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APPENDIX B: IMPACTS OF GRAZING  
ON GRASSLAND BIRDS

Grazing impact on grassland birds varies based on the differing habitat requirements of individual species, 
regional differences in habitat availability, and landscape context. 

B.1. Direct impacts

B.1.1. Nest trampling

Koerth et al. (1983) and Bareiss et al. (1986) 
are often cited for their nest trampling 
studies. Though they concluded there was 
no reason for concern about nest trampling 
in Short Duration Grazing (SDG) systems, 
carrying capacity and stocking densities for 
both study areas were lower than would be 
encountered in the eastern U.S. However, 
Bareiss et al. (1986) hypothesized that as 
stock density exceeded 1 AU/a, nest loss from 
trampling could become a significant concern. 
Studies examining trampling of artificial nests 
at different stocking densities support that 
hypothesis (Jensen et al. 1990, Paine et al. 
1996). However, in those studies, nest densities 
and arrangement (line transects) used may not 
be an accurate reflection of actual probability 
of a nest encounter by cattle in the real world. 
In continuously stocked NWSG pastures, 
Brazil (2019) reported 3 nests trampled of 
72 monitored (≈ 4%) for grasshopper and 
field sparrows at a stocking density of 1.5-1.7 hd/a. Two studies that employed adaptive management—higher 
stocking densities early in the growing season to keep up with grass growth then reduced as grass growth 
rate slowed—conducted at sites across Tennessee and Kentucky found that vegetation structure favorable for 
bobwhites was maintained at a stocking density of 3.73 hd/a (Harper et al. 2015) and no difference in relative 
breeding bird abundance for bobwhites in NWSG pastures at a stocking density of 2.8-4.5 AU/a9 grazed at least 
one time (May-June) compared to ungrazed NWSG (Keyser et al. 2020). Although neither included nest trampling 
in their studies, the results indicate that stocking densities higher than indicated in the literature to date may be 
compatible with nesting bobwhites. 

B.1.2. Other direct impacts 

Hedges and Loncarich in their Missouri Quail Study (unpublished data 2018) at a stocking density of 0.2 to 0.25 
hd/a, reported 4 nests lost out of 400 monitored (1%), all from cattle lying upon them, not trampling. Sutter 
and Ritchison (2005) reported one grasshopper sparrow nest lost as a result of being pulled apart by cattle 
grazing the supporting vegetation. Nack and Ribic (2005) documented cattle disturbing nests by removing eggs 
and nestlings and suggested we may be underestimating the impact of cattle on ground nests. More research is 
required to tease out whether this is a significant factor. 

9	 Pastures were stocked at 3,500-5,000 kg/ha and reported as 7-11 AU/ha.

Vegetative heterogeneity in second year of rest following 
intense grazing
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B.2. Indirect Impacts
Indirect impacts could include absence of habitat, pasture avoidance, abandonment or predation, as a result of 
removal of cover through the process of grazing or presence of cattle. 

Several studies have linked reduced vegetative structure (irrespective of reason) at the nest site with increased 
predation, (Martin and Roper 1988, Riley et al. 1992, Fondell and Ball 2004). Sutter and Ritchison (2005) 
reported most unsuccessful grasshopper sparrow nests were depredated with highest predation rates in grazed 
areas under what they classified as intense grazing. Temple et al. (1999) reported that nesting success for 
grassland birds was significantly lower in rotationally grazed pastures than continuously (intermediate success) 
and ungrazed pastures (highest success), apparently caused by desertion due to removal of cover around the 
nest. It is important to note the stocking density of the rotationally grazed pastures in this study was 16-24 hd/a. 
Pastures degraded by heavy grazing provide habitat for only a few species (Owens and Myres, 1972).

Johnson et al. (2012) studying savannah sparrows and horned larks found no evidence supporting an increased 
risk of nest predation in association with greater stocking rates, however their highest stocking density was 
0.45 AU/a and it is unlikely at that stocking density grazing reduced vegetative structure enough to observe an 
increase in nest predation. Examining data on nest fates, direct and indirect, from 18 different studies conducted 
across Canada, Bleho et al. (2014) found that overall few nests (1.5% of 9,132 nests) were destroyed by cattle. 
However nest destruction was positively correlated with grazing pressure, either stocking density or grazing 
intensity (forage utilization).
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Appendix C: GRAZING MANAGEMENT OF NWSG
Unless otherwise noted, reference for Appendix C is Keyser et al. 2011.

C.1. Seasonality of Grazing NWSG
In the eastern U.S., grazing of native warm-season grasses typically begins around the first to middle of May and 
continues through mid- to late August, or with appropriate summer rest periods, until late September. A grazier 
should expect to reliably get 90 – 110 days of grazing from NWSG.

C.2. Canopy Height Management
For NWSG to maintain vigor and productivity and be sustainable over time, proper grazing management is 
required. Continuous stocking of NWSGs in the spring should not be initiated (turnout heights) until average 
height of new growth is 13 to 15 inches. Under rotational stocking and for growth animals such as stockers, 
turnout height can be lower (8 – 12 inches) provided grazed units are allowed adequate rest, allowing regrowth 
to 13 – 15 inches before re-grazing. To maintain nutritive value don’t allow grasses to grow beyond 24 – 26 
inches, with the exception of lowland varieties of switchgrass (Alamo, Kanlow) whose upper limit is 30 – 36 
inches. Nutritive value of NWSG decline through the growing season as plants become more mature (Griffin 
and Jung 1983, Ball et al. 2001, Chamberlain et al. 2012, Waramit et al. 2012, Backus et al. 2017, Figure C.2.1). 
To sustain forage quality, maintain grazing pressure to delay the formation of seed heads (Trlica 2013). More 
severe grazing or lower turnout heights can be tolerated as long as adequate rest is provided before successive 
defoliation and provided it does not happen repeatedly. Native warm-season grasses should be allowed 4 – 6 
weeks of rest before the average first frost date of your location, leaving vegetation height of 18 inches or more 
at first killing frost.

Figure C.2.1: Forage nutritive value metrics as grasses mature. Big bluestem/indiangrass blend 
(BBIG), Switchgrass (SG), Eastern gamagrass (EG). Crude protein (CP), acid detergent fiber (ADF), 
neutral detergent fiber (NDF), in-vitro true dry mater digestibility 48h (IVTDMD48). Reprinted from 
Backus et al. (2017). 
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To the grazier unfamiliar with NWSG, these heights may seem wasteful, leaving unused forage in their pastures 
but they should resist the temptation to graze any closer. Closer grazing results in less energy stored within the 
plants above ground structures, potential to remove growing points, reduced root volumes, slower recovery 
periods and greater potential for weed encroachment (See subsection C.2.1). Extra forage taken this year will 
lead to forage lost next year and if the practice continues annually, grass vigor will continue to decline until 
pastures become weedy and eventually stand loss may result. Remnant native pastures managed properly have 
persisted hundreds of years and planted native grass stands are known to have lasted more than 30 years under 
proper grazing management.

C.2.1. Understanding canopy grazing heights

A review of simplified grass physiology may help provide 
understanding why grazing canopy heights and rests 
are recommended as they are. Photosynthesis, which 
is dependent upon leaf surface area (LSA) drives the 
productivity of the plants. Early spring growth in NWSG 
is fueled by carbohydrate reserves in the roots until LSA 
is adequate enough for photosynthesis to keep up with 
or surpass plant growth demands. Severe defoliation 
before enough LSA is available for growth and grazing 
causes the plant to access carbohydrate reserves in 
the roots. If severe defoliation continues, root vigor 
and mass and subsequently grass vigor are significantly 
reduced. Good grazing management leaves enough LSA 
that photosynthesis continues to support the plant’s 
growth and not access carbohydrate root reserves, letting 
grasses remain healthy and vigorous (Figure C.2.1.1). It 
is important that enough LSA remain late in the growing 
season to provide the buildup of carbohydrate reserves in 
the roots to fuel the next spring’s green-up. If this process 
is not allowed it weakens the grass plant coming out of 
dormancy the next spring. Without adequate rest or 
recovery, continued abuse will lead to weakened, thinning 
stands. Well established, vigorous NWSGs are very resilient 
to occasional severe defoliation events provided adequate rest and recovery periods are provided, however 
they cannot sustain long-term vigor with repeated seasonal or annual over grazing. Good grazing management 
maintains the productivity and sustainability of the stand (Figure C.2.1.2). Adapted from Waller et al. (1985).

C.2.2. Species-specific management recommendations

Because of the differences in plant phenology and growth rates, monocultures or simple mixtures of NWSGs 
are recommended for pastures, not only from the grazing management perspective but also from the cost of 
establishment standpoint. A 2020 survey of 205 livestock producers in Missouri and Tennessee identified cost 
of establishment as the number one obstacle to adoption of native warm-season forages (Center for Native 
Grasslands Management unpublished data). It is understood for wildlife purposes diversity is highly desirable and 
when achievable recommended, however even monocultures of NWSGs under grazing management provide a 
moderate degree of plant diversity and have been shown to provide adequate habitat for bobwhites (Harper et 
al. 2015, West et al. 2016). Table C.2.2.1 provides a list of forage compatible forbs widely adapted to the eastern 
U.S. 

Many other forbs may be considered for planting diverse mixtures, especially with considerations for pollinators. 
Milkweeds and other potentially toxic plants are usually only a problem when consumed exclusively or in large 

Figure C.2.1.1: Root growth stoppage resulting 
from defoliation of grass. Reprinted from USDA 
Technical bulletin 1102. 

Leaf Volume 
Removed (%)

Root Growth 
Stoppage (%)

10 0

20 0

30 0

40 0

50 2-4

60 50

70 78

80 100

90 100
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quantities. High stocking density grazing systems which force cattle to consume all available vegetation, increase 
the risk of harmful effects when these plants are present. When given free choice, cattle tend to avoid most 
potentially toxic plants or consume them in such small quantities they present no danger. 

Planted stands of lowland 
switchgrass and eastern gamagrass 
work best as monocultures because 
of their differing growth phenology 
and grazing management from the 
other NWSGs. Each of these plants 
initiate spring growth earlier than 
other NWSGs and eastern gamagrass 
grows later through the season. Big 
bluestem and indiangrass work well 
in a mixture together. Big bluestem 
plant phenology is slightly earlier 
than indiangrass, while indiangrass 
produces about 70% of its total 
biomass after the first of July in 
the lower Midwest, Mid-South and 
equal latitudes (Waramit et al. 2012). 
Little bluestem can be added to the 
mixture for additional plant diversity. 

Figure C.2.1.2: The effect of defoliation under good grazing and poor grazing management. Source: 
Waller et al. 1985.  

Table C.2.2.1: Forage compatible forb species for site specific adaptations 
or diversification.

Forage Compatible Forbs

Partridge Pea (Chamaecrista fasiculata) Legume

Tickclover (Desmodium sp.) Legume

Roundhead Lespedeza (Lespedeza capitata) Legume

Rattlesnake Master (Erynigum yuccafolium) Forb

Maximilian Sunflower (Helianthus maximiliani) Forb

Ashy Sunflower (Heliathus mollis) Forb

Gayfeather (Liatris sp.) Forb

Penstemon sp. Forb

Coreopsis sp. Forb
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Little bluestem matures the latest of big bluestem, indiangrass and switchgrass and is more tolerant to drier 
sites and poor soils than the others. The recommended canopy maintenance height for different approaches to 
grazing to sustain plant health and vigor of each of these grasses is listed in Table C.2.2.2.

Table C.2.2.2: Recommended canopy target heights for grazing NWSG’s (Keyser 2021). 

Grass Species Canopy Target Heights

Continuous Rotational

Big Bluestem - Indiangrass - Little Bluestem 14-18 in. 13-26 in.

Lowland Switchgrass, Alamo, Kanlow 18-24 in. 15-30 in.

Upland Switchgrass - Blackwell, Cave-In-Rock 14-18 in. 13-26 in.

Eastern Gamagrass 18-22 in. 16-32 in.
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Appendix D: SUPPLEMENTAL INFORMATION

D.1. Differences Between Cool- and Warm-season Grasses
Cool and warm-season plants have different photosynthetic systems and phenologies. Cool-season grasses, 
based on their photosynthetic system are known as C3 plants and warm-season grasses are C4 plants. C4 plants 
are more efficient at photosynthesis than C3 plants and C4 plants use less water to produce a unit of dry matter 
than C3 resulting in C3 plants being better adapted to a cooler, moister climate and C4 plants to a warmer, dryer 
climate.  Native warm-season grasses exhibit significantly greater drought tolerance than C3 cool-season plants, 
not only because of their different photosynthetic systems, but also their extensive root systems, up to 12 feet 
deep (Keyser et al. 2011).

Cool-season grasses grow best at 65-90° F (Baker and Jung 1968, Waller et al. 1985). In the Midwest and Mid-
South CSG typically produce the bulk of their biomass prior to June 1 (Riesterer et al. 2000). Cool-season grasses 
begin active spring growth when soil temperature reaches 40-45° F (Oregon State University, accessed online 
20 March, 2021). As temperatures rise and rainfall decreases, cool-season grasses become dormant, commonly 
referred to as “summer slump” (Riesterer et al. 2000, Tracy et al. 2010). Pointes et al. (2007) studying cool-
season grasses showed a decrease in dry matter yield during the summer (≈ July – Sept.) months. In addition 
to decreased yield, Buxton and Marten (1989) showed a linear decrease in digestibility during a warming 
environment, for several cool-season grasses further compounding the summer slump in cool-season grasses. 
Based on cool-season grass growth phenology, their highest nutritive value is in the spring (Pontes et al. 2007, 
Buxton and Marten 1989) during the period they are rapidly growing, up to just prior to the reproductive stage, 
identifiable by the elongation of seed stalks, and again in the fall when soil temperatures have cooled and 
ambient temperatures are 65-75° F (Oregon State University, accessed online 20 March 2021). 

Cows grazing NWSGs in summer result in increased milk production compared to those grazing CSGs during the 
same period, resulting in higher weaning weights.
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Warm-season grasses grow optimally between 82° and 105° F (Keyser 2021) and initiate spring growth when 
soil temperature is approximately 55° F but don’t begin more aggressive growth until soil temperature reaches 
65-70° F (personal observation). Warm-season grasses produce 65-75% of their total yield during mid-summer 
(Griffin and Jung 1983). Tracey et al. (2010) conducting research in West-Central Illinois found NWSG pastures 
averaged 61% more herbage mass in July and August compared with introduced CSG pastures. Griffin and Jung 
(1983) looked at predictors of forage quantity and quality of NWSG in Pennsylvania and found declining forage 
quality coincided with elongation of seed stalks. 

Regardless of grass type, early growth has low yield but high nutritive value and as forage matures, yield 
increases but nutritive value decreases (Backus 2017, Ball et al. 2001, Waramit et al. 2012). These metrics of 
season of growth and phenology of grasses are the basis for the common grass growth curve illustration shown 
in the Preface (Figure 1.2). The grass growth curve clearly shows how cool-season and warm-season grasses 
complement each other and how NWSG can provide an offset for the summer slump in production and decrease 
in animal performance seen with cool-season grasses. 

D.2. Comparative Forage Analyses
Forage analyses comparing NWSGs to CSG’s are not favorable, but this is due in part to limitations of current 
forage testing technology. The real measure of forage quality and comparison is in animal performance (Ball 
et al. 2001). Results from trials conducted in Nebraska, reported in a Kansas NRCS publication (Kansas Range 
Technical Note KS-4), reported 0.42 pounds of average daily gain (ADG) for steers grazing smooth brome from 
June 22 to September 14. Steers grazing NWSG10 during the same time period had 3 times greater, 1.28 pounds, 
ADG. Capel (1995) reported yearling steer summer ADG as 0.75 and 0.9 pounds for bluegrass and tall fescue 
respectively and big bluestem, switchgrass and eastern gamagrass yielded 2.6, 2.1 and 1.8 to 4.0 pounds ADG, 
respectively. A Missouri study compared a CSG/NWSG complimentary system to a CSG rotational system, both 
beginning and ending on the same date, the CSG pasture rotation coincided with the move to NWSG in the 
complimentary system, resulted in 1.54 pounds ADG in the CSG system and 2.48 pounds ADG in the CSG/NWSG 
complimentary system (Hodges, 1991). A reasonable expectation for routine summer gains on NWSG is from 
1.5 – 2.5 pounds of average daily gain in steers (Keyser et al. 2011); while CSG struggle produce from 0.5 to 1.0 
pounds ADG during that same time period. 

10	 Big bluestem, sideoats grama, switchgrass.
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