approach is being used to assess 
ecohydrologic and land use connections at the study site. This field-data collection effort is designed to 
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improve understanding of the effects that critical component interactions (e.g., surface and subsurface 
water flows) may have on site ecologic functionality and in providing ecosystem services such as forage 
and water provisioning, habitat, and water quality. The study site is being instrumented to monitor 
multiple hydrologic variables including stream and ambient temperature, soil moisture, streamflow, and 
weather variables. We have installed 17-stream temperature, four air-temperature, and one water-level 
monitoring stations; from the headwaters to the lower elevation watershed-riparian system. In addition, at 
upstream and downstream locations we installed two weather stations with satellite-based communication 
capability for data transfer (Figure 1). We conducted a geologic reconnaissance of the study site, collected 
soil samples at the weather station sites, and collected water samples for evaluating water quality 
parameters (e.g., nutrient load) and isotope tracers to detect potential surface-subsurface flow interactions. 
Also, we established permanent monitoring transects and conducted a vegetation and channel morphology 
assessment at three different reaches along Fish Creek and Deer Creek. Data collected is currently being 
processed and soil and water samples analyzed. 

 

Figure 1. Map showing automated field instrumentation at the Fish Creek watershed-riparian system 
(outlined in blue; 3200 acres) and Willow Creek. 

Preliminary results show that a combination of factors including water source (springs), geology, 
topography, vegetation shade, and channel morphology may contribute to stream temperature along the 
stream longitudinal gradient. Figure 2 shows water temperature fluctuations in Fish Creek, from June 
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2018 through August 2019. It can be observed there was a relative constant temperature for the spring 
water source while temperature in the stream was more variable throughout the year. During the summer, 
greater stream temperature was observed in lower elevation locations along the stream. A difference of 
over 20 degrees Fahrenheit between the spring at 5706 ft and the lower valley stream location at 3911 ft 
elevation was observed. A 12.6 degree Fahrenheit between the stream location at 4970 ft and the lower 
valley stream location at 3911 ft elevation was noted. Ongoing analysis of the isotopic composition of 
water at different locations along the stream will provide a better understanding of potential surface-
subsurface water flow mixing influencing stream temperature. 

 

 

Figure 2. Daily stream-water temperature along the longitudinal gradient of Fish Creek, from its spring 
source at 5706 ft, to its downstream valley at 3911 ft. 
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REPORT STATUS OF STUDIES FUNDED BY THE OREGON BEEF COUNCIL 

Progress report not required for studies funded prior to 2010-2011 FY and with a full report submitted. 

 
Projects funded in 2007 – 2008 FY 

  Report Status 
Abbreviated Project Title Senior Investigator Progress Full 
    
Rangeland Ecology and Management    
Wolf impact on cattle productivity and behavior D. E. Johnson  X 
Development of digital charting system for range health D. E. Johnson  X 
Livestock, plant community, and sage-grouse food sources J. Miller  X 
    
Animal Sciences    
Digestibility of cool-season in dairy farms T. Downing  X 
Female hormones and immune cells in cattle M. Cannon  X 
Diagnostic test for pregnancy detection in cattle F. Menino  X 
Assay to assess bovine embryo viability during transfer F. Menino  X 
Farm-based livestock manure/biogas production  M. Gamroth  X 
Glycerol supplementation to cattle C. Mueller  X 
Copper and Zinc in dairy forage systems T. Downing  X 
    

Projects funded in 2008 – 2009 FY 
  Report Status 
Abbreviated Project Title Senior Investigator Progress Full 
    
Rangeland Ecology and Management    
Wolf impact on cattle productivity and behavior (cont.) D. E. Johnson  X 
Rangeland vegetation and sediment monitoring L. Larson X X 
    
Animal Sciences    
Late gestation protein supplementation of beef cows D. Bohnert  X 
Grazing options with Brassicas and Fodder Radishes C. Engel  X 
Maternal marbling potential and ultrasound technology  C. Mueller  X 
Replacement heifers sired by high or low-marbling bulls C. Mueller X X 
BVDV and BVDV PI screening to initiate BVDB control B. Riggs  X 
Selenium supplementation and retention in beef cattle G. Pirelli X X 
Farm-based livestock manure/biogas production (cont.) M. Gamroth  X 
    

Projects funded in 2009 – 2010 FY 
  Report Status 

Abbreviated Project Title Senior Investigator Progress Full 
    
Rangeland Ecology and Management    
Wolf impact on cattle productivity and behavior (cont.) D. E. Johnson  X 
DNA analysis for cattle diet in sagebrush rangelands R. Mata-Gonzales X X 
Behavior and distribution of cattle grazing riparian zones D.E. Johnson  X 
    
Animal Sciences    
PFG2α to improve uterine health and reproductive efficiency M. Cannon  X 
Disposition and reproductive performance of brood cows R. Cooke X X 
Acclimation to handling and heifer development R. Cooke X X 
Farm-based livestock manure/biogas production (cont.) M. Gamroth  X 
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Projects funded in 2010 – 2011 FY 
  Report Status 

Abbreviated Project Title Senior Investigator Progress Full 
    
Rangeland Ecology and Management    
Conflict stressors, spatial behavior and grazing budgets of cattle D. E. Johnson X X 
Behavior and distribution of cattle grazing riparian zones (cont.) D. E. Johnson  X 
Grazing and medusahead invasion in sagebrush steppe  D. D. Johnson X X 
Weeds to suppress cheatgrass and medusahead  P. Dysart X X 
Effects of wolves on cattle production systems (cont.) D. E. Johnson  X 
Quantities diet analysis in cattle using fecal DNA R. Mata-Gonzales X X 
    
Animal Sciences    
Protein supplementation to low-quality forage D. Bohnert X X 
Disposition, acclimation, and steer feedlot performance R. Cooke X X 
Nutrition during bull development on calf performance C. Mueller X X 
Extending grazing season with warm season and Brassica forages S. Filley X X 
Oral Selenium drench at birth to calves J. Hall X X 
    
    

Projects funded in 2011 – 2012 FY 
  Report Status 

Abbreviated Project Title Senior Investigator Progress Full 
    
Rangeland Ecology and Management    
Revegetating sagebrush rangelands Invaded by Medusahead D. D. Johnson X X 
Potential benefits of Sagebrush consumption by cattle R. Mata-Gonzales X X 
Effect of wolves on cattle production systems (cont.) D. E. Johnson  X 
Conflict stressors, spatial behavior and grazing budgets (cont.) D. E. Johnson X X 
    
Animal Sciences    
Effects of camelina meal supplementation to beef cattle R. Cooke X X 
The economics of grassed-based dairying in Oregon T. Downing X X 
Yeast culture supp. improves feed consumption in cattle G. Bobe X X 
Western Juniper - Induced Abortions in Beef Cattle C. Parsons X X 
    
    

Projects funded in 2012 – 2013 FY 
  Report Status 
Abbreviated Project Title Senior Investigator Progress Full 
    
Rangeland Ecology and Management    
Effect of wolves on cattle production systems (cont.) D.E. Johnson  X 
Modification of livestock and sage-grouse habitat after juniper control R. Mata-Gonzales X X 
Prescribed burning and herbicide appl. to revegetate rangelands D. D. Johnson X X 
    
Animal Sciences    
Comparison of Ivomec Plus and a generic anthelmintic to beef cattle R. F. Cooke X X 
Influence of supplement composition on low-quality forages D. W. Bohnert X X 
Yeast culture supplementation and dairy reproductive performance G. Bobe X X 
The effect of western juniper on the estrous cycle of beef cattle C. Parsons X X 
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Projects funded in 2013 – 2014 FY 
  Report Status 
Abbreviated Project Title Senior Investigator Progress Full 
    
Rangeland Ecology and Management    
Development of forage value index for Ryegrass T. Downing X X 
Effect of wolves on cattle production systems (cont.) J. Williams  X 
Use of herbicide for control of Western Juniper G. Sbatella  X 
    
Animal Sciences    
Oxidized lipid metabolites to predict disease in dairy cows G. Bobe X X 
Cow nutritional status during gestation and offspring performance  R. F. Cooke X X 
Modifying the hormone strategy for superovulating donor cows F. Menino X X 

 

Projects funded in 2014 – 2015 FY 
  Report Status 
Abbreviated Project Title Senior Investigator Progress Full 
    
Rangeland Ecology and Management    
Development of forage value index for Ryegrass T. Downing X X 
Research on stream water temperature and sediment loads C. Ochoa X X 
Techniques to improve seedling success of forage kochia  D. D. Johnson X X 
    
Animal Sciences    
Identification of predictive metabolomics markers in dairy cows G. Bobe X X 
Cow nutritional status during gestation and offspring performance  R. F. Cooke X X 
Modifying the hormone strategy for superovulating donor cows F. Menino X X 
Energetic output of beef cows based on lactation and calf crop C. Mueller X  
Influence of supplement type and monensin on forage utilization D. W. Bohnert X X 

 

Projects funded in 2015 – 2016 FY 
  Report Status 
Abbreviated Project Title Senior Investigator Progress Full 
    
Rangeland Ecology and Management    
Research on stream water temperature and sediment loads C. Ochoa X X 
Impacts of wolf predation on stress in beef cattle R. Cooke X X 
Techniques to improve seedling success of forage kochia  D. D. Johnson X X 
    
Animal Sciences    
Modulation of milk fat synthesis in dairy animals M. Bionaz X X 
Peripartal vitamin E injections prevent diseases in dairy cows G. Bobe X  
Cow nutritional status during gestation and offspring performance R. Cooke X X 
Development of enhanced cattle embryo transfer medium  A. Menino X X 
Energetic output of beef cows based on lactation and calf crop C. Mueller   
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Projects funded in 2016 – 2017 FY 
  Report Status 
Abbreviated Project Title Senior Investigator Progress Full 
    
Rangeland Ecology and Management    
Preventing juniper reestablishment into sagebrush communities C. Ochoa X X 
Research on stream water temperature and sediment loads C. Ochoa X X 
Greater sage grouse response to landscape level juniper removal C. Hagen  X 
Greater sage grouse habitat suitability and management in SE Oregon L. Morris X  
Organic fertility effect on alfalfa hay in Central Oregon M. Bohle X  
Annual warm season grasses for forages G. Wang X X 
    
Animal Sciences    
Peripartal vitamin E injections prevent diseases in dairy cows G. Bobe X  
Feeding immunostimulants to enhance receiving cattle performance R. Cooke X X 
Development of enhanced cattle embryo transfer medium  A. Menino X X 
In vivo-in vitro hybrid system to perform nutrigenomic studies in cattle M. Bionaz X X 
Feeding Se-fertilized hay to reduce parasite load in beef calves J. Hall X X 
Evaluation of biological deterrents to manage wolf movements M. Udel X X 

 

Projects funded in 2017 – 2018 FY 
  Report Status 
Abbreviated Project Title Senior Investigator Progress Full 
    
Rangeland Ecology and Management    
Preventing juniper reestablishment into sagebrush communities C. Ochoa X X 
Conservation measures to restore rangeland on sage-grouse habitat S. Arispe X  
How much water do mature and juvenile juniper trees need? R. Mata-Gonzales X X 
Evaluation of stubble height relationship to riparian health and function B. Endress X X 
    
Animal Sciences    
Development of enhanced cattle embryo transfer medium A. Menino  X 
Feeding essential fatty acids to late-gestating cows R. Cooke X  
Impacts of estrus expression and intensity on fertility of beef cows R. Cooke X X 
Increasing milk production in bovine mammary cells M. Bionaz  X 
Use of platelet rich plasma for endometritis in beef heifers M. Kutzler X X 
    
Out of Cycle Project    
Identification of cyanobacterium in Lake county T. Dreher X X 
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Projects funded in 2018 – 2019 FY 
  Report Status 
Abbreviated Project Title Senior Investigator Progress Full 
    
Rangeland Ecology and Management    
Interspace/Undercanopy foraging by horses in sagebrush habitats D. Bohnert X  
Targeted grazing for control of ventenata dubia in OR meadows L. Morris X X 
Conservation measures to restore rangeland on sage-grouse habitat S. Arispe X  
Perennial Bunchgrass re-growth under different utilization strategies D. Johnson X X 
Preventing juniper reestablishment into sagebrush communities C. Ochoa X X 
    
Animal Sciences    
Genomic testing for prod.& perf. traits in crossbreed angus cattle M. Kutzler X X 

 

Projects funded in 2019 – 2020 FY 
  Report Status 
Abbreviated Project Title Senior Investigator Progress Full 
    
Rangeland Ecology and Management    
Conservation measures to restore rangeland on sage-grouse habitat S. Arispe X  
Fine Fuels Mgt. to improve sagebrush habitat using grazing S. Arispe X  
Influence of Ravens on Sage Grouse in Baker Oregon J. Dinkins X  
Grazing Season of use on Sage-grouse habitat D. Johnson X  
Systems-based approach to rangeland riparian systems C. Ochoa X  
    
Animal Sciences    
Invitro/hybrid approach to study nutrigenomic effects of fatty acids M. Bionaz X  
Cytokine Expression in Beef Heifers M. Kutzler X  
Irrigation & Seeding Date effects on Winter forage production systems G. Wang X  
Self-regenerating annual clover in Western Oregon forage Systems S. Ates X  
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