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ABSTRACT

 Stem heights of green ash and American elm saplings and five shrub spe-
cies were measured over 25 years with two treatments, 1) livestock present and 
2) livestock excluded from woodland draws in western North Dakota. Heights 
of green ash and American elm saplings and Saskatoon serviceberry, spiny cur-
rent, and western snowberry increased when livestock were excluded. Common 
chokecherry was taller throughout the 25-year period on the grazed treatment. 
Wood’s rose was the exception and decreased overall under both treatments, 
but was generally taller on the ungrazed treatment. Significant differences in 
stem heights were observed between treatments within 3-4 years after livestock 
were excluded; wildlife could graze both treatments. All American elm saplings 
died within livestock grazed sites during the study, but heights increased 22% 
over this period when livestock were excluded. Green ash saplings experienced a 
growth rate five times greater when cattle were excluded. Saskatoon serviceberry 
and common chokecherry experienced stem growth rates 2-5 times greater, re-
spectively, when livestock were excluded.
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INTRODUCTION

 The sustainability of green ash/American elm woodland systems on the 
Northern Great Plains has been a concern of land managers for a long time. 
Woodlands confined to draws occupy a small percent of the land area (Jakes and 
Smith 1982). These woodland systems have been an important component for 
livestock and wildlife use by providing food, cover, and protection during the 
winter months (Severson and Boldt 1978, Bjugstad and Girard 1984, Kauffman 
and Krueger 1984, Bjugstad and Sorg 1985, Hodorff et al. 1988, Uresk 1982). 
Human involvement in the natural processes over the past century has altered 
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woodland ecosystems and many are in stages of decline because of age, overuse, 
fire suppression, and disease (Severson and Boldt 1978, Boldt et al. 1978). As 
mature trees become decadent or diseased they are replaced by saplings, shrubs, 
grasses, and forbs (Severson and Boldt 1978, Boldt et al. 1978). The plant com-
munity that replaces the contemporary woodland community depends partially 
on management. Saplings must survive to replace the current trees while com-
peting with shrub and herbaceous species for the same available resources. Tree 
saplings that exceed 160-180 cm heights have a greater probability of survival 
because the apical meristem exceeds the height of livestock and wildlife browse 
(Uresk and Boldt 1986). Livestock and wildlife grazing can result in decreased 
height, plant vigor, and cover, damaged plants, alteration of plant communities 
and species composition of shrubs and tree saplings (Garrison 1953, Ellison 
1960, Willard and McKell 1978, Uresk 1987). The objectives of this study were 
to evaluate the response of tree sapling and shrub heights to livestock grazing 
compared to areas where livestock were excluded over a 25 year period and to 
report general trends and observed growth rates.

STUDY AREA

 The study was on the Little Missouri National Grasslands, Dakota Prairie 
National Forest, in southwestern North Dakota. Climate is cool-temperate, 
semi-arid, with wide variations of temperature and precipitation (Omodt et al. 
1968). Average annual precipitation for a 30-year period between 1971 and 2001 
was 38 cm (15 in.). Woodlands sampled were located in drainages surrounded by 
upland grasslands northwest of Dickinson, North Dakota. Woodlands selected 
were predominantly of green ash (Fraxinus pennsylvanica) and lesser amount of 
American elm (Ulmus americana). These stands averaged 480 live trees per hect-
are and consist of 60% green ash, 38% American elm and 2% other trees (Uresk 
and Boldt 1986). The shrub understory included western snowberry (Symphori-
carpus occidentalis), Wood’s rose (Rosa woodsii), spiny currant (Ribes setosum), 
Saskatoon serviceberry (Amelanchier alnifolia), common chokecherry (Prunus 
virginiana), and lesser amounts of silver buffalo berry (Shepherdia argentea), 
American plum (Prunus americana), hawthorn (Crataegus spp.), and raspberry 
(Rubus spp.). Common grass and grass-like species included Kentucky bluegrass 
(Poa pratensis) and sedges (Carex spp.) (Boldt et al. 1978).
 The woodland study area was in two pastures grazed by cattle in a three 
pasture allotment under a deferred rotation grazing system. Stocking rate was 
1.1 AUM’s ha-1 (animal unit months) from May 15 to October 30. Pastures were 
originally managed for season long grazing as a single pasture, but converted to 
a three pasture deferred system in 1972, two years before the study started.

METHODS

 Six sites (0.08 ha) were randomly selected within several woodland draws 
(Boldt et al. 1978) and included cattle grazing (3 sites) versus exclusion from 



Proceedings of the South Dakota Academy of Science, Vol. 88 (2009) 101

cattle grazing (3 sites). Wildlife was present in both treatments. Fence construc-
tion to exclude cattle was completed by the fall of 1975. Data were collected dur-
ing the end of the growing season each year. Initial measurements were collected 
in 1975 and additional measurements were collected for six subsequent years 
(1976-1981) and a final time in 2001. Heights of green ash and American elm 
saplings (less than 2.5 cm DBH) and the five shrubs—Saskatoon serviceberry, 
common chokecherry, spiny current, Wood’s rose, and western snowberry—were 
measured within five randomly located 15.3 meter by 1.2 meter belt transects at 
each sample site. Transects were permanently marked with metal rebar to allow 
re-sampling. Plant heights were measured to the nearest cm, averaged by site, and 
then treatment.
 Data were analyzed with analysis of covariance (SPSS 2003) using the first 
year data (1975) as the covariate. Results were considered significant at α ≤ 0.15, 
unless otherwise stated. Analysis of variance tests were used to test for treatment 
differences when the covariate lacked significance. Adjusted means were used 
to calculate growth rates (Table 1). Growth rates were estimated by subtracting 
heights recorded in year 1 (1976) from 1981 heights and then heights recorded 
in 1981 (year 6) from the final year data (2001); these differences were then 
divided by number of years (6, 19 respectively).
 Precipitation data were averaged for the years 1971-2001 in order to com-
pare annual precipitation to a 30-year average for three weather stations located 
close to the study area. The weather stations were located at Farifield, Trotters, 
and Watford City in North Dakota (HPRCC 2009).

RESULTS

 General trends show all stem heights except Wood’s rose increased after 25 
years without livestock grazing when compared to year 1 (Figure 1). With live-
stock grazing green ash saplings were nearly equal after 25 years when compared 
to year 1 with livestock grazing. Four species (Saskatoon serviceberry, snowberry, 
Wood’s rose, and American elm) decreased from the initial height after 25 years 
with livestock grazing. Height variability among years was large and often fol-
lowed similar increases or decreases regardless of treatment. The exception was 
American elm where the height after the third year began a decrease and was 
zero by 2001 on sites with livestock grazing. This decline was the result of all 
American elm saplings dying within the grazed belt transects. Significant height 
differences were generally observed 3-4 years after cattle were excluded. Spiny 
current showed an increase in stem height after 25 years on both grazed and un-
grazed treatments. Most growth occurred after the second year of post-treatment 
measurements.
 Saskatoon serviceberry heights were significantly greater on the ungrazed 
treatment compared to the grazed area for year 4, 5, 6, and 25 (Figure 1). There 
was an overall increase of 18 cm in average height on the ungrazed treatment 
for all years, approximately 24% greater when compared to the grazed treatment  
(P ≤ 0.15). A mean height of 109 cm was measured on the ungrazed treatment 
in the 25th year, which is 44% greater when compared to the mean height of the 
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grazed treatment (61 cm). The growth rate for serviceberry was 3-5 times greater 
when livestock grazing was excluded (Table 1).
 Common chokecherry heights were greater on the grazed treatment over the 
25- year period when compared to the ungrazed treatment but growth rates were 
greater on the ungrazed treatment (Figure 1). Chokecherry height increased 46 
cm from the sixth year to the 25th year with a mean of 68 cm on the ungrazed 
sites (P ≤ 0.10) the final year. Growth rates for chokecherry were twice as great 
on livestock excluded sites compared to sites with livestock (Table 1).
 The heights of spiny current for both treatments showed a marked increase 
the 25th year when compared to year 6. Both treatments also showed substantial 
increases in the 25th year when compared to year 1 (Figure 1). Spiny current was 
the only species that lacked significant differences in height any year and showed 
an increase trend in height after 25 years under livestock grazing when compared 
to year 1. Growth rates were similar.
 Wood’s rose was the only shrub measured where average height was less in 
year 25 compared to year 1 for both treatments (Figure 1). However, heights 
were significantly taller on the ungrazed treatment during year 4 to year 25. 
Overall, the average heights on the ungrazed and grazed treatments were 53 cm 
and 47 cm, respectively. Growth rates were negative, but twice as great without 
livestock grazing over the 25-year period. The first six years showed an overall 
decline, but positive growth rates were observed during the last 19 years for both 
treatments (Figure 1, Table 1).
 Significantly greater heights were observed for western snowberry on the un-
grazed treatment the forth, fifth and the 25th year. Stem heights increased where 
livestock were excluded and decreased where livestock grazed when compared 
year 1 to 25 (Figure 1). Growth rates for snowberry were similar during the last 
19 years for both treatments (Table 1).
 Heights of green ash saplings were greater from the third year to the 25th 
year when livestock were excluded compared to livestock grazed areas (Figure 1). 
Average heights of 164 cm and 66 cm were observed after 25 years on ungrazed 
and grazed treatments, respectively. The heights of the saplings were very similar 
to their heights at year 1 compared to year 25 on the grazed treatment. Growth 
rates were at least 4 times as great on the ungrazed sites when compared to the 
livestock grazed sites (Table 1). In shelterbelts on the Great Plains, green ash 
can experience growth rates of 40 cm per year and generally a greater rate when 
young (Wright 1965); the average annual rate observed in our study exceeded 4 
cm annually (Figure 1, Table 1).
 Stem heights of American elm were consistently greater on ungrazed sites 
when compared to grazed sites in 1978 and 2001 (Figure 1). No live American 
elm saplings were recorded on the grazed treatment in the 25th year. Generally, 
growth rates were positive when livestock were excluded and negative with live-
stock grazing.

DISCUSSION

 The long-term succession of green ash/American elm woodlands is gener-
ally a slow process and may be altered with variations of livestock management 
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Figure 1.  Response of woody plants over a 25-year period.  Means are adjusted by covariance 
analysis and treatment differences are significant at α = 0.15 as indicated by * .The species are: 
Saskatoon serviceberry, common chokecherry, spiny current, Wood’s rose, western snowberry, 
green ash, and American elm.
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(Boettcher and Johnson 2005). Shrub spe-
cies in our study responded differently to 
grazed and ungrazed treatments in this three 
pasture, deferred rotation grazing system. 
Heights were greater for four of the shrub 
species (Saskatoon serviceberry, spiny cur-
rent, Wood’s rose, and common snowberry) 
after several years with no livestock grazing 
when compared to the livestock grazed 
areas, and common chokecherry increased, 
but remained shorter than what was ob-
served on the grazed sites.
 Green ash and American elm were 
observed to have greater sapling heights 
after several years on livestock excluded sites 
when compared to sites grazed by livestock. 
Woody draws with proper livestock grazing 
should be managed to protect the under-
story shrubs and saplings while providing 
a shady environment (Lesica 2009). Com-
mon chokecherry showed an overall increase 
in height on the livestock excluded sites 
after 25 years and remained about the same 
height with cattle grazing when year 1 was 
compared to year 25 (Figure 1).
 Green ash and American elm showed 
an increased response in height when re-
leased from livestock grazing. Probably all 
the American elm saplings within the belt 
transects on livestock grazed sites died from 
the combined stress of livestock and Dutch 
elm disease (Stack and Laut 1986). The 
decline in American elm height on grazed 
sites probably shows a combined impact 
of diseased saplings and stress from live-
stock grazing when compared to saplings 
on the livestock excluded sites. The lack of 
American elm regeneration (loss of saplings) 
is partially due to time since exposure to 
disease, elimination of adult trees, avail-
able moisture, regeneration opportunities, 
competition with other species (Huenneke 
1983) and impacts of livestock grazing.
 Seasonal use of shrubs by livestock 
and the type of grazing system can influ-
ence the growth of shrubs. Livestock use 
of shrubs generally increase with increased 
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maturity of herbaceous vegetation (Boettcher and Johnson 2005, Holechek et 
al. 1982, Roath and Krueger 1982). Moderate or light use by livestock of many 
shrubs may result in greater vegetative growth than with no use (Garrison 1953, 
Ellison 1960), however, if greater vegetative growth occurred with livestock graz-
ing in our study we failed to observe it as stem height.
 All species except American elm experienced positive growth during the last 
19 years of the study. Precipitation was recorded to be above the 30-year average 
(38 cm) during ten of the last eleven years of the study (Figure 2). Greater annual 
precipitation could contribute not only to greater stem growth, but to greater 
herbaceous production nearby that may have reduced livestock’s utilization of 
woody plants during the last decade of the study.
 Four shrubs (Saskatoon serviceberry, spiny current, Wood’s rose, and west-
ern snowberry) managed under a three pasture, deferred rotation grazing system 
generally resulted in taller plants on the livestock excluded sites after a few years 
and were greater after 25 years compared to sites with livestock grazing. Com-
mon chokecherry was taller throughout the 25-year period while being grazed. 
Saplings of green ash and American elm exhibited greater heights when not 
grazed by cattle.
 Livestock grazing, even in a three pasture, deferred rotation management 
system, generally showed a decrease or little change in stem heights for all shrubs 
and tree saplings. Management for increased height of saplings and shrubs could 
improve wildlife habitats and provide increased opportunity for sapling recruit-
ment in these woodland draws.

11

Precipitation at Fairfield, Trotters and Watford City,

North Dakota
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Figure 2.  Thirty year precipitation average (horizontal line) for the study area in western North 
Dakota with annual average precipitation plotted for comparisons.  The annual precipitation was 
averaged by combining data from three weather stations nearby the study area (HPRCC 2009).
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 Over a post-treatment period of 25 years, shrubs managed under a three 
pasture, deferred rotation grazing system generally responded in taller plants on 
the ungrazed treatment after a few years. Four shrubs—Saskatoon serviceberry, 
spiny current, Wood’s rose, and western snowberry—were taller when ungrazed. 
However, common chokecherry was taller throughout the 25-year period while 
being grazed. Saplings of green ash and American elm exhibited greater heights 
when not grazed. Livestock grazing generally caused a decrease in stem heights 
for most shrubs and trees. 
 Although, management for increased height of all shrubs would be impor-
tant to wildlife, shrubs also provide livestock with protection during periods 
of inclement weather. Monitoring changes in stem heights of shrubs and trees 
would be difficult because of the high variability. Alternatively, field application 
for monitoring green ash woodlands may be obtained on the USDA Forest Ser-
vice Rangelands web site from: (http://www.fs.fed.us/rangelands/ecology/eco-
logicalclassification/index.shtml).

ACKNOWLEDGMENTS

 This study was completed in cooperation with Dakota Prairie National 
Grasslands and Custer National Forest. Partial funding provided by Dakota 
Prairie National Grasslands for 2001 data collection and to Colorado State 
University, Department of Rangeland Ecosystem Science (28-CR3-752 and 03-
JV-1221609-272) with special thanks to Dr. Dennis Child. Appreciation and 
thanks are extended to Dr. Chuck Bonham, Colorado State University, Depart-
ment of Rangeland Ecosystem Science, and Dr. Dale Bartos, Rocky Mountain 
Research Station, for providing editorial and statistical advice and Carin J. Cor-
ley for preparation of figures.

LITERATURE CITED

Bjugstad, A.J. and D.F. Sorg. 1985. The value of wooded draws on the northern 
high plains for hunting, furs, and woodcutting. Pp 5-9.  In: Noble, D.L. 
and Winokur, R.R., eds. Wooded draws: characteristics and values for the 
northern Great Plains. Symp. Proc. 1984 June 12-13; Rapid City, SD. Great 
Plains Agri. Council Pub. No. 111. Rapid City, SD: South Dakota School 
of Mines and Technology.

Bjugstad, A.J. and M. Girard. 1984. Wooded draws in rangelands of the north-
ern Great Plains. Pp 278B-36B. In: Guidelines for increasing wildlife on 
farms and ranches (F.R. Henderson, ed.). Kansas State University Coopera-
tive Extension Service, Manhattan, KS.

Boettcher, S.E. and W.C. Johnson. 2005. Cattle and wooded draws: A second 
look: Vegetation monitoring shows that healthy woodlands and cattle can 
coexist. Rangelands 27:40-42.



Proceedings of the South Dakota Academy of Science, Vol. 88 (2009) 107

Boldt, C.E. D.W. Uresk and K. Severson. 1978. Riparian woodlands in jeopardy 
on the northern High Plains. Pp 184-189. In: Strategies for protection and 
management of floodplain wetlands and other riparian ecosystems (R.R. 
Johnson and J.F. McCormik, eds.). Symposium Proceedings (Calloway 
Gardens, GA, Dec. 11-13, 1978). U. S. Dep. Agric. For. Serv. Gen. Tech. 
Rep. WO-12. 

Ellison, L. 1960. Influence of grazing on plant succession on rangelands. Bot. 
Rev. 26:1-178.

Garrison, G.A. 1953. Effects of clipping on some rangeland shrubs. J. Range 
Manage. 6:309-317.

HPRCC-High Plains Regional Climate Center. 2009. High Plains Regional 
Climate Center website (http://www.hprcc.unl.edu/products/home.htm. 
Long-term monthly totals for Fairfield, Trotters, and Watford City, North 
Dakota are from  1971 to 2001. Data accessed April 28, 2009.

Hodorff, R.A. C.H. Sieg and R.L. Linder. 1988. Wildlife responses to stand 
structure of deciduous woodlands. J. Wildl. Manage. 52:667-673.

Holechek, J.L. M. Vavra, J. Skovlin and W.C. Krueger. 1982. Cattle diets in the 
Blue Mountains of Oregon II. Forests. J. Range Manage. 35:239-242.

Huenneke, L.F. 1983. Understory response to gaps caused by death of Ulmus 
americana in central New York. Bull. Torrey Bot. Club. 110:170-175.

Jakes, P.J. and W.B. Smith. 1982. A second look at North Dakota’s timber land. 
U.S. Dep. Agric. For. Serv. Bull. NC-58.

Kauffman, J.B. and W.C. Krueger. 1984. Livestock impacts on riparian ecosys-
tems and streamside management implications-a review. J. Range Manage. 
37:430-438.

Lesica, P. 2009. Restoring green ash regeneration to declining hardwood draws.  
 Final Report. Bureau of Land Management, Miles City, MT. 22 pp.

Omodt, H.W. G.A. Johnsgard, D.D. Paterson, and O.P. Olson. 1968. The major 
soils in North Dakota. North Dakota Agricultural Experiment Station Bul-
letin 472. 60 pp.

Roath, L. R. and W.C. Krueger. 1982. Cattle grazing influence on a mountain 
riparian zone. J. Range Manage. 35:100-103.

Severson K.E. and C.E. Boldt. 1978. Cattle, wildlife, and riparian habitats in 
western Dakota. Pp 90-103. In: Management and use of northern Plains 
rangeland (J.C. Shaver, ed.) Regional Rangeland Symposium, Bismark, ND. 
North Dakota State University, Fargo.

SPSS Inc. 2003. SPSS Base 12 for Windows User Guide. SPSS Inc., Chicago, 
Illinois.

Stack, R. W. and J. G. Laut. 1986. Dutch elm disease. In Riffle, J.W., Peterson, 
G.W. Tech. Coords. Diseases of trees in the Great Plains. Gen. Tech. Rep. 
RM-129.  Fort Collins, CO. USDA, Forest Service, Rocky Mtn. Forest 
and Range Experiment Station. 149 pp.

Uresk, D.W. 1982. Importance of woodlands to wildlife and livestock use on the 
Northern High Plains. Pp 7-12. In Proceedings of the Great Plains Agricul-
tural Council, North Platte, NE.



108 Proceedings of the South Dakota Academy of Science, Vol. 88 (2009)

Uresk, D.W. 1987. Effects of livestock grazing and thinning of overstory trees 
on understory woody plants. Pp 168-171. In Provenza, F.D., J.T. Flinders, 
E. Durant, compliers. Proceedings of symposium on plant-herbivore inter-
actions; 1985 Aug 7-9; Snowbird, UT. GTR INT-222. Ogden, UT; U.S. 
Dept. of Agri., Forest Service, Intermountain Research Station.

Uresk, D.W. and C.E. Boldt. 1986. Effect of cultural treatments on regenera-
tion of native woodlands on the northern Great Plains. Prairie Nat. 18:193-
202.

Willard, E.E. and C.M. McKell. 1978. Response of shrubs to simulated brows-
ing. J. Wildl. Manage. 42:514-519.

Wright, J. W. 1965. Green ash (Fraxinus pennsylvanica Marsh.). pp 185-190.  
In Silvics of Forest Trees of the United States. H. A. Fowells, (ed.) p. 185-
190. U.S. Dept. of Agri., Agri. Handbook 271. Washington, DC.




