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Heterogeneity of Data: Implications for a Variable Federal 
Grazing Fee 
JOHN M. FOWLER, MARTIN BLAKE, AND L. ALLEN TORELL 

AbsttWt 

Average grazing lease prices as tabulated in the 1985 federal 
grazing fee review and evahration study were found to be signifi- 
cantly different between some pricing regions of the study. Com- 
paring the federal study with a New Mexico state land grazing fee 
study indicated that lease prices were not homogeneous, even 
within pricing regions. This heterogeneity of data indicates that a 
variable federal grazing fee structure should be established if wel- 
fare of public land ranchers and collecting full market value of 
public land forage is important. Other factors, such as ease of fee 
administration and strong political support have been important 
considerations In setting the current single uniform fee. The cur- 
rent single-fee formula that sets one uniform grazing fee for all 
western states cannot be statistically defended. If grazing fees were 
significantly increased using the current single-fee formula, or any 
other single-fee formula, an inequitable distribution of impacts 
upon public land ranchers would arise; some would be subsidized 
while others would likely be damaged. 

The range livestock industry in the western United States is 
comprised of highly divergent components. Ranching operations 
vary according to managerial ability, financial structure, land 
ownership patterns, size, topography, range productivity, climate 
and type of livestock. In attempting to describe and analyze the 
ranching industry, many researchers inadvertently disguise exist- 
ing variability through the process of aggregation. This article 
demonstrates the problems arising from inappropriate aggregation. 

Researchers often use measures of central tendency and disper- 
sion, such as the mean, median and standard deviation when 
dealing with large quantities of data. When these measures are 
calculated from individual observations with similar characteris- 
tias, these statistics accurately portray a typical group member and 
lead to policy prescriptions that are likely to be pertinent and 
accepted. However, if descriptive statistics are calculated from 
individual observations with dissimilar characteristics, these statis- 
tics often describe a typical group member that is not representa- 
tive of any segment of the original population. These distorted 
research results often result in faulty inferences and can culminate 
in inappropriate policy formulation. 

Aggregation of observations is involved in virtually every statis- 
tical procedure. Therefore, it is an accepted statistical procedure to 
test a group of individual observations for homogeneity before 
aggregation. This avoids misleading inferences. The rule of thumb 
is-if the data are homogeneous, aggregation is appropriate. If the 
data are heterogeneous, the data must first be stratified into groups 
with similar characteristics and statistical analysis performed on 
each separate group.1 

The aggregation problem related to setting public land grazing 
fee policy was recognized 13 years ago by Nielsen (1972) based 
upon earlier 1966 federal grazing fee studies. Nielsen stated: “If 
permittees can be stratified into grazing fee market areas where 
their total cost differentials are more nearly homogeneous, the 
variation within each group or market area would be much less 

Authors are associate professor, professor and assistant professor, Department of 
Agricultural Economics and Agricultural Business, New Mexico State Umversity, Las 
Cruces, New Mexico, 88003. 

This publication is New Mexico Experiment Station Journal Article No. 1185. 
Manuscript accepted 19 August 1985. 

‘Heterogeneity can be with respect to any of the 4 moments, i.e. mean, variance, 
skewness, and kurtosis; however, in this paper only the mean was tested. 
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than when all permittees are grouped together. In addition, the 
government would come nearer its goal of collecting full market 
value in grazing fees”(Nielsen 1972, P. 5). Nielsen went on to argue 
that although the data were not adequate to determine the best 
variable fee system, they were sufficient to set variable fees that 
more closely approximated the governments’ goals than did a 
single uniform fee. Obermiller (1984) pointed out the consensus 
among economists at the 1982 symposium on public lands grazing 
fees in New Orleans, Louisiana, was that a variable federal grazing 
fee system would be most equitable and desirable. 

The 1966 federal grazing fee study did not support the definition 
of regional grazing fee pricing but rather recommended a single fee. 
The fixed fee concept has strong political support from the live- 
stock industry and also benefits from an administrative perspective 
due to ease and uniformity of application. The current federal 
grazing fee level was set by a formula developed under the Public 
Rangelands Improvement Act (PRIA) of 1978. The formula 
adjusts for beef prices, production costs, and private land forage 
lease rates.2 

While a uniform fee, such as determined by the PRIA formula, 
has certain obvious adminstrative advantages, any fixed single fee, 
regardless of annual adjustment mechanism, does not adequately 
recognize that the value of public grazing varies across geographic 
areas and by type of livestock operation. If the fee is set too high 
then public land ranchers can be placed at a comparative disadvan- 
tage to the private land sector, and potential public land grazing 
resources could go unused. If the level is set too low, public land 
ranchers are subsidized and realize a comparative advantage to the 
private sector. 

Results and Discussion 
The consequences of inappropriate aggregation will be demon- 

strated using the 1985 federal grazing fee study conducted by the 
Forest Service and the Bureau of Land Management, as mandated 
by section 12b of the Public Rangelands Improvement Act of 1978. 
The results of this study were reported in a publication entitled 
1985 Grazing Fee Review ond Evahurion (USDI/USDA 1985), 
which presents and analyzes several alternative grazing fee formu- 
lations. This analysis of grazing fee alternatives was based on data 
obtained from a market rental appraisal. The methodology for 
collecting and analyzing this data was contained in an appraisal 
report prepared by Tittman and Brownell (1984). 

Federal Grazing Fee Study 
The data used in the federal grazing fee study were collected by 

field appraisers who interviewed an estimated 100,000 persons 
during the 17-month period from July 1982 to November 1983. 
These interviews resulted in 7,246 usable observations of different 
prices reflecting the results of open market negotiations between 
lessors and lessees for grazing use of lands by cattle, horses, year- 
ling cattle and sheep. Data on 99 physical characteristics and lease 

The PRIA formula is as follows: 

Fee +I = 51.23 x 
FVI, + (BPlr PPIt) 

loo 
where: Fee*1 = grazing fee to be paid 

FVlt = forage value index 
BPlt = beef price index 
PPIt = prices paid index. 
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terms and conditions that could affect value were collected for each 
lease. The appraisal covered 16 western states plus 2 counties in 
Texas, which were divided into 6 pricing areas (Fig. 1). It is not 
clear in the federal study how or why these pricing areas were 
developed. 

Mg. 1. Pricing regions of the federal grazing fee study, 

Tasting for Homogeneity 
Average lease prices determined in the grazing fee study are 

summarized in Table 1. In the study, these averages were not tested 
for homogeneity between regions.3 One method that could have 

Ttblt 1. Gnzing lttst prict dtta by rtgions uttd in tht ftdtrtl gming ftt 
study. 

Pricing region 
Average Standard 

($/head/ month) deviation 
Number of 

observations 

West 
1 
2 
3 
4 
5 
6 

West 

: 
3 
4 
5 
6 

Non-federal Leases’ 
1.25 4.65 

10.07’ 5.57 
7.34b 4.20 
7.57b 4.60 
6.51’ 4.43 
5.75d 4.27 
6.86c 4.28 

Federal Leases2 
7.15 5.06 
8.98’ 4.66 
6.85b 2.54 
7.10k 3.77 
7.83”b”d 6.93 
5.32’ 3.21 
7&V” 5.45 

4,427 
387 
596 

1,334 
1,188 

300 
622 

897 
44 
34 

386 
280 
132 
39 

Source: Appraisal report Estimating Fair Market Rental Value of Grazing On Public 
Rangelands (Tittman and Brownell 1984, appen. 13, p. 12). 
‘Non-federal leases represent market transactionsfor land which isprimarilyprivately 
OWlled. 
2Federal leases represent federal land subleases, federal land put up for competitive 
bid, or federal land priced according to comparable private leases. 
‘Any two means followed by the same letter are not significantly different at the 1% 
level of probability. 

‘The federal study did recognize that differences exist in grazing lease prices between 
regions. On page 10 of the study (USDA/ USDI 1984) the statement was made: “The 
analysis showed there were different prices being paid for different kinds and types of 
animals. They also showed there were differences in prices being paid in different 
geographic areas that could beattributed to broad differences in various factors that 
include location, season of use, and carrying capacity or quality of range.” This 
observation did not lead the researchers to the important implication for the need for a 
variable grazing See. 

been used to check for homogeneity would have been to test 
whether the mean prices in the 6 regions were significantly different 
using a one-way analysis of variance (ANOVA). If these 6 mean 
prices are not significantly different, it is reasonable toaggregate to 
a single uniform tigure that can then be used in the analysis. 

A one-way ANOVA is an appropriate statistical method to use 
when there are unequal sample sizes. The null hypothesis (Ho) for 
testing for differences in average lease prices between regions was 
formulated as HO: ~1 = ~1s = PS = ~4 = ps = ~6. Analysis of variance 
on the non-federal lease data resulted in an F-value of 45.176, 
which resulted in rejection of the null hypothesis of equal means at 
the a = 0.000 1 level. Analysis of variance on thefederul lease data 
resulted in an F-value of 5.796. In this case the null hypothesis of 
equal means was rejected at the a = 0.001 level. Since in both cases 
the null hypothesis was rejected, a pair-wise comparison was con- 
ducted for both the non-federal and federal leases to determine 
which, if any, regions were similar. The comparisons are presented 
in Table 1 and indicate at least 4 distinct pricing regions. 

With these regional price differences, implementation of a uni- 
form grazing fee for all western states that collects full market value 
of the forage would result in an inequitable distribution of impacts 
upon individuals within the range livestock industry. These 
inequitable impacts would subsidize some and damage others. 

The draft federal grazing fee study did use the lowest average 
forage value from pricing region 5 in their example and subsequent 
impact analysis. However, there were no assurances given that this 
lowest figure would be used in final fee formulations. Furthermore, 
even if this lowest value were used in setting grazing fees in the 
future, closer analysis of the data indicates an inappropriate policy 
would arise. A uniform grazing fee is a policy that attempts to 
describe and treat the typical individual where no such typical 
individual exists. Only a variable fee is statistically defendable 
based upon data collected for the federal grazing fee study. This is a 
different conclusion than that of the 1966 grazing fee study where 
no regional pricing differences could be found and the data sup- 
ported a uniform fee. 

The New Mexico Cornprison 
Additional exemplification of inappropriate aggregation in the 

federal grazing fee study can be obtained by comparing the results 
of the federal study to results obtained from a New Mexico State 
University (NMSU) state lands grazing fee study (Fowler et al. 
1985). The comparison is particularly germane because 3 of the 6 
federal pricing regions converge in New Mexico, and are similar to 
pricing regions used in the comparable state land study. 

The opportunity for analysis and comparison presented itself 
when the New Mexico State Land Commissioner decided to use 
private market lease rates for rangeland as a basis for determining 
lease rates for state trust land, and to use the federal grazing fee 
study as a primary data base. Four counties were omitted from the 
federal study because of the absence of federally owned land. The 
state land study was designed to interview the four omitted coun- 
ties with exactly the same research format as used by the federal 
study. The data was to be pooled with the federal data and the 
combined data base was to be used to determine the price structure 
for leasing state trust lands. When the federal government was 
unable to release their data on the remaining 29 New Mexico 
counties in a timely manner, because of the political sensitivity of 
the data, it was decided to interview the remaining 29 counties. The 
result was a complete data base for New Mexico, collected in the 
same research format as the federal study and over the same time 
frame. The 65 1 private lease observations collected in the state land 
grazing fee study for the lease year 1983-84 exceeded the 296 
comparable observations collected for New Mexico in the federal 
grazing fee study. 

The 3 pricing regions used in the state land grazing fee study are 
shown in Figure 2 as well as the average lease price for each 
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I I 
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. . ..-.. 
State Land 

study Region 
I 

Number of Avorop. 
LMs.9 Leas. Pris. ($/Awl 

195 2.55 
2 211 5.02 
3 225 5.59 

‘sourc*: TonIl 1995. Conclusions 
Fig. 2. Average leasepriceper AUM by pricing region, state land grazing 

fee study. 

region in dollars per animal unit month (AUM).‘The three pricing 
regions in the state study were determined by statistically compar- 
ing the average lease price between counties. There were no statisti- 
cally significant differences within the pricing regions and the 
differences between regions were significant at the a = 0.01 level. 
These regions closely approximate the New Mexico portion of the 
3 regions determined in the federal study (Fig. 1). Region 3 of the 
federal grazing fee study was quite comparable to region 2 of the 
state land grazing fee study. Only 2 counties (Grant and Hidalgo) 
were omitted and these were placed in federal study Region 5. 
Region 2 of the federal grazing fee study accurately picked up the 
highly productive northeastern counties of New Mexico; however, 
it included 3 counties (Chavez, Lea, and DeRaca) from the south- 
east which the state land grazing fee study indicated should be in a 
different region. Overall, pricing area designations between the 2 
independent studies were similar. 

Statistical analysis of the data used as the basis for the federal 
grazing fee study shows the data on lease prices are not homogene- 
ous throughout the west. Further, comparison of the federal graz- 
ing fee study with a similar New Mexico grazing fee study indicates 
the regions used in the federal study are not homogeneous, even 
within regions. Proper policy formulation requires the total data 
set be divided into groups which are homogeneous, and that a 
series of grazing fees be implemented with a separate grazing fee for 
each homogeneous region. Failure to follow accepted statistical 
procedures in aggregating data will result in a policy that neither 
recognizes nor adequately treats the highly divergent enterprises 
that comprise the western range livestock industry. If grazing fees 
are significantly increased, this will create an economic environ- 
ment that will make it difficult for some enterprises to survive and 
will, at the same time, provide a subsidy to others. 
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Table 2. Average lease price in dollars per head per month by pricing 
region, federal grazing fee study. 

From clipped data’ From unclipped data’ 
Federal study region (g/h@ mo) (S/hd/mo) 

2 7.50 7.34 
3 8.00 7.57 
5 5.50 5.75 

rIn the federal study the original data were clipped to chminate excessive variation in 
the data. Clipping retained only observations within one standard deviation of the 
mean price in each pricing area. We contend that this practice of Clipping is not 
statistically valid and represents another serious flaw in thefederal grazing fee study. 
This data 1s reported on page 31 of 1985 Grazing Fee Review and Evaluation draft 
report. 

federal study, which includes the central and northwestern corner 
of New Mexico, is heavily influenced by data obtained from Mon- 
tana, North Dakota, Wyoming, and Colorado. The average lease 
price for region 2 of the federal study, which includes the eastern 
portion of New Mexico, is heavily influenced by data obtained 
from eastern Colorado, southern Nebraska, Kansas, and Okla- 
homa. The influence of these other states distorts the pattern that is 
observed when New Mexico is treated independently as it was in 
the state lands grazing fee study. 

Comparison of the federal grazing fee study with the New Mex- 
ico study indicates the 6 regions used in the federal study are not 
defined narrowly enough to achieve homogeneity within regions. If 
average lease prices are correct in both studies, the implication is 
that New Mexico does not belong in any of the 3 federal pricing 
regions that converge in the state. In each of the comparable 
regions, average market rates observed in the New Mexico study 
are about $2 per AUM less than levels reported for the federal 
study. 



The Impact of Experimental Design on the Application of 
Grazing Research Results-An Exposition 
M.A. BROWN AND S.S. WALLER 

Abstract 

Funding Bmitations often restrict pasture replication in grazing 
research on rangeland. Consequently, subsample error has been 
used to estimate treatment effects or characterize populations. 
Assumptions associated with experimental designs which utilize 
subsample error to make inferences are discussed and an example 
evaluated. The appropriate experImentaI unit for inferential graz- 
ing research is the pasture. Animals or vegetation aampIing within 
pastures must be considered as subsamples in inferential grazing 
research. Pasture replication must be used in intensive grazing 
trials to establish treatment dffferences or provide adequate char- 
acterization. Following intensive trials, extensive, unrep- 
Iicated trials implemented by private producers can be effective in 
estabIishIng broad-based applicability. Unreplicated pasture trIaIs 
may also be used for screening several treatments. 

Shrinking research budgets, increased competition for research 
dollars, and increased complexity of grazing research have contribut- 
ed to efforts to enhance the efficiency of the research process. 
Additionally, range and pasture research competes with other 
research for land in organizations with finite land resources. Dif- 
ferentiating between efficiency of experimental design and the 
ability to make the proper characterization or inference is parti- 
cularly important in range science. Minimizing cost in the experi- 
mental design process often is done at the expense of inference. 
Most books on experimental design or statistics provide few 
examples representing experimentation at the population, com- 
munity, or ecosystem levels of organization (Hurlbert 1984). The 
principles of design for grazing studies are most often violated. It is 
the purpose of this discussion to explore some aspects of experi- 
mental design critical to evaluating efficiency and cost versus 
interpretive credibility of grazing research. 

Hurlbert (1984) defined experimental research as mensurative 
(sampling studies) or manipulative (external treatment). Mensura- 
tive experiments involve only the making of measurements at one 
or more points in space or time; space or time is the only experi- 
mental variable or “treatment”. Cochran (1977) provided an excel- 
lent review of sampling techniques for sampling studies. Manipula- 
tive experiments always involve two or more treatments and have 
as goals making one or more comparisons. Several references 
provide valuable information on the design of manipulative exper- 
iments (Federer 1955, Cochran and Cox 1957, Cox 1958). Measur- 
ing attributes of interest is important in both mensurative and 
manipulative experiments. There are several references available 
on measurement techniques (Brown 1954, U.S. Forest Service 
1963, Greig-Smith 1964, Mueller-Dombois and Ellenberg 1974, ‘t 
Mennetge 1978, Stubbendieck and Schacht 1984, Cook and Stub- 
bendieck 1986). Experiments can be inferential, providing infor- 
mation about a population; or they can be descriptive, providing 
information about specific individuals within a population. 

Inferential Grazing Trials 
Population of Inference 

The focal point of inferential research is the characterization of 
or inference about some population. Steel and Torrie (1980) 
defined a population as all possible values of a variable. The 
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selected population of interest becomes the population of inference 
from which individuals are selected for experimentation. The pop- 
ulation could be all native pastures in eastern Nebraska for a 
grazing study or all silty range sites in Vegetative Zone IV of 
Nebraska for a vegetative survey. Explicit definition of the popula- 
tion of inference must be made prior to the selection of the experi- 
mental material. If the population is well defined; means, varian- 
ces, covariances, probabilities and other statistics generated from a 
research project can be properly interpreted. Once the population 
is defined, sample units can be selected within the appropriate 
experimental material. Sample units could be termed observa- 
tional units in descriptive research and experimental units in exper- 
imental research. 

Experimental Unit 
A proper experimental design can be destroyed by failing to 

recognize what constitutes the experimental unit (Nelson and 
Rawlings 1983). According to Cox (1958) the experimental unit 
corresponds to the smallest division of experimental material such 
that any two units may (independently) receive different treat- 
ments in the actual experiment. Because responses are not constant 
in biological research, sample units should be chosen at all levels 
which can affect characterizations or responses. For example, 
treatment, pasture, animal, year of measurement, year of treat- 
ment, the failure of main effects to respond consistently within the 
grazing season, and appropriate interactions are all potential sour- 
ces of variability in a manipulative grazing trial. 

Animals can be considered experimental units in mensurative 
and manipulative research trials in which the forage resource has 
no differential effect on the measured response. Breed compari- 
sons, reproductive physiology, insect or parasite studies are exam- 
ples of such studies. Prior knowledge is the basis for the assump- 
tion that pasture effects are negligible or of no interest. In 
identifying the animal as the experimental unit and not replicating 
pastures, the researcher foregoes the opportunity to evaluate 
potential pasture X treatment interactions. 

Animals in manipulative grazing research on rangeland are 
generally used as a treatment (e.g., stocking rate study) or as 
measures of treatment effect (e.g., gain/ head, gain/area). Free- 
grazing animals in range situations can seldom be considered as 
experimental units. Each animal must receive a treatment to be 
considered an experimental unit in manipulative research. In addi- 
tion, each animal must be independent of other animals for the 
response measured. If forage availability or selection are important 
factors in the response variable, animals within a pasture cannot be 
considered independent. As an example, forage consumed by one 
animal cannot be consumed by another, implying a dependency. 
Thus, animals are actually repeated measures on the same experi- 
mental unit. The experimental unit of a production system in the 
measurement of animal production from grasslands must consist 
of an area of land and the animals grazing on it as well as auxiliary 
facilities for such management activities as supplemental feeding 
(Morley 1978). Pasture size and number is a critical consideration 
for research facilities with limited land resources. Pastures should 
be large enough to support adequate animal numbers to provide 
the precision in response measurements (Peterson and Lucas 
1960). However, small pastures are more desirable than large, 
production-size pastures for intensive grazing trials since land is 
restricted. Additionally, initiation of new grazing studies should 
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not be confounded with previous grazing trials, emphasizing the 
importance of “protecting” available land resources from experi- 
mentation when possible. 

Replication 
Relication is the observation of more than one experimental unit 

treated alike. It provides evidence of repeatability and is the only 
way to provide an estimate of experimental error (degree of varia- 
bility among individuals treated alike). An estimate of experimen- 
tal error is required for tests of significance and for confidence 
interval estimation (Steel and Torrie 1980). Without estimates of 
experimental error it is impossible to distinguish real differences 
from inherent variation. 

In grazing trials, pastures and animals should be observed within 
a grazing season over a number of years to estimate these sources of 
variability for characterization or inference. To avoid bias, pas- 
tures and animals would be sampled and/ or assigned treatments at 
random. For an estimate of variability, at least two independent 
units per source are needed; i.e., in manipulative research two 
pastures per treatment and two animals per pasture observed over 
the grazing season with the experiment conducted for at least two 
years. The actual numbers chosen would be a function of the 
desired precision in mensurative research or precision and the 
probability of acceptable decision error in manipulative research. 
Thus, it isapparent that replication of pastures, animals, and years 
is appropriate for proper characterization and inference. 

Most evaluations of grazing trial research have been conducted 
on introduced pastures, having a greater degree of homogeneity 
than native range. Green et al. (1953) concluded that replication of 
both pastures and animals in pastures was essential for valid con- 
clusions in grazing trials conducted on a plot scale. Mott and Lucas 
(1953) concluded that the animal component of variance was most 
important when measuring product per animal whereas the animal 
and pasture components of variance were of equal importance 
when measuring forage yield in research on cultivated pastures. 
They suggested using several small pastures per treatment with one 
to three animals per pasture for evaluating both animal perfor- 
mance and forage yield. Additionally they recommended using 
larger pastures (more animals) when evaluating animal perfor- 
mance. Peterson and Lucas (1960) reported the important sources 
of variability in animal performance to be the between-animal 
variance; the animal X time interaction and the pasture X time 
interaction. Important sources of variability for yield per area were 
the pasture X time and animal X time interaction. 

It is important that grazing trials be designed to be able to 
estimate these sources of variability to ascertain which sources of 
variability are important for the responses being measured. These 
sources of variability can then be tested for significance and insig- 
nificant sums of squares can be pooled. 

Pseudoreplication 
Pseudoreplication can be defined as testing treatment effects 

with an error term inappropriate with the hypothesis being consi- 
dered (Hurlbert 1984). Interpreting a significant difference as a 
“treatment effect” or real difference using the variability of sub- 
samples is a form of pseudoreplication. Pasture replication is often 
omitted in research due to funding limitations. In such cases vege- 
tation variables are measured with subsamples within a pasture 
(transects, quadrats, or exclosures for example) while animal 
responses are determined using animals within a pasture. The 
transect or the animal in unreplicated pastures must be considered 
the experimental unit to be provided an experimental error term. 
However, transects within a pasture do not have an equal oppor- 
tunity to receive different treatments; therefore they cannot be 
considered experimental units (Cox 1958). If “replicates”are only 
samples from a single experimental unit (pasture) then replicates 
are not independent (Hurlbert 1984). 

An Example Grazing Trial 
An hypothetical experiment testing the null hypothesis that 

there is no difference in gain/ head or vegetation composition 
between fertilized and unfertilized range can illustrate the limita- 
tions associated with unreplicated pastures (Table 1). In this 
example there were 8 pastures with a dividing fence in each. One 
half of each pasture was fertilized and the remaining half was left 
unfertilized. Twenty steers grazed in each treatment to document 
animal performance and 20 cages were placed at random in each 
treatment in each pasture to estimate kinds and amounts of vegeta- 
tion. The experiment was run for four consecutive years without 
rerandomization. Year effects are repeated measurements of the 
same experimental units reflecting the cumulative effects of fertili- 
zation as well as weather and cannot be considered replications of 
the experiment. The linear model for this design is as follows: 

where: 
Yijkl = 

IJ = 

Pi = 

Fi = 

PFii = 

Tk = 

PTa, q  

FTjr = 

PPTgk = 

%U = 

response of the I* subsample in the 
ke’ year, jfi fertilizer regime and i* 
pasture 
overall population mean 
random effect of the iuL pasture 
fixed effect of the ja’ fertilizer regime 
random interaction effect of the ia’ 
pasture with the jc’ fertilizer regime 
fixed effect of the k* year 
random interaction effect of the i* 
pasture with the kU year 
fixed interaction effect of the j” 
fertilizer regime with the kc’ year 
random interaction of the ie’ pas- 
ture, ja’ fertilizer regime and ke’ year 
random effect of the 1” subsample 
in the k” year, jc’ fertilizer regime 
and iu’ pasture. 

Table 1. Sources of variation, degrees of freedom (df) and cxpted mean squarea E (MS) for two response variables. 

Gain/ head Vegetative composition 
Source d.f. WMS) Source d.f. E(MS) 

Pasture (P) 7 t+ MO& Pasture (P) I d+ MO& 
Fertilizer (F) 1 o:+80&+64OIF Fertilizer(F) 1 &+80&+64OZF2 
PXF 7 $+ 804~ PXF 7 d + 80&k 
Year(T) 3 o~+4Oo&t320~~ Year(T) 3 
TXP 21 C7:+40& TXP 21 

&40&.+320~~ 
o!+40& 

TXF 
TXPXF 

3 u$;;-&t 16O~qL TXF 3 
21 TXPXF 21 

0:+20&F+ 1603F 
or?+ 10&w 

Animal nested in P, F, T 1216 d Cage nested in P, F, T 1216 d 
Total 1279 Total 1279 
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Thus the design is a split plot on time with subsampling with the 
main unit a randomized complete block design and the subunit 
time. This design is only one of a large number of designs that 
might be appropriate in grazing trials. It, includes pasture effects, 
interactions with pasture, and animal or cage effects. For simplic- 
ity it has ignored repeated measurements on animals or cages 
within a grazing season. 

The expected mean squares (Table 1) indicate the appropriate 
tests for fertilizer effects, year effects and year by fertilizer effects: 

FF = Fertilizer Mean Square 
(MS)/Pasture X 
Fertilizer MS 

FT 

FiV 

= Year MS/ Pasture X Year MS 

= Fertilizer X Year MS/ Pasture 
X Fertilizer X Year MS 

Using subsampling variance would be valid only if the pasture X 
fertilizer, pasture X year, and pasture X fertilizer X year effects 
were zero, depending on the particular test. These assumptions are 
questionable given the inherent variability of any biological system 
and the confounding effects of pre-treatment management on both 
pasture and animal. Hurlbert (1984) stated that in any field situa- 
tion, two experimental units are different in every measurable 
property. According to Federer (1955) all fields of research have at 
least one feature in common; i.e., the variability of experimental 
material. Assuming no interaction with pasture is particularly 
unrealistic when evaluating range with large pastures possessing 
range site and species diversity. 

warranted to substantiate response to treatment. When research 
institutions do no have land resources for large scale studies, 
applicability should be estimated through limited implementation 
by private producers. 
2. Results from the extensive studies suggested the same conclu- 
sions as those of the initial, replicated study. Treatment implemen- 
tation appears feasible on an industry-wide basis. However, con- 
tinued monitoring and evaluation of the treatment response across 
the broad range of industry use should be encouraged to provide 
continued refinement of the treatment. 

The unreplicated pasture study has a place in the research pro- 
cess. It can serve as a screening trial for several treatments, after 
which intensive replicated trials are initiated with the most promis- 
ing treatments. It can also follow replicated trials to establish a 
broad based applicability. Often it is necessary to conduct unrepli- 
cated extensive trials because the scale effects of such experiments 
are necessary to allow expression of treatment differences and the 
scale prohibits replication. If conducted properly, this information 
can add new knowledge and should be published. However, a 
single study should never constitute the only source of information 
regarding a treatment effect. Replication of large scale studies can 
be done in time and space (as well as is possible to replicate in time) 
by cooperative efforts of research groups over a number of years. A 
cooperative, regional approach to grazing trials can provide the 
proper inference without excessive cost assigned to any one project 
or institution. A regional approach does require common planning 
and agreement on hypotheses by the various researchers. This 
compromise and team effort among researchers results in much 
more reliable information for the producer. 

Descriptive Grazing Trials Conclusions 
Osborne and Reid (1953) discussed the design of range grazing 

trials and recommended replication of pastures in intensive stu- 
dies. They differentiated between intensive and extensive studies. 
Intensive studies would be used to plan extensive studies (large 
scale evaluation). Unreplicated pastures in an intensive study 
would confound treatment and pasture differences and make it 
impossible to estimate variances of treatment differences. The 
pasture variance component would not be available and the pas- 
ture X time interaction would be confounded with the treatment X 
time interaction. Since extensive trials are generally not possible at 
most range research institutions, intensive studies are directly 
extrapolated and implemented by private individuals. This places 
an extreme burden on the accuracy of inferences made from inten- 
sive grazing trials and emphasizes the importance of pasture 
replication. 

Experimental design of comparative range and pasture grazing 
trials should include sufficient replication of land, animals and 
time to properly estimate variances at an acceptable level of preci- 
sion for characterization or inference. Efficiency can be addressed 
in terms of insuring the experiment is not over-replicated, insuring 
that experimental units are not over-sampled, using experimental 
designs that can increase experimental precision (such as random- 
ized block, split plot, incomplete block, lattice, etc.) insuring the 
size of the experimental units is not larger than needed for proper 
inference, increasing the efficiency of use of experimental material 
by more efficient treatment designs or overlaying nonconflicting 
research on the experimental material. Proper experimental design 
is a fundamental premise of successful research. 
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Exposition on the Selection of Appropriate Experimental 
Design and Statistical Analysis for Pasture Improvement 
Research 
W.W. STROUP, S.S. WALLER, AND R.N. GATES 

Selection of appropriate treatment and experiment designs are 
essential elements in research. However, the expense and variabil- 
ity associated with pasture renovation studio creates unique prob- 
lems in the application of standard statfstical techniques. Pasture- 
size renovation studies are restricted by expense, requiring the use 
of grazing exclosures (subsamples). Treatment design must include 
an adequate control for treatment comparison. Controls for pas- 
ture renovation practices cannot be limited to untreated areas 
within a grazing exclosure. The true measure response is found in 
the difference between treated areas and a typical grazed pasture 
situation. Criteria for exclosure selection (homogeneity) and hete- 
rogeneity of the grazed pasture may result in unequal variances or 
nonnormal error distributions, thus restricting the use of an analy- 
sis of variance. The experiment design must recognize the require- 
ments for making reliable inferences. Pasture-to-pasture variabil- 
ity generally demands that pastures should be replicated in 
renovation studies to allow general inferences. Within pasture 
variability would support the need for multiple exclosures within 
each pasture. Costs associated with this kind of research limit the 
utility of idealized experimental designs. Several alternative exper- 
imental designs are discussed. Limitations in interpretation and 
risks of drawing erroneous or weak conclusions are reviewed. 

Considerable research effort is being expended to develop tech- 
niques which will improve forage production in deteriorated areas. 
Frequently, a major objective of new research is a reduction in the 
time required for restoration or revegetation. Typical studies often 
involve intensive examination and data collection from treatments 
applied to small areas of deteriorated rangeland or pasture fenced 
to eliminate grazing (exclosure). Such treatments may include 
chemical application, mechanical disturbance, brush removal, and 
seeding methods. 

Selection of an appropriate experimental design is critical to the 
success of evaluating treatment effects on pasture. Two major 
considerations in the development of the experimental design are: 
experimental treatments must be compared to an appropriate 
control (treatment design) and the design must provide legitimate 
replication of the experimental treatments and the control (exper- 
iment design). Principles governing the selection of an appropriate 
design are usually covered in an introductory course in experimen- 
tal design. However, such a class rarely clarifies the application of 
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these principles to the pasture improvement experiment. Moreover, 
as Hurlbert (1984) stated: “It is the elementary principles of exper- 
imental design, not the advanced or esoteric ones which are most 
frequently and severely violated by ecologists”. 

The objectives of this paper are to: (1) discuss treatment design 
and appropriate controls, (2) discuss experiment designs and repli- 
cation, and (3) evaluate several alternatives in experiment design. 
An example of the data analysis for a typical pasture renovation 
study is provided. 

Selection of the Treatment Design 

The ultimate goal of range renovation research is to extrapolate 
results to pasture situations. An estimate of the difference between 
predicted performance if renovation were not attempted (e.g., 
normal management) and that projected if the treatments were 
applied is of central interest. Ideally, treatments, including an 
untreated area, would be allocated randomly within each pasture. 
However, many treatments will have grazing restrictions or 
recommendations that require nonuse by the grazing animal, res- 
tricting any grazing use in such a free-access situation. The lack of 
grazed, treated areas is unimportant in treatment design, while the 
lack of a suitable control representing normal management is 
critical. Most cooperators are not able to remove entire pastures 
from production while providing others to represent normal man- 
agement. Consequently, the use of grazing exclosures is an essen- 
tial element in pasture renovation research. Exclosures also minim- 
izebndtreatmentcostsandtheriskassociatedwithdetrimentaltreatments. 

The grazing exclosure allows the research scientist to screen 
several potential renovation practices. However, utilization of the 
ungrazed, untreated area within the exclosure as the “control” 
presents problems in defining treatment response and the eco- 
nomic value of treatments. The ungrazed, untreated area within an 
exclosure becomes a unique treatment as a result of the grazing 
rest, becoming less representative of the grazed pasture with time. 
This can influence yield as well as species composition data, poten- 
tially minimizing treatment differences within the exclosure. 

Successful treatments may be declared statistically nonsignifi- 
cant when compared to the ungrazed, untreated area while being 
extremely successful if compared to the grazed pasture. Relative 
warm-season grass composition exhibited no difference between 
an ungrazed, untreated area and an area receiving 1.1 kg/ ha atra- 
zine (36 and 3770, respectively) at the end of the second growing 
season. However, the warm-season grass composition was only 
14% in the grazed area (T.O. Dill, Department of Agronomy, 
University of Nebraska, unpublished data). Interpretation of the 
data could be misleading without the information obtained in the 
grazed area as well as information on the rate of change of botani- 
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cal composition in both the treated and untreated, ungrazed areas. 
Use of the grazed pasture as a control in range renovation studies 

presents potential problems in: sampling, replication within the 
pasture comparable to that in the exclosure, and the potential to 
have heterogeneous variance compared to the treatments within 
the exclosure. An exclosure is selected to be as homogeneous as is 
reasonably possible based upon range site, soil type, vegetation, 
and topography, while the grazed area is likely to be inherently 
more heterogeneous. This could result in differential variance due 
to lack of homogeneity across all treatments. Grazing pattern 
might also be expected to increase variability of some parameters. 
Unequal variances restrict the use of conventional analysis of 
variance (ANOVA) procedures. However, the problems associated 
with using the grazed area as a control should not detract from the 
value of establishing adequate economic comparisons for the 
producer. 

The grazed area sampled should be representative of the kind of 
pasture to which inferences will be made. Consequently, the size of 
the pasture and the area sampled is not a critical factor. Sampling 
the grazed pasture should be in areas which are comparable to each 
exclosure. Generally, areas immediately adjacent to the exclosure 
should be avoided due to cattle trailing along the fence. However, 
sampling should occur within close proximity to the general area of 
the exclosure. Multiple observations within the grazed area must 
be considered as subsamples. Data collected from the grazed area 
should be useful in: (1) more accurately assessing the current 
condition of the area, perhaps documenting seasonal or year-to- 
year variation, (2) evaluating the degree of success of experimental 
treatments in changing forage composition and/or yield, and (3) 
providing comparisons on the speed of recovery due to treatment 
in contrast to rest without additional treatment. Once appropriate 
renovation practices are selected from the grazing exclosure trials, 
trials should be implemented on a pasture size basis to establish the 
validity of the results and persistence of renovation with grazing. 

Selecting the Experiment Design 
Selecting an appropriate design for a given experiment includes 

defining the population (e.g., all native range in eastern Nebraska) 
to which the conclusions are to be applied, the population of 
inference. A fundamental precept of the design of experiments is 
that inference about a population cannot be based upon a single 
representative of that population. To attempt to do so would fail to 
insure that the results of the experiment are repeatable, and would 
not provide the would-be user of the recommendations with an 
estimate of the magnitude of variability to be expected. The 
implied population of inference in a pasture renovation study is all 
pastures to which application of the treatments is contemplated. 
Therefore a minimum of two pastures (experimental units) ran- 
domly selected from the population of inference is an absolute 
requirement if the results are to have any scientific legitimacy, and 
more are probably required if the parameters of interest are to be 
estimated with reasonable precision. Grazing exclosures and 
observations in the grazed area must be considered subsamples of 
the experimental unit. 

Standard errors are often computed from apparent replications 
or blocks within an exclosure. This standard error is a measure of 
the magnitude of variability among plots within the exclosure. If 
exclosures have not been placed at other positions within the 
pasture, the experiment provides no evidence that results are 
reproducible elsewhere in the pasture, much less in other pastures. 
The estimates of plot-to-plot variability within an exclosure is not 
an acceptable substitute for more general estimates of variability, 
within and among the pastures, that are required to extend the 
scope of inference to the desired population of pastures. This 
problem has been labelled “pseudo-replication” (Hurlbert 1984). 
His manuscript is highly recommended for readers desiring a 
deeper insight into this aspect of design. 
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Experimental Designs 

The Ideal Design 
The “ideal” design for pasture improvement research will be 

described in this section. It is a design which would thoroughly 
address all of the considerations presented and allow a statistically 
tractible and biologically meaningful analysis. It is also a design 
which, for many researchers, is not practical. Therefore, several 
alternatives, or compromises will be presented. These alternatives 
introduce limitations on the scope of inference which are impor- 
tant for the researcher to clearly understand. The effects of these 
compromises will be discussed. 

Model 1 
The “ideal”design would utilize several pastures, a minimum of 

two exclosures per pasture, and grazed control observations out- 
side the exclosures (Fig. 1). The model for this “ideal”design would 

X 

Exclosure 1 

Exclosure r 

PASTURE 1 

X 
:..p.p........,..; 

ii j i ix X 

XI ! ! I / yp.,.........,..: 
:..b..b.........J... xi i i 

iii 
i 5, 
i 5 

LA&... . . . . .i..i 

PASTURE 2 

X 

PASTURE P 

Fig. 1. An illustration of the “ideal”pasture research design with multiple 
pastures (1-P). multiple exclosures (l-r) within pastures andsamples (x) 
of grazed controls “matched”in close proximity to an exclosure. neat- 
ments (TI-Tt), including an untreated control, are randomly located 
within an exclosure. 

be as follows: T-et yijk denote an observation on the i* pasture, jfi 
exclosure (or outside observation matched to that exclosure), and 
k* treatment. 
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Then: 
yijr = Ir + Pi + e(P)il + tr + (pt)n + (pet)ijk (1) 

where p = overall tnpn 
pi = effect of iti pasture (i = 1,2,. ..~ p) 

e(p)* = ;fyyt ;f j er;closure wnhm 1 pasture 
- , ,..* 

tk = effect of k treatment (k = 1,2 . . .$, 
(pt)ul q  e&fect of interaction between the k treatment in the 

(pe%ik 
i pasture 

= residual variation 

In this situation the grazed control is considered as a true treatment 
whose effect can be analyzed using an analysis of variance, assum- 
ing all assumptions for the analysis of variance are met. The only 
caution regarding this approach is the unbalanced number of 
samples/ treatment which occurs when the number of observations 
in the grazed control exceeds the number of exclosures in each 
pasture. 

considered as one source of variation. If the data suggest that 
pastures are not a source of variation, a statistician should evaluate 
the correctness of blocking. Only if blocking was correctly handled 
should pooling be done when the pasture-by-treatment variance is 
negligible. Pooling modifies Model 1 to: 

yiii = Cc + @)ij + tk + (&X&k 
where (pe)~ = effect of ij* exclosure-N(O,+a) 

tk = effect k” treatment 
(pet)* = residual-N(0,0w9 

(2) 

Tests for treatment effects would then be based upon Ml* (Table 
2). It is important to stipulate that Model 2 is a legitimate replace- 
ment for Model 1 only if 0,: = 0 and at,2 = 0. The principal 
advantage of Model 2 is increased power due to an increase in the 
error degrees of freedom from (p-l) (t-l) to (pr-1) (t-l). This 
increase will be negated if pooling is not appropriate. 

Tebk 1. The ANOVA for the “ideal”d&gn. Source of variation, degreeeof 
freedom (at), observed mean squares (OMS) and expected mean square Table 2. The ANOVA for the modifkd ideal design. Source of variation, 
(EMS) are presented. degree 01 freedom (df), observed mean equue (OMS) end expected mean 

equare (EMS) are presented. 

Source of variation df OMS EMS’ Source of variation df OMS EMS’ 
Total prt -1 

pasture P-l uz + to ’ + tru,’ 
exclosure (pasture) p(r-1) a2+ta -2 

treatment t-1 
pasture X treatment (p-l) (t-l) 2 

-2 0’ + rapt + pre, 
2 + raB 

residual p(r-l)(t-1) MI (I* 

b% denote random effects as defined above, and 8T denotes that treatments are 
considered to be fixed effects, since the treatments involved in the experiment are the 
only treatments of interest. 

ANOVA procedures (Table 1) for Model 1 assume that the 
following are valid characteristics of that data: 

1. The model effects pi, e(p)u, tt (pt)n and (pet)bj are mutually 
independent. 

2. Pastures are randomly chosen from a population of pastures 
whose performance, prior to treatment, would be expected to 
normally distributed; more formally, each pasture effect is a ran- 
domly selected representative from a normal distribution with 
mean 0 and variance a:. This assumption is denoted symbolically 
as p,-N(O,a$ 

3. Consistent with the notation in 2: 
e(p)ti-N(090y2) 
(pt)ti-N(O,+ts) 
(peth-N(O,u 1. 

This ANOVA implies that the proper test for treatment effects is 
based upon the test statistic (Table 1): 

M2 

and subsequent mean comparison procedures would use Msas the 
appopriate error term. This design could also be used to obtain 
estimates of pasture-by-treatment variance (uti2) and plot-to-plot 
variance (a’). Plot-to-plot variance (u’) also contains variance due 
to measurement error. These are useful characterizations of the 
variability encountered in the experiment and provide information 
for planning subsequent experiments. 

Model 2 
If the pasture-by-treatment variance is negligible (Mel), the 

above analysis can be modified by pooling pasture and exclosure 
variation. However, caution should be exercised prior to modify- 
ing the model. While there may be isolated instances in which it is 
reasonable to assume variability between pastures is negligible, 
generally it is not. Variances due to blocking criteria can appear 
negligible because blocks were not sources of variation or because 
the blocking criteria were mishandled in the experiment. In most 
range improvement experiments, pastures should be blocks and 

Total prt - 1 
exclosures pr- 1 up2 + tupez 
treatments t-1 a~* + pr 8, 
error (pr-1) (t-l) Zt* us 

as’s denote random effects as delined abow, and & denotes that treatments arc 
considered to be fixed effects, since the treatments involved in the experiment are the 
only treatments of interest. 

Compromises in the Experimental Design 
Most researchers will consider the “ideal”design too expensive 

in terms of resources, manpower, or time to be used without some 
compromises. Such compromises will normally take the form of 
one or more of the following: 

1. Observe only 1 exclosure per pasture (Fig. 2). 
2. Retain replication of exclosures but observe only one pasture 

(Fig. 3). 
3. Replicate by blocking within exclosures, but do not replicate 

exclosures or pastures (Fig. 4). 
These compromises are listed in order of decreasing scientific 

utility. ‘Compromise l’retains the population of all pastures as the 
target of inference but sacrifices the ability to estimate within 
pasture variability. It also provides a legitimate test for the grazed 
control and only differs from the ideal design in the number of 
subsamples/experimental unit. ‘Compromise 2’reduces the popu- 
lation of inference to one pasture, and extrapolation must assume 
that all pastures are alike. This compromise recognizes within 
pasture variability and allows the researcher to make legitimate 
statements applicable to the entire pasture. However, since only 
one pasture is used, there is no legitimate test for the grazed 
control. ‘Compromise 3’ has the same limitations of ‘Compromise 
2’ with the additional loss of an estimate of within pasture 
variability. 

Consider the model and ANOVA corresponding to each com- 
promise (Table 3). Notice that for ‘Compromise 1’ the ANOVA is 
identical to that implied by Model 1 of the ideal design except for 
the loss of information about exclosure-toexclosure variability. 
However, information about the variability among exclosures 
within pastures is not necessary if the primary objective of the 
experiment is to draw inferences about anticipated treatment 
response throughout the population of pastures. 

The model for ‘Compromise 2’ is essentially identical to that for 
‘Compromise 1’ and to the Model 2 version of the “ideal” design 
with a single pasture eliminating a test of the grazed, untreated 
control. However, it remains important to sample the grazed con- 
trol to characterize existing magnitudes of difference between 
treatments and “normal management’* (Table 3). The principal 
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PASTURE 1 

X 

. . . . “*r.~--““...WT”““! 

I 

i 
! . x 

mmm . . . . . ““.LJ 

PASTURE 2 

PASTURE P 
Fig. 2. An illustration of ‘Compromise I’ in which there are multiple 

pastures (1-P) with a single exclosure per pasture. Treatments (TI- Td, 
including an untreated control, are randomly located within the exclo- 
sure while grazed control observations (x) are made outside the 
exclosure. 

Table 3. Compromise modeb aad ANOVAs. 

Exclosure 1 

X 

: 

g..“.;“.“?- . . . . . . .._ “_ 

: : i ! i 1 

i_i___.“_. ii . . 
X Exclosure r X 

Fig. 3. An illustration of’Compromise 2’in which there is only onepasture 
with multiple exclosures (l-r) Treatments (TIN, including an untreated 
control, are randomly located within each exclosure whitkgrased control 
observations (x) are ma& outside each exclosum. 

objection to this design is that it assumes that pasture-to-pasture 
variability is identical to exclosure-toexclosure variability within 
a pasture and that relative differences among the treatments are 
essentially identical for all pastures. There is no provision in this 
design to examine either of these assumptions. Pasture-to-pasture 
variation is generally greater than within pasture variability. The 
risk of using this design is that conclusions based upon a single 
pasture can misrepresent the true performance in the population of 
pastures. 

Design of a typical pasture improvement pasture improvement 
experiment involves a single pasture and a single exclosure divided 
into several blocks, with each treatment and an untreated control 
being applied once in each block. ‘Compromise 3’ combines a 
typical experiment with sampling a grazed control (Fig. 4). This 
design raises a number of statistical difficulties. 

Model ANOVA 

Compromise 1 (more than I pasture, 1 exclosure per pasture) 

SOUrCe df EMS - 
yjj = /A + pi + tj + ptij TOTAL 

pi = effect of i” pasture -N(O, oar) 
pt-1 

tj = effect of j* treatment 
pasture p-l o=pt+ ozp 
treatment t-1 

ptu = error-N(O, o*pt) pasture X treatment (error) (p-1) 0-f) 
+ + P@, 
Qpt 

Error term for test of treatment effects: MS (pasture X treatment) 

Compromise 2 (I pasture, more than 1 exclosure, within exclosure treatments and controls only) 

yj = p+ ei + tj + pt)jj 
ej = effect of i exclosure -N(O, oz.) 
tj = effect of j” treatment 

(et)ii = error-N(O, os.d 

!hKCC df EMS - 
TOTAL rt-1 

exclosure r-l ati* + ta2. 
treatment t-1 osd + r& 
exclosure X treatment (error) (r-l)(t-1) use 

Error term for test of treatment effects within pasture: MS(exclosure X treatment) 

Compromise 3 (1 pasture, 1 exclosure, within exclosure treatments and controls only) 

source df EMS 
yu q  /A ri + tj + tt)jj TOTAL r(t-1)-l 

rj = effect of i block within exclosure blocks r-l 
tj = effect of j* treatment 

os + (t- l)as* 
treatments t-1 

(rt)je q  effect of ij* block X block X treatment (r-l)(t-2) 
a) + r& 

treatment combination Error term for test of treatment effects within exclosures: MS(block gtzatment) 
(asssuming treatment is within exclos- 

me)-N(0, a2fi) 
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X 

X Exclosure 

Fig. 4. An illustration of‘Compromise 3’using onepasture, one exclosure. 
and observations (x) of the grazed area taken outside of the exclosure. 
Experimental treatments (TI-Td, including an untreated control. are 
within the exclosure randomly located within blocks (BI-Bd). 

Since it involves exactly one pasture and one exclosure, the 
analysis of variance is that given (Table 1) with p=l and r=l. 
Without replicated pastures or multiple exclosures, there are zero 
degrees of edom in the error terms used to test treatment effects as 
described earlier. This design may be used to characterize within 
exclosure treatment effects; however, there is no statistical basis for 
inference beyond the exclosure unless the withinexclosure varia- 
bility among ungrazed treatments is identical to pasture-to-pature 
variability in grazed areas. Since the location of the exclosure is 
generally seleced for uniformity of soil type, moisture, fertility, 
etc., this assumption is tenuous. The selection procedure insures 
that the plots observed are atypically uniform relative to the popu- 
lation, biasing the results. 

Data Analysis 
The assumptions required for an ANOVA are that errors are 

normally distributed and have equal variance for each treatment. 
The assumption of homogeniety of variance is doubtful when 
comparing treatments within an exclosure to a grazed treatment 
outside the exclosure. The assumption of normally distributed 
errors is, for many response variables, highly suspect. For exam- 
ple, stand counts typically have a Poisson probability distribution, 
and species composition data have a Multinomial distribution, 

Deviations from either the homogeniety of variance or normal- 
ity assumption can seriously increase the likelihood of Type II 
errors, thus placing the success of an experiment in jeopardy. These 

Table 4. Treatment response for illustration. 

problems exist even if the “ideal” design is used; although the 
“ideal”design also makes the problems easier to clarify and rectify. 
Cochran (1947) provided a full discussion of the implications of 
departure from ANOVA assumptions. 

Specific methods are required to diagnose departures from 
ANOVA assumptions and to analyze data using alternative proce- 
dures. Diagnosis involves analyzing the experiment using the 
assumed ANOVA model, calculating the residuals for each obser- 
vation, and testing them for normality and homogeniety of var- 
iance. Specific techniques are given in such statistical texts as Steel 
and Torrie (1980). Statistical computing packages such as Statisti- 
cal Analysis Systems (SAS) (Ray 1982) can facilitate analysis of 
errors (see Example). 

If the data fail to satisfy the ANOVA assumptions, the experi- 
menter has four options. 

Use a transformation. Guidelines for obtaining a suitable 
transformation are described in Bartlett (1947) and given in 
abridged form in such texts as Steel and Torrie (1980). 
Partition the data into groups of treatments with similar 
variances and compare these. Pairs of treatments with dissim- 
ilar variances can be compared using standard paired com- 
parison t-tests. Cochran and Cox (1957) give an example of 
such a data set partition. 
Use a nonparametric procedure. The nonparametric proce- 
dure was described by Friedman (1937). 
If the variances are unequal and a transformation is not 
obvious, use weighted least-squares. 

Transformations (Option 1) frequently fail in their intended 
purpose and there are many data sets for which the proper choice 
of a transformation is not clear. The most useful application of 
Option 2 is the comparison of the grazed control to other treat- 
ments. Observations on the grazed control may commonly have a 
different variance than observations within the exclosure. The 
most useful information about the difference between grazed con- 
trols and experimental treatments is not a test of whether they are 
different, but an estimate of how much they are different. Thus, a 
confidence interval for the magnitude of difference and an eco- 
nomic evaluation of this difference may be the ideal way to address 
the central objective of the experiment. This would indicate 
whether the treatment effects are sufficient to justify pasture 
renovation. 

If the structure of the treatment comparison is less obvious, the 
nonparametric or weighted-least squares (Option 3, 4) are more 
versatile. For the case of data with homogeneous variances but 
nonnormal distributions, Conover and Inman (1976, 1981) have 
shown that the nonparametric procedures generally are more pow- 
erful than transformation procedures in any event. Friedman’s test 
(1937) can be implemented using the Conover and Inman rank- 
transformation procedure. It should be emphasized that nonpar- 
ametric procedures are not suitable for data known to have 
unequal variances. The procedure of weighted least-squares is 
suitable for data with unequal variances. It is described in statisti- 
cal texts on linear models such as Draper and Smith (198 1). Freund 
and Littell (198 1) presented an example of implementation of this 

Block 

1 
2 
3 
4 
5 
6 

1 
Herbicide I 
Low Level 

76 
79 

E 
84 
73 

2 3 4 5 6 
Herbicide 1 Herbicide 2 Herbicide 2 Internal External 
High Level Low Level High Level Control Control 

88 86 90 73 76 
81 77 82 69 67 
85 79 87 74 42 
90 85 91 16 59 
90 87 100 84 21 
84 84 83 70 68 
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procedure using SAS. 

Example 
Consider an experiment conducted using the randomized block 

design in ‘Compromise 1’. In this particular design pastures are the 
blocks. This design has been selected for illustration of the various 
analytical methods detailed in this paper because it is considered to 
be the most statistically desirable, “practical” design. Suppose the 
experimenter wishes to test the effect of 2 herbicides at 2 rates plus 
an internal untreated control (grazing rest) and an external grazed 
control. The treatment design is a 2 X 2 factorial plus 2 controls. 
Specific experiments will use different treatment designs; this 
design is used because it is both relatively simple and typical. 

This example will consist of 3 sections: (1) the data set and its 
preliminary characterization, (2) the ANOVA under standard 
assumptions, and (3) analysis using transformations with nonpa- 
rametric methods. Since many researchers use SAS, appropriate 
examples will be given for the program statements. 

Preliminary Characterization of the Data 
The data for this illustration are given (Table 4). Prior to com- 

puting a formal statistical analysis of these data, the researcher 
should do a preliminary characterization of the data. A particu- 
larly helpful technique, suggested by Tukey (1977), is a box-plot. A 
box-plot is obtained by computing the median and first-and-third 
quartiles of the data for each treatment and arranging them side- 
by-side, as illustrated (Fig. 5). This particular side-by-side box-plot 
should alert the researcher to four important features of these data: 
(1) within each herbicide the response seems to increase with 
increased herbicide level; (2) these increases are consistent for each 
herbicide type; (3) the controls, particularly the external control, 
have characteristically lower response than the treatments; and (4) 
the external control exhibits sharply greater within-treatment 
variation than any of the treatments within the exclosure. This 
fourth point should be pursued prior to a formal analysis of the 
data since it indicates that the assumption of equal variances for 
each treatment is not valid. 

third 

El 

l__l fht 
auartlh 

Fig. 5. Box plots for the treatments used in the example of a herbicide 
study with 2 herbicides at 2 rates (I-4)plus an internal untreatedcontrol 
(5) and an external control (4). 

The degree to which the data conform to the ANOVAassump- 
tions can be tested in the following manner: 

1) Compute the mean for each pasture, for each treatment, and 
for the entire data set. Denote these yi, Fj, and F.., respectively. 

2) Estimate the effect of each pasture by calculating pi= Fi.- y. . 
for each level of i. 

3) Estimate the effect of treatment by tj = y.j -7. . for each level of 
1. 

4) Calculate the estimated error for each observation by the 

Table 5. SAS program and s&&d output to e&mate and examine conformity of errors to ANOVA aesumptions. 

PROGRAM 

DATA A; 
INFILE IN; 
INPUT PASTURE TRT Y; 
PROC GLM; CLASSES PASTURE TRT, 
MODEL Y=PASTURE TRT; 
OUPUT OUT=B RESIDUAL=RES_Y; 
PROC SORT; BY TRT; 
PROC UNIVARIATE NORMAL PLOT; 
BY TRT; VAR RES_Y; 

OUTPUT TRT=l, UNIVARIATE; VARIABLES=RES_Y 

MOMENTS 

N 6 
MEAN 5.921E-15 
STD DEV 5.46938 
SKEWNESS 0.351029 
uss 149.079 
cv 9.222E+16 
T:MEAN=O 2.656E-15 
SGN RANK 0.5 
NUM -= 0 6 
W:NORMAL 0.871907 

SUM WGTS 
SUM 
VARIANCE 
KURTOSIS 
css 
STD MEAN 
PROB>]TJ 
PROB>]S] 

PROBCW 

QUANTILES (DEF=4) 

6 100% MAX 7.13889 99% 7.13889 
3.553E-14 75% 43 5.76389 95% 7.13889 

29.8157 50% MED -1.19444 96% 7.13889 
-2.30185 25% Ql -4.77778 10% -5.52778 

149.079 0% MIN -5.52778 5% -5.52778 
2.22919 1% -5.52778 

1 RANGE 12.6667 
1 43-41 10.5417 

MODE -5.52778 
0.281 

EXTREMES 

LOWEST HIGHEST 
-5.52778 -4.52778 
4.52778 -4.02778 
-4.02778 1.63889 

1.63889 5.30556 
5.30556 7.13889 
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fOlTllllh: eij = yij - (7. . + pi + tj). 

Note this equation follows directly from the model equation 
(1). 

5) Calculate the variance among the errors for each treatment. 
Note there should be one variance calculated for each treat- 
ment. These can be examined for equality. 

Steps 1 and 4 above can be implemented with SAS using the 

Tabk 7. SAS propua and aekcted output for slmdard malysk. 

PROGRAM:’ 
DATA A; 
INFILE IN; 

steps illustrated (Table 5). Sample output is given for treatment 1. 
The items of interest in this output are the “VARIANCE”and the 
“W:NORMAL”and its associated significance level “PROB<W.” 
The former can be used to evaluate equality of the variances for the 
various treatments. The latter tests for the normality of the errors. 
Without going into the theory of the test for normality, it is 
sufficient for the researcher to know that low values of W:NOR- 
MAL are associated with nonnormal data; PROB<W is the prob- 
ability that a lesser value of WNORMAL would occur by chance 
alone if the data are in reality normally distributed. Thus it can be 
interpreted exactly as any other significance level: low PROB<W 
implies nonnormal data; high PROB<W implies normal data. 

INPUT PASTURE TRT Y; 
PROC GLM; CLASSES PASTURE TRT; 
MODEL Y=PASTURE TRT, 
MEANS TRT, 
CONTRAST HERBICIDE’TRT 1 I -1 -1 0 0; 
CONTRAST ‘LEVEL’TRT 1 -1 1 -1 0 0; 
CONTRAST ‘H BY L’TRT 1 -1 -1 1 0 0; 
CONTRAST ‘HERB’VS CTL’TRT-1 -I -1 -I 2 2; 
CONTRAST ‘IN-Cl-L VS OUT-CTL’ TRTO 0 0 0 1 -1; 

MEAN SQUARE 
476.49444444 

85.54777778 

A full summary of the results of the test for normality and the 
variances among the errors for each treatment is given (Table 6). 

OUTPUT: DEPENDENT VARIABLE Y 

SUM OF 
SOURCE DF SQUARES 
MODEL 10 4764.94444444 
ERROR 25 2138.69444444 
CORRECTED TOTAL 35 6903.63888889 

Tabk 6. Summary of nomutity and varimce resulta for data. 

MODEL F = 5.57 

R-SQUARE cv ROOT MSE 
0.690208 11.8117 9.24920417 

PR>F = O.OQQ2 
Y MEAN 

78.305555556 

Treatment PROB<W Variance 

: 
.207 31.17 
.251 8.57 

3 569 8.06 
4 .373 36.01 
5 .Q47’ 32.44 
6 .2% 313.832 

lTreatment 5 fails to satisfy the assumption of normally distributed errors. 
Treatment 6 StCms to have highly inflated variance relative to other treatments 
observed within the exclosum (treatments 1 through 5). 

SOURCE DF TYPE I SS 
PASTURE 5 403.13888889 
TRT 5 4361.80555556 
SOURCE DF TYPE III SS 
PASTURE 5 403.13888889 
TRT 5 4361.80555556 
CONTRAST DF ss 
HERBICIDE 1 146.16666667 
LEVEL 1 266.66666667 
HBYL 1 10.66666667 
HERB VS CTL 1 2999.22222222 
IN-CTL VS OUT-Cl-L I 954.08333333 

F VALUE 
0.94 

10.20 
F VALUE 

0.94 
10.20 

PR>F 
0.4710 
0.0001 

PR>F 
0.4710 
0.0001 

F VALUE PR>F 
1.64 0.2123 
3.12 0.0897 
0.12 0.7270 

34.95 0.0001 
11.15 0.0026 

The information for the variances seems to confirm the pictorial 
implication of the box-plots that the assumption of homogeneity 
of variance is not satisfied. Moreover, the assumption of normality 
does not appear to hold for one of the treatments. It should be 
noted that the power of this test of normality, based upon minimal 
observations, is low. Only extreme departure from normality will 
lead to a conclusion that the data are nonnormal. In addition, any 
test will produce sporadic rejections of the null hypothesis. An 
isolated instance of a low PROB<W does not necessarily suggest 
data for that treatment are nonnormal; it may be indicative of a 
Type I error. However, it could reflect a problem in the execution 
of the experiment leading to a deviant set of observations. Thus an 
unusually low PROB<W should alert the researcher to review the 
data. 

‘Null hy othcses tested by contrasts are: I) means of herbicide 1 and 2 arc equal, 2) 
means o P ” herblclde levels are eoual. 3) no herbicide bv level interaction. 4) mean of 
controls and mean of herbicide tk&&nts are equal, aid 5) mean of intekicontrol is 
equal to external control. 

the chance of Type II errors. Peterson (1977) and Little (1978) 
addressed the misuse of multiple range tests. 

In this example, the principal features of the data are most 
clearly revealed by orthogonal contrasts. The SAS program state- 
ments and resulting analysis are presented (Table 7). Alternatively, 
if the objective of the experiment is to compare each experimental 
treatment with the ungrazed control, Dunnett’s test (Steele and 
Torrie 1980) is appropriate. Confidence intervals may be com- 
puted for differences which are significant and these may be used 
for subsequent costeffectiveness evaluation. 

Standard Analysis of the Data Conclusion 
The diagnostic tests (for normality and equality of variance) 

should be standard procedure for all data sets. These tests indi- 
cated that the data in this illustration do not satisfy the assump- 
tions of ANOVA. Therefore, in practice, the researcher 
and consulting statistician should proceed with alternative ana- 
lyses consistent with the data and objectives of the study. However, 
researchers will often encounter data sets which comply with the 
assumptions of ANOVA; consequently, a standard analyses will be 
presented to illustrate SAS programming and possible mean 
comparisons. 

The basic ANOVA follows from the randomized complete block 
(pasture) model. The SAS statements required to obtain this anal- 
ysis are presented (Table 7). Many researchers generally perform a 
multiple range test, e.g., Duncan’s multiple range test or Student- 
Newman-Keuls. However, multiple comparison tests are inevita- 
bly less revealing of the principal features of the data than are other 
procedures more directly connected to the objectives of the exper- 
iment. In addition, multiple comparison tests generally increase 

Design and analysis of pasture experiments needs careful atten- 
tion. Consideration of the population of inference should be used 
in selecting experimental pastures. Replication of pastures is essen- 
tial for adequate treatment evaluation and inference. An approp- 
riate control is an important and presently overlooked aspect of 
treatment design. Grazed controls outside the exclosure will 
greatly aid the researcher in assessing the effectiveness of treat- 
ments. Selection of an appropriate experimental design cannot be 
overemphasized. Standard ANOVA methods are not always 
appropriate due to the nature of the data obtained from pasture 
experiments. Many response variables commonly of interest to the 
range scientist do not conform to the assumptions underlying the 
ANOVA. If the data do not adhere to the basic assumptions 
associated with ANOVA, the researcher must be prepared to util- 
ize alternative methods of data analysis. Nonparametric methods 
seem particularly promising for comparative experiments con- 
ducted in this area. 

206 JOURNAL OF RANGE MANAGEMENT 39(3), May 1QQQ 



Litenture Cited 

Bmtktt, M.S. 1947. The use of transformations. Biometrics 3:39-52. 
Cochran, W.G. 1947. Some consequences when the assumptions for the 

analysis of variance are not satisfied. Biometrics 3:22-38. 
Co&ran, W.G., and Cox, G.M. 1957. Experimental designs, 2nd ed. John 

Wiley & Sons, New York. 
Conover, W.J., and R.L. Iman. 1976. On some alternative procedures 

using ranks for the analysis of experimental designs. Commun. in Statis- 
tics, Seri. A5:1348-1368. 

Conover, W.J., and R.L. Iman. 19Il1. Rank transformations as a bridge 
between parametric and nonparametric statistics. Amer. Statistician 
35124-128. 

Draper, N.R.,snd H. Smith. 1981. Applied regression analysis. John Wiley 
and Sons, Inc. N.Y. 

Friedman, M. 1937. The use of ranks to avoid the assumption of normality 
implicit in the analysis of variance. J. Amer. Statis. Ass. 32:675-701. 

Freund, R.J., and R. L&tell. 1981. SAS for linear models. SAS Institute. 
Cary, N.C. 

Hurlbert, S.A. 19g4. Pseudoreplication and the design of ecological field 
experiments. Ecol. Monog. 54: 187-211. 

LIffle, T.M. 1978. If Galileo published in HortScience. Hort-Sci. 13504-506. 
Petenon, R.G. 1977. Use and misuse of multiple comparison procedures. 

Agron. J. 69205~208. 
Ray, A.A. ed. 1982. SAS user’s guide. SAS Institute, Cary N.C. 
Satterthwaite, F.E. 1946. An approximate distribution of estimates of 

variance components. Biom. Bull. 21 IO-1 14. 
Steel, R.D.G., and J.H. TorrIe. 1980. Principles and procedures of statis- 

tics: a biometrical approach. McGraw-Hill, New York. 
Tukey, J.W. 1977. Exploratory data analysis. Addison-Wesley. Reading, 

Mass. 



Habitat Use by Feral Horses in the Northern Sagebrush 
Steppe 
DAVID GANSKOPP AND MARTIN VAVRA 

AbStUCt 
Distribution patterns of feral horses (Equuscabakks) relative to 

plant communities, herbaceous production, and perennial water 
sources were studied from April 1979 to March 1981 in Oregon’s 
Owyhee Breaks. Repcatcd observations of radio-collared and eas- 
ily identified horses allowed estimation of home range sizes and 
documentation of the plant communities utilized. A map of plant 
communities was constructed, and composition and herbaceous 
production of key communities sampled. Time-lapse cameras 
monitored the daylight watering patterns of horses. One hundred 
thirty-three horses were initially censused and identified on the 
study area with the total population subsequently increasing at an 
annual rate of 13%. Home ranges averaged 12 km* with the min- 
imum convex polygon procedure and 27 km2 with the 90% confi- 
dence ellipse method. No seasonal shifts in home ranges occurred, 
and no correlations were detected between home range size and 
numhcr of horses per band, densities of perennial water sources, or 
levels of forage production within home ranges. Six distinct herds 
were identified on the area. Only one band of horses moved from 
one herd to another during the 2-year study. Animals in each herd 
made greatest use of the most prevalent plant conununity, with no 
community being universally preferred to over another. Watering 
activities were most intense during the first and last periods of 
daylight. Horses rapidly vacated the watering areas after drinking. 
A seasonal trend was observed in which horses remained slightly 
closer to uerennial water sources durina warm. drv summer 

ccs were available.WS~aso~i~&&~ences were not statistically sig 
nificant, however. 

A knowledge of the distribution and movement patterns of large 
herbivores is especially valuable to managers charged with allocat- 
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ng resources or assessing impacts of large herbivore use. With the 
massage of Public Law 92-195 in 1971, feral horses (Equus cubdus) 
n the United States became a particularly vexing problem for 
,ublic land managers. Since 1971 our knowledge of feral horses 
las increased, but our understanding of their habits is far from 
:omplete. 

Because of differences in habitat, results and management sug- 
gestions from specific studies are often inapplicable to other areas. 
this research was initiated because few data were available describ- 
,ng patterns of resource use by feral horses in the sagebrush (Arre- 
~~nisiu spp.)/bunchgrass vegetation of the Pacific Northwest. The 
objectives of this study were to characterize the population and to 
document patterns of habitat use by feral horses relative to plant 
:ommunities, herbaceous production, and permanent water sour- 
:es in Oregon’s Owyhee Breaks. 

Estimates of home range sizes of feral horses vary from 0.9 km* 
In Nova Scotia to 303 km* in Wyoming’s Red Desert (Welsh 1975, 
Miller 1983b). Behavioral aspects influencing distribution patterns 
3f feral horses include a highly developed social organization of 
harem groups or bands, multiple male and female bands, and 
bachelor groups (Pellegrini 1971, Feist 1971, Zarn et al. 1977, 
Berger 1977, Nelson 1978, Salter 1978, Miller 1980). We measured 
the home ranges of several horses during a 2-year study and tested 
the hypothesis that bands and bachelor males have home ranges of 
:quivalent size. Miller (1983b) proposed that distribution and 
abundance of required resources may influence home range size. 
We examined his hypothesis by correlating variations in home 
range size with herbage production within home ranges, densities 
of water sources within home ranges, and the number of horses 
constituting a band. 

When various groups of horses have overlapping home ranges 
they may further combine to form larger groups or “herds”(Miller 
and Denniston 1979), which Miller (1983b) proposed as the logical 
management unit for feral horses. Researchers in several areas 
have noted movements of horses in response to plant phenology 
and forage availability (Nelson 1978, Salter and Hudson 1979, 
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Miller 1983b). With this in mind, we tested the hypothesis that 
individual herds of horses randomly used the plant communities 
within their respective herd areas. 

Numerous observers have also noted seasonal movements of 
horses in response to fluctuations in the availability of water 
(Welsh 1975, Hansen et al. 1977, Storrar et al. 1977, Miller 1983a). 
Where water supplies are restricted, the continuous occupation of 
a source by horses may hinder the use of water by other species 
(Miller 1980). We noted the distance of sightings of horses from 
water and tested the hypothesis that there were no seasonal fluctua- 
tions in the dispersal of horses around permanent water sources. 
We also monitored the daylight watering activities of horses with 
time lapse cameras and tested the hypothesis that horses watered at 
random throughout the day. 

Study Area 
The study was conducted approximately 64 km south of Vale, 

Oregon, on a 312-km2 area bordering the east bank of the Owyhee 
Reservoir. The area was divided into 3 pastures by fences and 
natural barriers and was administered by the Bureau of Land 
Management. Topography ranges from well-eroded, gently rolling 
hills to mountainous ridges, cliffrock, and canyons. Elevations 
range from 809 m, pool level of the Owyhee Reservoir, to 1,687 m. 
Thirty-year average annual precipitation (1941-1970) at the Owy- 
hee Dam is 22.3 cm, with respective record high and low tempera- 
tures at the same station being 44 and -30 OC. 

In the early 1880’s a rancher released approximately 300 brood 
mares in the area (U.S.D.I., Bureau of Land Management, Vale, 
Oregon, unpublished), and large numbers of horses have been 
present since that time. The population peaked in the 1940’s with 
an estimated 2,500 horses (Baltazor and Baltazor 1976). Over the 
years the population was reduced by both rancher and agency 
sponsored gatherings, and current Bureau of Land Management 
guidelines specify maintenance of between 90 and 180 horses. The 
area also supports 1,600 to 3,900 AUM’s of spring and summer 
livestock use as well as a resident population of roughly 100 Cali- 
fornia bighorn sheep (Ovis canadensis californiana) and a winter- 
ing herd of 200 to 300 mule deer (Odocoileus hemionus hemionus). 

Methods 
A map of plant communities was constructed with the aid of 

aerial photos and reconnaissance of the entire area. Five of the 15 
communities detected were sampled for botanical composition and 
herbage production. These 5 communities supported nearly 93% of 
the observed use by ungulates in the area. 

Peak standing herbaceous production of these communities was 
sampled with the double sampling, weight estimate method of 
Pechanec and Pickford (1937) during both years of study and 
averaged between years. During the initial sampling period, May 
1979, a 25-m transect was established on 2 representative areas of 
each community and forage was clipped from a 0.5-m* circular plot 
positioned at l-m intervals. From these data, sample numbers 
sufficient to estimate dominant species production within 10% of 
the mean (m. 10) were calculated and employed in subsequent 
sampling periods (Stein 1945). 

Data describing habitat use of undisturbed horses were gathered 
during continuous field work spanning April 1979 through March 
198 1. Movement about the area was accomplished with 4-wheel- 
drive vehicles and foot travel. The entire area was thoroughly 
surveyed at least once monthly, with the intent of locating as many 
horses as possible. Incidental sightings of horses were also 
recorded while we were involved with other aspects of this project. 
Binoculars and a 20- to 40-power spotting scope facilitated long 
range identification and observation of horses. Initial efforts 
focused on a total count and identification of all horses on the area. 
Thereafter, recorded information included identity and numbers 
of horses as well as their location and the plant communities 
occupied. Repeated observations of 11 radio-collared and 13 easily 

identified horses or bands were used to estimate sizes of home 
ranges. A coordinate grid, superimposed on a map of the area, 
allowed documentation of sighting locations. Resolution of the 
grid placed each sighting within a 16ha area. 

Home range was defined as the area traversed by an individual 
or socially cohesive group in its normal activities of foraging, 
mating, and caring for young (Burt 1943). Two methods were used 
to derive indices of home range size. The first involved construc- 
tion of the smallest convex polygon enclosing all relocations 
(Southwood 1966). Polygon areas were estimated with the map- 
maker’s formula (Jennrich and Turner 1969). This method of home 
range estimation has historical prominence and graphical simpli- 
city, but contains a serious negative bias with small sample sizes 
(Jennrich and Turner 1969, Schoener 1981). 

Ellipse procedures, as described by Jennrich and Turner (1969) 
and modified by Koeppl et al. (1975), provided the second estimate 
of home range size. This method involved construction of a 90% 
confidence ellipse about relocation coordinates and enabled one to 
determine a probability of finding an individual or group within a 
given area (Harrison 1958). Ellipse dimensions are expanded by 
the Fstatistic, which provides some compensation for small sam- 
ple numbers (Koeppl et al. 1975). This procedure assumes data 
conform to a bivariate normal distribution. Conformation (a! q  
0.05) was tested with a procedure presented by Smith (1983). 

Home range ellipses and polygons were then superimposed on a 
map of the study area. If some portion of either outline extended 
into areas deemed inaccessible to horses (over cliffs, lake surfaces, 
or ungated fences), that area was discounted from the original 
estimate of home range size. The hypothesis that the average home 
ranges of bands and bachelor males were of equivalent size was 
examined with Student’s t test (o = 0.05). 

Each polygon and ellipse was also superimposed on the plant 
community map and the area of each community occurring in its 
bounds was estimated with the aid of a random dot overlay and 
counts of dots falling in each community. Weighted averages were 
employed to estimate mean herbaceous production per hectare for 
each home range. Mean herbage production per hectare, water 
source density, and the maximum number of horses per band 
(independent variables) were regressed against home range area to 
test the hypothesis that home range size was related to the availabil- 
ity of resources or the number of horses in a social unit. 

Chi-square analysis was used to test the null hypothesis (Ho) that 
herds of horses utilized plant communities randomly or in propor- 
tion to their availability on the area. Because horses segregated into 
6 distinct herds, data were compiled and analyzed on a herd basis. 
Only plant communities within outlined herd areas were consi- 
dered available for use. Herd areas were outlined with a modified 
minimum convex polygon method. The modification involved 
sightings within 400 m of impassable barriers. In these cases, the 
barrier was assumed to be the boundary of the herd area. Two of 
the herds (numbers 3 and 6), containing small numbers of horses, 
were insufficiently sampled and not included in this analysis. Herd 
areas were outlined on the plant community map and the areas of 
plant communities estimated with counts from random dot over- 
lays. When the null hypothesis of proportional use of plant com- 
munities was rejected (p<O.O5), simultaneous confidence intervals 
for differences between proportions (PCO.02) were derived to 
examine the hypothesis that plant communities were used in 
greater, equal, or lesser proportions than their availability in the 
herd area (Marcum and Loftsgaarden 1980). Relative preference 
ratings were derived for each community following procedures of 
Krueger (1972). Values less than 1 indicate a plant community was 
utilized at less than expected levels, and values greater than 1 
indicate plant communities were utilized at greater than expected 
levels. When communities are utilized in proportion to their occur- 
rence on the area, a preference rating of I is obtained. 

Daily watering patterns of horses were monitored in July and 
August of 1979 with 3 time-lapse cameras. Exposure settings ranged 
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from 30 to 90-second intervals. Photocells activated cameras from 
roughly l/ 2 hour before sunrise to l/ 2 hour after sunset. Differen- 
ces in camera orientation and daily fluctuations in cloud cover, 
however, prevented an accurate estimate of camera start and stop 
times. Because time of day could not be accurately determined 
from films, the number of frames exposed each day were counted 
and the day divided into 12 periods. Periods were roughly 78 
minutes in length. An “animal frame” was defined as an exposure 
containing one or more animals within approximately 15 m of 
water and was not weighted by the number of animals present. The 
duration of a watering “event”was the total number of continuous 
frames in which the watering area was occupied by one or more 
animals, multiplied by the elapsed time between successive expo- 
sures. Data were assigned to the appropriate period after film for 
an entire day had been evaluated. Chi-square analysis of homoge- 
neity was used to test the null hypothesis that horses watered 
randomly throughout the day. When Ho was rejected (KO.OS), 
simultaneous confidence intervals for differences between propor- 
tions (X0.02) were derived to examine the hypothesis that specific 
watering periods were used in greater, equal, or lesser proportions 
than expected (Marcum and Loftsgaarden 1980). 

sagebrush/ Sandberg’s bluegrass community. Levels of production 
in the other communities were as follows: Wyoming big sage- 
brush/ bluebunch wheatgrass, 711 kg/ ha; Wyoming big sage- 
brushlcheatgrass, 835 kg/ ha; and low sagebrush/ Sandberg’s 
bluegrass, I55 kg/ ha. Precipitation accumulations supporting the 
1979 and 1980 growing seasons (Sept.-June) were 91 and 114% of 
the 30-year average. 

Population Demographics 

Coordinates for each sighting of horses were also used to esti- 
mate distance to the nearest permanent water source in the largest 
of the 3 pastures. Data were pooled by season (spring, summer, 
fall, and winter) and analysis of variance was used to test the 
hypothesis that mean distance of sightings from water were equi- 
valent among seasons (a = 0.05). 

One-hundred-thirty-three horses were censused and identified 
when field work was initiated in April 1979. Of these, 42 were 
female, and 91 were male. Thirty-seven males and all females and 
their offspring were associated with bands, with a total of 2 1 bands. 
Fifty-four males roamed in small groups or as lone bachelors. One 
male was found dead, the result of a fall, in May of 1979. Seventeen 
foals were identified in 1979 during April through June, and all 
survived the year, increasing the population to 149 animals. 
Twenty-two foals were born during the spring of 1980. Mortality 
during the second year totaled 3 animals. One foal was abandoned 
by its mother and subsequently disappeared. A second foal, 
observed with a broken leg, also disappeared, and a 5-year-old 
mare died during the winter of 1980 when her front foot became 
caught in a boulder pile. Total population at the close of the study 
in March, 1981, was 168 animals. 

Results and Discussion 
Plant Communities 

Annual rate of population increase, estimated from total popu- 
lation counts in March of each year, averaged 13% during the 
study. At this rate 6 years are required for a population to slightly 
more than double in size. This rate of population increase, how- 
ever, is probably negatively biased, relative to potential rates of 
increase, by the large proportion of males present on the area. The 

Major plant communities supported shrub overstories domi- 
nated by Wyoming big sagebrush (Artemisia tridentata wyomin- 
gensis) or low sagebrush (Artemisia arbuscula) (Table 1). Her- 
baceous layer dominants included bluebunch wheatgrass (Agro- 
pyron spicatum), Sandberg’s bluegrass (Poa sandbergii), or cheat- 

Table 2. Number of relocations, span of months observed, minimum 
convex polygon, and 90% confidence ellipse estimates of home range 
sizes for 14 bands and 10 bachelors. 

Table 1. Area (h) of plant communities found in each pasture of the 
Owyhce study area. 

Band 
Number of 
relocations 

Number of Area of 
months convex Area of 

observed polygon km* ellipse km2 

Pasture A 
B 
C 
D 
E 
F 
G 
H 
K 
K’ 
L 
N 
P 
S 
? 
S 

56 
30 

12.0 

Plant community 

Wyoming big sagebrush/ 
bluebunch wheatgrass 

Wyoming big sagebrush/cheatgrass 
Wyoming big sagebrush/Sandberg’s 

bluegrass 
Low sagebrush/ bluebunch wheatgrass 
Low sagebrush/ Sandberg’s bluegrass 
Bluebunch wheatgrass 
Cheatgrass 
Low sagebrush/cheatgrass 
Shrub scabland 
Bitterbrush/grass 
Stiff sagebrush/ Sandberg’s bluegrass 
Mountain mahogany/grass 
Silver sagebrush 
Cliffrock 
Gravel slopes 

Total 

Wild- Mc- 
horse Intyre 

4193 31 

762 69 
589 2046 

a79 

347 

314 22 
12 
32 

3 

6208 3091 

River- 
side 

5443 

5212 
5173 

1029 
2288 

120 
401 

17 
1882 

55 

26 

192 
51 

21949 

24 
17 
14 
16 
17 
23 
15 
10 
23 
15 
10 
14 

23 
17 
20 
19 
19 
19 
18 

8.1 
6.5 
6.6 

22 
7 

15 
23 
15 

5.4 
5.4 
6.7 

12.1 
5.7 

17.0 
11.3 
13.3 
14. I 
15.6 
13.0 
13.3 
16.0 
11.8 

18.5 72.8 

17 
14 

24.8 54. I 
25.2 60.7 

20.4 17.7 

11.6 45.8 
16.4 37.0 

11.8 28.3 
6.9 21.4 

Bachelor 

grass (Bromus tectorum). Areas supporting bluebunch wheatgrass 
were generally associated with steep slopes, while cheatgrass and 
Sandberg’s bluegrass were typically dominants on gentle topo- 
graphy or in large basins and major drainages. 

Five plant communities, occupied 88% of the area and sup- 
ported 97% of the horses’activities. Maximum herbaceous produc- 
tion occurred in the cheatgrass community (841 kg/ ha), and min- 
imum herbaceous production (15 1 kg/ ha) was in the Wyoming big 

1 
2 
5 
6 
8 

10’ 
11 
12 
26 
28 
x 
S 

49 
47 
29 
11 
13 
19 
17 
16 
14 
10 
22.9 

22 
21 
24 

3 
22 
21 
22 
22 
20 

15.0 
18.0 
11.8 
2.6 

12.7 
74.7 
18.1 
23.6 

6.4 
12.1 

20.3 
22.0 
23.1 

8.1 
26.6 

147.3 
38.1 

17 
19.1 12.3 

5.1 

33.2 
15.0 
45.7 

25.8 
11.6 

‘Data for bachelor number 10 not included in calculation of means and standard 
deviations. 
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male-biased (2.2 males/female) population initially censused in 
1979 was most likely a product of gathering activities 6 months 
prior to initiation of this project. One hundred fifty-nine males and 
181 females were removed from the area at that time. When these 
values are combined with 9 1 males and 42 females left on the area, a 
more equitable ratio of 1.1 males/female is obtained, and a higher 
rate of population increase seems possible. 

Habitat Use 
Five-hundred-twenty-three sightings of horses were recorded on 

the area. Home range sizes were estimated for 14 bands and 10 
bachelors (Table 2). Home range estimates for bands and bache- 
lors averaged 11.8 and 12.3 km*, respectively, with the minimum 
convex polygon method. With ellipse procedures respective band 
and bachelor home ranges averaged 28.3 and 25.8 km2. Data for 
band B and bachelor number 12 differed significantly (PCO.05) 
from the bivariate normal distribution, so ellipse estimates of home 
range size for these animals should be accepted only with reserva- 
tions. Average band and bachelor home range sizes did not differ 
significantly (m.05) with either estimation method. Ratios of 
minimum convex polygons to the 90% confidence ellipse estimates 
averaged 0.50 and ranged from 0.25 to 0.8 1. Because the number of 
relocations used to estimate home ranges were relatively small 
(?=21.3), we believe the ellipse procedures provided the most accu- 
rate estimate of home range size. 

Only one horse, bachelor number 10 (Table 2), failed to settle in 
a welldefined area during the study. Respective polygon and 
ellipse estimates of this animal’s home range were 74.7 and 147.3 
km2. Because the animal’s behavior and patterns of movement 
seemed atypical for the area, these values were not included in the 
calculation of means. 

The horses did not appear to be severely confined by pasture 
boundaries, as no home range encompassed the entire area within 
any of the pastures. Similarly, no instances or evidences of horses 
breaching or jumping fences were observed. All of the observed 
interpasture movements of horses involved passage over natural 
boundaries or through open gates. 

One band and 2 bachelors made permanent moves to new home 
ranges during the study. Band K (Table 2 moved from McIntyre 
into the Riverside pasture (band K’) in Sept. 1979, after being 
observed for 7 months. Distance from the center of the original to 
the center of the new home range was 8.5 km. Two bachelors, 
initially detected in the east-central portion of the Riverside pas- 
ture, moved permanently into the east portion of the McIntyre 

pasture in June, 1980. Only 8 relocations of these animals were 
made in each pasture, and their data were not included in the home 
range estimates. 

Home ranges of bands and bachelors frequently overlapped and 
in many instances were nearly superimposed. Harem stallions 
defended small perimeters in the immediate vicinity of their bands, 
but no territorial behavior was observed. Aggregations of overlap- 
ping home ranges of bands and bachelors conformed to the “herd” 
concept defined by Miller (1980). Six herds occurred on the area 
(Fig. 1). In general, the bands and bachelors constituting each herd 
appeared to voluntarily remain within their respective herd areas. 
The shift of band K’s home range from herd 4 to herd 5 was the only 
instance of movement detected. Although herd boundaries rough- 
ly paralleled fences and major drainages, no impassable barriers 
continuously impeded the movements of horses. Gates both within 
and on the perimeter of the area were often open for extended 
periods, so horses had ample opportunity to move in any direction. 

Seasonal shifts of home ranges were not observed, and a selected 
band or individual could be easily located in any season. Year- 
around sources of adequate forage and water probably contributed 
to the strong fidelity of these animals to their respective home 
ranges or herds. Rugged topography may also have restrained the 
movements of horses to some degree. As an indication of the 
rugged nature of the area, a sampling of 1,500 randomly selected 
points on USGS topographic maps revealed an average slope of 
37%. 

Home range sizes were not significantly correlated (DO.05) 
with herbage production or number of horses per band with either 
of the home range estimation procedures. Herbaceous production 
within home ranges outlined with ellipse procedures averaged 389 
kg/ ha and ranged between 153 and 7 11 kg/ ha. The amount of each 
ellipse for which applicable forage production data were available 
averaged 95%. For home ranges outlined with minimum convex 
polygons, herbaceous production averaged 355 kg/ ha and ranged 
between 150 and 733 kg/ ha. The amount of each polygon for which 
applicable forage data were available averaged 96%. 

Home range size was negatively correlated (KO.01) with the 
density of water sources within home ranges. Little predictive 
power was gained, however, as respective coefficients of determi- 
nation were 0.52 and 0.37 with the convex polygon and ellipse 
methods of home range estimation. 

The hypothesis that horses utilized plant communities in pro- 
portion to their availabilities was rejected (KO.01) for herds, 1,2, 

Table 3. The percentage of herd area, percentage of observations of horses, and relative prderence ratings ofeach plant eomnmrdty nccu*g irk each of 
four herd arens. 

Wyoming big Stiff sage- 
sagebrush/ brush/ 
bluebunch Sandberg’s Cliff Shrub 

Community 
Low sage- Wyoming big Wyoming big 
brush/ sagebrush/ sagebrush/ 

Bitterbrush/ Sandberg’s Sandberg’s Cheat- 
Herd wheatgrass bluegrasS rock scabland grass bluegrass bluegrass grass Cheatgrass 
A Herd area (%) 85 1 14 1 

Horses t%) 77 0 4 19 
Relative nreference 0.9 1 0.00* 0.29* 19.00* 

1 

B Herd area (%) 38 
Horses (%) 64 
Relative preference 1.68’ 

4 17 31 10 
0 23 9 3 
0.00 1.3s 0.29* 0.302 

D Herd area (%) 1 1 1 1 29 65 2 
Horses (%I 1 0 0 0 39 57 3 
Relative preference 1 .OO 0.00* 0.00* 0.00* 1.35* 0.88 1.50 

E Herd area (%) 17 2 I1 <1 4 32 32 3 
Horses (%) 7 0 LO* 0 2 32 53 6 
Relative preference 0.41+ 0.00* 0.00 0.50 1.00 1.66; 2.00* 

*Relative preference rating differs significantly from a value of I (X0.02). 
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Fig. 1. Distribution of 6 herds of horses on the Owyhee study area. 

4, and 5 (Table 3). Herds 3 and 6 supported small numbers of 
horses and were not included in this analysis. Each herd made 
greater than expected use (X0.02) of one community or another. 
Little predictive power was gained from this analysis, however, 
because the herds did not demonstrate a universal, positive prefer- 
ence for any of the plant communities common to each of the herd 
areas. This, combined with the information that animals in each 
herd were more frequently observed in the most prevalent plant 
community, suggested that plant community composition was not 
a driving force in the horses’ selection of habitats. 
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demonstrate seasonal preferences for one community or another 
(Nelson 1978, Salter and Hudson 1979). Our sample sizes, how- 
ever, were too small to address such hypothesis with any statistical 
confidence. Nevertheless, our observations were distributed evenly 
throughout the year, and we believe the data are indicative of the 
plant communities making the greatest contribution to the support 
of the respective herds over the entire year. The horses did not 
appear to exhibit seasonal differences in habitat preferences. 

Several sources and our own observations indicate feral horses 
prefer to occupy ridgetops or elevated terrain (Pellegrini 1971, 
Welsh 1975, Keiper and Berger 1982). This aspect of their behavior 
was not considered in our evaluations of the horses’preferences for 
plant communities and may have confounded our interpretation of 
these data to some degree. Keiper and Berger (1982) speculated 
horses sought ridgetops to minimize harassment by insects. The 
horses on our study area preferred ridgetops on a year-around 
basis, even during fall and winter months when insects were nota- 
bly absent. We speculate these horses sought elevated terrain as a 
means of enhancing their view of the surrounding area and negat- 
ing potential threats to their safety. 

The hypothesis that horses watered at random periods through- 
out the day was rejected (PCO.01). Horses preferred to drink 
during the first and last periods of daylight. Forty-six percent of 
the daylight watering events occurred during the first period of the 
day, and 33% occurred during the last period. The remaining 21% 
of the observations were dispersed throughout the balance of the 
day. Watering events averaged 16.1 minutes in duration, with a 
range of 1 to 45 minutes. Typically groups of horses moved rapidly 
to and from water with very few feeding or loafing activities 
occurring in the immediate vicinity of the drinking areas. 

Water sources were plentiful and generally well dispersed about 
the area when compared to other ranges supporting horses in the 
western United States (Berger 1977, Miller 1980). Nearly 100% of 
the Wildhorse and McIntyre pastures were within 1.6 km of peren- 
nial water, while only 64% of the Riverside pasture occurred within 
this distance of a perennial source. In the Riverside pasture a trend 
surfaced during both years showing a slight concentration of 
horses near permanent water in the warm, dry summer months 
when sightings of horses averaged 1.56 km from water, and some 
dispersal of the animals as seasons progressed through fall (1.91 
km) and winter (2.02 km) into spring (2.16) when temporary sour- 
ces were most abundant. Mean distances of sightings of horses 
from water were not significantly different among seasons, however. 
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Cattle Feeding and Resting Patterns in a Foothills Riparian 
Zone 
CLAYTON B. MARLOW AND THOMAS M. POGACNIK 

Abstract 

Cattle impact on riparhn areas is dependent upon both their 
behavior and utilization of streamside vegetation. Development of 
grazing strategies for riparian environments would be enhanced by 
an understanding of cattle behavior in rip&an and adjacent 
uplands. Results of a 2-year behavior study indicate that a seasonal 
trend in cattle use of riparian and upland areas exists. Unless low 
precipitation limited upland forage quality/production, cattle 
spent a significant (X0.05) amount of their feeding time in upland 
areas during late June and early July. Significant levels of feeding 
activity (IYO.05) occurred in the riparian zone from late August 
through September. Resting patterns differed only during the early 
part of the grazing season when cattle spent significantly more 
(X0.05) of their time resting in upland areas. During late July, 
August, and September, there was no signifkant difference (PX.50) 
in the amount of time spent resting in either zone. Significant 
differences (PCO.05) occurred only when adverse weather condi- 
tions caused cattle to seek shelter in the riparian zone. Because 
cattle spend a disproportionate amount of their feeding time in the 
riparian zone during late summer and early fall, impacts could be 
limited by basing stocking rates for this period only on forage 
available in the riparian zone. 

Although cattle impact to riparian areas is dependent upon both 
behavior and utilization of streamside vegetation (Platts 1982, 
WADFS 1980), only a limited number of studies (Roathand Krueger 
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1982a, Bryant 1982) have directly addressed cattle behavior in this 
environment. Development of effective grazing management for 
riparian zones depends upon how livestock are controlled (Davis 
1982). For example, Roath and Krueger (1982a) reported that 
increased cattle presence in riparian areas during the early part of 
the grazing season was due in large part to where cattle were 
released in the pasture. Several reports (Bryant 1982, Myers 198 1, 
Severson and Boldt 1978) suggest that cattle tend to congregate 
more frequently in riparian zones during “hot” summer months. 
This has given rise to the concept of spring or fall and winter 
grazing to mitigate cattle damage in riparian areas. But, repeated 
spring grazing may lead to reduced condition of upland vegetation 
communities, which in turn could lead to increased sediment loads 
in nearby streams (Branson et al. 1972). Consequently, it may be 
necessary for cattle to graze pastures containing riparian zones 
during the critical summer months every 2-4 years depending upon 
the type of grazing system used. A minimum of 2 years was neces- 
sary for willow (Sulix spp.) to recover from heavy utilization 
(Smith, B.H. unpublished report. Riparian Willow Management 
USDI-BLM, Rock Springs, Wyo.) while Marcuson (1977) sug- 
gested that it may take 25 years of total protection from grazing 
and destructive floods for a severely disturbed riparian system to 
recover. The question is, will rest from grazing once every 2-4 years 
be sufficient for recovery or are different grazing strategies neces- 
sary to rehabilitate deteriorated riparian communities? 

More information on how and when cattle utilize riparian areas 
may enable resource managers to better control animal impact and 
enhance riparian recovery. In an attempt to develop grazing strate- 
gies specifically for maintenance and improvement of riparian 
zones, a long-term riparian grazing study was initiated on the 
Montana Agricultural Experiment Station’s Red Bluff Research 
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May. Approximately 40% of the annual total results from rainfall 
during May and June. 

Methods 

I 

Fig. 1. Pasture design andapproximategrazing dotes. Inset shows location 
of study site, Red Bluff Research Ranch, Montana. 

Ranch (Fig. 1). This paper reports one phase of this study, which 
was to describe feeding and resting behavior of cattle utilizing a 
foothills riparian zone. 

Study Site Description 
The Cottonwood Creek watershed (1,360 ha) was selected as the 

study site in 198 1. Topography is characterized by moderate to 
steep slopes with elevations ranging from 2,000 mat the headwater 
spring to 1,400 m where it enters the Madison River. The stream is 
bordered on the south by slopes of 30-50% and on the north by 
rolling hills with 15-30% slopes. 

For purposes of this study, vegetation types and landforms are 
collectively referred to as either upland or riparian zones. The 
riparian community is composed of aspen, aspen/ willow, bog, 
meadow, and streambank vegetation types while the upland com- 
munity is composed of upland/grassland, sagebrush, and aspen 
park vegetation types. 

The riparian community is dominated by Kentucky bluegrass 
(Pea prutensis L.), redtop (Agrostis stolonifera L.), timothy 
(Phleum pratense L.), smooth brome (Bromus inermis Leyss.), 
beaked sedge (Carex rostratu Stokes), Sprengel’s sedge (Curex 
sprengelii Dewey), and white clover (Trifolium repens L.). Over- 
story includes quaking aspen (Populus tremuloides Michx.), wil- 
low (S&x spp. L.), chokecherry (Prunus virginiana L.), and 
swamp gooseberry (Ribes Zucustre (Pers.) Poir.). 

The upland community supports Kentucky bluegrass, green 
needlegrass (Sfipu viridula Trin.), needleandthread (Stipa comata 
Trin. Jr Rupr.), bluebunch wheatgrass (Agropyron spicatum 
(Pursh.) Scribn. & Smith), western wheatgrass (Agropyron smithit’ 
Rydb.), Idaho fescue (Fesrucu iduhoensis Elmer), and cheatgrass 
brome (Bromus tectorum L.). Scattered, dense stands of mountain 
big sagebrush (Artemisia tridentuta subsp. vuseyuna (Rydb.) Bee- 
tle) interspersed with Woods rose (Rosa woodsii Lind L.) and 
Rocky Mountain juniper (Juniperus scopulorum Sarg.) occur 
throughout. 

Soils within the study area are either Typic Cryorthents or Typic 
Cryoborolls in the uplands and Argic Cryoborolls in the riparian 
zone. Loams and loamy sands are characteristic of the colluvium- 
derived upland soils while sandy loams and loamy sands occur in 
the alluvial deposits along the stream. 

Mean daily air temperatures range from 20°C in July and 
August to -11°C in December. The 400 to 500 mm of total annual 
precipitation occurs mainly in the form of winter snowfall. Snow- 
drifts remain on northern exposures and in the stream bottom into 

General Study Design: 
The basic study design consisted of 8 0.6-ha paddocks lying 

along Cottonwood Creek (Fig. 1). Paddocks were small to assure 
heavy cattle use of the riparian zone as reported by Roath and 
Krueger (1982b) and to include similar riparian communities in all 
8 paddocks. Because of the high availability of riparian habitat 
(40-50% of the total) cattle use of riparian and upland zones 
surrounding the study site was monitored during the same period 
as a check for paddock size bias. Results indicated: (a) there was no 
significant difference (m.05) in use of habitats for feeding, and (b) 
use of riparian areas differed significantly (p>.OO5) only in that the 
study cattle selected a different riparian vegetation type to rest in 
than did the control cattle outside the enclosure. Grazing began the 
second week of June and ended the first week of October. Four 
yearling heifers grazed each paddock for 2 weeks and then were 
moved to the next paddock upstream. Consequently, each pad- 
dock was grazed only once but at the same time each year. 

Behavior Observations: 
Cattle-use patterns were based on 2, 24-h observation periods 

each week in 1982 and 1983 for a total of 32 observation periods 
each year. The activity and zone (riparian or upland) occupied by 
each heifer was recorded hourly during the observation period. 
This produced 96 total observations per “day” and 384 for the 
entire grazing period (approximately 29% of the time the heifers 
were in each paddock). Although observation intervals of greater 
than 30 minutes are not recommended for behavior studies due to 
underestimation of time spent walking, drinking, or defecating 
(Hull et al. 1960, Nelson and Furr 1966), time constraints necessi- 
tated the use of 60-minute observation intervals in this study. 
Consequently, activity was recorded only as feeding or resting. 
This is supported by Nelson and Furr (1966), who noted that large 
deviations in activities recorded at 60-minute intervals did not 
appear to be associated with mean time involved in that activity. 
Additional reduction in observation variation may have been 
achieved with: (a) long observation periods (24 consecutive hours), 
(b) more observation periods during the study period, and (c) more 
individuals under observation. 

Cattle were weighed each time they were moved from one pad- 
dock to the next. This information was used in monitoring cattle 
response to forage conditions. To supplement the behavior data, 
air temperature and wind speed were recorded on an hourly basis. 
Differences in use patterns between upland and riparian zones 
during 1982 and 1983 were tested for significance with a pair t test 
at the 0.05 level (Gomez and Gomez 1984). 

Results and Discussion 
Cattle use of riparian and upland areas exhibited a general 

seasonal pattern. This pattern was most obvious in 1982 (Fig. 2a) 
when upland use declined steadily from early July until early 
October, while riparian use increased. Although the pattern was 
less distinct in 1983 (Fig. 2b), cattle still appeared to use uplands 
most heavily in early July and riparian areas most in late August. 
Dissimilarity between the 2 years probably arose from: (a) missing 
data for late September, 1982, and (b) a major shift in use patterns 
during early October, 1983 (Fig. 3). 

Concentrated feeding activity in either zone occurred only dur- 
ing early July, early September, and late September (Fig. 3). In 
early July of both years, cattle spent a significant amount of time 
feeding in the uplands. Riparian areas were not used at signifi- 
cantly higher levels until the last 6 weeks of the grazing season. The 
concentration of feeding activity in the riparian zone during Sep- 
tember may be due to the presence of higher quality forage in these 
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Fig. 2. Seasonal use of upland and riparian zones by cattle in 1982 and 
1983. Roman numeral I = late June, II = early July. III = late July, IV= 
early August, V = late August, VI = early September, VII = late Sep- 
tember and VIII = early October. 

well-watered areas. Kauffman et al. (1983) reported that during 
late August and September riparian forages were generally more 
palatable and higher in nutrient quality than those in the upland 
zone. 

Cattle generally spent less time feeding in upland areas in 1983 
than they had in 1982. This is apparent when feeding levels during 
late June and late July are compared (Fig. 3a and 3b). Riparian 
zones were probably used more in 1983 because pre-grazing precip- 
itation was significantly lower than the amounts which occurred in 
the same period in 1982 (Fig. 4). Lack of rainfall during late June, 
1983 (Fig. 4) probably further stressed upland forage quality and 
productivity and caused cattle to spend more time feeding in the 
riparian zone (Fig. 3b). Significantly greater use of uplands during 
early July, 1983 (Fig. 3b) may have resulted from there being less 
forage available in the riparian zone of the paddock being grazed. 
This paddock lacked the extensive Carex rostrata and C. sprengelii 
communities of the other paddocks. Consequently, cattle had to 
feed more in the uplands to meet daily intake requirements. Low 
upland forage productivity or quality in early July, 1983 was 
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Fig. 3. Breakdown of cattle use patterns for each grazing period in 1982 
and 1983. Bars with letters were signijicantly dtfferent at the 0.05 level. 
Roman numeral I q late June, II q early July, III = late July, IV = early 
August, V= late August, VI= early September, VII= late September and 
VIII q early October. 

apparent because cattle lost weight at a rate of 0.72 kg per day while 
they had gained 0.77 kg per day in the same paddock in 1982. 

The presence of significantly greater riparian feeding in early 
September of both years suggests that had observation data for late 
September, 1982, been available, preferential use of riparian areas 
would have continued through September. Lack of a significant 
difference in feeding patterns in early October, 1983, probably 
resulted from milder climatic conditions and increased precipita- 
tion (Fig. 4) which provided better upland forage conditions late in 
the grazing season. 

Use of riparian and upland areas for resting is shown in Figure 
3a and b. In July cattle spent significantly more time resting in 
upland areas during both years. The lack of a significant difference 
between upland and riparian zones for resting during late June, 
1983, arose from higher riparian use: 28 counts/24 h in 1983 vs. 1 
count/ 24 h in 1982. This is difficult to explain with climatological 
data because air temperatures in late June 1983 were significantly 
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Fig. 4. Seasonal precipitation levels for 1982 and 1983. Rars with letters 

representperiods with significantly different (KO.05)levels ofprecipita- 
tion. Roman numeral I q late June, II q early July, III q late July, IV = 
early August, V q late August, VI q early September, VII = late Sep- 
tember and VIII = early October. 

lower than during the same time in 1982 (Fig. 5). If resting use was 
solely a function of temperature response, then use patterns should 
have also differed. 

A possible explanation is the apparent increase in feeding in the 
riparian zone during late June, 1983. Because cattle appeared to 
rest in close proximity to where they last fed, the elevated use of 
riparian areas for feeding in late June (Fig. 3b) may have contrib- 
uted to the higher level of resting. 

Another difference between years was the increased level of 
resting in the riparian zone during late August, 1983 (Fig. 3b). 
Nighttime temperatures during this period were significantly lower 
than in 1982 (Fig. 5). Lower temperatures probably limited insect 
pest activity and allowed cattle to rest where they had been feeding. 
It is also important to note that feeding levels had increased in the 
riparian zone during the same period (Fig. 3b). Although the mean 
riparian resting count was higher than the upland count during 
early September of both years, day to day variation reduced differ- 
ences between upland and riparian areas to a nonsignificant level. 
The lack of significant differences between upland and riparian 
zones continued through the remainder of the grazing season 
except early October 1982. The reason for this difference may be 
explained by reviewing resting patterns during daily activity 
intervals. 

To determine cattle rest intervals, the 24-h observation period 
was divided into 4 activity periods. The first period was marked by 
the onset of grazing at about 0500 hr (MST). Grazing generally 
ended at 0900 hr when the cattle bedded down and began to 
ruminate. This resting period lasted until 1500 to 1600 hr, when 
cattle once more began to graze. At 2200 hr, the cattle usually 
bedded down and ruminated and rested until 0500 hr the following 
morning. Squires (198 l), Roath and Krueger (1982b), and Kilgour 
and Dalton (1984) reported the same activity pattern with one 
exception. Squires (1981) and Kilgour and Dalton (1984) report 
that a 1 to 2-hour feeding period occurred around 2400 hr. In this 
study, cattle were observed feeding at 2300 hr, 0300 hr and 0400 hr, 
but these events were infrequent and never amounted to more than 
4% of the total observations. Although there was significantly 
more grazing activity during the periods from 0500 to 0900 h and 
1600 to 2200 h, cattle were observed to rest and feed at all hours 
throughout the observation period. 

Examination of daily rest intervals indicated a seasonal trend 
similar to the trend for total use (Fig. 6). During 1982, cattle rested 
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Fig. 5. Daytime and nighttime temperatures during each grazing period. 
Rars with letters are significantly different at the 0.05 level. Roman 
numeral I= late June, II= early July, III= late July, IV= early August, V= 
late August, VI = early September, VII= late September and VIII= early 
October. 

more in the uplands during all hours of the day in the first half of 
the grazing season and more in the riparian zone during the last 
half. In late July and early August, 60% of the time cattle spent 
resting in the riparian zone was done during darkness (Fig. 6a). 
However, by late August, nighttime use had dropped to 51% and 
dropped again in early September to 34% of the total observations. 
But, resting in the riparian zone during darkness increased to 69% 
of the total observations in early October, 1982. During this time 
there were 2 consecutive observation periods where wind speeds 
were 2-3 ms“ (4-7 mph) and temperatures were 0.5“ C to 5O C. 
This probably caused cattle to seek shelter from wind and low air 
temperatures in the riparian zone. 

Hourly resting patterns in 1983 (Fig. 6b) showed more resting in 
the uplands during late June and early July and nearly equal use of 
both zones thereafter. The most notable exception was during early 
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areas to rest in about equally during the other hours of the day. 

Summary and Recommendation 
Cattle use of foothill upland and riparian zones for feeding and 

resting changes with forage and climatic conditions. If there was 
sufficient precipitation prior to the grazing season, cattle use was 
concentrated in the uplands until early July and then gradually 
shifted to the riparian zone. However, during a year of low precipi- 
tation, cattle used the riparian zone at higher levels during the early 
part of the grazing season. This pattern was probably a result of 
low upland forage quantity and quality. 

Although cattle spent a significant amount of time resting and 
feeding in the uplands during late June and early July, feeding was 
the only significant use of riparian areas during September. 

Although cattle did not spend a significant amount of time 
resting in riparian zones during late summer, they would rest more 
often in the riparian zone during hot August afternoons, but this 
only occurred if face flies were not a problem. Warm August nights 
may also have increased insect activity and reduced the amount of 
time cattle spent resting in the riparian zone during darkness. 
However, in September when air temperatures declined to near 
O” C and wind speeds were 2-4 ms-’ for an extended period, cattle 
spent a significant amount of their resting time in the riparian zone. 

Because cattle quickly adjust to daily variations in climatic 
conditions, rapidly fluctuating air temperatures and wind speeds 
can cause major shifts in activity patterns over a 24-h to 48-h 
period. Consequently, prediction of resting patterns will be tenu- 
ous except during periods of cold, windy weather. However, 
changes in forage production/ quality occur more slowly and there- 
fore appear to produce more predictable changes in cattle use 
patterns. 

As upland forages mature and become less palatable, cattle will 
concentrate feeding activities in the riparian zone. Even though the 
riparian zone may make up a small proportion of the pasture’s 
total available forage, it may supply the bulk of cattle forage 
consumption during late August and September. To reduce ripar- 
ian impacts during this period, stocking rates should be based on 
the forage available in the riparian zone rather than an average for 
the entire pasture or allotment. During drought periods it may be 
necessary to make such stocking rate adjustments early in the 
grazing season. 
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August and early September when cattle rested more in the ripar- 
ian zone during the heat of the day than in the uplands. The 
daytime resting accounted for 44% of the total observations during 
both periods. The lack of shade or very limited shade in these 
paddocks coupled with high daytime air temperatures may have 
limited insect pest activity and allowed cattle to remain where they 
had been feeding. Insect activity may also account for the late 
August resting level in the riparian zone during darkness (34%). It 
is important to note that this level of nighttime use occurred during 
both years. Air temperatures from 2200 - 0500 h may be near 
optimum for insect pests which would cause cattle to seek relief in 
the uplands. The decline in riparian resting during the 10-16 h 
interval in late September and early October, 1983 was probably 
due to cooler daytime temperatures (Fig. 5) which caused cattle to 
avoid the shaded riparian zone. Cattle used riparian and upland 
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Cattle and Sheep Diets Under Short-duration Grazing 
M.H. RALPHS, M.M. KOTHMANN, AND L.B. MERRILL 

Abstract 

Studies have shown a negative relationship between stocking 
rate and animal performance in conventioual grazing systems. 
However, short-duration grazing (SDG) proponents state that 
stocking rates can be increased and still maintain acceptable 
animal performance by reducing the length of stay on a pasture. 
The objective of this study was to determine if sheep and cattle diet 
quality could be maintained in SDG as stocking rates increased 
from the level recommended for moderate continuous grazing to 
2.67 times the recommended level. Small pastures ranging from 
1.68 ha to .47 ha were fenced to give the desired stocking rates. 
Pastures were grazed 3 days and rested 51 days. Diets were col- 
lected from esophagealfy cannuiated sheep and cattle during the 
3-day grazing periods. Botanical composition of diets was deter- 
mined and crude protein and IVOMD were analyzed to estimate 
diet quality. As live green forage was depleted diet selection shifted 
to reserve forage resulting in a decline in diet quality as stocking 
rate increased in pastures where reserve forage was abundant 
during the cool season. There were few shiits in diet selection and 
diet quality where vegetation was more homogenous and lacked 
reserve forage. Grazing pressure declined during the warm season 
in all pastures due to above-average forage production. Only cattle 
diets showed a decline in digestibility as stocking rates increased 
and diet selection switched from mature warm-season grass to 
reserve forages. Diet quality declined within the short 3day graz- 
ing periods and the decline was greater at the higher stocking rates. 

Studies have shown that animals graze selectively; i.e., the pro- 
portion of species in a grazing animal’s diet is frequently not the 
same proportion as in the vegetation community (Hardison et al. 
1954, Weir and Tore11 1959, Ridley et al. 1963, Lesperance et al. 
1960, Cable and Shumway 1966). The selective removal of certain 
plant species, individual plants, and parts of plants to the exclusion 
of others alters the structure of the community as well as the 
quantity, quality, and subsequent utilization of the remaining for- 
age (Arnold 1964). This generally results in a negative relationship 
between stocking rate and diet quality (Cook et al. 1953, 1962, 
1965; Pieper et al. 1959) or animal performance (Hart 1972, Cowli- 
shaw 1969, Denny and Barnes 1977). 

Petersen et al. (1965) and Hart (1978) developed hypothetical 
livestock performance models which showed a plateau region at 
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low stocking rates, in which animal performance was not respon- 
sive to stocking rate. As stocking rate increased, a critical point was 
reached, after which animal production declined linearly. Their 
hypotheses were supported by research results (Allison 1978, 
Johnson-Wallace and Kennedy 1944, Willoughby 1959, Arnold 
1960, Duble et al. 1971). 

Grazing intensity (defined as the number of livestock use-days 
per hectare per paddock per grazing cycle) was the major determi- 
nant of livestock performance under short-duration (SDG) in 
Rhodesia (Denny and Barnes 1977). Combinations of stocking 
rates, stocking densities, and periods of stay were altered to give 
specific grazing intensities. By maintaining low intensity per graz- 
ing period (i.e., reducing period of stay at higher stocking rates and 
densities), high animal gains, as well as high production per hec- 
tare, could be maintained at the higher stocking rates. 

Short duration grazing utilizes multiple pastures, high stock 
densities, and short grazing periods to reduce grazing pressure in 
an effort to improve livestock performance. Taylor et al. (1980) 
reported that there were fewer changes in diet selection patterns of 
cattle during 7day grazing periods of a SDG system compared to 
21day grazing periods in a high-intensity, low-frequency (HILF) 
system. The SDG system also maintained higher diet digestibility 
and crude protein levels; however, diet digestibility began to 
decline toward the end of the grazing periods. Based on Taylor et 
al.‘s (1980) recommendation, the grazing periods in this study were 
shortened to 3 days in an attempt to reduce the changes in grazing 
pressure within the grazing periods. This study tested the hypothe- 
sis that diet quality could be maintained in SDG as stocking rate 
was increased from the level recommended for continuous grazing 
to 2.67 times this level. 

Study Area 

The study was conducted at the Texas Agricultural Experiment 
Station near Sonora, Texas, ( lOlo W, 30” N). Soils were Tarrant 
stony clays, 8 to 15 cm deep, and Tarrant silty clays, 15 to 25 cm 
deep (members of the clayey-skeletal, montmorillonitic, thermic 
family of Lithic Haplustalls). The range site classification was Low 
Stony Hill. Vegetation was a mixed-grass community dominated 
by common curlymesquite [Hiluria belungeri (Steud.) Nash], 3- 
awn species (Aristidu Spp.), and sideoats grama [Bouteloua curti- 
pendulu (Michx) Torr.] with scattered motts of live oak (Quercus 
virginiana Mill.). Sacahuista (Nolina texana S. Watt.), a large 
grass-like plant of the Liliaceae family was prominant on the 
shallow Tarrant stony clay soil and pricklypear (Opuntia mach- 
rorhizu Engelm) was scattered throughout the pastures. Western 
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bitterweed (Hymonoxys odorata DC.), an annual poisonous spe- 
cies which germinated during the moist fall, was abundant during 
the spring and early summer. 

The study began at the end of the 1980 drought and continued 
through one of the wettest years on record. The 30-year average 
annual precipitation for the area was 610 mm, but during the study, 
precipitation was 3% above average and fairly evenly distributed 
throughout the year. Data were interpreted in light of the above- 
normal precipitation and very favorable growing conditions. 

Methods 
An 8.5ha pasture was divided into 2 blocks roughly along the 

soil boundary, and 4 stocking rate treatments were randomly 
applied to each block. Grazing herds consisted of two 317-kg 
heifers and twelve 40-kg yearling ewes which combined were equi- 
valent to 3 animal units. Six additional ewes were added to the 
grazing herds in April to increase grazing pressure due to the 
above-average standing crop. Pasture sizes were varied to obtain 
the desired stocking rates. Pastures were alternately grazed 3 days 
and rested 5 1 days to simulate an 18 pasture SDG system. Grazing 
animals and esophageally cannulated diet collection animals were 
held in a pasture having similar vegetation adjacent to the study 
pasture between grazing and collection periods. 

To facilitate sampling and labor involved with diet collections 
during the grazing periods, the cycles of the 2 blocks were stag- 
gered. The cycle of block 1 began grazing on 24 September 1980. 
The cycle of block 2 began on 21 October. The study continued 
through September 1981. Stocking rates in block 1 ranged from 
1.19 to 3.46 AUM/ha (Table 1). Stocking rates in block 2 were set 
20% higher than those in block 1 because the deeper soils were 
believed to be more productive than those in block 1. 

Standing crop before and after each grazing period was deter- 
mined by clipping herbaceous forage at ground level from 25, 1 X 
0.25-m plots systematically located along transects running the 
length of the pastures. Species were grouped into forage classes: 
warm-season grasses, cool-season grasses, forbs, and poisonous 
forbs. Clipped samples were oven dried at 60’ C for 48-72 hours 
and then weighed to estimate air dry standing crop. Utilization of 
herbaceous forage was expressed as the difference in standing crop 
before and after grazing. Utilization was compared to the esti- 
mated livestock demand for forage. Forage demand was estimated 
from dry matter intake requirements (NRC 1970, 1975) based on 
the grazing animals’ weight and rate of gain. Standing crop of 
reserve forages (sacahuista, pricklypear, and shrubs) was sampled 
seasonally and the mean for the study is presented. Standing crop 
of herbaceous forage was summarized for 2 seasons. Cool season 
included grazing periods from October 1980 through April 1981, 
and warm season included grazing periods from May through 
September 198 1 and the first grazing period in September 1980. 

Diet samples were collected from 2 mature esophageally fistu- 
lated steers (668 kg) and 4 mature esophageally tistulated ewes (42 
kg). The fistulated animals were fitted with screen-bottom bags 
and allowed to graze for 30 to 40 minutes in the early morning on 
each of the 3 days the pasture was grazed. Diet samples were frozen 
and later freezedried prior to analysis. 

Individual plant species and/or forage classes in diets were 
identified and quantified by the fragment density technique 
(Kothmann 1968). A subsample of plant fragments was spread 
evenly over a 20 X 6Ocm grid containing 20 permanently marked 
l-cm2 plots located at random. Fragments falling within these plots 
were identified and counted. Diet composition was based on per- 
cent of fragments in each forage category. An attempt was made to 
adjust the composition estimate by a weight factor for the different 
forage classes, but the variability of fragment sizes within forage 
classes was as great as between forage classes and thus precluded 
development of an accurate and reliable correction factor. 

procedures. Total nitrogen (N) was determined by the Kjeldahl 
procedure (A.O.A.C. 1970) and reported as crude protein. In vitro 
organic matter digestibility (IVOMD) was determined by a 48- 
hour fermentation in rumen liquor followed by NDF extraction 
(Goering and Van Soest 1970). Rumen inoculum was taken from a 
rumen fistulated Angus cow grazing mature bermudagrass pas- 
ture. In vitro digestibility of samples was corrected for batch 
variability by including forage samples of a known in vivo digesti- 
bility. All diet samples were adjusted by the ratio of in vitro to in 
vivo digestibility of the standard forage. 

Diet botanical composition and nutrients were analyzed by 
analysis of variance (ANOVA) in a split-split plot design (Helwig 
and Council 1979). The statistical model and mean squares are 
contained in Table 2. There was a significant interaction between 
stocking rate treatment and block for the major forage classes in 
cattle diets and nutrients in both cattle and sheep diets. Further- 
more, grazing periods consistently accounted for the greatest 
amount of variation in the model. There were also significant block 
by period and block by stocking rate by period interactions for 
most of the diet components. There was a distinct shift in forage 
availability and diet selection and resulting diet quality between the 
cool winter/spring season and the warm rapid growth period. 
Therefore, the model was reduced and the data analyzed separately 
for blocks and season using grazing periods within seasons as 
replications in time to evaluate differences between stocking rate 
treatments. Where significant differences (PI. 10) occurred between 
stocking rate treatments, linear and quadratic orthogonal poly- 
nomials were used to describe the response of diet components to 
increasing stocking rates (Ostle and Mensing, 1975). 

The analysis of nutrients was carried one step further by using 
simple linear regression to describe the response of diet quality 
components to increasing grazing pressures as stocking rates 
increased. Grazing pressure is the ratio of forage demand to forage 
available at an instant in time. Grazing pressure index (GPI) was 
calculated as the total forage demand for the 3day grazing period 
divided by the forage standing crop at the beginning of the period 
(Scarnecchia and Kothmann 1982), and was used as the independ- 
ent variable in the simple linear regression. Animal demand for 
forage of the 3day grazing periods was estimated from dry matter 
intake requirements (NRC 1970, 1975) based on the grazing ani- 
mal’s weight and rate of gain. 

The changes in diet selection and nutrients within the 3day 
grazing periods were evaluated in a partially reduced model. The 
day by period interactions for important forage classes and nut- 
rients in the full model were significant but the period by block 
interaction was not (Table 2). Therefore, the main effects of day 
and the day by stocking rate interaction were analyzed separately 
for seasons but with blocks pooled. 

Results and Discussion 
Standing Crop and Utilization 

Mean standing crop of forage in each pasture during the warm 
season was double the standing crop during the cool season (Table 
3). Above-average precipitation and favorable growing conditions 
in late spring and early summer resulted in higher than average 
forage production. Sacahuista was abundant in block 1, but com- 
prised only a minor proportion of the total standing crop in block 
2. Pricklypear was fairly evenly distributed throughout all pastures. 

Availability of herbaceous forage declined in direct proportion 
to the decreasing pasture size as stocking rates increased (Table 3). 
During the cool season, utilization of herbaceous forage exceeded 
estimated forage demand in the lightest stocking rate of both 
blocks, but was less than the estimated demand in the other stock- 
ing rate treatments. Actual consumption may have declined as 
stocking rates increased. The switch in cattle diets to reserve for- 
ages could also have accounted for the low disappearance of her- 

The nutrient content of the diets was determined by standard 
baceous forage at the higher stocking rates. 

During the warm season, utilization in all treatments in block 1 
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Table 1. Stockiag rates and area of pastwes. Pasture sizea ia block 2 were reduced 20% to increase stockh~ rates due to soil differeoces. 

Treatment 

1 
2 
3 
4 

Block 1 Block 2 

Stocking rates Stocking rates 

Area (ha) AUM/ha AUY/ Set Treatment Area (ha) AUM/ha AUY/Sec 

I .68 1.19 26 1 1.20 1.67 36 
0.98 2.05 44 2 0.79 2.52 54 
0.75 57 3 0.62 3.23 70 
0.58 75 4 0.47 4.21 91 

Table 2. Stetistical model and meaa squarea of forage classed and nutrients in sheep aad cattle diets. 

% forage class in diets % nutrients in diets 

Sheep Cattle Sheep Cattle 
Warm- Cool- Warm- Cool- 
season season season season Sacah- Prickly- 

Statistical mode1 df grass grass Forb grass grass Forb uista pear CP IVOMD CP IVOMD 

Block 
Stocking Rate 

(SR) 
Block X SR 

(error a) 
Period 
Block X Period 
SR X Period 
Block X SR 
X Period 

(error b) 
Day 
SRXDay 
Period X Day 
Pooled non- 
significant 
interactions 

(error c) 

1 3900**’ 
3 1433+ 

3 104 

6 11655.’ 
6 1382.. 

18 307 
18 263* 

28 4850* 1 2526T 122 1154 
391 2421’ 646 321 1221 

140 215 1449. 187T 472 

3219** 6951** 1957** 405** 4286*’ 
165 1202** 2420.. 286* 796+ 
213 378 396 138 327 
157* 276. 360* 77T 265** 

15403 3367+* 
1608 1008+ 

5103** 97 

7277** 3074.. 
2303** 1590.. 

877 364 
491 329T 

64 
17 

116 149 
128 112 

48.6T 92T 

392 
69 

17. 317. 

184.. 3772’ 205** 486** 
65** 128** 61 287.. 

7 20 36 109. 
5** 20+* 31** 50 

2 112 14 990** 4666** 424’5 16 7751+* 199 10** 116** 61** 245** 
6 268* 368’. 380- 116 168* 104 162 187 3 28** 4 25 

12 2375 105 292. 396. 49 154 261 421. 4T 15. 13** 46 
92 121 104 160 198 49 119 372 159 2.4 6 4 35 

lSignificance probabilities from F-test (+*pI.OI), (+pI.OS), (TPI.10). 

Table 3. Meen standing crop (Kg/pasture) before and after grazing periods for seesons, blocks end stocking rete trutment. 

Herbaceous Forage Reserve Forage 
Stocking Warm-season Cool-season Poison- 
rate grass grass Forb Total Utili-l De-2 ous Sacah-J Prickly 

Season Block treatment Before After Before After Before After Before After zation mand forb uista pear Shrubs 

Cool 1 I 540 432 78 56 148 111 765 600 165 95 49 800 
2 289 237 56 34 108 137 453 408 45 41 1171 
3 221 144 29 28 38 44 288 216 72 16 497 
4 143 117 17 16 25 12 185 144 41 7 890 

2 1 
2 
3 
4 

328 
169 

E 

266 79 45 69 44 
156 27 28 70 45 
107 26 22 50 30 
93 24 10 25 12 

475 355 
266 229 
240 159 
184 114 

1368 1308 
754 690 
500 419 
340 268 

1179 1062 
664 436 
400 287 
400 279 

120 41 54 
37 25 51 
81 17 203 
20 12 16 

Warm 1 1 713 698 178 166 477 444 
2 376 327 86 95 293 267 
3 245 206 63 59 193 152 
4 174 149 35 21 113 98 

60 115 125 
64 49 
81 45 
72 29 

2 1 735 725 166 156 277 180 
2 315 213 82 63 267 159 
3 222 167 50 36 128 84 
4 268 203 51 31 81 46 

117 
228 
113 
121 

58 
46 
33 
25 

218 430 
219 416 
229 45 

78 102 

253 228 
149 37 
203 101 
135 48 

lUtiliza!ion is the difference in total herbaceous forage standing crop before and after grazing. 
‘yean hvestock demand for forage (kg) for 3day grazing periods dung cool and warm seasons. Calculated from NRC tables (1970,1975) based on livestock weight and rate of 
gam. 
Standing crop of sacahuista, prickly pear and shrubs is the mean standing crop for the study. 
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was less than estimated demand. Two grazing periods during this 
season followed substantial rains and thus occurred during periods 
of rapid forage growth. Forage growth actually exceeded utiliza- 
tion resulting in higher standing crop at the end of these grazing 
periods. Grazing periods in block 2 occurred during periods of 
uniform growth and utilization was fairly close to estimated 
demand. 

Diet Selection and Quality 
Cool Season 

Cool-season grass declined in sheep diets in block 1 as stocking 
rates increased (Table 4). This was offset by an increase in the dry 
dormant warm-season grass. There were no changes in grass in 
sheep diets in block 2; however, forbs declined in the heaviest 
stocking rate. Cool-season grass and forbs declined in cattle diets 
in block 1 with a compensatory increase in the reserve forages, 
sacahuista and pricklypear, as stocking rate increased. Allison 
(1978) also found that forbs and grass leaves declined in cattle diets 
as available forage declined from 50 to 10 kg/ AUD in a series of 
grazing pressure trials. 

Forbs comprised a large percentage of both sheep and cattle 
diets in both blocks of stocking rate treatment 2. However, this was 
probably due more to the relative availability of forbs (Table 3) 
than to stocking rate treatment. Forbs were alive and growing 
slowly throughout the cool season, yet there was probably little 
competition for forbs between cattle and sheep. Forbs growing 
upright were readily available to both sheep and cattle. However, 
most forbs were in the rosette stage for much of the cool season and 
were readily available to sheep but below the effective grazing 
height for cattle. 

Standing crop of cool-season grasses was somewhat less than 

forbs but was readily available to both cattle and sheep. Selection 
pressure reduced availability of cool-season grasses as stocking 
rates increased and contributed to their decline in both cattle and 
sheep diets. 

Pricklypear and sacahuista are evergreen species, but are very 
coarse and are considered low quality forage (Huston et al. 1981). 
Pricklypear was scattered fairly uniformly throughout all pastures 
but sacahuista was abundant only in block 1 (Table 3). As stocking 
rate increased in block 1, cattle switched from cool-season grass 
and forbs to the reserve forages, sacahuista and pricklypear. 

There were no significant shifts in diet selection in block 2. Dry 
dormant warm-season grass was only a minor component of cattle 
diets but served as reserve forage for sheep in block 1 as the 
availability of cool-season grasses declined. The more homogen- 
ous vegetation in block 2 presented fewer opportunities for cattle 
to shift their diet as stocking rate increased. 

The nutrient content of both sheep and cattle diets in block 1 
reflected the switch to less palatable, lower quality forage as stock- 
ing rate increased. Crude protein in sheep diets declined 3.2% and 
IVOMD declined 5% (Table 4). Crude protein in cattle diets 
declined 8.8% but the decline in IVOMD was not significant. 
Pricklypear in cattle diets in treatments 3 and 4 may have increased 
the overall digestibility of diets. Taylor et al. (1980) also reported 
that high levels of pricklypear in cattle diets increased nutrient 
digestibility in spring and fall. 

The lack of changes in diet selection in block 2 resulted in few 
significant differences in diet quality as stocking rate increased. 
Only IVOMD in sheep diets declined as stocking rates increased. 
CP and IVOMD in both sheep and cattle diets were uniformly 
lower than in block 1. 

Table 4. Mean percentage of major forge classes and nutrients in sheep and cattle diets for cool and warm seasons. 

Animal Season 

Block 1 Block 2 

Stocking rate Orthogonal2 Stocking rate 
Diet component 1 2 3 4 PI polynomial 1 2 3 4 Pr 

Orthogonal* 
polynomial 

% Forage Class 
Sheep 

Cattle Cool 

Cool 

Warm 

Warm 

% Nutrients 
Sheep 

Cattle 

Warm-season 
grass 

Cool-season 
grass 

Forb 
Warm-season 

grass 
Forb 
Warm-season 

grass 
Cool-season 

grass 
Forb 
Sacahuista 
Pricklypear 
Warm-season 

grass 
Forb 
Sacahuista 

12 12 27 28 .Ol 

39 24 26 13 .02 

47 61 35 52 .lO 
42 43 44 53 .63 

55 50 45 31 .08 -L 36 32 30 
12 11 10 4 .28 14 18 13 

26 14 4 1 .03 -L I 6 7 

28 35 10 1 .09 
29 34 53 74 .05 

1 4 17 21 .15 
56 37 40 25 .I1 

16 14 15 8 .63 
23 43 37 59 .02 

Cool 

Warm 

Cool 

Warm 

CP 18.5 19.9 16.2 15.3 .006 
IVOMD 74 14 65 69 .005 
CP 12.8 12.5 12.4 11.9 .73 
IVOMD 66 66 63 64 40 
CP 14.5 12.8 8.3 5.7 .08 
IVOMD 65 63 61 57 .37 
CP 9.7 9.2 8.4 7.5 .15 
IVOMD 55 56 55 51 .44 

Grazing pressure index 
Cool 
Warm 

.12 .20 .31 57 .20 .35 .40 .51 

.09 .17 .26 .46 .I1 .I8 .31 .32 

+L 25 

-L 24 

42 
53 

-L 10 
+L 52 
+L 
-L 82 

7 
+L 5 

-L 15.4 
-L 69 

10.8 
62 

-L 8.5 
56 

-L 8.3 
60 

36 29 

8 19 

50 42 
58 64 

19 13 
31 43 

79 76 

8 7 
2 9 

15.9 15.0 
69 68 
10.6 10.8 
64 63 

8.9 8.1 
65 62 

7.8 1.9 
59 60 

40 .34 

17 .32 

30 .03 
68 .09 

20 .Ol 
20 .57 

3 .69 

8 .lO 
29 .26 

85 .70 

6 .85 
3 .09 

15.5 .84 
66 .I0 
11.1 .86 
62 .02 

7.9 .78 
66 .I3 

8.4 .54 
61 .88 

Q 
+L 

-L 

Q 

-L 

‘Probability of Type I error or a. 
‘Linear or quadratic orthogonal polynomial response of diet component to increasing stocking rate. Significance probability of orthogonal polynomial cr<.O5. 
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Table 5. Change in forage class and nutrients in sheep and cattle diets within 3day grazing periods. 

Sheep Diets Cattle Diets 

Cool Season Warm Season Cool Season Warm Season 

Diet DaY Day Day Day 
component I 2 3 P’ 1 2 3 P 1 2 3 P I 2 3 P 

% Forage Class 
Warm- 
season 
grass 24 24 25 .90 55 58 61 .31 24 13 10 .Ol 74 64 47 .002 

Cool- 
season 
grass 18 18 18 .87 1 2 3 .08 13 8 3 .I6 1 3 1 90 
Forb 54 53 48 .67 39 32 25 .008 18 18 16 .8l 6 6 8 .19 
Saca- 

huista 2 3 6 .07 2 2 5 .10 26 40 54 ,002 17 25 34 .Ol 
Prickly- 

Pear - - - - - - - 17 19 13 .I6 I 5 7 .07 

% Nutrients 
CP 17.0 16.0 15.6 .04 11.3 10.9 10.7 .35 9.6 8.8 8.4 .08 8.5 7.9 7.0 .Ol 
IVOMD 71 69 68 .07 64 62 61 .I5 64 61 57 .0004 57 57 57 .93 

‘Probability of Type 1 error or a. 

Table 6. Regressions, describing the relationship between grazing pressure index (GPI) (x) and nutrients (y) in sheep and cattle diets in block 1. 

Animal 
Sheep 

Steer 

Season 
Cool 

Cool 

Warm 

Nutrient P’ 
CP .008 

IVOMD .09 
CP ,009 

IVOMD .I5 
IVOMD .02 

I?2 Equation 

.51 y q  20.49 - 10.65x 

.25 y = 75.44 - 16.97x 

.50 y = 17.33 - 26.31x 
.19 y = 67.06 - 20.48x 
.33 y = 60.59 - 26.92x 

‘Probability of Type I error or a. 

Warm Season 
Botanical composition of sheep diets was sensitive to stocking 

rate in both blocks. Forbs declined and warm-season grass 
increased in block 2. Sacahuista replaced warm-season grass in 
cattle diets in block 1 as stocking rate increased. Warm-season 
grass in cattle diets declined 3 1% while sacahuista increased 36%. 
In block 2, warm-season grasses dominated cattle diets but stock- 
ing rate did not affect diet selection. 

season grass showed a day by stocking rate interaction during the 
cool season declining from 26% to 8% of the diet in treatment 2 
while diets in treatment 4 contained less than 5%. 

Although there were distinct shifts in selection by sheep, changes 
in diet quality during the warm season were not significant. How- 
ever, there was a negative trend of CP in cattle diets in block 1, 
reflecting the switch from warm-season grass to sacahuista as 
stocking rate increased. 

Nutrients in both cattle and sheep diets declined slightly within 
the 3day grazing period during the cool season (Table 5). How- 
ever, there was a significant day by stocking rate interaction for 
IVOMD in sheep diets. IVOMD declined only 1% in treatment 1 
compared to 5% in treatment 4 during the cool season and 
increased 2% in treatment 1 but decreased 790 in the warm season. 
During the warm season, CP in cattle diets decreased during the 
grazing period. 

IVOMD of cattle diets in block 2 was markedly higher than in 
block 1. Warm-season grasses dominated cattle diets in block 2and 
were more digestible than the sacahuistadominated diets in block 
1. 

Diet Changes within Grazing Periods 

Other grazing trials have shown a switch from preferred to less 
preferred forage and resulting decline in diet quality with progres- 
sive utilization of forage during the trials (Pieper et al. 1959, Cook 
et al. 1962, Anderson 1977, Pfister et al. 1984, Taylor et al. 1980). 
Our data demonstrate that even within short grazing periods, there 
were shifts to less preferred and lower quality forages, and the 
shifts were more dramatic at the higher stocking rates. 

There were changes in diet selection and quality among days 
within the 3day grazing periods (Table 5). Although the main 
effects of day for forage classes in sheep diets in the cool season 
were not significant, there was a significant day by stocking rate 
interaction for forbs. Forbs declined only 3% in treatment 1 com- 
pared to 21% in treatment 4 within the 3day grazing periods. Cool 
and warm season grasses fluctuated in the diets without apparent 
response to stocking rate. There was a significant decline of forbs in 
sheep diets within the 3day grazing period during the warm sea- 
son. This was offset by nonsignificant increases of both cool and 
warm season grasses. 

Diet Quality in Relation to Grazing Pressure 

Warm season grass declined significantly in cattle diets with a 
compensating increase in sacahuista within the 3day grazing 
period during both the cool and warm seasons (Table 5). Cool 

Grazing pressure index is a quantative expression of the rela- 
tionship between animal demand and available supply of forage, 
and thus is a more sensitive parameter of animal-forage relations 
than stocking rate. Significant negative regressions generally 
occurred between GPI and diet quality components in both sheep 
and cattle diets in block 1 during the cool season (Table 6). Crude 
protein showed a fairly strong negative relationship to GPI in both 
sheep and cattle diets. IVOMD was not as strongly correlated. The 
increasing amounts of the highly digestible pricklypear in cattle 
diets as stocking rates increased probably mitigated the negative 
influence of increasing GPI on IVOMD. Due to the lack of shifts in 
diet selection in block 2, there was no relationship between GPI 
and diet quality. 
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Forage was probably not limiting to sheep in any of the stocking 
rate treatments during the warm season. As a result, sheep diet 
quality showed no response to GPI during the warm season. 
Denny and Barnes (1977) stated that grazing intensity had no effect 
on animal production during the dormant season; indicating little 
difference in nutritive quality of available forage. Where forage is 
uniform in quality and in sufficient quantity that it does not limit 
intake, grazing pressure would not be expected to infhrence diet 
quality or production. This corresponds to the plateau region of 
Hart’s (1978) theoretical stocking rate model. 

Cattle switched from dry warm season grass to sacahuista in the 
latter part of the summer as GPI increased, creating a significant 
negative regression between GPI and IVOMD in block 1. 

Summary and Conclusions 
Diet quality is only one component of livestock gains. Intake is 

also important but was not measured in this study. Olson and 
Stuth (1984) reported a significant reduction of intake at heavy 
stocking rates under SDG, in addition to a decline in nutrients in 
cattle diets. Intake could also have declined as stocking rates 
increased in our study; especially in block 2 where there was less 
opportunity to shift diets to reserve forage when live green forage 
was limited. 
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Effect of Grazing Stubble Height and Season on Establish- 
ment, Persistence, and Quality of Creeping Bluestem 
R.S. KALMBACHER, F.G. MARTIN, AND W.D. PITMAN 

Creeping bluestem (Schizachyrium stoloniferum) was grazed 
every 6O-days to 15 or 30-cm stubble heights during the following 4 
periods (seasons): (1) June, Aug., Oct. (JAO); (2) Oct., Dec., Feb. 
(ODF); (3) Feb., Apr., June (FAJ); (4) year-long (YL). Average 
diameter (37 cm) of piants grnzed in JAO and YL to lS-cm stubble 
was less (PC 0.05) than piants (43 cm) grazed to 30 cm. There was 
no difference in diameter of piants grazed to 15 and 3O-cm stubble 
in ODF and FAJ (45 cm). Tiller density was influenced by stubble 
height only in 1982 and 1983 when density for the 15 cm stubble 
averaged lll/m2 vs. 142/m2for the 3O-cm stubble. Tiller density in 
1980,1982, and 1983 was less (X0.05) in JAO and YL treatments 
(109/m’) than in ODF and FAJ (167/mz). Forage dry matter yield 
in 1979-80 and 1982-83 depended on stubble height and seasons. 
Avenge yield at H-cm height was greater for the FAJ treatment 
(1,700 kg/ha), similar for JAO (910 kg/ha) and ODF (910 kg/ha) 
and lowest for YL (660 kg/ha), but yield was simiIar at aii seasons 
(510 kg/ha) at 3O-cm stubble. Crude protein and IVOMD were 
influenced more by grazing time within a season than by seasons or 
stubble height. Poorest quality forage was at the beginning of the 
seasons (especially ODF and FAJ treatments). Best quality came 
from regrowth. Winter or spring grazing resulted in better stands 
of creeping bluestem than summer or year-long grazing. 

Creeping bluestem (Schizuchyrium stoloniferum), a rhizomat- 
ous native grass, has been recognized as one of the most important 
on Florida’s flatwoods range (Yarlett 1963), but it often constitutes 
a small part of the plant community because of poor management. 
Stands of creeping bluestem can frequently be improved by tan- 
dem chopping and deferment for a single growing season (Yarlett 
1965, Yarlett and Roush 1970). However, ranchers cannot always 
defer a pasture for an entire growing season, so they need to know 
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how to graze flatwoods range while allowing the spread of creeping 
bluestem. Once established they need to know how to maintain 
stands through proper grazing management. 

Some insight into maintenance of established stands can be 
obtained from results of clipping studies with creeping bluestem 
and related species. Yield of creeping bluestem cut on IO-week 
intervals in Florida from June to October was significantly lower 
after 3 years than forage harvested from October to February 
(Kalmbacher et al. 1981). Yield depended on height of cut, and 
could not be maintained after 3 years with a IO-cm stubble height 
(vs 20 cm) regardless of when cutting occurred. Little bluestem 
(Schizachyrium scoparium) yields in Missouri increased when cut 
in the dormant stage as compared to cutting in earlier stages of 
development (May to August) (Vogel and Bjugstad 1968). When 
little bluestem was grazed in Oklahoma, moderate grazing resulted 
in greater stands than heavy grazing (Hazel1 1967). Tiller number 
of little bluestem has been shown to decrease with summer clipping 
in Missouri and Texas (Vogel and Bjugstad 1968, Jameson and 
Huss 1959). 

These reports suggest that grazing creeping bluestem in summer 
could have adverse effects on rate of spread, tiller number, and 
sustained yield. The purpose of this investigation was to graze 
creeping bluestem at various seasons to 2 stubble heights to pro- 
vide information for ranchers about time and intensity of grazing. 

Materials and Methods 

Research was conducted at the University of Florida’s Ona 
Agricultural Research Center in south central Florida. The exper- 
imental area was an unlimed, unfertilized Pomona fine sand 
(sandy, siliceous, hyperthermic, Ultic Haplaquod) with a pH of 4.0 
and double acid extractable P, 6; K, 75; Ca, 550, and Mg, I15 
kg/ ha. 

Existing vegetation was destroyed by disking in December 1975. 
Creeping bluestem was established vegetatively by hand sprigging 
tillers (3 to 8 per cluster) from an adjacent native area. There were 
36 “plants”established on 1.22-m centers in each of 36,6. I X 6. l-m 
treatment plots in January 1976. Plants were not limed, fertilized, 
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or burned during the 7-year period. 
Eight grazing treatments plus an ungrazed check were studied in 

a randomized, complete block design. Grazing treatments con- 
sisted of forage removal to 15 and 30cm stubble heights, and there 
were 4 times of grazing. Grazing was done on 60day intervals: 
June, August, October (JAO); October, December, February 
(ODF); and February, April, June (FAJ), and 6 times per year, 
every 60days year-long (YL) beginning in June. 

Grazing began in June 1977 with halter broken steers that were 
placed within portable enclosures (Kalmbacher 1980) and permit- 
ted to graze to the proper stubble height. A single steer was placed 
on each of 4 replications. Grazing to 30cm stubble height required 
4 to 8 hours, while 15-cm stubble grazing required 10 to 14 hours. 
When soil was saturated after periods of excessive rain, cattle were 
not put in the enclosures to minimize disturbance 

Grazing was in 2 cycles: first from June 1977 to June 1979 and 
the second from June 1980 to June 1982. In 1979-80 and 1982-83 
each 6.1 X 6.1 m plot was clipped for dry matter yield determina- 
tion with a rotary type plot harvester with height adjustable wheels. 
Harvest stubble height and time was the same as when grazed. Dry 
matter was determined by oven drying sub-samples at 60° C for 48 
hours. 

Plant diameter, as indicated by the extent of rhizome spread, 
was measured in April and August 1976, April 1977, February and 
September 1978, and September 1979. Tiller density was deter- 
mined by counting the number of tillers/O.25 m*. Within each 6.1 X 
6.1-m plot, tillers in 10 permanent quadrats were counted on 
diagonal transects. Counts were taken in April 1976, September 
1979, October 1980, June 1982, and June 1983. Counts in April 
1976 were made with the 0.25-m* frame centered on the tiller 
cluster, but thereafter quadrats were located on inter-plant spaces. 

Crude protein (Gallaher et al. 1976, Issac and Johnson 1976) and 
in vitro organic matter digestibility (IVOMD) (Moore and Mott 
1974) were determined from samples which were hand selected 
prior to grazing in 1977-78 and 1978-79. Samples were randomly 
collected in 1979-80 from machine harvested forage. 

Data were analyzed by analysis of variance. Significant main 
effects and first order interactions were further investigated using 
Duncan’s multiple range test or regression techniques depending 
on whether the factor was qualitative or quantitative. Because of 
the unbalanced structure, forage quality data were analyzed using 
the general linear model procedure from Statistical Analysis Sys- 
tem (Helwig and Council 1979). Forage quality data were plotted 
with the curves determined empirically to indicate general trends. 
Unless otherwise stated, all statistical tests were performed using a 
significance level of 5%. 

Results and Discussion 

Plant Spread 
Monitoring grazing to 15 or 30-cm stubble height turned out to 

be a subjective approximation of stubble height because grazing 
was not uniform. Although we removed cattle when average stub- 
ble height was 15 or 30 cm, it should be noted that some areas were 
more heavily grazed, while others were untouched, especially in the 
30-cm stubble height. Our observations were similar to those of 
Gammon and Roberts (1978), who reported that frequent light 
defoliation was rare, and more frequently grazed tillers tended to 
be more severely defoliated. 

Stubble height 
Average plant diameter depended on stubble height and season. 

When comparisons are made between stubble heights within sea- 
sons, grazing to a 30-cm stubble resulted in larger diameter plants 
than grazing to a 15-cm stubble in JAO and YL treatments (Fig. 1). 
There was no difference in plant diameter in 15 or 30-cm stubble 
height in ODF and FAJ grazing periods. Plants were relatively 
dormant at these times, while new tillers were actively growing in 
JAO and YL treatments. When comparing grazing treatments 

L I I I 
15 cm 30cm 

STUBBLE HEIGHT 
Fig. 1. Spread of creeping bluestem as affected by stubble height and 

season of grazing. Bluestem grazed at 60-day intervals: June to October 
(JAO); October to February (ODF); February to June (FAJ): and 
year-long (YL). Ona, Florida. April 1976 to Sept. 1979. 

t Within a stubble height, means followed by the same letter are not 
different (Duncan’s MRZ KO.05). 
*Indicates significant difference (pCO.05) between stubble heights. 

within stubble heights, plants grazed to 15 cm had greater diameter 
in FAJ and ODF treatments as compared to JAO and YL treat- 
ments. Grazing to 30 cm resulted in a smaller plant diameter 
(KO.05) in the YL treatment as compared to JAO, ODF, and FAJ 
treatments. Grazing in ODF and FAJ periods, regardless of stub- 
ble height, or JAO treatments in the 30 cm height resulted in plant 
diameters that were not different from ungrazed areas where plant 
diameter averaged 44 cm. 

Effect of stubble height on plant diameter also was found to 
depend on time since initial grazing. A linear relationship provided 
an excellent approximation accounting for nearly all (2?2=0.94) of 
the interaction sum of squares. Diameter of plants grazed to 15 cm 
stubble is described by the equation, -0.237 + 0.064 T, and for 
30-cm stubble; -2.798 + 0.072 T, where T is the number of days 
since 1 Jan. 1976. Since the standard error of the slopes was 0.004, 
grazing to 30 cm resulted in a faster rate of spread than grazing to 
15 cm. Only at the September 1979 sampling date did the 30cm 
stubble treatment (96.7 cm) have a greater (KO.05) diameter than 
plants grazed to 15cm stubble (86.0 cm). 

Season of Grazing 
No differences in plant diameters were found before grazing 

began in June 1977 (Fig. 2). By February 1978 plant diameter was 
greater in FAJ than ODF and YL treatments, while the JAO 
grazing treatment was intermediate, and not significantly different 
from FAJ or ODF and YL treatments. The reasons for this were 
that the FAJ treatment had not been previously grazed, the ODF 
and YL treatments had been subjected to grazing during the 
preceding period, and the JAO had undergone a 4-month rest since 
grazing. Stubble height influenced (PCO.05) plant diameters after 
27 months of grazing (Sept. 1979), but 8 months after the start of 
grazing, plant diameters in JAO and YL treatments were lower 
than FAJ or ODF treatments. By September 1978, ODF and FAJ 
treatments had significantly (KO.05) greater plant diameters than 
JAO and YL treatments. Finally, in September 1979, FAJ and 
ODF treatments were significantly greater than the JAO treat- 
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ment, while the YL treatment was lower than all others. Since 
rhizomes from adjacent plants were starting to meet by September 
1979, those measurements were terminated. 

Linear regression equations fitted for each treatment explained 
nearly all (R2~0.94) of the observed variation in average plant 
diameter (Fig. 2). Standard error of the slopes was 0.006. These 

&@ Fauatlm 
JAoa 0.861+ 0.0651 
CCS= 0 -4.043+ 0.075 T 

FAJ 0 -4.533+ 0.077T 

YL 0 3370+ 0.054T 

? 
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Fig. 2. Effect of season of grazing on creeping bluestem plant diameter. 
Bluestem wasgrazedat 60-day intervals June to October (JAO); October 
to February (ODF); February to June (FAJ); year long (YL). In the 
equations T is time in days since I Jan. 1976. Ona, Florida. 

t Means within a datefollowed by the same letter are not different (Dun- 
can’s MRT. PCO.05). 

equations illustrate that rate of spread is faster for creeping blue- 
stem grazed in winter and spring or fall and winter as compared to 
summer and fall or grazing every 60 days, year-long. 

Tiller Density 
Stubble Height 

Tillers that were on the edge of expanding plants were usually 
consumed first at both intensities. Expanding and immature leaves 
were defoliated more frequently than older leaves (Hodgson 1966). 
While vegetation toward the center, older region of the plant was 
more rank and cattle would graze to the prescribed height, tillers 
on the edge were grazed to within 3 cm of the soil. It appears that 
this grazing activity negated early differences in tiller density due to 
stubble height treatments and resulted in a slower rate of spread. 

Therefore, grazing to either stubble height did not have a signifi- 
cant influence on tiller density during the first grazing cycle (data 
not in table). However, during the second grazing cycle, when 
creeping bluestem covered a larger area, stubble height had a 
significant effect on tiller density, which was lower (PCO.05) in 
both years in 15-cm stubble height (111 tillers/m*) as compared 
with 30-cm stubble (142/m*). Plant diameter and tiller density, 
which are both measures of vigor, were unaffected by stubble 
height in early stand development, but both were lower when 
grazed to 15cm stubble once bluestem was more fully established, 
as in the second grazing cycle. Cattle did not selectively graze the 
edges of plants in more solid stands, but grazed throughout the 
plots. A relatively large portion of tillers were ungrazed even at 
these high grazing pressures. Briske and Stuth (1982) also observed 
a large percentage of ungrazed tillers on range grazed with 11 
steers/ 1.5 ha for 11 days. Although data were not obtained, it is 
believed a greater percentage of tillers were defoliated-and defol- 
iated more severely-at the 15-cm stubble treatment. 
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Season of Grazing 
Tiller density was uniform in April 1976 before grazing began 

(Table 1). After the first year (1977-78) of the first grazing cycle 
there were still no differences (PCO.05) in tiller density among the 
four seasons of grazing. After the second year (1978-79) of grazing, 
tiller density in ODF and FAJ treatments were not different from 

Table 1. Effect of month of grazing (or ungmzed) on tiller number of 
creeping bluestem. Ona, Florida. 19764983. 

Year 
Months7 grazed at 60day intervals 

JAO ODF FAJ YL Avg.f Ungrazedf 
-- number/m2- 

Initialt 
1976 6a 6a6 5a 6a 6~ 6~ 

First grazing cycle# 
1977-78 37a 
1978-79 14Ob 

47a 30a 402 63~ 
182a 175a 96c 1482 194y 

Second grazing cycle 
1980-83 119bc 14Oab 167a 81c 127~ 112y 

tJA0, June to Oct.; ODF, Oct. to Feb.; FAJ, Feb. to June; YL, year-long. 
flnitial tiller counts centered on creeping bluestem plants, while those of 1979 to 1983 
were taken on the inter-plant spaces. 
Weans within the four month-groupings followed by the same letter are not different 
pn’s m$tiple range test, PO.05). 

For comparison of avg. grazed vs. ungrazed. 
#Means from thefirstgrazingcycleseparatedduetoyearXtimc(month)interactions. 

each other, but they were greater in tiller density than the JAO 
treatment. The YL treatment had fewer tillers than all other treat- 
ments. Average tiller densities of all the grazed treatments were 
lower (PCO.05) than the ungrazed treatment each year of the first 
cycle. 

There were significant differences in tiller densities among graz- 
ing seasons during the second grazing cycle, and since the response 
was similar in each year, tiller densities were averaged in Table 1. 
The FAJ treatment had significantly more tillers/m* than the JAO 
treatment, while ODF treatment was intermediate. The YL treat- 
ment was significantly lower than FAJ and ODF treatments, but 
not different from the JAO treatment. No difference was found 
between the average of all grazed treatments and the ungrazed 
treatment. 

Forage Yield 
Stubble Height 

Average forage yield was greater (PCO.05) in the 15-cm than 
30-cm stubble height during JAO, ODF, and FAJ grazing treat- 
ments, but there was no difference in stubble height in YL treat- 
ment (Fig. 3). Average annual forage yield was different (PCO.01) 
in the 15cm (1,050 kg/ ha) vs the 30-cm stubble (520 kg/ ha). 
Previously, creeping bluestem yield could not be sustained by 
clipping for 2 consecutive years at a lo-cm (vs 20-cm) stubble 
height, because yield at 10 cm declined and was not different from 
yield at 20-cm stubble (Kalmbacher et al. 1981). This disparity 
between the 2 studies reflects differences in method of defoliation 
and stubble height. 

Forage yield at 15cm stubble was greater (PCO.05) during FAJ 
than ODF and JAO treatments, which were not different, while the 
YL treatment was lowest (Fig. 3). For the 30cm stubble height, 
yield in the FAJ treatment was higher than YL, JAO, and ODF, 
which were not different. These data are in agreement with results 
from earlier work (Kalmbacher et al. 1981) and indicate that 
defoliation on 60day intervals June to October resulted in lower 
yield than repeated October to February defoliation. 

To put these yield values in perspective, they are not estimates of 
total creeping bluestem yield, which can be as much as 2,200 kg/ ha 
for pure stands (Kalmbacher 1981), but they are estimates of 
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Fig. 3. Estimates of the yield of grazable creeping blwstem as affected by 
stubble height andseason of grazing averaged over 197940 and 1982-83. 
BIuestem was grazed June 1977 to 1979 and 1980 to 1982 on 60&y 
intervals June. Aug., Oct. (J,A, 0). Oct.. Dec., Feb. (0, D, F), Feb., Apr., 
June (F, A, J), or year-long (YL). Ona, Florida. 
*Stubble heights significantly dtyerent (PCO.05) within a season, NSnot 
significant. 

tMeans within a stubble height followed by the same letter are not 
diflerent (Duncan’s MRT, PCO.05). 
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grazable forage in pure stands. Pure, solid stands are not common, 
but creeping bluestem could easily compose 50 to 75% of the 
grazable forage on flatwoods range. Although creeping bluestem is 
a major constituent of the diet (Kalmbacher et al. 1984), the 
amount actually eaten relative to the amount produced is small. On 
2 well-grazed fIatwoods pastures in good condition where total 
yield of creeping bluestem was 340 and 410 kg/ ha, only 50 and 58% 
were utilized (Long 1983). 

Forage Quality 
There were no significant (p<O.OS) differences in main effect 

means for crude protein and IVOMD among the JAO, ODF, FAJ, 
and YL treatments. The stubble height X 6O-day period within 
season interactions were significant for both crude protein and 
IVOMD in all 3 years when these parameters were measured. 
Effect of stubble height will be discussed independently of time 
with more emphasis on the effects of 60day period within season, 
which had the strongest influence. 

Crude protein and IVOMD were not significantly influenced by 
stubble height in 1977-78 or 1979-80, but in 1978-79 both 
responses were greater (KO.05) in the 15cm (5.8% protein, 41.2% 
IVOMD) vs 30-cm (5.3% protein, 38.7% IVOMD) stubble. Protein 
and IVOMD in other years were numerically larger in the 15-vs 
3O-cm stubble. 

Crude protein in the JAO treatment declined from June (6.3%) 
to August (5.2%) and increased in October (5.7%) (Fig. 4a); a trend 
previously observed and discussed (Kalmbacher et al. 1985). 

I Fig. 4c 
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0 1979 
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* 1977 
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Fig* 4. Crude protein and in vitro organic matter digestibility (IVOMD) in creeping bluestem in (a) June, Aug., Oct.; (6) Oct., Dec., Feb.; @) Feb., Apr., 
June; and (d) June. Aug.. Oct., Dec., Feb., Apr. &a, tori&. 1977.1978 and 1979. 
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IVOMD varied widely over years, and no distinct trend within the 
JAO treatment was found. Since samples for analysis were col- 
lected from the harvester in 1979, and not hand-selected as in the 
former 2 years, 1979 IVOMD percentages for most treatments 
tended to be lower than those for former years. 

Crude protein and IVOMD in ODF (Fig. 4b) and FAJ treat- 
ments (Fig. 4c) followed similar patterns. Because forage was 
produced in the previous growing season and carried over to fall or 
winter, respectively, average protein (4.4%) and IVOMD (29.1%) 
of the first sampling in ODF and FAJ started out low. Protein 
(6.7%) and IVOMD (42.2%) increased at the second, but declined 
(5.9% and 37.5%) in the third 60day sampling period. Cool-season 
regrowth (i.e., December to April), which contained more protein 
than summer regrowth (Kalmbacher et al. 198 1, Kalmbacher et al. 
1985), may have good quality, but quantity is extremely low (Fig. 
3), therefore of little consequence. The amount and quality of 
forage at the beginning of ODF or FAJ periods is important to the 
rancher, because that is the forage on offer during winter and 
spring. 

Crude protein in the YL treatment (Fig. 4d) followed a seasonal 
pattern influenced by regrowth (Figs. 4a, b, c). The YL treatment 
remained relatively high in protein because of repeated defoliation. 
IVOMD of the YL treatment at any month was comparable to 
higher IVOMD of regrowth of other treatments at that respective 
time. 

Application of Results 
Season of grazing creeping bluestem may be of greater impor- 

tance than extent of defoliation on range where the sward has been 
opened-up by chopping, web-plowing, or burning. During the 2 to 
3 years required for creeping bluestem stands to improve, grazing 
should be conducted in fall and winter. When bluestem becomes a 
major portion of the sward, it should be grazed to about U-cm 
stubble height, which is about one-half of the herbage by weight, 
two thirds by height. Grazing to this height will result in more 
grazable forage and perhaps better quality than under-grazing to a 
30-cm stubble. 

Grazing only in winter results in high yield, but poor quality. 
Grazing year-after-year in summer results in loss of vigor, lower 
yields and weak stands, but better forage quality. Cows could use 
creeping bluestem range in a winter/ summer combination, defer- 
ring range from June to September every other year. Another 
alternative would be to extend winter grazing into spring, as late as 
June. Both alternatives may provide less mature, but vigorous 
stands in fall when range grazing resumes. Burning in summer 
instead of winter may be useful and should be evaluated. 

MOVING? Please try to give us 
four weeks notice. Send your 
present address label and this 
form to Society for Range Man- 

agement 
2760 W. 5th Ave. 
Denver, Colo. 80204 
Name . . . . . . . . . . . . . . . . . . . . . . . . . 
New Address . . . . . . . . . . . . . . . . . . . 

city . . . . . . . . . . . . . . . . . . . . . . . . . . 
State . . . . . . . . . . . . . Zip . . . . . . . . . 

Literature Cited 
Brinke, D.D., ti J.W. Stuth. 1982. Tiller defoliation in a moderate and 

heavy grazed regime. J. Range Manage. 355 11-5 14. 
GaBaher, R.N., C.O. Weldoo, end F.C. Boewell. 1976. A semiautomated 

procedure for total nitrogen in plant and soil samples. Soil Sci. Sot. 
Amer. Proc. 40~887-889. 

Gammon, D.M., and B.R. Roberts. 1978. Patterns of defoliation during 
continuous and rotational grazing of the Matopos Standveld of Rhode- 
sia. 2. Severity of defoliation. Rhod. J. Agr. Res. 161133-145. 

Hazeif, D.B. 1967. Effect of grazing intensity on plant competition, vigor, 
and production. J. Range Manage. 20~249-252. 

Helwfg, J.T., end K.A. Council. 1979. S.A.S. Users Guide. SAS Institute. 
Raleigh, NC. 

Hodg&, J. 1966. The frequency of defoliation of individual tillers in a 
set-stocked sward. J. Br. Grassl. Sot. 21:258-263. 

Issee, R.A., end W.C. Johnson. 1976. Determination of total nitrogen in 
plant tissue using a block digester. J. Ass. of Anal. Chem. 69:98-101. 

Jemeson, D.A., end D.L. Hues. 1959. The effect of clipping leaves and 
stems on number of tillers, herbage weights, root weights, and food 
reserves of little bluestem. J. Range Manage. 12122-126. 

Kalmbacher, R.S. 1980. A versatile livestock enclosure for pasture 
research. Rangelands. 2:19-20. 

Kelmbacher, R.S., F.C. Martin, end J.M.S. Andnde. 1981. Yield and 
quality of creeping bluestem as affected by time of cutting. J. Range 
Manage. 34~47 1474. 

Kalmbacher, R.S., K.R. Long, M.K. Johnson, and F.G. Martin. 1984. 
Botanical composition of diets of cattle grazing south Florida rangeland. 
J. Range Manage. 37:334-340. 

Kelmbaeher, R.S., F.G. M&in, W.S. Terry, D.H. Hunter, end L.D. 
White. 1985. Effects of clipping on burned and unburned creeping blue- 
stem. J. Range Manage. 38:531-535. 

Long, K.R. 1983. Evaluation of Florida range using esophageal fistulated 
steers. MS. Thesis. Dep. of Agron. Univ. of Florida Gainesville. 32611. 

Moore, J.E., and GO. Mott. 1974. Recovery of residual organic matter 
from in vitro diaestion of foraaes. J. Dairv Sci. 57: 1258-1259. 

Vogel, W.G., and A.J. Bjugst& 1968. Effects of clipping on yield and 
tillering of little bluestem, big bluestem, and indiangrass. J. Range 
Manage. 21:136-140. 

Yarlett, L.L. 1963. Some important and associated native grasses on central 
and south Florida ranges. J. Range Manage. 1625-27. 

Yarlett, L.L. 1965. Control of saw palmetto and recovery of native grasses. 
J. Range Manage. 18:344-345. 

Yarlett, L.L., and R.D. Roush. 1970. Creeping bluestem (Andropogon 
srolonifer (Nash) Hitchc.) J. Range Manage. 23:117-122. 

ATTACH OLD 
ADDRESS LABEL 

HERE 

JOURNAL OF RANGE MANAGEMENT 39(3), May 1986 227 



Forage Establishment: Weather Effects on Stubble vs. Fal- 
low and Fall vs. Spring Seeding 
RICHARD II. HART AND JOHN G. DEAN 

Abstract 

Improved pastures are a valuable forage resource in the Central Great 
Plains, but ranchers need to know which seeding techniques provide the 
best chance of successful establishment of such pastures. We compared late 
fall vs. spring seedings of 5 grasses and 2 legumes in barley stubble or 
fallow. Four directions of stubble rows were compared for snow catchment 
and effect on forage establishment. Stubble rows in any direction had little 
effect on snow catch or establishment, and there was little ditference 
between stubble and fallow. Spring seeding gave better stands than fall 
seeding in the kind of weather most often encountered in the Central Great 
Plains. Days from seeding to emergence were controlled by soil tempera- 
ture and timing and amount of precipitation. Stands were negatively corre- 
lated with the time required for emergence. 

Seeded stands of introduced or improved grasses and legumes 
are valuable for pasture and hay in the Central Great Plains, but 
lack of precipitation and low spring and fall temperatures often 
prevent establishment of satisfactory stands. Fall seedings into dry 
soil have been recommended (Gomm 1974, Lang et al. 1975, Sea- 
mands 1976, USDA-SCS 1968); seed is then in place to take 
advantage of the first favorable germinating conditions in the 
spring. Warm-season grasses usually establish better when seeded 
in spring (Lang et al. 1975). Mulches and standing stubble, which 
catch snow for additional soil water and reduce variations in soil 
temperatures (Greb 1980, Aase and Siddoway 1980, Schuman et 
al. 1980), have been used in attempts to improve establishment. 
Stubble persists longer and is cheaper than straw mulch, and 
retains slightly more snow (Schuman et al. 1980). 

In this study we compared the effects of stubble vs. fallow and 
late fall vs. spring seedings on the establishment of 5 grasses and 2 
legumes. Barley rows were planted in 4 directions to evaluate the 
consequences of orientation of stubble on the effectiveness of 
stubble mulch. 

Materials and Methods 
The study was done on Wheatridge loam, a fine-loamy mixed 

mesic Aridic Argiustoll. Barley (Hordeurn vulgure L.) was drilled 
inrows20cmapartat 22 kgseed/haon 13 June 1977,29 May 1978, 
and 22 May 1979, in plots 12 X 15 m. Each of 4 replications 
included 4 plots of barley, with rows oriented north to south (N-S), 
northeast to southwest (NE-SW), east to west (E-W), or southeast 
to northwest (SE-NW), and 1 fallow plot. At the milk to soft 
dough stage, the barley was cut to a 15-cm stubble and the cut 
material removed. The amount of stubble remaining was not mea- 
sured, but barley stands were excellent every year. 

In early winter of each year that barley was seeded, and in the 
following spring (see Table 1 for planting dates), desert wheatgrass 
(Agropyron desertorum [Fisch.] Schult. cv. ‘Nordan’), western 
wheatgrass (A. smithii Rydb. cv. ‘Rosana’), Russian wildrye (Psa- 
thyrostuchys junceu [Fisch] Nevski cv. ‘Vinall’), blue grama 
(Bourelouu grucilis [H.B.K.] Lag. ex Griffiths cv. ‘KS 14831, sand 
dropseed (Sporobolus cryptundrus [Torr.] Gray), cicer milkvetch 
(Astrugulus cicer L. cv. ‘Monarch’), and alfalfa (Medicugo sutivu L. 
cv. ‘Baker’) each were drilled in a single row perpendicular to the 
stubble rows in each stubble plot and east to west in each fallow 
plot. Rows were 7 m long and 0.5 m apart, in the center of the 
barley or fallow plot. Seeding rate was 37 pure live seeds, as 

determined in greenhouse emergence test, per meter of row. Plant- 
ing depths were 2 cm for blue grama, 4 cm for cicer milkvetch, and 
3 cm for the other 5 species. 

Table 1. Stands of forages (mean of seven species) seeded at High Pialns 
Grasslands Research Station, Cheyenne, Wyoming, in fallow or barely 
stubble with four row orientations. 

Seeding dates 

13-19 27-28 16-22 6-7 20-21 25 
Seedbed treatment Dee 77 Mar 78 Nov 78 Mar 79 Dee 79 Mar 80 

-----Plants/m of row, counted;----- 
Spring 1978 Spring 1979 Spring 1980 

Fallow llbc’ 21a 9a 7ab 9c I3 b 
Stubble, row N-S 8 c 27 a 7ab 4c 5d 17a 

NE-SW 9 bc 22 a 6bc 3c 6 cd 12b 
E-W 10 bc 21 a 7ab 4c 6cd 14ab 
SE-NW l5b 26 a 8ab 4c 5d I5 ab 

---_% stand, estimated------- 
Fall 1978 Fall 1979 Fall 1980 

Fallow 42d 61 ab 41 bc 39bc 39b 52 a 
Stubble, rows N-S 41 d 64ab 49ab 32 c 36 b 56 a 

NE-SW 43 d 59ab 48ab 3lc 34 b 51 a 
E-W 45cd 59ab 49ab 39c 35 b 56 a 

SE-NW 54 bc 69 a 53 a 35 c 36 b 57 a 

‘Within each time in which plants were counted or stand was estimated, figures 
followed by the same lower-case letter are not significantly different (KO.05). 

Emergence dates of the first seedlings in each row were recorded. 
Plants were counted in three l-m segments of each row when it 
appeared that no more plants would emerge. In September of the 
year of emergence and in May of the following year, stands were 
estimated. We placed a frame of 5 adjacent IO-cm squares over 
each row at 2 randomly chosen locations and estimated the percent 
of the row in each square that was covered by plant crowns. 

Precipitation was measured in a shielded rain gauge at Station 
headquarters, about 700 m from the plots. A thermograph at the 
same location recorded soil temperatures 38 mm below the soil 
surface. Soil degree-days were calculated as the cumulative sum of 
the mean of daily high and low temperatures, minus 5’ C, omitting 
days with a mean temperature below 5“ C. The base temperature of 
5O C was selected as a compromise between 0 and loo C, which 
might have been more realistic bases for cool- and warm-season 
species, respectively. 

During the winter of 1977-78, snow depth was measured after 
each snow at 24 predetermined locations in each plot of 1 replica- 
tion. From 15 March to 7 June 1978, thermocouples were placed 25 
mm below the soil surface at 3 locations in each plot of 1 replica- 
tion, and soil temperatures were read at 1 pm every 2 or 3 days. 

Date of emergence, plant count, and stand data were analyzed 
by analysis of variance. Differences in emergence date between fall 
and spring seeding within a species were separated by the T-test. 
Differences between species or seedbed treatments by seeding dates 
were separated by Duncan’s multiple range test. Probability level 
was set at 0.05. 

Authors are agronomist and former agronomist (deceased), USDA, Agricultural 
Research Service, High Plains Grasslands Research Station, 8408 Hildreth Road, 
Cheyenne, Wyo. 82009. 

Manuscript accepted 8 August 1985. 
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Table 2. Dates of emergence of seven forage species seeded fall or spring (means of fallow and barley stubble) at CheyeMe, Wyoming. 

Emergence, 1978 Emergence, 1979 Emergence, 1980 

Seeded l3- Seeded 27- Seeded l6- Seeded 6- Seeded 20- Seeded 
Species I9 Dee 77 28 Mar 78 22 Nov 78 7 Mar 79 21 Dee 79 25 Mar 80 

Desert wheatgrass 22 Apr 24 Apr 23 Apr 23 Apr 3 May 
Western wheatgrass 

3 May 
9 May 9 May 27 Apr 27 Apr IO May 

Russian wildrye 
8 May 

3 May 7 May 28 Apr 28 Apr 7 May 4 May 
Blue grama 23 May 21 May 22 Jun 22 Jun 28 May 
Sand dropseed 

28 May 
21 Jun * II Jun 26 Jun 26 Jun 28 May 

Alfalfa 
28 May 

26 Apr 23 Apr I6 Apr I6 Apr 3 * May 
Cicer milkvetch 7 May * 

22 Apr 
I5 May 21 Apr 21 Apr 25 Apr * 2 May 

*Indicates emergence dates from fall and spring seedings were significantly different (PX.05). 

Results and Discussion 
Stubble vs. Fallow and Stubble Row Orientation 

Seedbed treatment had no effect on date of emergence and effect 
on stand was minimal (Table 1); there were no seedbed X species 
interactions. In 1979, when emergence of all species was poor 
under all treatments, spring plant count following spring seeding 
was higher from fallow than from any stubble treatment. Some 
other small and inconsistent differences in spring plant count were 
noted, but nearly all had disappeared when stand was estimated in 
the fall. 

Winds at Cheyenne from November through April are predomi- 
nantly from the west or northwest (U.S. Dept. of Commerce 1968). 
North-south or NE-SW stubble rows would be expected to catch 
more snow and produce better stands than other orientations, but 
this was not observed. Stubble caught snow, but retained it for only 
a few days until the wind changed and blew it away. The storm of 9 
November 1977 was typical. Immediately after the storm, which 
was accompanied by a north-northwest wind, mean snow depths in 
N-S, NE-SW, E-W, and SE-NW stubble were 10,15,17, and 14 
cm respectively, while only a trace remained on fallow. Two days 
later, a west wind removed nearly all the snow from the E-W rows 
and left a mosaic of bare ground and patches of snow of varying 
depths on the other orientations. Because of the quick removal of 
snow, and the fact that most winter snow in southeast Wyoming 
sublimes rather than melts, it is unlikely that winter snow adds 
much to soil water. Aase and Siddoway (1980) noted that in one 
storm in northeastern Montana, a 19-cm stubble retained 4 cm of 
water equivalent in snow, vs. 3 cm on bare ground. However, they 
did not report how much of this moisture entered the soil. Greb 
(1980) reported 2.5 cm more water stored under wheat stubble than 
under bare ground at the end of the winter near Akron, Colorado. 
This additional water was distributed through the profile; very 
little was in the top few centimeters where it was available to 
germinating seeds and emerging seedlings. 

Stubble effects on soil temperature also were small. From 15 
March to 7 June 1978, mean soil temperatures 25 mm deep, mea- 
sured at 1 pm, averaged 1.4’ C lower under stubble than under 
fallow. There were no differences among stubble orientations and 
no date X treatment interactions. Aase and Siddoway (1980) 
reported that, with no snow cover, soil temperatures 5 cm below 
bare ground and 19cm stubble decreased 0.77 and 0.64 degrees, 
respectively, for each degree decrease in air temperature 155 cm 
above the ground. Thus temperatures under stubble and bare 
ground were similar at high air temperatures during the day, but it 
was warmer under stubble when the air was colder. 

Fall vs. Spring Seed@: Date of Emergence 
Seeding date had little effect on emergence date (Table 2). The 

only consistent difference noted was that cicer milkvetch emerged 
about a week earlier from fall than from spring seeding in 1978 and 
1980; cicer emerged on the same date from both seedings in 1979. 

Date of emergence was controlled by complex interactions of 
soil temperature and precipitation. More soildegreedays above 5’ 
C accumulated before emergence of cool-season grasses and 
legumes from spring seeding in 1978 than in 1979 or 1980 (Table 3) 
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Table 3. Cummulrtive soil degree-days (38 mm deep, base 5’ C) at 
Cheyenne, Wyoming until emergence of spring-seeded cool-season 
grasses and legumes. 

Grass 1978 1979 1980 

Soil degree-days-- 
Desert wheatgrass 139 102 115 
Western wheatgrass 196 126 I53 
Russian wildrye 194 I34 122 
Alfalfa 132 52 52 
Cicer milkvetch 241 88 109 

because of limited precipitation in the month after seeding(Fig. 1). 
In 1979 and 1980, major precipitation events occurred 12 and 3 
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Fig. 1. Cum&live soil degree-days andprecipitorion, and dares of seeding 
and emergence of 7 forage species spring-seeded into barley stubble or 
follow oi Cheyenne Wyoming. (Agde = desert wheotgrass, Agsm = west- 
em wheatgrass, Asci = cicer milkvetch, Bogr = blue gramo. Mesa q  
a@Vo. Psju = Russian wildrye, and Spcr = sand dropseed). 
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days, respectively, after seeding. Emergence of cool-season grasses 4). All fall 1979 seedings were damaged by large cracks which 
and legumes occurred more days after planting in 1979 than in developed in the soil during the winter of 1979-80, in many cases in 
1980, because soil temperatures were lower in 1979 (Fig. I), but the seeded rows. These cracks allowed the soil to dry, and seeds and 
accumulated soil degree-days were nearly the same in both years seedlings may have fallen into the cracks to depths too great for 
(Table 3). emergence. 

The relative number of soil degree-days required for emergence 
of the different species in the field parallels the temperature 
requirements for germination found under controlled conditions. 
Desert wheatgrass germinates better at low temperatures than does 
Russian wildrye (McGinnies 1960) and emerges after fewer degree- 
days. Western wheatgrass has a higher temperature requirement 
than Russian wildrye (Sabo et al. 1979). Townsend and McGinnies 
(1972) found cicer milkvetch germinates more slowly. than alfalfa 
at low temperatures, and we noted it requires more soil degreedays. 

Emergence of warm-season grasses was much delayed in 1979, 
when median daily soil temperatures were not consistently above 
loo C until mid-May; soil temperatures favorable for germination 
of blue grama and sand dropseed (Sabo et al. 1979) were not 
reached until then. But late May and early June of 1979 were dry; 
the first major precipitation event (60 mm) in this period occurred 
6-8 June (Fig. 1). Blue grama and sand dropseed emerged 16 and 
20 days (175 and 225 soil degree-days), respectively, thereafter. In 
1978, and 1980, median daily soil temperatures exceeded loo C by 
early May and mid-April, respectively. In 1978 38 mm of rain fell 
on 6 May; blue grama and sand dropseed emerged 15 and 36 days 
(97 and 298 soil degree-days) later. Blue grama may have initiated 
germination earlier, during a 12day period beginning 19 April 
when median soil temperature was above loo C. Sabe et al. (1979) 
indicated that blue grama germinates at lower temperatures than 
does sand dropseed. Blue grama emerged 33 days or 183 soil 
degree-days after 19 April. In 1980,9 mm of rain fell on 23 April; 
soil temperatures were favorable and both blue grama and sand 
dropseed emerged 35 days and 271 degree-days later. 

Fall seeding in 1978 produced better stands of cool-season 
grasses than spring seeding in 1979; this may seem paradoxical 
because the winter of 1978-79 was very cold. December and Janu- 
ary mean temperatures were -7.4 and -9.6“ C respectively, vs. -1.7 
and -5.7 in 1977-78 and -1.2 and -6.6 in 1979-80. However, the 
difference was not caused by high plant counts from fall seeding; 
they were about the same as counts from fall 1979 seeding, and 
except for western wheatgrass, lower than counts from fall 1977 
seeding. The difference came from the very low counts from seed- 
ing in the cold, dry spring of 1979 (Table 4). 

Legume plant counts from spring and fall seedings were not 
significantly different in 1978-79, again because spring-seeded 
stands were much poorer than in other years while fall-seeded 
stands were about the same in all years (Table 4). Alfalfa seeded in 
fall 1979 produced very few plants because of heavy rabbit damage 
at emergence. 

Thus the response of emergence to temperature is modified by 
timing and amount of precipitation and the time when a threshold 
temperature for germination is reached. 

Fall vs. Spring Seeding: Stand 
Spring seeding produced more plants of all cool-season grasses 

and legumes than did fall seeding in 1977-78 and 1979-80 (Table 

Counts of warm-season grasses did not differ between seeding 
dates in any year. Blue grama produced a fairly good stand when 
seeded in spring 1978, when the earliest date of warm soil tempera- 
tures coincided with the first heavy spring rain. Otherwise stands of 
warm-season grasses were disappointing. 

Fall stands of all species except western wheatgrass were closely 
correlated with preceding spring plant counts (rz=O.89**). Western 
wheatgrass is strongly rhizomatous and a few plants can spread 
into a good stand (Table 4). Stands of all species in the spring one 
year after emergence were SO closely correlated with stands in the 
preceding fall (+0.92**) that they are not reported. 

Fall seeding produced better stands than spring seedings only in 
the year when spring weather was most unfavorable for establish- 
ment. Otherwise spring seeding was superior. Inspection of past 
weather records at Cheyenne indicate spring seeding will produce 
better stands than fall seeding in most years. Plant counts from 
spring seedings of all species except cicer milkvetch were negatively 
correlated with days from seeding to emergence (rzz.71 to .89). 
Better stands should be produced by seeding in April, when soils 
are warmer, probability of precipitation is greater, and emergence 
is more rapid, rather than in March. 
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Fertilization Effects on the Phosphorus Content of Browse 
Species 
J.H. EVERITT AND H.W. CAUSMAN 

AbShCt 

A study was conducted in Ridalgo County, southern Texas, to 
determine the effects of inorganic nitrogen(N) and phosphorus (P) 
fertilization on the P content of 5 deer browse species. Treatments 
were 2 rates of N-112 and 224 kg N/h, 2 rates of P-56 and 112 kg 
P/ha; 1 fertilizer combination of 224 kg N/ha + 112 kg P/ha; and a 
nonfertilized control. Plant samples were collected and assayed for 
P on 5 dates: May, September, and December 1981, and May and 
October 1982. Neither P or N fertilization influenced P browse 
content. Results indicated that P deficiencies in the browse plant 
species studied could not be alleviated by P fertilization. 

Few studies have been conducted on the effects of fertilizers on 
the nutritional quality of browse plants. Gibbens and Pieper (1962) 
reported increased levels of crude protein (CP) in the leaves of 
wedgeleaf ceanothus (Ceanothus cuneu&s Torr. & Gray) after 
nitrogen (N) fertilization on a California range. Similar results 
have been reported of other browse plant species in Pennsylvania, 
Maine, and New Mexico studies (Wood and Lindsey 1967, Abel 
and Gilbert 1974, Anderson et al. 1974). 

Recently, Everitt and Gausman (1983) reported on the influence 
of N fertilization on the chemical composition of south Texas deer 
browse plants. They found that N fertilization increased the CP 
content of the browse plants, but had little influence on their 
mineral (P, Ca, K, and Mg) composition. Phosphorus levels in 
south Texas browse plants are generally below the dietary 
requirements of deer (Varner et al. 1977, Everitt and Gonzalez 
1981). The purpose of this study was to determine the influence of 
N and P fertilizer and their interactions on the P content of 5 
woody plants species important as browse for white-tailed deer 
(Odocoileus virginianus Boddaert) in south Texas. 

Materials and Methods 

The study was conducted in 1981 and 1982 on the H. Yturria La 
Joya Lake Ranch, 4 km northwest of La Joya in Hidalgo County, 
Texas, which is located in the extreme southern portion of the 
South Texas Plains (Gould 1975). The climate, topography, and 
vegetation of this area have been described (Eve&t and Gonzalez 
1979, Jacobs 198 1). The study area received above-normal rainfall 
during 1981 and for the first 5 months of 1982. Mean annual 
precipitation for the area is 51 cm, but during 1981 rainfall totaled 
88.9 cm (74% above normal). Rainfall was also evenly distributed 
during 1981 with substantial rainfall during late winter and spring 
following fertilization. From January-May 1982, thearea received 
26 cm of rainfall (46% above normal). However, only 8.1 cm of 
rainfall (63% below normal) was recorded during the last 5 months 
(June-October 1982) of the study. 

The experiment was located on a sandy loam range site with 
Brennan fine sandy loam soil (Aridic Haplustalfs). Brush on the 
site was bulldozed in 1979, but was reinfesting the area when this 
study was conducted. Brush regrowth was generally less than 1 m 
in height. The area had approximately 5% woody canopy cover. 
The experimental design was a randomized complete block with 3 
replications of 6 fertility treatments. Treatments were 2 rates of N 
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(ammonium sulfate)-1 12 and 224 kg N/ha; 2 rates of P (P&)- 
56 and 112 kg PI ha; 1 combination of 224 kg N/ ha + 112 kg Pi ha; 
and a control (nonfertilized). Plot size was 6.1 X 107.7 m. All 
fertilizers were applied in late February 198 1 with a rotary fertilizer 
distributor. The study area was enclosed by an electric fence to 
exclude cattle. 

Soil samples were taken in January 1981, prior to applying 
fertilizer, with a hydraulic soil-core machine. Cores were taken 
from 8 random locations throughout the area, and divided into 2 
increments based on depth: O-30 and 30-60 cm. These soil samples 
were analyzed for nitrate-nitrogen (NO;-N), available P, and pH 
by the Texas Agricultural Extension Soil Testing Laboratory 
(TAESTL 1980). 

Five browse species were selected for nutrient analyses: cenizo 
(Leucophyllum frutescens (Berl.) I.M. Johnst.), desert lantana 
(Luntana macropoda Torr.), granjeno (Celtis pallida Torr.), 
guayacan (Porlieria ungusfifoliu (Engelm.) Gray), and lime prick- 
lyash (Zunrhoxylum fagaru (L.) Sarg.). The 5 species, which were 
abundant on the experimental site, were selected because they are 
important foods of the white-tailed deer in south Texas (Eve&t 
and Drawe 1974, Everitt and Gonzalez 1979, Arnold and Drawe 
1979). Plant samples were collected for chemical analyses on 5 
dates: 27 May, 10 Sept., and 10 Dec. 1981, and 25 May and 29 Oct., 
1982. Plant samples were collected, processed for analysis, and 
analyzed for P according to procedures of Everitt and Gausman 
(1983). 

Data were subjected to analysis of variance (Steel and Torrie 
1960). F-ratios were calculated for the main effects of treatments 
and species, and the treatment X species interaction. Duncan’s 
multiple range test was used to test the statistical significance of 
mean differences. All statistical comparisons were made at the 
0.05% probability level. 

Results and Discussion 

Soil tests in January 1981 indicated that there was moderately 
low P and low N%N levels throughout the study area. For the 
upper 60 cm of soil, the average P level was less than 14 ppm, while 
the N%N level was 5 ppm. The soil had a pH of 8.5 These tests 
indicated that there should be a plant response to P and N 
fertilization. 

Fertilization with N, P, and N with P had no affect on the browse 
plants’ P content on any of the 5 harvest dates (Table 1). Further, 
there were no statistically significant treatment X species interac- 
tions on any of the sampling dates. Phosphorus levels, however, 
did differ significantly among the 5 species on all sampling dates. 
Desert lantana had higher and guayacan had lower levels of P than 
did the other species. The failure of N fertilization to affect the P 
content of the browse plants agrees closely with the findings of the 
browse fertilization study of Everitt and Gausman (1983), which 
was conducted on a tight sandy loam range site. Apparently, 
similar results occur on the lighter textured sandy loam range sites. 
Moreover, the current study indicated that P deficiencies in these 5 
browse species cannot be corrected by adding P fertilizer. Al- 
though soil P levels were not extremely low, they were low enough 
to expect a response to P fertilization. Possibly the moderately 
high alkalinity of the soil could have caused the P to become fixed 
in the soil and thus unavailable for plant utilization. 
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Table 1. Phosphorus content of five south Texas browse species following nitrogen and phosphorus ferlilimtion. 

Date and species Control 112N 
Treatments (kg/ ha) 

224N 56P 112P 224N + I 12P Species means 
May 1981 

Cenizo 
Desert lantana 
Granjeno 
Guayacan 
Lime pricklyash 
Treatment means 

Sep. 1981 
Cenizo 
Desert lantana 
Granjeno 
Guayacan 
Lime pricklyash 
Treatment means 

Dec. 1981 
Cenizo 
Desert lantana 
Granjeno 
Guayacan 
Lime pricklyash 
Treatment means 

May 1982 
Cenizo 
Desert lantana 
Granjeno 
Guayacan 
Lime pricklyash 
Treatment means 

Oct. 1982 
Cenizo 
Desert lantana 
Granjeno 
Guayacan 
Lime pricklyash 
Treatment means 

0.19 0.20 0.20 0.20 0.19 0.21 
0.30 0.29 0.31 0.31 0.30 0.32 
0.25 0.26 0.25 0.27 0.27 0.26 
0.13 0.12 0.13 0.15 0.12 0.12 
0.23 0.23 0.22 0.25 0.22 0.22 
0.22 a 0.22 a 0.22 a 0.24 a 0.22 a 0.23 a 

0.20 d 
0.31 a 
0.26 b 
0.13 e 
0.23 c 

0.26 0.26 0.26 0.26 0.25 0.28 
0.35 0.35 0.38 0.37 0.34 0.38 
0.34 0.33 0.30 0.31 0.34 0.31 
0.10 0.12 0.14 0.15 0.13 0.13 
0.28 0.26 0.29 0.27 0.27 0.28 
0.27 a 0.26 a 0.27 a 0.27 a 0.27 a 0.28 a 

0.26 c 
0.36 a 
0.32 b 
0.13 d 
0.28 c 

0.11 
0.19 
0.15 
0.12 
0.14 
0.14 a 

0.13 
0.19 
0.14 
0.11 
0.15 
0.14 a 

0.17 
0.20 
0.13 
0.11 
0.16 

0.14 
0.19 
0.13 
0.10 
0.17 
0.15 a 

0.14 
0.17 
0.14 
0.09 
0.16 

0.16 
0.21 
0.14 
0.10 
0.17 
0.16 a 

0.14 c 
0.19a 
0.14c 
0.11 d 
0.16 b 

0.15 a 0.14a 

0.21 0.20 0.22 0.22 0.21 0.22 
0.30 0.28 0.31 0.31 0.27 0.31 
0.22 0.22 0.21 0.22 0.21 0.22 
0.11 0.10 0.10 0.10 0.11 0.10 
0.22 0.20 0.20 0.20 0.21 0.21 
0.21 a 0.20 a 0.21 a 0.21 a 0.20 a 0.21 a 

0.21 b 
0.30 a 
0.22 b 
O.lOc 
0.21 b 

0.18 0.19 0.19 0.16 0.17 0.18 0.18 d 
0.27 0.28 0.29 0.29 0.27 0.30 0.28 a 
0.20 0.20 0.19 0.20 0.20 0.20 0.20 c 
0.07 0.08 0.07 0.08 0.05 0.08 0.07 e 
0.24 0.21 0.25 0.29 0.23 0.27 0.25 b 
0.19 a 0.19a 0.20 a 0.20 a 0.18a 0.21 a 

lMeans followed by the same letter within a column or row do not differ significantly at the 0.05% probability level, according to Duncan’s multiple range test. 
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Diets and Liveweight Changes of Cattle Grazing Fall 
Burned Gulf Cordgrass 
RAYMOND F. ANGELL, JERRY W. STUTH, AND D. LYNN DRAWE 

Abstract 

We investigated effects of fall burning of gulf cordgrass (Spur- 
tina spartime) rangeland on winter diets and liveweight gains of 
cattle on the Texas Coastal Prairie during 1979-1981. Gulf cord- 
grass dominated steer diets (21-76s) regardless of burning treat- 
ment. However, Texas wintergrass (Stipa leucotricha) on adjacent 
upland sites accounted for 13 to 36% of animal diets during winter 
growth periods. Burning increased dietary crude protein content 
from January to March in all years and increased in vitro organic 
matter digestibility during February and March. Cattle gained or 
maintained weights on burned pastures but maintained or lost 
weight on unburned pastures. Weight gains of animals with access 
to burned gulf cordgrass, but not Texas wintergrass, equaled gains 
of animals grazing unburned gulfcordgrass and Texas wintergrass. 
Burned gulf cordgrass can provide alternative green forage that 
will improve diet quality of cattle when cool-season species are 
absent. 

Gulf cordgrass (Spartino spartinae), a perennial warm-season 
species, provides abundant but poor quality forage for cattle graz- 
ing the Texas Coastal Prairie (Gould 1975, McAtee et al. 1979 a, b). 
Oefinger and Scifres (1977) and McAtee et al. (1979 a,b) deter- 
mined prescribed burning or shredding could enhance nutritional 
value of gulf cordgrass without damaging stand integrity. How- 
ever, it remains uncertain whether burning results in direct benefits 
to grazing livestock. 

This study was undertaken to test 3 hypotheses: that gulf cord- 
grass rangeland burned during fall provides greater dietary crude 
protein and energy during winter than unburned gulf cordgrass; 
that fall burning increases the proportion of gulf cordgrass in the 
diet of free-ranging cattle during the winter; and that cattle grazing 
fall burned gulf cordgrass rangeland have greater gains in live- 
weight than cattle grazing unburned areas. 

Study Area 

The study was conducted on the Rob and Bessie Welder Wildlife 
Foundation Refuge near Sinton, San Patricia County, Texas, on 
rangelands adjacent to the Aransas River. The area is semiarid 
(Thornthwaite 1947). Rainfall occurs throughout the year, with a 
24-year annual average of 89 cm at the study location. The growing 
season normally exceeds 300 days. Soils of the area include 3 series: 
Odem fine sandy loam (coarse-loamy, mixed, hyperthermic, 
Cumulic Haplustoll), Sinton loam (fine-loamy, mixed, hyper- 
thermic, Cumulic Haplustoll) and Aransas clay (fine, montmoril- 
lonitic (calcareous), hyperthermic, Vertic Haplaquoll). The low- 
land zone was dominated by saline (7.6 pH) Aransas series. 

We observed cattle responses in 5-ha pastures during winter 
after fall burns in 1979,1980, and 198 1. Six pastures surrounding a 
marsh were located so as to contain uniform stands of gulf cord- 
grass (Fig. I). The stands had not been previously burned but had 
been part of a moderately stocked rotational grazing system before 
pastures were established. Two pastures (B&C) were randomly 
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Fig. 1. Map of experimental pasture locations in the Rob and Bessie 
Welder Wildlif Foundation Refuge, Simon, TX. Shaded areas showing 
location of gulf cordgrass within pastures. Pastures B and C were 
unburned controls. Pastures A and D were burned in 1979 and 1981; 
pasrures E and F were burned in 1980. 

allocated as unburned controls. Pastures A&D were randomly 
chosen for burning treatment in 1979 and 1981 while E&F were 
reserved for 1980 burning treatment. Annual burning of gulf cord- 
grass is not feasible because in a year’s time the plant’s topgrowth 
does not senesce sufficiently to carry a fire. Each pasture used for 
the study included 2 vegetative zones. Monospecific stands of gulf 
cordgrass dominated lower portions of each pasture (ca. 3-ha); 
with higher elevations containing Buchloe-Stipa grassland and 
Acacia-Prosopisplant communities (Scifres et al. 1980) above (ca. 
2-ha). The herbaceous component of the upland areas was domi- 
nated by Texas wintergrass (Stipa leucotricha) during 1980 and 
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1982. During 1981 buffalograss (Buchloe dactyloides) dominated 
uplands on the burned pastures. 

Methods 

Burning treatments were applied only to the lower gulfcordgrass 
zones as headfires following initial backfiring. Burning dates were 
23 Oct. 1979; 18 Nov. 1980; and 9 Nov. 1981. Environmental 
conditions and fine fuel load were measured at the start of each of 
the bums. Fuel loads were high, ranging from 7,055 to 13,289 
kg/ha (Table 1). 

Livestock 
Brahman X hereford crossbred (0.25 X0.75) yearlings averaging 

205 kg liveweight were selected from a uniform group and ran- 
domly allocated to pasture after grouping by weight. Five animals 
were designated as subsamples within each experimental unit. 
Three other animals were placed in each pasture to allow stocking 
rate changes dictated by changing forage conditions. Cattle were 
stocked on pastures approximately 30 days after burning each 
year, using grazers to alter stocking rate. Liveweights were 
recorded without fasting animals, but after trailing them as far as 
1.25 km to the weighing facility. We recorded weights monthly 
during December 15-April 15 the same time each day. Weights 
were recorded to the nearest 2 kg. Animal gain was calculated 
monthly as average daily gain. 

Diet Collections 
Cattle diets were sampled at 4 intervals in each of the 3 years. 

Four esophageally fistulated steers were grazed in the morning 
hours in random sequence on each treatment pasture after an 8-12 
hr fast. Animals were grazed with cannulas removed and screen- 
bottom collection bags (1 mm mesh) attached around the neck 
(Cook 1964, Van Dyne and Tore11 1964). We obtained 4 diet 
samples per pasture at each date. 

Diet samples were stirred by hand and randomly subsampled for 
quality and composition estimates. Subsamples were frozen at 
-20°C until subsequent lyophilization at -50’ C and 0.05 mm Hg. 
Samples for composition analyses were stored intact; quality sam- 

ples were ground in a Wiley mill to pass a Zmm screen. 

Diet Quality 
We analyzed duplicate subsamples from each animal for crude 

protein (CP, % organic matter) and in vitro organic matter digesti- 
bility (IVOMD). Micro-Kjeldahl procedures (AOAC 1970) were 
used to estimate percent nitrogen (N), expressed as CP (%N X 
6.25). The first stage of the Tilley and Terry (1963) in vitro fermen- 
tation procedure was followed by neutral detergent fiber extrac- 
tion (Goering and Van Soest 1970) to provide an estimate of true 
forage digestibility. IVOMD of samples was proportionally adjusted 
to values of laboratory standards of known in vivo organic matter 
digestibility to correct for variations between runs. 

Diet Composition 
Diet composition was determined using a point-frame tech- 

nique. The technique (Chamrad and Box 1964) was altered 
slightly, in that lyophilized tissues were used, thereby avoiding a 
water suspension. Lyophilized tissues retained their original physi- 
calappearance and were suitable for this study. The fragment hit at 
each station was identified and recorded. If no hit occurred, the 
closest fragment to the pin point in a forward 180degree arc was 
used. Each sample was analyzed at 20 stations with 5 points per 
station. 

Analysis 
Data were analyzed by years using a completely random design 

analysis of variance for a fixed effects model with 2 replications. 
Burning treatments and dates within years were main effects. All 
mean separations were made at Pa.05 using Duncan’s multiple 
range test or LSD where appropriate (Steel and Torrie 1960). 

Results and Discussion 

Bums covered at least 75% of the area in all 3 years. The 1979 
bum was most complete, a result of absence of standing water and 
presence of a dry mulch layer. Fuel was continuous in all years, but 
in 1980 and 1981 standing water (0 to 25 cm) and decreased 
quantity of dry mulch left varying levels of stubble and mulch 
(Table 1). However, burning reduced forage standing crops in all 
years (Table 2). 

Table 1. Environments1 conditions snd fuel cbsmcterlstlcs during burm conducted on the Rob and Reasie Welder Wlldllfe Foundation Refuge in 1979, 
19tIO,8nd 1981. 

Relative 
Wind Air temp humidity 

Burn date Pasture (km/ hr) (“C) (%) 
10123179 A 13-16 16 60 
JO/23179 D lo-13 24 38 
11/18/80 E 18-26 10 35 
11/18/80 F lo-16 9 50 
11/9/81 A 11-16 16 63 
11/9/81 D IO-13 17 63 

*Soil was saturated and had 1 to 2s cm of standing water present at the time of the burns. 

Soil water 
content 

(%) 
19 
11 
+ 
* 
* 
* 

Fuel load 
(kg/ ha) 
10,719 
13,289 
10,564 
11,121 
1,055 
8,548 

Fuel water content 
Standing Mulch 

(%) (%) 
56 25 
60 29 
57 67 
53 65 
63 40 
64 56 

Tsble 2. Tots1 8V8ihbik standing crop (kg/ h8) on burned and unburned pastures on gulf cordgrees rangeland, 8t tbe Rob 8IId Ressle Welder Found&on 
Refuge, Slnton, Texas.1 

Month Burned 
1980 1981 1982 

Unburned Burned Unburned Burned Unburned 

January 1881 464552 652 4233* 3178 
February 1773 3440* 459 3207* 2394 
March 530 3400* 545 3003’ 1389 
April 438 3567’ 429 3336* 1810 

Kordgrass vegetation zone and upland vegetation zones combined after correction for proportion of total pasture area represented by each. 
*Treatment means for a year and month followed by an asterisk are significantly different (KO.05). 

5122. 
4043* 
3808. 
4041* 
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Tebk 3. Avaikbk e8anding crop (%) of herbeceoueand woody (<lm) vegetation ee compered to concurrent dkt nmpke (%) from eeophagully fktukted 
eteem graxing gulfcordgreee rangekad on the Rob 0 Be& Welder Wildlife Foundation Refuge, S&on, Texee during 198e, 19sl,l9gZ grazing periode. 

Species/ Category 

Gulf cordgrass 
Texas wintergrass 
Total graminoids 
Forbs 
Shrubs 

Available Standing Crop Diet Composition 
January February March April January February March April 

Un- Un- Un- Un- Un- Un- Un- Un- 
Bum Bum Bum Bum Bum Burn Burn Bum Bum Bum Bum Bum Bum Bum Bum Burn 

1980 
6 59 2 76 5 82 8 81 7Obc’ 76c 4Oabc 73bc 33ab 29ab 31ab 21a 

21 8 21 4 17 2 26 3 3a la 37d 13ab 36cd 25bcd 27cd llabc 
48 81 32 84 42 92 50 88 98b 98b 95b 99b 95b 71a 90b 72a 
52 19 68 16 56 5 49 6 3a 2a 3a la 4a 14a 7a 12a 
0 0 0 0 1 3 1 5 Oa 2a la la la 15b 4a 12b 

Gulf cordgrass 
Texas wintergrass 
Total graminoids 
Forbs 
Shrubs 

45 47 48 63 27 72 60 
1981 

64 57b 63b 65b 49ab lla 37ab 55ab 46ab 
0 10 0 11 0 8 2 11 Oa la 2a 27b 3a 19ab Oa 8a 

95 76 91 94 60 88 80 87 100 74; 97 91 61 86. 91 70 
3 21 6 5 30 7 8 11 0 16* 3 4 16 11 4 9 
2 3 3 1 10 5 12 2 0 10 1 4 21 25 5 21 

1982 
Gulf cordgrass : 53 21: 66 1; 72 12 68 59bc 12a 8od 44abc 37ab 25a 49abc 24ab 
Texas wintergrass 5 10 6 11 2 llab 21ab 4a 13ab 32b 32b 18ab 15ab 
Total graminoids 73 90 68 91 59 85 50 82 1OOb 94b 97b 97b 96b 96b 98b 83a 
Forbs 27 10 27 9 38 12 49 16 Oa 4ab 2ab 2ab 3ab 4ab 2a lob 

Shrubs 0 0 5 0 3 3 1 2 <la 2a <a <la 2a 4a <la 5a 

IMeans for a diet composition category within years followed by a common letter are not significantly different at 0.05 kvel. 
*Means within a month significantly different at 0.05 kvel. 

Met Composition 
Gulf cordgrass dominated extrusa regardless of burning treat- 

ment, probably because of the relatively greater quality of live 
tissue in topgrowth of unburned gulfcordgrass (Scifres and Drawe 
1980) as compared to dormant plants, and the predominance of the 
cordgrass in unburned stands (Table 3). Cattle on burned treat- 
ments frequently ate gulf cordgrass even though its availability was 
lower on those pastures; extrusa from bum treatments generally 
contained >30% gulf cordgrass. When alternative forage was pres- 
ent in burned treatments, as in March 1981, gulf cordgrass was 
consumed less frequently while sedges, forbs, and shrubs tempor- 
arily increased in diet samples. Gulf cordgrass content in extrusa 
from diets from burned areas rarely exceeded its contribution to 
diets in unburned areas. Precipitation in October 1981 exceeded 30 
cm and promoted extensive growth of forage prior to grazing, 
possibly affecting animal preference by increased availability and 
quality of other species. These data show that gulf cordgrass will 
not be grazed to the exclusion of other species and therefore any 
management scheme must consider all species present. 

1982 (Table 4). Diet samples from burned areas in February and 
March 1982 contained greater % live leaf than those from 
unburned (68 and 93% for burned vs. 40 and 73% for unburned). In 
other months and years, extrusa had similar live leaf content 
(Angel1 1983), coincident with similar IVOMD observed for both 
treatments. The shift away from gulf cordgrass to other species in 
1982 did not improve cattle diet quality over quality levels 
observed on burned areas. Extrusa samples obtained in 1981 con- 
tained I 95% graminoids, predominately gulf cordgrass. Forbs 
and shrubs were similar in both treatments during 1982, giving a 
clearer picture of the contribution of gulf cordgrass and Texas 

Table 4. Crude protein (%) and in vitro orpnic matter digestibility (96) of 
extroee aampler from fiatukhd cattle grazing burned or unborned golf 
cordgraee in conjuaction witb unburned upknd vegetation. 

Texas wintergrass was frequently found on upland areas burned 
in 1980 and 1981 and in the unburned pastures B&C. We noted its 
increase in extrusa samples during February or March occurred 
subsequent to onset of active growth. Low precipitation in fall, 
1979 resulted in less Texas wintergrass growth in unburned treat- 
ment pastures. Texas wintergrass was initially rare in diet samples 
from burned treatments, but increased later in 1980. Cattle grazing 
burned pastures readily consumed Texas wintergrass when it was 
actively growing, but spent much time grazing low elevation 
burned areas containing gulf cordgrass. 

Forbs were eaten infrequently, but contributed protein dispro- 
portionate to their occurrence in diets (Huston et al. 1981). Forbs 
comprised 26% of January 1981 diets for cattle on unburned 
treatments, a time when diet quality estimates of burn and control 
treatments were similar. 

Diet Quality 
Extrusa IVOMD was improved by burning treatment except in 

Crude protein Organic matter digestibility 
Month Burned Unburned Burned Unburned 

1980--- 
January 8.7 b’ 5.6 a 48a 45 a 
February 12.5 c 6.8 a 52 b 46a 
March 14.4 d 12.4 c 58cd 56bc 
April 14.6 d 14.4 d 65 e 62 de 

1981 
January 8.5 a 8.1 a 58 a 56a 
February 7.8 a 8.6 a 57a 60ab 
March 14.4 d 11.1 b 70d 64bc 
April 13.1 cd 12.0 bc 63 bc 65 c 

1982 
January 10.8 bc 9.7 b 60de 58 d 
February 7.4 a 5.7 a 50 b 46a 
March 14.2 e 11.3 bed 62 e 54c 
April 12.4 cd 12.7 de 67 f 63 e 

‘Means within years for a diet category followed by a common letter are not signifi- 
cantly different at 0.05 level. 
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wintergrass to diet quality. Reasons for the lack of improvement of 
IVOMD are not readily apparent. Regrowth of burned gulf cord- 
grass can be highly digestible (McAtee et al. 1979 a), but quality of 
clipped regrowth samples is variable (Gefinger and Scifres 1977). 

Diet CP improved in March each year regardless of burning 
treatment (Table 4) because new forage growth began for all spe- 
cies. We surmise that cattle diet quality will be low during mid- 
winter but will exceed requirements of growing cattle after March 
1. During January 1980 Texas wintergrass was dormant following 
a dry fall. At that time extrusa samples from burns contained 70% 
gulf cordgrass, controls 76%. Extrusa from burned areas had 
significantly greater CP than samples from unburned controls, 
apparently a result of consumption of gulf cordgrass regrowth in 
burned treatment pastures. 

Livestock Performance 
In 2 of 3 years, cattle on burned treatment pastures gained at a 

greater rate than on unburned pastures (Table 5). The midwinter 

Table 5. Average itveweigbt (kg)and average drfly gain (ADG)(kg/au/da) 
of yearling cattle grazing burned or unburned stands of guifcordgrass on 
the Rob and Bessfe Welder Wildlife Foundation Refuge. 

Period 
Liveweight ADG 

Burned Unburned Burned Unburned 
--- ]980-_-_ 

Dec.-Jan. 222 abr 218 ab -89 a -0.20 a 
Jan.-Feb. 220 ab 212a -.08 a -0.18 a 
Feb.-Mar. 231 b 217 ab 0.52 c 0.15 b 
Mar.-April 257 c 228 ab 0.51 c 0.28 b 
Season average* 0.21 y 0.01 x 

----1981-- 
Dec.-Jan. 229 a 226 a -0.06 a Oa 
Jan.-Feb. 231 a 
Feb.-Mar. 237 a 
Mar.-April 254 b 
Season average 

Dec.-Jan. 219 cd 
Jan.-Feb. 221 d 
Feb.-Mar. 215 bed 
Mar.-April 242 e 
Season average 

227 a 0.09 ab 0.04 ab 
230 a 0.17 b 0.07 ab 
247 b 0.48 c 0.50 c 

0.17 x 0.15 x 

-----1982_-_ 
206 abc -0.07 bc -0.30 a 
205 a O.lOc -0.05 bc 
201 a -0.23 ab -0.16 ab 
219 cd 0.74 e 0.50 d 

.I4 y 0 x 

‘Means for liveweight or ADG within a year followed by a common letter are not 
significantly different at p<O.OS. 
*Season averages within years followed by a common letter are not significantly 
different at IyO.05. 

period of late December to February was critical as indicated by 
generally negative rates of gain. That period was characterized by 
frequent cold, damp weather which stressed animals. At that time 
both diet quality and forage growth rate were increasing, yet 
livestock gains were poor until after mid March, indicating grow- 
ing animals grazing burned gulf cordgrass will need some form of 
supplementation to maintain gains during mid-winter. Mature 
cows, have lower requirements for nutrient concentration (NRC 
1984) and consequently would probably require little or no sup- 
plementation when grazing on burned gulf cordgrass range. 

When cattle had access to both Texas wintergrass and burned 
gulf cordgrass, as in 1980 and 1982, associated spring ADG was 
greater than ADG on unburned areas. Cattle on burned gulf 
cordgrass pastures tended to maintain weight better in winter and 
gained weight faster in spring than cattle on unburned pastures. 

During 1981, weight gains of cattle with access to burned gulf 
cordgrass but not to Texas wintergrass equalled gains of cattle with 
access to Texas wintergrass but not to burned gulf cordgrass. This 
points to the value of Texas wintergrass as a winter forage and 
gives insight into the better performance noted for 1980 and 1982. 

Regrowth of burned gulf cordgrass vegetation will improve 
cattle diet quality during late winter and early spring. Cattle graz- 
ing burned gulf cordgrass will out perform cattle on unburned gulf 
cordgrass when other forage species are equally represented. Even 
when cattle do not have access to quantities of cool-season grasses, 
access to burned gulf cordgrass will provide diet quality and animal 
performance to levels similar to pastures which contain Texas 
wintergrass. Prescribed burning of gulf cordgrass is an effective 
means of improving diet quality during winter and can be expected 
to result in lowered supplemental feeding in winter. Rotation 
periods greater than the l-year interval used here may be needed to 
provide enough standing dead material to provide a complete and 
uniform burn on gulf cordgrass communities. 
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Floral Changes Following Mechanical Brush 
Central Texas 
DALE ROLLINS AND FRED C. BRYANT 

Abstract 

A field study was initiated in May 1981 to monitor the effective- 
ness of mechanical brush control (chaining) as a method of 
reciaiming Asbe juniper (Juniperus ashdi~oak (Quercus spp.) 
dominated rangelands in central Texas. Brush was cleared from 4 
sites by double-chaining and the resultant siash was burned. Brush 
canopy reduction and herbaceous standing crop were monitored 
for 2 growing seasons following treatment. Total brush canopy at 1 
year post-treatment was 80% less than untreated brush stands. 
Chaining was more effective for Ashe juniper (93% reduction) than 
for oaks (64-75% reduction). Grass and forb standing crop at 22 
months post-treatment was 55% higher on chained sites during all 
collection months. 

The Edwards Plateau, a 10 million-ha resource area located in 
west central Texas, is noted for domestic sheep and goat produc- 
tion and the densest herd of white-tailed deer (Odocoileus virginia- 
nus)in North America. Over the last century, the Edwards Plateau 
has retrogressed from Mixed Prairie to a scrub oak-juniper dis- 
climax (Buechner 1944). Reasons for the increased densities of 
woody species, primarily Ashe juniper (Juniperus asheii), plateau 
live oak (Quercus virginiana var. fustformis), and Vasey shinoak 
CQ. pungens var. vaseyanna), include fire suppression, livestock 
overgrazing, seed dispersal by herbivores, and/ or a shift in climate 
(Buechner 1944, Johnsen 1962). 

Brush overstory and herbaceous forage production are related 
inversely (Scifres et al. 1976). Smith and Rechenthin (1964) stated 
that about 50% of the Edwards Plateau supported sufficient brush 
canopy to seriously suppress herbaceous forage production for 
livestock. The primary goal of brush management is to replace 
noxious brush species with productive and palatable forages (Mutz 
et al. 1978). Brush treatments using chemical or mechanical 
methods usually result in improved herbaceous forage production 
(Waldrip 1954, Vallentine 1960, Clary 1974, Scifres et al. 1976, 
Mutz et al. 1978, Clary and Jameson 1981). Vallentine (1960) 
reported that areas cleared of Ashe juniper by handcutting pro- 
duced over 6 times more forage than uncleared areas. 

Because of the general ineffectiveness of herbicides on junipers 
(Scifres 1980), chaining is usually the method of choice for reclaim- 
ing juniper-infested rangelands. It is particularly effective for 
single-stemmed, nonsprouting species like Ashe juniper. Chaining 
operations often result in variable effects, both in terms of brush 
kill and forage response (Aro 1971). Because of the economic 
significance of wildlife to ranchers in Texas, information on cover 
changes and subsequent forage production is necessary for the 
proper multiple-use management of these brushlands. This study 
was initiated in May 198 1 to document overstory-understory rela- 
tionships following a chaining operation aimed at improving habi- 
tat for white-tailed deer. 

Study Area and Methods 
This study was conducted on the 20,000-ha Y 0 Ranch located in 

northwestern Kerr County, Texas. Soils of this area are predomi- 
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Removal in 

nantly Tarrant stoney clays (Lithic Calciustolls) with limestone 
rocks as a common surface feature. Soils are shallow (Q5 cm) and 
overlie a lithic limestone contact. About 85% of the study area is a 
Low Stoney Hill range site. Climate is characterized as subhumid 
with hot summers and mild winters. The average frost-free period 
is 220 days (1 April to 10 November). Average annual precipitation 
recorded at Junction, Texas, (30 km north of study area) is 64 cm 
with bimodal peaks in May and September (Fig. 1). Much of the 
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Fig. 1. Monthly precipitation totals (cm)and long-term averageprecipita- 
tion recorded at Junction, Texas, 198143. 

annual rainfall results from high intensity thunderstorms with 
much water lost as runoff. Summer droughts are common. 

The study area was typical of the Edwards Plateau and was 
dominated by Ashe juniper, plateau live oak, and Vasey shinoak. 
Common woody species included algerita (Berberis trifoliata), 
mesquite (Prosopis glandulosa), sugar hackberry (Celtis laevi- 
guru), and Texas persimmon (Diospyros texanus). Common 
grasses included common curlymesquite (Hilaria belangeri), Wright 
threeawn (Aristida wright& hairy tridens (Erioneuron&losum), 
Texas wintergrass (Stipa leucotricha), and grama grasses (Boute- 
loua spp.). Forb production and diversity vary with soil depths, 
precipitation, and grazing pressure (Smeins et al. 1976, Bryant et 
al. 1981). 

Four pastures (400- 1,380 ha) were selected based on similarity 
of brush cover, especially Ashe juniper. Brush canopy cover before 
treatment ranged from 20-60s with Ashe juniper accounting for 
about half of the total canopy. Age structure of the juniper stands 
appeared similar except in Elm pasture where some chaining had 
occurred in 1964 resulting in a greater proportion of younger 
junipers. Areas were double-chained from May-June 1981 in a 
systematic pattern of 8-ha openings to enhance wildlife use of 
clearings. The unmodified chain weighed 38 kg/link and was 85 m 
in length. Two crawler tractors pulled the chain in a U-shaped 
fashion at a speed of 4-6 km/ hr. The resulting slash piles were 
burned in July 1981 under the following prescription: winds < 15 
km/ hr, relative humidity >40%, and air temperatures of 2429O C. 

Livestock operations in the past included cattle, sheep, and both 
Angora and Spanish goats. White-tailed deer densities averaged 1 
deer/5 ha with lesser numbers of several species of exotic ungu- 
lates. Most pastures on the ranch have been grazed continuously, 
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yearlong with some combination of cattle, sheep, and goats. Graz- 
ing histories of the study pastures prior to 1978 were unavailable, 
but from 1978-80 Angora goats and cattle were stocked yearlong 
in Elm and West North Home (WNH) pastures at about 12 
ha/ AU. Comer pasture had been stocked with sheep at about 14 
ha/AU while Rocky pasture was stocked with cattle, sheep, and 
Spanish goats at 10 ha/AU. Study pastures were rested from 
livestock grazing beginning January 198 1, prior to brush removal, 
and through the duration of the study (March 1983). 

Measurements of canopy cover at 1 year post-treatment were 
obtained for Ashe juniper, live oak, and shinoak in June 1982 using 
a line intercept technique (Canfield 1941). Two, 30.5-m line tran- 
sects, oriented at right angles to each other, were read from 10-15 
randomly located points on both cleared areas and adjoining 
brushlands within each pasture. Canopy reduction was computed 
as the difference in canopies between clearings and adjoining 
brushlands. Canopy data were analyzed using unpaired r-tests with 
significance noted at the 0.05 level. 

Herbage weight, by species, was estimated using the foliar esti- 
mation technique described by Anderson and Kothmann (1982). 
Representative samples of grass and forb species were clipped and 
airdried to a constant weight to obtain weightlfoliar unit esti- 
mates. On each of 2 clearings, foliar cover data were recorded on 
20,0.25-m square quadrats per clearing for a total of 40 quadrats 
per pasture. Twenty quadrats were read from adjacent brushlands. 
Herbage biomass was monitored at 5,8,12,15,19, and 22 months 
post-treatment. Data were analyzed with analysis of variance using 
a split-plot in time design (Steel and Torrie 1960) with pastures 
serving as blocks. 

Grass data for Elm pasture were not included in the analyses 
because of the introduction of cattle in May 1982. While the 
stocking rate for the entire pasture (1,300 ha) was considered light 
(55 ha/ AUY), direct observation revealed that cattle preferentially 
foraged on cleared areas. Waldrip (1954) reported similar cattle 
behavior on burned and cleared areas after juniper removal. Thus, 
we believed this differential use by cattle of cleared versus brush 

areas negatively biased the grass data on chained sites in Elni 
pasture. For the same reason, data for Comer pasture collected in 
March 1983 were omitted from the analyses. 

Resuits and Diiussion 

Overstory Reduction 
Double chaining and slash burning reduced total brush canopy 

an average of 81% as compared to untreated sites (X0.01) (Table 
1). Ashe juniper was reduced by 93% (range 81-96). High post- 
treatment canopy cover reduction was attributed to restricted root 
depths and excellent soil moisture conditions during chaining. 
Generally, junipers less than 1.5 m in height were not uprooted by 
chaining, probably because of their high stem flexibility (Arnold et 
al. 1964, Aro 1971). Indeed, lowest juniper reduction (81%) was 
observed in Rocky pasture where many smaller (<I.5 m) junipers 
were present. Most junipers greater than 5 m tall were uprooted by 
the first pass of the chain. 

Vasey shinoak was reduced by 640/O (range 31-85) whereas 
liveoak decreased by 75% (range 41-93). Both species resprout 
readily following overstory removal (Vallentine 1960), thus most 
of the Quercus encountered on clearings was less than 0.5 m in 
height. Unlike junipers, oaks tended to break off at ground level 
rather than be uprooted. Oak stems were apparently more brittle 
than those of Ashe junipers, as chaining knocked down the major- 
ity of oaks greater than 0.5 m tall. 

Quercus resprouts, primarily Q. pungens, were an important 
forage for white-tailed deer during the period of this study (Waid et 
al. 1984). Also, deer kept Q. virginiana resprouts on cleared areas 
browsed to ground level year-round. If such frequent and severe 
defoliations occur for several consecutive years, oak mortality on 
cleared areas could become substantial (Buechner 1944, Merrill 
1975, Davis et al. 1975). Because resprouts are nutritious browse 
when actively growing, with crude protein values of 13-l 7% (Hus- 
ton et al. 198 1), their elimination would be undesirable for deer and 
goat production. 

Table 1. Canopy cover ($) of Asbe juniper, Vmey skinoak,and live ank on chIned vcrsua contrdama at 4 sitea on tke Y 0 Ranch, Kerr County, Texes, 
June 1982. Ciuining was conducted from May-June 1981. 

Jmliper Shinoak Liveoak 
Pasture Chained Control Chained Control Chained Control 

Elm 0.4*+ 10.5 1.5 2.1 0.6 1.3 
WNH 1.1* 21.5 6.9 13.2 0.3 4.1 
Comer 1.35 23.9 4.3* 28.6 1.3 3.5 
Rocky 4.0* m.9 6.9 11.1 1.9 3.2 
MEANS 1.7. 19.2 4.9 13.8 0.8 3.2 

‘Includes 5 other species (Berberis tri/oliata, lkmelia Lmuginosa, C&s laevigata, Diospyros texanus, Prosopis glandzdosa). 
*Figures for chained areas followed by an asterisk(s) are signilicantly different from control aras 81 the 5% (*) or 1% (**I level. 

Total’ 
Chained Control 

2.6** 14.8 
8.2. 40.1 
6.9** 56.9 

10.8’ 38.6 
7.1*_5 37.6 

Table 2. Mean grass biomass (kg/ha) at 4 sites, 6 to 22 months following overstory removal on the Y 0 Ranch, Kerr County, Texas, 1981-83. Areas were 
chained from May-June 1981. 

Pasture 

Elm WNH Corner 
Chained Control Chained Control Chained Control 

November 1981 110 180 260 400 6rn 530 
March 1982 150 250 120* 250 400 530 
May 1982 _’ 650 590 800 940 
August 1982 1,200* 570 1,150 1,050 
December 1982 490 470 850+ 230 
March 1983 760 470 _ _ 
Pasture mean 130 210 580 460 770 650 

**Means within a pasture separated by an asterisk(s) arc significantly different at the 5% (*) or 1% (**) level. 
‘Data excluded from analyses due to the introduction of cattle into pasture. 

Rocky 
Chained Control 

290 220 
260 280 
400 360 

1,390** 380 
240 660* 
950** 180 
660** 280 

Date mean 
Chained Control 

320 280 
230* 330 
620 630 

1,250* 660 
310 310 
860* 330 
660’ 420 
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Table 3. Mean forb biomass (kg/be) at 4 &es, 6 to 22 months following overstory removal on tbe Y 0 Reach, Kerr County, Texes, 1981-83. Arem were 
chdned from Mey-June 1981. 

Pasture 
Elm WNH Corner Rocky Date mean 

Chained Control Chained Control Chained Control Chained Control Chained Control 

November 1981 70 140 50 20 20 40 50* 20 50 
March 1982 

60 
50 30 go** 0 140** 10 110 100 100. 

May 1982 
40 

80 110 130 120 180 160 140 120 140 
August 1982 

130 
700 20 60* 10 20 40 140** 20 70* 

December 1982 
20 

10 10 20* 0 0 0 40** 10 
March 1983 

20 0 
80 50 70 60 120* 60 130** 40 100. 

Pasture mean 
50 

60 60 70* 40 80 50 100’ 50 80 50 
**Means within a pasture separated by an asterisk(s) are significantly different at the 5% (*) or 1% (**) level. 

Forage Response 
Herbage increased an average of 55% following overstory remo- 

val (Tables 2 and 3). Grass standing crop (GSC) averaged over the 
first 22 months post-treatment was higher (x0.05) on chained 
areas (%660 kg/ ha) (Table 2). On chained areas, GSC ranged from 
230 kg/ha in March 1982 to 1,250 kg/ha in August 1982. On 
untreated areas, GSC varied from 280 kg/ ha in November 198 1 to 
660 kg/ ha in August 1982. The date X treatment interaction was 
significant (KO.05). Grass standing crop was varied between pas- 
tures (KO.05); however the pasture X treatment interaction was 
not significant (m.05). 

Most grass species (and Curex) showed nonsignificant increases 
following overstory removal. The only species that increased sig- 
nificantly (KO.05) following chaining were Wright threeawn, 
hairy tridens, and red grama (B. @da), none of which are desira- 
ble forage species for cattle or sheep. Such desirable decreasers as 
little bluestem (Schizuchyrium scoparium), indiangrass (Sorghas- 
trum nutans), and Texas cupgrass (Eriochloa sericea) were not 
affected (PCO.05) by chaining, at least during the period of the 
study. These species often are encountered only within the protec- 
tive shroud of brush thickets that serve as refugia from livestock 
grazing. After overstory removal, such species respond slowly 
(Waldrip 1954) and require careful post-treatment grazing man- 
agement to ensure their continued presence in the grass community 
(Waldrip 1954, Vallentine 1960). Texas wintergrass, the major 
cool-season forage species, almost doubled on chained sites. In 
addition to being an important forage for livestock (Vallentine 
1960, Bryant et al. 1979), Texas wintergrass is one of the few 
grasses used readily by white-tailed deer (Bryant et al. 1981, Waid 
et al. 1984). 

Forb standing crop (FSC) (Table 3) and diversity (Fig. 2) were 

11181 3182 

FORE DIVERSITY T 

0 Chalnod m Control 
Fig. 2. Forb diversity (number of species encountered) on chained versus 

control sites on the Y 0 Ranch, Kerr County, Texas, 1981-83. 
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highly variable between sampling dates because of seasonal fluc- 
tuations in precipitation (Fig. 1). Forb standing crop was different 
among dates (PCO.05); however, the date X treatment interaction 
was not significant (p>o.OS). After 5 months post-treatment, FSC 
tended to be greater on chained sites. On chained sites, FSC was 
higher (KO.05) during March and August 1982, and March 1983. 
These significant differences were largely because of the increased 
production on clearings of annual forbs like Pennsylvania pellitory 
(Parietariapennsylvanica), plantains (Plantago spp.), and bighead 
evax (Evaxprolzjera). The benefits of clearing for forb production 
became especially apparent from April-December 1982 during 
drought conditions, when FSC was 500 to 600% greater on cleared 
sites. This difference was noted even under heavy grazing pressure 
(3 ha/deer) by white-tailed deer and several species of exotic ungu- 
lates (Rollins 1983). These herbivores concentrated foraging activi- 
ties on cleared areas, undoubtedly in response to improved forage 
conditions. 

Availability of forbs on unchained sites was similar among 
pastures (Table 3). Forb production on chained sites was some- 
what higher in Rocky pasture; however, the pasture X treatment 
interaction was not significant (KO.05). Species composition of 
the forb component varied among pastures, presumably because of 
differences in soil surface texture and depth (Smeins et al. 1976). 
Areas with deeper soils and fewer surface rocks, e.g., Corner 
pasture, tended to have lower forb diversity than areas with shal- 
lower, rockier soils like those found in Rocky pasture. Upright 
prairie coneflower (Ratibida columnaris), Pennsylvania pellitory, 
bighead evax, and spreading sida (Sida filicadulis) were more 
common on shallower soils, while low wildmercury (Argythamnia 
humilis), mat euphorbia (Euphorbia sp.), and orange zexmenia 
(Zexmenia hispida) appeared to be more common on deeper sites. 

Across all pastures, forb diversity was highest in March 1983, 
when an average of 21 species were recorded on chained sites, and 
lowest in December 1982, when an average of only 2 species were 
found on unchained sites (Fig. 2). Annual forbs showed the most 
dramatic responses to chaining. Annuals like prostrate pigweed, 
one-seeded croton (Croton monanthogynus), low wildmercury, 
and plantains were 3 to 8 times more common on chained sites than 
on untreated brushlands. These forbs, plus others like Gordon’s 
bladderpod (Lesquerellagordoni), spreading sida, and mat euphor- 
bia, all of which increased following chaining, are important in the 
diets of sheep and goats (Bryant et al. 1979), and also white-tailed 
deer (Bryant et al. 1981, Warren and Krysl1983, Waid et al. 1984). 
While most perennial forbs, such as coneflower, verbenas (Ver- 
bena spp.), hedyotis (Hedyoris sp.), and Drummond’s skullcap 
(Hedeoma drummondi) tended to increase following chaining, the 
change was small relative to that of annual forbs. 

Some forb species were restricted almost exclusively to cleared 
areas. Pennsylvania pellitory was found only under juniper skelet- 
ons and/or litter accumulations on cleared areas. Prostrate pig- 
weed, one-seeded croton, and low wildmercury were the predomi- 
nant forbs growing on the areas where brushpiles had burned, but 



were observed infrequently outside treated areas. 
Moisture conditions during the study were characterized by 

above average precipitation during 198 1 followed by drought con- 
ditions in 1982 (Fig. 1). Such extremes are not uncommon for this 
area. The above-average soil moisture conditions at the time of the 
chaining probably contributed to the high degree of canopy reduc- 
tion observed. Likewise, production of annual forbs was facilitated 
by good moisture conditions. The greatest differences in grass and 
forb standing crops on chained versus unchained sites were 
observed during the drier sampling dates, however, suggesting that 
forage responses following chaining were especially pronounced 
during drought conditions. 

Management Implications 
Double chaining is an effective means of opening up dense 

stands of Ashe juniper, live oak, and shinoak in the Edwards 
Plateau. Clearing brush improved livestock movements, wildlife 
visibility to hunters, and forage availability for domestic and wild 
herbivores. Data from this study indicated that double-chained 
and slash-burned areas experienced an overstory reduction of 80% 
at 1 year post-treatment with subsequent increases in grass and 
forb biomass of about 55% across the study period (22 months). 

Information on the longevity of mechanical brush treatments for 
this habitat, both in terms of forage release and brush regrowth, is 
lacking. Based on our experience in this area, we believe that 
benefits from brush clearing will be visible for at least 10 years, 
possibly longer if a prescribed burning program is instituted. 
Secondary brush problems on cleared areas are primarily small 
junipers and Texas persimmon. Because of the intense browsing 
pressure by goats and deer, oak regrowth does not present a major 
problem. Forb production, especially annuals, probably will 
decline from the levels observed l-2 years post-treatment, but 
should remain above that from untreated brushlands for 5-10 
years. 

Grass production will increase after overstory removal, but 
proper post-treatment grazing management is paramount for 
maintaining decreaser species. Vallentine (1980) suggested treating 
only sites with deep fertile soils to obtain maximum forage divi- 
dends from brush treatments. Whereas grass production in this 
study appeared to be greatest on sites with deeper soils, forb 
production and diversity were greatest on rocky, shallow sites. 
Thus, there may be a trade-off in species and/or classes between 
sites. If so, managers could manipulate the kinds of animals best 
adapted to a particular site, e.g. goats, sheep, and/ or deer on rocky 
sites, with deer and/ or cattle on deeper soils. 

Chaining costs for this study averaged %36/ha while costs for 
slash burning were estimated at @l/ha. In brush stands dominated 
by virgin Ashe junipers, single chaining might have produced 
similar results at a lower cost/ ha than double chaining, but in 
mixed stands of junipers and oaks of different age/size classes, 
double chaining was probably most cost-effective. The windrow- 
ing effect of double chaining not only increased brush kill, but also 
facilitated slash burning. 

Preferably, some brush cover should be spared to allow con- 
tinued use of chained areas by white-tailed deer. Juniper and oak 
cover is important for both food and cover, thus brush eradication 
is not only infeasible, but also is unsound. Recent studies suggested 
preferential foraging use of certain Ashe junipers by white-tailed 
deer (Bryant, unpubl. data, Rollins, unpubl. data). If these pre- 
ferred trees could be identified and marked, they could be spared 
from brush clearing operations. Such selective clearing might 
allow managers to tailor brush management operations so that 
more brush could be removed for livestock operations while main- 
taining suitable habitat for deer. Such a scheme should allow 
ranchers on the Edwards Plateau to increase profits from livestock 
and wildlife operations. 

Finally, chaining often results in a drastic change in the land- 
scape. Whereas large expanses devoid of woody vegetation may be 
appealing to some ranchers, most user groups view such a scene 
aesthetically displeasing. Therefore, chaining operations should 
incorporate applied landscape techniques (Williamson and Currier 
1971) to lessen the abrupt changes between treated and untreated 
areas. Such techniques not only create a more pleasing aspect, but 
also enhance wildlife use of treated areas. 
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Dating Past Fires in Curlleaf Mountain-mahogany Com- 
munities 
STEPHEN F. ARNO AND ANDREW E. WILSON 

AbStnCt 

Fiie history was ~vestigated in 4 curlleaf mountain-mahogany 
(Cercoctupus ledifoliu9) communities containing scattered, old 
ponderosa pine (Pinusponderosa). Dating cross- sections of fire 
scars from the pines, through counts of annun growth rings, 
allowed us to develop reasonably complete fire chronologies 
extending back to the 1700’s. Mean fire intervals in these commun- 
ities ranged from 13 to 22 years until the early 1900’s, but length- 
ened considerably thereafter. Mountain-mahogany stems with 
well-developed basal scars (not necessarily caused by fire) were 
cross-sectioned and finely sanded to enhance the often obscure 
growth rings. Estimated dates of the mountain-mahogany scars 
were compared to the pine-derived fire history. This evaluation 
suggests that where conifers of sufficient age are absent, careful 
interpretation of mountain-mahogany scars can be used to esti- 
mate fire history. 

Curlleaf mountain-mahogany (Cercocarpus ledifolius) is a large 
shrub or dwarf tree that is a preferred big game browse in the 
Intermountain West. Land managers would like to improve the 
vigor and encourage regeneration of this species, but methods for 
accomplishing this are not adequately known. In the past, fire was 
a major disturbance affecting mountain-mahogany, but little 
information is available concerning the response of this species to 
fires. Severe wildfires have sometimes killed sizable stands of the 
species in recent decades. In contrast, other stands apparently 
survived fires, as shown by occasional scars and charcoal at the 
base of old stems. 

No long-term fire histories have been reported for mountain- 
mahogany stands. Such information would be useful in interpret- 
ing the effects of fires on the longevity and regeneration of this 
species. However, this species produces indistinct growth rings that 
are difficult to interpret (Lonner 1972, Roughton 1972). 

Some of the mountain-mahogany stands in central Idaho have 
scattered ponderosa pine (Pinusponderosa)growing among them. 
Pine forms distinct fire scars that can readily be dated by counting 
annual growth rings on cross sections of the stem (Arno and Sneck 
1977, McBride 1983). 

The objective of this study was to derive fire histories for selected 
mountain-mahogany stands by dating fire scars from mountain- 
mahogany plants and associated ponderosa pines. This informa- 
tion would complement the information on fire ecology of 
mountain-mahogany presented by Gruel1 et al. (1985). Analysis of 
the ponderosa pine fire scars presumably would yield a long-term 
fire history for each of the mountain-mahogany sites. Analysis of 
scars from the mountain-mahoganies would indicate the reliability 
of this species for determining fire history in stands lacking known 
fire recorders such as ponderosa pine, inland Douglas-fir (Pseu- 
dotsuga menziesii var. glauca), or junipers (Juniperus spp.). 

Methods 

Fonr mountain-mahogany stands which contained scattered 
ponderosa pine were selected for study with the assistance of the 
authors of Gruel1 et al. (1985). These are distributed along 35 km of 
the Salmon River canyon west of North Fork, Idaho (latitude 45” 
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Intermountain Research Station! U.S. Department of Agriculture, Forest Service, 
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Andrew Wilson is currently serving in the U.S. Peace Corps in the Philippines. 
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N., longitude 114“ W.). All the stands occupy steep south and west 
exposures on rocky, decomposed granite substrates at elevations 
of 1,100 to 1,500 m. All pines were inspected within each stand to 
identify those having the most intact and long-term records of past 
fires, represented by the largest number of individual fire scars 
within the “catface” or multiple fire scar wound. Cross sections 
were cut from the fire scar wound on 2 or 3 pines within each stand 
which showed the most complete records (Arno and Sneck 1977). 
Mountain-mahogany plants having the best developed basal scars 
(i.e., possible fire scars) were similarly chosen for sampling. Four 
to 12 individuals in each stand were successfully cross sectioned for 
growth-ring analysis. (Many of the mountain-mahogany cross 
sections were collected by L.F. Neuenschwander and S.C. Bunting, 
University of Idaho, Moscow.) 

Ponderosa pine cross sections were sanded and the fire scars 
were dated by counting annual growth rings (Arno and Sneck 
1977). Dating the mountain-mahogany sections was much more 
difficult even with sanding. An orbital sander and extremely fine 
paper (220 to 400 grit) were used to remove striations from pre- 
vious, coarser sanding. This preparation facilitated location of 
narrow zones of discernible growth rings. Ring counts were made 
along 2 or more of the clearest zones in each cross section. 

Rings on the diffuse porous wood of curlleaf mountain- 
mahogany (Panshin and deZeeuw 1980) were usually identified 
best using about IO-power magnification. The relatively large ves- 
sels in a single row, marking the springwood, were the easiest 
feature to identify. The other noticeable feature was the scattered, 
smaller vessels in the summerwood. Most vessels are filled with 
cream-colored tyloses-bubble-like intrusions of protoplasm from 
adjacent cells. Ordinarily there is a band of nonvesseled fibers 
between the 2 vesseled areas in an annual growth ring, but portions 
of cross sections exhibiting slow growth often lack this band. 

Wood borers (family Buprestidae; Furniss and Barr 1975) des- 
troyed segments of the annual growth rings on some samples, and 
fungi sometimes caused the rings to appear indistinct. Often the 
heartwood darkened to a uniform chocolate brown, masking parts 
of the annual rings. Changing the intensity or angle of lighting or 
degree of magnification sometimes helped differentiate obscure 
rings. In cases where these techniques did not help and only one 
part of the annual ring was identified, we counted that portion as 
an annual accumulation of wood. Dr. Edwin Burke (wood tech- 
nologist at the University of Montana, Missoula) and his students 
independently examined and dated the mountain-mahogany scars. 

Results and Discussion 

Fire histories for the 4 study stands based on ponderosa pine fire 
scars are shown in Figure 1. There was close correspondence 
between dates of fire scars on the individual trees sampled at each 
site. Thus, in most cases the estimated fire date shown is believed to 
be within 1 year of the actual date. Mean fire intervals for the 4 sites 
ranged from I3 to 22 years during the period between 1750 and the 
early 1900’s. In all stands the current fire-free period was substan- 
tially longer than any of the pre-1900 fire intervals. Lengthening of 
fire intervals after 1900 has been identified in most fire history 
studies in western North America (e.g., Stokes and Dieterich 1980, 
Martin 1982). This is generally attributed to (1) heavy livestock 
grazing that removed fine fuels, (2) institution of fire suppression, 
and (3) a decrease in human-caused (particularly Indian-caused) 
fires. 
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About a third of the scars on mountain-mahogany were fol- 
lowed by progressive die back that expanded the edges of the 
wound over the course of many years following the initial injury. 
This secondary dieback occasionally gave the impression ofsepar- 
ate scars, but it was often associated with activity of wood borers, 
bark beetles (Chaelophloeus heterodoxus). or other weakening 
agents (Furniss and Krebill 1972, Furniss and Barr 1975). The 
original scars on mountain-mahogany stems were apparently 
inflicted by fire (Fig. 2), rolling rocks, ungulates, rodents, or bark 
beetles (cf. Stuart et al. 1983). 

Mountain-mahogany scar dates were superimposed on the fire 
chronologies for each site derived from ponderosa pine (Fig. I). 
Dates of mountain-mahogany scars are rough approximationsdue 
to obscurity of much of the annual growth. Nevertheless, dates 
obtained by Dr. Burkeand his studentswere within 2years of ours. 
Missing annual rings, and possible false rings, may be largely 
responsible for the weak correspondence between dates of appar- 
ent fire scars on mountain-mahogany and fire dates established 
from ponderosa pine. 

Defoliation by insects (Furniss and Krebill 1972), fire damage, 
and extreme drought presumably can cause missing rings in 
mountain-mahogany. For example, at the Hot Springs Creek 
stand, a small fire (noted in National Forest fire records) burned in 
1 grove of mountain-mahoganies in 1940. This fire left abundant 
char but did not scar the adjacent pines before it was suppressed. 
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All mountain-mahogany scars attributed to this 1940 tire (Fig. I) 
were dated, by ring counts, to more recent years (1941 to perhaps 
1949). This suggests that in some years an annual growth ring did 
not form, possibly due to tire injury. 

Mountain-mahoganiesapparently recorded 2ofthemostrecent 
fires on 3 study sitesand 1 fireon the remaining site(Fig. I). Ineach 
study area some scars also dated from well after the most recent 
fire. A few of these recent scars could be the result of low-intensity 
fires that did not scar the pines, although National Forest tire 
records do not reveal any such fires. Other agents are no doubt 
responsible for most of this recent scarring, Mountain-mahogany 
scar records extend back only to the late 1800’s. This limited 
duration of mountain-mahogany records is largely attributable to 
the small number of living individuals that originated 150 or more 
years ago. Also, many of these old individuals occupied sites with 
sparse fuels where they apparently escaped being scarred. 

Estimated pith dates from the mountain-mahogany stump cross 
sections were also superimposed on the fire chronologies (Fig. 1). 
This allowed for inspection of regeneration (age classes) in relation 
to tire history. These data, though limited, show that mountain- 
mahogany was able to regenerate during periods when fires were 
frequent. At 3 of the study sites, regeneration evidently followed 
fires in the 1850’s and early 1860’s. 

Conclusion 

The most reliable method for determining tire history in 
mountain-mahogany stands is to date tire scars on associated old 
conifers, or stumps of conifers (Amo and Sneck 1977, McBride 
1983). Where conifers are absent, a rough approximation of tire 
historymaybederived byanalyzingscarsonmountain-mahoffanies. 
After cross sectioning, fine sanding, and careful growth-ring analy- 
sis, scars on old mountain-mahoganies can be interpreted to 
approximately date 1 or 2 of the most-recent fires, extending back 
perhaps 100 years. 

Caution is needed to identify scars caused by agents other than 
fire. Fire scars tend to occur on the upslope or leeward side of the 
stem and to be roughly triangular in shape with their base at the 
ground line (Arno and Sneck 1977, McBride 1983). A fire would 
normally scar several mountain-mahoganies in a stand, whose 
cross sections would have similar scar dates. The occurrence of 3 or 
more stems with well-formed basal scars dating to approximately 
the same year would be suggestive of an historic fire. Repeated 
small scars associated with continuing dieback along the edge of 
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the wound are probably not fire scars although the diebaclc process 
may have begun after a large fire wound was inflicted. 

Scars formed on mountain-mahoganies within the last 50 years 
can generally be confirmed as fire-inflicted by the presence of 
charcoal on the bole and by charred wood on the ground surface. 
Absence of charcoal associated with such relatively recent scars 
suggests that another agent was responsible. Fire control records 
may also aid these interpretations. Mountain-mahogany stems 
with fire scarsdating from the late 1800’s or early 1900’s cannot be 
expected to retain char evidence although some may be seen. 

The pattern of past fires identified at our study sites (Fig. 1) 
seems consistent with evidence from retakes of early landscape 
photographs (Gruel1 1983) and with analyses of the structure of 
mountain-mahogany stands (Gruell et al. 1985). These sources of 
information indicate that frequent wildfires prior to 1900 kept 
mountain-mahogany largely confined to extremely rocky sites 
where fuel was sparse. Absence of fire during the past century on 
many sites allowed the species to increase in abundance. However, 
mountain-mahogany is currently becoming decadent on many 
sites and seems unable to compete with associated conifers. Pres- 
cribed fire and/ or removal of conifers might induce regeneration 
of mountain-mahogany through seeding or improve the vigor and 
productivity of existing stands (Gruel1 et al. 1985). 
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POSITION ANNOUNCEMENT 
ASSISTANT PROFESSOR, RANGE MANAGEMENT 

The Department of Rangeland Resources at Oregon State 
University has a full time tenure position for a range scientist. 
This is a new position that will include teaching and research in 
the OSU program located at Eastern Oregon State College in 
LaGrande. Teaching will include general range management 
subjects and range animal nutrition and production. Research 
will focuson livestock grazing opportunities in eastern Oregon. 
Applicants must have a PhD degree in Rangeland Resources 
and be willing to work with an interdisciplinary team. Previous 
teaching experience is desirable. Rank will be at Assistant 
Professor and salary will be commensurate with qualifications. 
Submit letter of application, resume, complete transcripts and 
have 3 letters of recommendation sent before June 1,196 to: 
Dr. William C. Krueger, Head, Department of Rangeland 
Resources, Oregon State University, Corvallis, Oregon 97331. 
OSU is an Affirmative Action/Equal Opportunity Employer 
and compiles with Section 504 of the Rehabilitation Act of 
1973. 

UTAH STATE UNIVERSITY 
Plant population biologist. Tenure track, Assist. Prof., Depart- 
ment of Range Science, Utah State University. Beginning 
summer or fall, 1986. An earned doctorate, complete at the 
time of application, with emphasis on plant population biology 
is required. The person should have an experimental, field- 
oriented approach and a strong quantitative background. 
Postdoctoral experience and background in range science are 
desirable. The position is 60% research and 40% teaching (grad. 
and undergrad.). Jointly sponsored with the USU Ecology Cen- 
ter. Application deadline May 24,19B6, or until suitable appli- 
cant is found. 

Applicants should send resume, selected publications, and 
names of three individuals willing to send reference letters to 
Martyn M. Caldwell, Dept. Range Science, Utah State Univer- 

sity, Logan, Utah 84322-5230. 
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A Weather Severity Index on a Mule Deer Winter Range 
DONAVIN A. LECKENKY AND ARTHUR W. ADAMS 

Abstract 

Temperature, wind, and snow conditions predictably affect the 
nutrition, behavior, distribution, productivity, and mortality of 
free-ranging cattle and big game in winter. Indexing of data 
obtained with commonly available weather instruments to reflect 
episodes of positive and negative energy balances of free-ranging 
ruminants could aid scheduling of feeding programs and planning 
of cover-forage manipulations. Such a weather severity index was 
developed and tested over 11 winters. Plausible levels of stress and 
episodes of reiative severity were depicted during winters when 
mule deer exhibited low, moderate, and high mortality. The index 
curves mirrored over-winter deciines of fat reserves probably sus- 
tained by mule deer. Lesser weather severity was predicted and 
measured in a western juniper woodland than in an adjacent rab- 
bitbrush steppe community in southcentrnl Oregon. 

Review of literature on ruminant physiology, microclimate, hab- 
itat structure, and diet quality suggested that productivity and 
survival of free-ranging ruminants could be predicted from interre- 
lationships among those factors. Therefore, animal perform- 
ance would likely be improved by managers who provided domes- 
tic and wild ruminants with shelter, to moderate effects of weather, 
or with a readily digestible diet, to satisfy nutrient requirements 
(Brody 1956, Short et al. 1969, Silver et al. 1971, Verme and Ozoga 
1981, Robbins 1983). 

Specific physiological responses, feeding efficiencies, behavioral 
reactions, and distribution patterns of deer and cattle appear 
related to levels of temperature, wind, radiation, and snow (Wall- 
mo and Gill 1971, Holter et al. 1975, Subcommittee on Environ- 
mental Stress 1981, Finch et al. 1982). 

Nutrient balance, feed intake, heat production, and growth rate 
monitored under controlled conditions indicate domestic and wild 
ruminants utilize similar physiological strategies to endure adverse 
weather and yet remain productive (Moen 1968a, Nordan et al. 
1970, Robinette et al. 1973). 

Structural elements of vegetation predictably influence micro- 
climates to which free-ranging livestock and wildlife may be 
exposed. Geiger (1966) described how grasslands, shrublands, and 
forests created microclimates for animals. Reifsnyder and Lull 
(1965) developed models that predict temperature, radiation, and 
snow depth from independent variables such as tree height and 
crown closure. Gifford (1973) documented how radiation and wind 
speed changed when structures of pinyon-juniper (pinus spp. and 
Juniperus spp.) stands were altered by chainings. 

Indices of severity have been used to relate weather conditions to 
responses of free-ranging deer. Verme (1968, 1977) found distrib- 
tuions, growth, survival, and mortality were correlated with an 
index derived from the chilling rate of air and the depth and 
hardness of snow. Roper and Lipscomb (1973) and Picton (1979) 
associated winter severity and climate indices with losses of deer. 

Converting temperature, wind, and snow data to weather sever- 
ity indices may help develop management strategies to enhance 
feeding efficiencies and animal performance. We describe indices 
derived from temperature hours, wind speeds, and snow cover and 
depths measured on a range grazed by cattle in spring and fall and 
by mule deer (Odocoileus hemionus hemionus) in winter. The 
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index to weather severity is compared with observed stress on deer 
herds among 3 contrasting winters which reflect extremes of the 11 
we monitored. We also contrast weather indices from 1 winter with 
structural differences between a western juniper (Juniperus occi- 
dentalis) plant community and a rubber rabbitbrush (Chryso- 
thamnus nauseosus) plant community. 

Methods 

Three weather stations were monitored from 1967 to 1978. Sta- 
tions were established within plant communities where deer were 
systematically observed within the Silver Lake and Fort Rock 
management units in south-central Oregon. Station 1 was placed in 
a low sagebrush-antelope bitterbrush/ bearded bluebunch wheat- 
grass (Artemisia arbuscula - Purshia tridentata/Agropryon spica- 
turn) stand and monitored from 1967 to 1974. Station 2 was in a 
rubber rabbitbrush/ bottlebrush squirreltailcheatgrass brome (Chryso- 
thamnus nauseosus/Sitanion hystrix - Bromus tectorum) stand 
and was monitored from 1969 to 1978. In 1974, station 1 equip- 
ment was moved to location 3, a western juniper/ big sagebrush- 
rubber rabbitbrush/ Thurber needlegras&ottlebrush squirreltail (Jumper 
occidentalisJArtemisia tridentata-Chrysothamnus nauseous/Stipa 
thurberiana - Sitanion hystrix) stand and maintained for 1 winter. 

Total canopy closure of juniper and shrubs was interpreted for 
the delineated vegetation stands by stereoscopic viewing at 3-X 
magnification of 14000 scale, natural color, aerial photographs. 
Average vegetation height, canopy depth, and stem density were 
estimated within the stand strata at random locations previously 
selected on the aerial photographs. 

All stations were placed on south to southeast aspect slopes of 
O-IO% between 1,415 and 1,430 m elevation. Station 3 was <2% 
greater slope and <3 m higher elevation than Station 2, which was 
330 m distant. 

Each station consisted of a standard instrument shelter housing 
a thermograph and a maximum-minimum thermometer. Totaliz- 
ing anemometers were placed to measure weekly air flow at about 
the height of a standing deer, 1 m. Snow cover and depth were 
sampled on 2 permanent plots once a week at each station, 

Temperature, wind, and snow data were summarized every week 
from November through May. We counted the number of hours 
per week that air temperature was scribed in 7 Fahrenheit ranges 
on the thermograph chart. Total air movement was actually 
recorded to the nearest 0.1 mi and reported as 0.2 km once each 
week. Average wind speed was computed as total movement 
divided by hours between readings. Snow was estimated as the 
percent area of a lo-m2 plot that was covered and was measured to 
the nearest 0.1 in depth (reported as 0.2 cm) once per week. 

Weighting Factors 
Temperature, wind, and snow data were weighted to adjust their 

effects to a scale of relative stress on deer. Weights were estimated 
from the cited published relationships applicable to adult deer 
consuming submaintenance forages because energy balances were 
not examined on this range. Signs of weights were chosen to mimic 
animal energy balances; negative indices resulted during weather 
when energy loss was expected to exceed energy gain, and positive 
indices resulted when gain was expected to exceed loss. 

Index values were computed from air temperature and wind 
speed and then modified by measured snow depth and cover. A 
change in a weather element produced the following average 
change in its weighting: 1” C of temperature 0.16 units of weight, 1 
km/ hr wind 0.03 units, 1% snow cover 0.02 units, and 1 cm of snow 
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depth 0.03 units. Table 1. Weights applied to temperatore and wind data to 8pprOximSte 

their affect on maintenace energy rqoirements relative to minimal heat 
production of free-ranging ruminants 8t themul neutrality. Temperature Relationships 

Brody (1945), Holter et al. (1975), and Parker (1983) demon- 
strated that domestic ruminants, white-tailed deer (Odocoileus 
virginianus), and mule deer increased their heat production as 
ambient temperatures became either cold or warm. The range of 
temperatures where heat production was minimal was called the 
thermal neutral zone. We chose temperatures from 0” C to 4.4O C 
to approximate the reported lower critical temperature of the 
thermal neutral zone (Moen 1968b). Halter et al. (1975) demon- 
strated that heat production of white-tailed deer in winter coat also 
increased in laboratory environments warmer than 12” C; there- 
fore, we chose loo C as our upper critical temperature because 
free-ranging mule deer in winter coat panted and used shady cover 
at temperatures warmer than that. The weights for temperature 
ranges produced increasingly negative indices as temperature fell 
below the lower critical temperature. Positive indices were com- 
puted for temperatures within the thermal neutral zone. Negative 
indices resulted when temperatures rose above the upper critical 
temperature (Table 1). 

Wind Relationships 
We selected wind chill derived from the cooling power of air 

(Siple and Passe1 1945) as a first approximation for the effects of 
wind on energy losses of deer because the loss of energy to convec- 
tion and conduction from ruminants follows physical laws of heat 
flow (Blaxter 1962). We adapted published rates of energy losses of 
mammals exposed to various temperatures and winds to define 
relative weights of stress for those factors (Siple and Passe1 1945, 
Stevens and Moen 1970, Holter et al. 1975). Subsequent experi- 
ments have quantified the effect of wind on sensible energy 
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Temperature Range Weights 

“C Temperature Wind’ 

> 10.0 -1.0 to.6 
4.0 to 10.0 t2.0 -0.7 
0.0 to 3.9 t1.0 -0.8 

-6.6 to -0. I -1.0 -1.1 
-12.7 to -6.7 -2.0 -1.1 
-17.8 to -12.8 -3.0 -1.3 
C-17.8 -4.0 -1.6 

1 Weight for each 1.6 km/h of wind for that temperature range. 

exchanges between deer (Stevens and Moen 1970) and their envir- 
onments; their results suggest our approximations were reasonable. 

Stress from wind chill was estimated for all temperature ranges 
by the average decrease of effective temperature caused by a I .6- 
km per hour increase in wind speed. Unfavorable and beneficial 
effects from wind were shown by negative and positive signs, 
respectively (Table 1). 

Snow Cover and Depth Relationship 
Snow cover and depth modified how temperature and wind 

influenced energy balances. Some snow cover was considered 
beneficial because it compensated for reduced availability of free 
water. We assigned +0.25 as a weight, therefore, for snow of less 
than 50% cover. Increasing snow covered herbaceous forage and 
forced deer to browse more. Since deer may not maintain a positive 
energy balance while relying on browse we used a weight of -0.5 
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when snow was from 50% to 75%cover. Maximum negative effects 
were approximated by a weight of -1.0 for snow cover between 
75% and 100%. 

Increasing snow depth magnifies energy requirements and re- 
duces available forage. Our choice of weights caused negative 
effects of average depth to increase curvilinearly between 0.0 and 
30.5 cm. When a trace of snow was present a weight of +0.25 was 
used. Depths to 5.1 cm were weighted by -0.1. Snow depths from 
5.1-15.2 cm were weighted by -0.25, and those between 15.2 and 
30.5 cm with -0.5. For all depths of 30.5 cm and greater a constant 
weight of -1 .O was used because deer on this range avoided deeper 
snow by moving to lower elevation. 

Calculating Indices 
The weighted data were used to calculate indices to the influence 

of air temperature (TEMP), air movement (WIND), snow cover 
(COVER), and snow depth (DEPTH) on energy balances of deer. 
The sum of the four indices (INDEX) represented relative weather 
severity over the week. The cumulative sum (CUMDEX) of weekly 
severity indices represented winter severity up through the last data 
week (Table 2). 

Table 2. Calculations and defiitions used to index weatber data to relative 
energy balances of free-ranging ruminants on winter range. 

Weather data Index name Calculation Definitions 

Air Temperature TEMP 7 t is a temperature range 
over week H Wtht 

t=1 Wr is weight at 
temperature range t 

ht is hours in temper- 
ature range t 

Air movement WIND 7 V is average wind 
over week I VW,hJ-’ velocity in week 

t=1 
W, is weight for wind 
chill at temperature t 

Snow cover COVER w, fjTEMP+WIND()r W, is weight for snow 
for week cover range observed 
Snow depth DEPTH Wd (TEMP+WIND()i Wd is weight for snow 
for week depth range observed 
Weather severity INDEX TEMPi+WINDi+ i is the data week 
for week COVER+DEPTHi 
Winter severity CUMDEX n n is the number of 
to date Z INDEXi weeks in period 

i=l 

“jTEMP+WIND(” means the absolute value of sum of TEMP and WIND 

Results and Discussion 

Instruments commonly available to resource managers were 
used to collect weather data. Chillometers, compaction gauges 
(Verme 1968), and other specialized instruments are not as avail- 
able as thermometers, thermographs, anemometers and snow gauges. 
Our approach was similar to Verme’s (1968); that is, both were 
based on the concept of balancing forage energy availability 
against animal maintenance requirements. We differed from his 
approach primarily because our base data were from standard 
weather instruments instead of specialized equipment. 

Weather data are available that managers can use to test weather 
severity indices. Such data are reported, for example, by the 
National Oceanic and Atmospheric Administration (1983). Ana- 
lyses of published data may uncover reliable correlations of 
weather indices with feed efficiency and animal production crite- 
ria. Such findings could justify the maintenance of additional 
weather stations on sites of special interest. 

Unweighted weather data depicted the general severity of each 
winter. The relative and interactive effects of weather factors, the 

likely duration of existing conditions, and the cumulative stress 
within winters were unclear in raw data. Plots of temperature and 
snow data also tended to emphasize unusual but ephemeral condi- 
tions observed in severe as well as mild winters (Fig. 1). Summari- 
zations of these data tended to emphasize extreme, short-term 
situations, but mask long periods when deer appeared to be 
stressed by weather. 

Weighted temperature and wind data were the major factors of 
INDEX, while snow cover and depth data were adjusted on a scale 
relative to those major factors. We emphasized air temperature 
and wind speed because cattle and deer avoided stress from those 
elements primarily by using shelter. The animals did moderate 
stress from snow depth and cover by seeking shelter, but they 
avoided the extemes of those factors by moving to lower elevation. 
By such movements they could not escape maximum stress from 
temperature and wind, however. Thus INDEX helped us concen- 
trate on the value of cover and forage habitat components which 
could be managed instead of emphasizing elevational movements 
which would be much more difficult to control. 

Rates of energy losses for mammals traveling in snow were not 
available when we initiated this study. Our weights were set on a 
relative scale according to observed behavior of deer and cattle. 
later research by Parker et al. (1984) suggests that our crude model 
approximates relative energy costs deer experience while traveling 
in either powder or wet snow. Such costs increase curvilinearly 
with sinking depth. Our model is curvilinear, but it contains 
weights that predict nearly twice the relative increase in costs to 
deer as costs shown by Parker et al. (1984:482). For example, we 
increased stress weights 150% but Parker found energy costs for 
travel increased only 60% over depths of O-15 cm. Weights and 
costs increased about 4lOYeand 210%, respectively, over depths of 
O-30.5 cm. Much of the difference between relative increase from 
our model and those from measurements by Parker resulted 
because we allowed declining forage availability to influence the 
weights for snow cover and snow depth, in addition to travel costs. 

Variouscombinations of TEMP, WIND, DEPTH, and COVER 
produced similar INDEX values, but different management actions 
were suggested by specific combinations. For example: (1) when- 
ever measured snow exceeded 75% cover and 30.5 cm depth, the 
sum of COVER and DEPTH was at least twice that of TEMP + 
WIND, totally negative, and comprised 67% of INDEX; or (2) 
when snow measured 50-75% cover and 15-30.5 cm deep, COVER 
+ DEPTH at least equaled TEMP + WIND, was again negative, 
and comprised 50% of INDEX; but (3) when snow cover was less 
than 50% and only a trace of depth existed then COVER + DEPTH 
was half that of TEMP + WIND, was positive, and comprised only 
33% of INDEX. If COVER and DEPTH comprised most of the 
INDEX in late winter then supplemental feeding could be a justifi- 
able management action because of the probable period when 
forage would be covered and unavailable (example 1). During such 
conditions, mixed diets of forbs, grasses, and browse were unavail- 
able and supplemental feeding was required for animals to mainain 
body weight. Conversely, frequent stress comprised primarily of 
TEMP and WIND (example 3), therefore unlikely to persist 
through early spring, probably would not warrant a supplemental 
feeding program but could justify a cover enhancement objective. 

Of the 11 winters, 3 sequentially depicted conditions when deer 
exhibited high (1968-69), low (1969-70), and moderate (1970-71) 
symptoms of stress. Patterns of indices over those winters depicted 
duration and intensity of stress more clearly than did the raw data 
(Fig. 1, Fig. 2). The INDEX patterns for the 3 winters portray 
plausible levels and episodes of relative severity (Fig. 2). Because of 
our choice of weighting factors, the area below zero INDEX and 
enclosed by each curve should have been proportionate to the time 
deer were in negative energy balance. It should indicate relative 
rates of loss of carcass fat over that winter. Such losses were 
reported from Colorado by Anderson et al. (1972). INDEX might 
be calibrated with changes in physical condition such as those 
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Fig. 2. Weather severity INDEX patterns over winters when mule deer 
heA exhibited symptoms of high (1968-69). low (1969-70). and moder- 
ate (1970-71) stress in southcentral Oregon. 

measured by Verme (1977) and Kistner et al. (1980). Calibrated 
indices could be used to predict management needs before critical 
losses of body condition occur and to substitute for periodic sam- 
pling of carcass fat. 

CUMDEX at any date portrayed stress accumulated since the 
beginning of winter. Levels through May assessed relative severity 
among winters. CUMDEX levels were related to percent fawn 
survival over winter (r=O.95,p<O.O5) among the illustrated years 
(Fig. 2). A 56% fawn survival (average of samples from the Silver 
Lake and Fort Rock management units) occurred with a -5798 
CUMDEX in spring 1969,80% survival with -1873 in 1970, and 
70% survival with -4634 in 1971. The predictive equation based on 
those 3 winters was (&fawn survival q  0.0057 CUMDEX + 92% 
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Fig. 3. Canopy closure, canopy depth, and stand height of a juniper 
community were greater than in an adjacent rabbitbrush stand. Juniper 
structure was associated with less-negative weather severity indices and 
more positive dtflerences in INDEX values than in the shrub community. 

with a standard-error-of-estimate of 5.5% and 1 degree of freedom. 
This model estimated fawn survival on the average within -1.6% 
units of the observed survival over the 11 winters. The extreme 
underestimate of 18% units occurred in 1968 and the extreme 
overestimate of 24% units in 1974. 

The CUMDEX values in 1969 and in 1978 delineated extremes 
of severe and mild winters witnessed during 11 years on this range. 
Managers reported the winter ending in 1969 (CUMDEX -5798) 
was the most severe in 20 years, and losses of deer were greater than 
normal in central and southeastern Oregon (Oregon State Game 
Commission 1969). They observed the winter ending in 1978 
(CUMDEX -1072) was mild and wet in central and southeastern 
Oregon and no deer losses were reported (Oregon Department of 
Fish and Wildlife 1978). 

Hypothesized effects of vegetation structure on weather severity 
were tested by comparing indices from a western juniper plant 
community with those from a rubber rabbitbrush plant commun- 
ity. Reifsnyder and Lull (1965) and Geiger (1966) reported modera- 
tion of temperature, radiation, wind, and snow was correlated with 
increasing canopy closure, canopy depth, stand height, and stem 
density. The structure of the juniper community we sampled was as 
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follows: canopy closure 30%, canopy depth 3.0 m, stand height 4.5 
m, and density 33 stems/ ha. Comparable measures in the rabbit- 
brush community were: canopy closure 2%, canopy depth 0.6 m, 
stand height 0.8 m, and density 6,000 stems/ ha. 

Because of its greater structural shelter, we anticipated less 
negative indices in the juniper community. WIND, COVER, and 
DEPTH were less severe in the juniper than in the rabbitbrush 
community at least 70% of the winter. TEMP was less severe in the 
juniper community only 47% of the winter. Fluctuations were 
generally less extreme at the juniper station than at the rabbitbrush 
station. INDEX computed from weather in the juniper community 
was less negative than in the rabbitbrush community 87% of the 
winter (Fig. 3), although the stations were only 330 m apart. 
INDEX averaged 39 units (SE+8) less severe in the juniper than in 
the rabbitbrush (Fig. 3). It was 14 units less severe during the 
mildest period, 11 November, and 95.8 units milder during the 
most severe episode, 30 December. The largest difference between 
INDEX values occurred, 13 January, when weather in the juniper 
community was 166 units less severe than in the rabbitbrush com- 
munity. CUMDEX from the juniper (-1377) was half as severe as 
from the rabbitbrush (-2538) that winter. The milder patterns and 
less-negative indices we observed were consistent with the greater 
canopy closure, canopy depth, and stand height of the juniper 
community. 

Mule deer occupied juniper communities primarily when weather 
stress seemed severe, INDEX values exceeding -100. This use 
occurred even though there was a high browseline on most juniper, 
understory shrubs were decadent, and grasses were scarce. Many 
juniper stands were older, taller, and more closed than where we 
recorded weather data. Deer used older juniper communities 
intensively during episodes of weather stress (Leckenby 1978). 
Severity should have been proportionately less in older stands of 
thermal cover because their structure would have moderated 
weather even more than in the younger juniper stand we sampled. 

Conclusions 
An index to winter severity increased our awareness of habitat 

needs of free-ranging ruminants. Our severity indices suggested 
when and where conditions became most stressful. In that sense, 
indices could aid short-term planning for supplemental winter 
feeding programs. The indices could also help to quantify the 
shelter value of thermal cover and to justify long-term cover man- 
agement objectives where supplemental feeding is not an accept- 
able option. 

Range managers in the Intermountain West might find weather 
indices helpful when they assess the performance of free-ranging 
domestic and wild ruminants. Relative stress depicted by index 
values should be comparable between years and geographic areas 
provided the weather stations are located in similar habitats and 
occur within an area of uniform weather patterns. Refined inter- 
pretation of animal behavior, distribution, feed efficiency, and 
production may be possible from indices of temperature, wind, and 
snow conditions over winter. Spatial distributions of weather sev- 
erity indices could suggest areas where cover and forage manage- 
ment strategies would likely improve livestock and wildlife pro- 
duction. 
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Population Recovery of Black-tailed Prairie Dogs Following 
Co&r01 with Zinc Phosphide 
CRAIG J. KNOWLES 

Abstract 
This study evrlluted the efficacy of 2% zinc phosphide grain bait 

as a control agent for black-tailed prairie dogs (Cynomysludovici- 
gnus) and the rate at which prairie dogs returned to treated areas. 
Visual counts of prairie dogs closely corresponded to actual popu- 
lation trends and were chosen as the technique to evaluate changes 
of prairie dog numbers. Treatment of al1 of 2, and portions of 5, 
prairie dog colonies with zinc phosphide grain bait between 30 July 
and 25 August 1978 resulted in an average of 85% (range 65 to 95%) 
reduction in prairie dog numbers. Rest results were obtained in the 
2 colonies treated totally. The 2 colonies treated along the perime- 
ter had the lowest percentage decrease in numbers of prairie dogs 
and were among the treatment types with the fastest population 
recovery. Prairie dogs returned to pretreatment levels within 1 year 
posttreatment at 1 colony. After 2 years posttreatment, 3 other 
colonies were approaching pretreatment population levels. Three 
to 5 years posttreatment appeared to be needed to obtain pretreat- 
ment numbers in the 2 colonies treated totally. 

Control of black-tailed prairie dogs (Cynomys ludovicianus) is 
often considered economically feasible because it is thought to 
provide more forage to livestock. Marsh (1967) considered a 90% 
reduction in rodent populations necessary to achieve satisfactory 
relief from economic damage. In general, studies have found grain 
baits treated with strychnine or zinc phosphide to be effective at 
reducing prairie dog numbers to levels considered efficacious (Tiet- 
jen 1976, Sullins 1977,1980a,b, Tietjenand Matschke 1982). There 
is little information available, however, to indicate how rapidly 
prairie dogs return to treated areas following substantial popula- 
tion reductions. Deer mice (Peromyscus maniculatus) invaded 
treated areas so rapidly as to negate any economic benefits of 
control (Gashwiler 1969, Pank and Matschke 1972, Sullivan 1979). 
The rate of population recovery following control with toxicants is 
important in the assessment of the cost/ benefit ratio of such pro- 
jects (Collins et al. 1984). The purpose of this study was to evaluate 
the efficacy of zinc phosphide grain bait as a control agent for 
black-tailed prairie dogs and to determine the rate of population 
recovery in treated areas. 

Study Area and Methods 
This study was conducted on the Charles M. Russell National 

Wildlife Refuge in northeastern Montana from 1978 to 1980. Brief 
visits to the study area were made in July 1983 and April 1985. The 
Refuge was typified by rough, broken country interspersed with 
rolling prairie. Prairie dog colonies on the Refuge were restricted 
to the shrub-grassland and grassland habitats located on broad 
level ridge tops or on bottomlands of the major drainages. The 
management goal of the Refuge for prairie dogs at the time was to 
control the size of certain prairie dog colonies but not to extermi- 
nate them. 

Seven prairie dog colonies at the western end of the Refuge north 
of the Missouri River were selected for experimental control with 
zinc phosphide bait. In 1978, I applied 2% zinc phosphide grain 
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bait at the 7 colonies following EPA label instructions (Tietjen 
1976). A heaping teaspoon of steam-rolled oats (prebait) was 
placed as a 15-cm bait spot at the burrow opening of each mound in 
the section of the colony slated to be poisoned. This procedure was 
repeated 48 hours later with the treated grain bait. Four treatment 
patterns were used: (1) total reduction; in 2 colonies, bait was 
distributed throughout the entire colony; (2) perimeter reduction; 
perimeters of 2 colonies were treated with bait; (3) center reduc- 
tion; bait was placed in the central areas of 2 colonies; and (4) split 
reduction; in 1 large colony (307 ha); bait was distributed in 2 
broad bands (300 m wide) through the colony to split it into 3 
sections. All 7 colonies were treated between 30 July and 25 August 
1978. Treated areas ranged from 5 to 33 ha; representing 11 to 
100% of the colony area being treated. Each treated colony was 
searched between 24 and 48 hours posttreatment for prairie dogs 
dying above ground. 

Visual counts of prairie dogs were chosen as the method to assess 
the immediate population consequences of poisoning and follow 
population recovery. Prairie dogs were counted in a specified area 
5 times at 15-minute intervals on each of 3 different morning or 
evening activity periods. The largest of the 15 counts was then 
selected as the number that most closely approximated the actual 
number of prairie dogs in the count area. Accuracy of this census 
method was evaluated by live-trapping and marking (black fur dye 
and toe clipping) prairie dogs in 2 other colonies. During any 
trapping period nearly all prairie dogs were trapped and marked, 
making total enumeration possible. In colony A (3 ha), prairie dogs 
were trapped and marked throughout the colony while in colony B 
(16.4 ha) prairie dogs were studied only in a 2.5-ha area of the 
colony. Immediately following completion of each trapping and 
marking period, visual counts were made in each colony (study 
area only in colony B) according to the above procedures. In 
colony A, census evaluations were conducted in 1978 August, 1979 
June and October, and 1980 July; while in colony B, the survey 
periods were 1978 July and August; 1979, May, July, and October; 
and 1980 July. 

Visual counts of prairie dogs were made within staked areas (2-8 
ha) of the treated and untreated portion of each colony receiving 
partial reduction. In these colonies, the count areas were located 
30-60 m within a treated or untreated area. For the 2 colonies 
receiving the total reduction treatment, visual counts were made 
throughout the entire colony. Colony B was selected to serve as a 
control for these 2 colonies. Counts were conducted at all colonies 
immediately pre- and posttreatment 1978, and again in 1979 
August, and 1980 July. In addition, visual counts were made in 
1979 May at all colonies receiving total and perimeter reductions 
and at 1 colony receiving center reduction. Percentage reduction in 
prairie dog numbers was determined using the following formula. 

( 

post treatment number in posttreatment number in 

R=I- treated area control area 
i 

pretreatment number in pretreatment number in > 
x 100 

treated area control area 

Results 
Visual counts of prairie dogs at colonies A and B were highly 

correlated with actual population trends in the census areas 
(r.=0.986 and 0.943 colony A and B, respectively, 60.05, Spear- 
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man rank correlation coefficient). An average of 86 f SE 8% 
(range 67 - 96%) of the animals present were observed using the 
maximum count. Following the application of the zinc phosphide 
grain bait at the 7 colonies, reduction in maximum counts relative 
to the controls averaged 85 + SE 10% (range 65 - 95%) (Table 1). 
Poorest resu_lts were obtained in the 2 colonies receiving perimeter 
reduction (X = 74%) while the best results were obtained in the 2 
colonies receiving the total reduction treatment @95%). Density 
of prairie dogs dying above ground ranged from 0.21 ha to 1.7/ha 
and was correlated with density of prairie dogs in the treated area 
(Table 1) (r.=O.679, p=O.O5, Spearman rank correlation coeffi- 
cient). Using these density estimates, an average of 12% (range 
5-19%) of the prairie dogs died above ground. At least 7 of the 67 
prairie dogs dying above ground were scavenged (avian and mam- 
malian predators) 24 to 48 hours after poison application. 

Table 1. Population reduction et seven prairie dog colonies following 
treatment with 2% zinc pboepbide grain bait. Percentage of colony 
treated in pamlthesis. 

Treatment Hectares 
pattern treated 

Total 13.6(100) 
Total 6.4(100) 
Perimeter 10.0(59) 

Density (dogs/ha) 
Live pre- Dead above 

treatment’ ground 

13.0 0.7 
9.1 1.7 

14.6 1.2 
Perimeter 
Center 
Center 
Split 

8.9(41j 4.2 0.7 
17.2117) 5.4 0.9 
5.0(29j 13.1 1.6 

32.9( 11) 2.8 0.2 

Percentage 
reduction 

95 
95 
65 
83 
89 
86 
84 

‘Estimate based on maximum count divided by census area. 

Recolonization of treated areas varied greatly within and among 
treatment types (Table 2). One colony receiving perimeter reduc- 
tion obtained pretreatment numbers within 1 year posttreatment. 
After 2 years posttreatment, the other perimeter reduction, the 

Table 2. Popuhtion recovery of prairie dogs following control with 2% 
xine plmphide grain beit. Figures 8re expressed es 8 percentage of the 
pretrutmenl populetion relative to the control. 

Pre- 
Treatment treatment Posttreatment 
pattern July 78 Aug. 78 May 79 Aug. 79 July 80 July 83 

Total 100 5 10 13 32 96’ 
Total 100 5 14 12 58 138’ 
Perimeter 100 35 38 46 77 
Perimeter 100 17 52 119 123 
Center 100 11 22 23 25 
Center 100 14 62 72 
Split 100 16 56 97 

‘Figure is a percentage of the original pretreatment population in treated colony. The 
controlcolony suffered a severe populationdecline in 1982 asa result of other studies. 

split reduction, and 1 center reduction colony were approaching 
pretreatment population levels. At least 1 and possibly 2 or more 
additional years appeared necessary for the 2 colonies receiving 
total reduction and the other center reduction colony to obtain 
pretreatment population levels. The average yearly per capita 
growth rate (Nc = NB~, Southwood 1978: 370) for the 2 colonies 
receiving the total reduction treatment was r = 0.916, 1.069, and 
0.350 for 1978 to 1979,1979 to 1980, and 1980 to 1983, respectively. 
The average yearly pepcapita growth rate for the 5 colonies receiv- 
ing partial reduction treatments was I= 1.339 for 1978 to 1979 and 
0.148 for 1979 to 1980. Counts made in May 1979 prior to emer- 
gence of pups indicated that there was an increase of prairie dogs in 
all treatment types inventoried. Immigration of prairie dogs into 
treated areas appeared to be the cause for this in the colonies 
receiving partial reductions. The increase in the colonies receiving 

total reduction appeared to be an artifact of greater over-winter 
survival of prairie dogs in the treated colonies as compared to the 
control colony since maximum counts changed little from 1978 
August to 1979 May in the treated colonies. 

Discussion 
The levels of control that I obtained with zinc phosphide poison 

were comparable to those obtained by Tietjen (1976), Sullins 
(1977, 1980 a,b), and Tietjen and Matschke (1982) using zinc 
phosphide grain bait on prairie dogs. This was despite record 
precipitation (57.1 cm, water year) in 1978 resulting in above- 
normal herbage production which is generally considered to 
reduce bait acceptance among grounddwelling sciurids (Sullins 
and Verts 1978, Matschke et al. 1982). The greater reductions 
obtained at the 2 colonies with total reduction when compared to 
colonies with partial reductions suggest that the 30-60-m buffer 
zone between count areas and treatment boundaries did not com- 
pletely prevent one treatment from influencing the other. The net 
effect of this experimental error would be to bias the results such 
that percentage reductions appeared lower than they actually were. 
Matschke et al. (1982) reported similar problems with a buffer strip 
of 30.5 m with Richardson’s ground squirrel (Spermophilus 
richardsonii). 

Despite substantial reductions in numbers, prairie dogs appeared 
capable of reaching pretreatment population levels in as few as 1 to 
2 years where sizeable portions of the colonies were not treated. 
Even where the entire colonies were treated and population reduc- 
tion was 95%, pretreatment populations appeared to be attained 
from 3 to 5 years posttreatment. Malloy (1981) found that Colum- 
bian ground squirrels (S. columbianus) totally extirpated from an 
area with 1080 grain bait were able to attain 20% of their pretreat- 
ment population within 1 year. Matschke et al. (1982) found 
Richardson’s ground squirrel populations in areas treated with 
zinc phosphide attained approximately 52 and 70% of their pre- 
treatment levels relative to controls within 1 year in 2 studies. Both 
authors attributed this increase in the treated areas largely to 
immigration. The more rapid recolonization in the perimeter 
reduction treatment as opposed to the other treatment types in my 
study was probably related to the normal dispersal of prairie dogs 
from the center of the colony toward the perimeter (Garrett 1982). 

I mapped all 7 of the treated colonies again in April 1985 and 
found that they were at or slightly larger than their original size in 
1978. Topography and vegetation appeared more important in 
influencing the size of the colonies than did any specific treatment. 
Although baiting the center of the colony appeared to have longer 
lasting population consequences than perimeter control, it did not 
serve to keep either colony from expanding even during the first 
year posttreatment. If control of the size of a prairie dog colony is a 
management goal and toxicants are selected as the control method, 
total reduction appears to be the treatment that will most likely 
limit the growth of a colony on a short-term basis. 

Merriam (1966) demonstrated that under the most favorable 
conditions r,,, (maximum intrinsic rate of increase) could barely 
exceed 1 .O for black-tailed prairie dogs. The initial rates of increase 
for prairie dogs in the colonies receiving total reduction, where 
immigration could be largely discounted as a source of new prairie 
dogs, were very close to this estimate. In contrast, using survivor- 
ship data from colony B from 1978 to 1980 and in-uteral reproduc- 
tive information from 148 female prairie dogs collected in 6 other 
prairie dog colonies during the same period (Knowles 1982) I 
estimated the maximum per capita growth rate for prairie dogs in 
this area to be 0.412. This information suggests that prairie dogs 
remaining after substantial population reduction by rodenticides 
have increased survival and/ or reproductive rates. 
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Effects of Brush Control and Game-bird Management on 
Nongame Birds 
BRADLEY J. GRUVER AND FRED S. GUTHERY 

AbShCt 

We observed the responses of noagame birds to brush suppres- 
sion and habitat management for game birds in the Roiiing Plains 
of Texas during 1981-1983. Data from iine transects were used to 
describe density, species diversity, spceiea richness, and quitabii- 
ity. We observed no difference in these variables between untreated 
sites and sites iate sprayed with herbicides in 1969. The density of 
northern mockingbiids (M~uspo&glottos) was lower on treated 
than untreated areas, but no other species were affected. Habitat 
management to favor mourning doves (Zen&ix macroura) and 
bobwhites (Colinus vir@n.ianus) wm associated with a 54% 
increase in combined density of nongame birds and a reduction in 
equitability. Species diversity and species richness were similar on 
managed and unmanaged sites. On our study area, paat herbicide 
treatment of mesquite (Prosopis &ndulosa) and habitat manage- 
ment for game birds were compatible with nongame birds. 

Knowledge of the response of nongame bird populations to land 
use is important because of current emphasis on multiple-use 
decisions (Buttery and Shields 1975, Crawford 1976). On range- 
land nongame birds also are ecologically important because of 
their role in energy flow, nutrient turnover, and pest control 
(Weins and Dyer 1975). 

In the Rolling Plains of Texas, mesquite suppression is widely 
practiced to increase forage production for livestock (Dahl et al. 
1978). Further, habitats are commonly managed for bobwhites 
and mourning doves because of their economic and recreational 
importance. However, effects of these practices on nongame birds 

Authors are nongame biologist, Florida Game and Fresh Water Fish Commission, 
Tallahassee 32301; and associate research scientist, Caesar Kleberg Wildlife Research 
Institute, Texas A&I University, Kingsville 78363. At the time of the research, Grover 
was a research assistant and Gutherv an associate orofessor. Deoartment of Ranae 
and Wildlife Management, Texas Teih University.’ 

. 
Research was funded by the Noxious Brush and Weed Control Program! Texas 

Tech University, and the Caesar Kleberg Foundation for Wildlife Conservation. 
This is manuscript no. T-9406, College of Agricultural Sciences, Texas Tech 

University. 
Manuscript accepted 29 August 1986. 

JOURNAL OF RANGE MANAGEMENT 39(3), May 1986 

are poorly understood. Consequently, we described responses of 
nongame-bird populations to brush suppression and game-bird 
management in northwest Texas. 

Study Area and Methods 

The study was conducted on the 64,600-ha Pitchford Ranch in 
Dickens and King counties, Texas, from June 1981 to July 1983. 
The area had a midlatitude semiarid climate with dry winters and 
summers and low humidity. Mean annual temperature is 16.7O C 
and mean annual precipitation is 52 cm (Orton 1970). 

Two study sites were established in an area that had been treated 
with herbicides, and 2 in an untreated area. One study site in each 
brush treatment was managed to favor game birds, resulting in 4 
distinct sites: treated-managed (TM, 45.3 ha), treated-unmanaged 
(TU, 55.0 ha), untreated-managed (UM, 76.2 ha), and untreated- 
unmanaged (VU, 60.4 ha). 

The treated area was sprayed with 2,4,5-T (2,4,5-trichlorophenoxy 
acetic acid) by truck sprayer in May and June 1969. Previously, the 
area had been aerially sprayed with 2,4,5-T in June 1964 and 
2,4,5-T + Silvex in May and June 1954. Dead brush stems were left 
standing (Fig. 1). Herbicide treatment had no effect on the density 
of brush stems, but reduced the proportion alive from 88% to 9% 
(Gruver 1984). 

Game-bird management included annual discing of strips 6 to 10 
m wide and about 600 m long such that 8% of each managed site 
was disturbed, constructing brush shelters (I/ 1.8 ha on the TM 
site, l/ 1.5 ha on the UM site), and establishing supplemental 
feeders at l/25 ha on both managed areas. A 2: 1: 1 mixture of 20% 
protein laying ration, corn, and sorghum was fed from December 
1981 to July 1983. 

Four linear transects were established on each study site to 
estimate the density of nongame birds. Transects were parallel and 
spaced about 120 m apart, except in the UM site were 2 lines were 
240 m apart and divided to form 4 transects. Sets of 4 transects 
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totaled about 1.8, 3.3, 3.3, and 3.5 km on the TM, TU, UM, and 
UUsites, respectively. Countingtookplaceduring October, Janu- 
ary, April, and July of 1981-1982 and 1982-1983. Each transect 
was walked twice in the morning and twice in the evening during a 
sampling month, thus creating 4 sampling periods. Sampling was 
conducted during the tint and last 3 hours of daylight. 

Birds were identified to species and the 10-m band parallel to the 
transect in which they occurred was recorded. The computer pro- 
gram TRANSECT (Burnham et al. 1980) was used to calculate 
effective strip width. Data were pooled across seasons, study sites, 
and sampling periods in the calculation of strip width. Combined 
density of nongame birds, density of selected species and groups, 
species diversity (MacArthur and MacArthur l961), species rich- 
ness, and equitability (Tramer 1969) were calculated for each year 
X season X study site X sampling period combination. Because 
there was only I df for brush-control and management effects, it 
was pointless to conduct analysis of variance. Therefore, we pres- 
ent descriptive statistics. 

Results 

A total of I,1 I7 nongame birds was observed in 873 flushes 
during the walking of l,523.2 km of transect. Thirty-eight species 
of nongame birds were observed. 

Brush treatment had no effect on nongame-bird diversity, spe- 
cies richness, equitability(Table I), or combined density(Table 2). 
However, treatment reduced densities of northern mockingbirds 
(Table 2). As a group, grassland sparrows appeared more abund- 
ant in the treated than untreated area. This group included Cassin’s 
(Aimophila cassinii), clay-colored (Spizella pallida), field (S. 
pusilla), grasshopper (Ammodramus savannarum), and vesper 
(Pooecetes gramineur) sparrows. 

Game-bird management had no effect on species diversity or 
species richness of nongame birds but was associated with an 8% 
decline in equitability (Table I) and an increase in combined den- 
sity (Table 2). Northern mockingbirds, grassland sparrows, and 
brushland sparrows appeared more abundant on managed than 
unmanaged sites (Table 2). The group of brushland sparrows 
included black-throated (Amphispiza bilineata), lark (Chondesres 
grammocus), and white-crowned (Zonofrichia leucophrys) spar- 
rows. A combined group of other uncommon species which indi- 

Table 1. Mc8npapu~tion8Rribufls,pooled over2ye*n,4seasons,and4 
sampling periods, for nongmne birds on sites treated and not trnted lor 
brush suppression and managed and not manabed lor game birds, 
Dickens County, Te... 19*1-,983. 

Attribute 
Treated Untreated 

Manwed ““lll2.“aY& Manascd ““manaeed 

Diversity l.oil I.0 I.1 1.0 
Species richness 3.4 3.5 3.6 3.6 
Equitability 0.83 0.90 0.85 0.91 

Table 2. Mean densities (N/40 ha) of selected species and mooups of non- 
game birds, pooled over 2 yearn, 4 seasons, and 4 sampling periods, on 
sites treated and not treated for brush suppression and managed and not 
maw&d for game birds, Dickens County, Tcx., l%U-L98.3. 

Treated Untreated 
Species or group Managed Unmanaged Managed Unmanaged 

All birds 78.9 49.9 57.1 43.1 
Grassland sparrows 32.4 10.1 18.4 11.5 
Brushland sparrows 14.8 5.9 5.7 3.3 
Western meadowlark 
(.VumeNa neglee,o, 8.4 12.6 15.5 12.6 

Northern mockingbird 
(Mimuspolyglorms, 6.0 1.7 5.2 3.8 

Scissor-tailed flycatcher 
(Ml4&“0m/0@~0,,7, 4.6 4.6 3.8 5.7 

Golden-fronted 
woodpecker 
(M&merpes a”+Vo”s) 1.5 1s 0.7 2.2 

Other species 11.0 8.6 8.0 4.0 

vidually accounted for less than 4% of observations was also more 
abundant on managed areas. Golden-fronted woodpeckers (Me/o- 
nerpes aurifrons). conversely, were more abundant on unmanaged 
than managed sites. 

Discussion 

Although immediate effects of herbicide treatment to suppress 
mesquite could not be determined, conditions 12-13 years post- 
treatment had little influence on the nongame bird population of 
our study area. This probably resulted because the avifauna con- 
sisted largely of species that foraged and nested in grass or low- 
brush habitats. These were also accessible to mobile nongame 
birds. Further, treated and untreated areas were structurally sim- 
ilar in density of brush stems; total coverage by forbs, grasses, and 
bare ground; and profile of herbaceous vegetation (Gruver 1984). 
Although vegetation composition may affect bird populations 
(Rice et al. 1984), structure is also important (James 1971, Whit- 
more 1975). 

Northern mockingbirds were the only species with reduced 
numbers on the treated area. These birds may have been more 
abundant on the untreated than treated area because a greater 
number of large (>5 m) trees was available on the untreated area. 
Larger trees were used as song posts by mockingbirds during late 
winter through summer. 

Combined density of nongame birds averaged 54% higher in 
sites managed for game birds than in unmanaged sites. The 
increase was due to increase in the density of several species rather 
than I or 2 species, including primarily grassland sparrows 
(defined earlier) and a group of uncommon birds that individually 
accounted for less than 4% of all observations. These birds, mostly 
granivores, may have responded to the increased availability of 
seed-producing forbs on the disced strips of managed sites (Gruver 
1984). Nongame birds, particularly sparrows, also used supple- 
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Equitability appeared higher on unmanaged than managed sites. 

This occurred mainly because we observed a higher proportion of 
grassland sparrows on the managed site. This group accounted for 
37% of managed-site observations, but only 24% of unmanaged- 
site observations. 
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quite control with 2,4,5-T enhance grass production? J. Range Manage. 
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Golden-fronted woodpeckers were the only species significantly 
less abundant in managed than unmanaged areas. Many of these 
birds were often seen in a small part of the UU site that had a higher 
density of large mesquite trees than were available in the surround- 
ing area. Transects on other sites did not intersect similar habitat. 

Our results suggest that in northwest Texas nongame bird popu- 
lations are not affected by herbicide treatments of brush after 12 to 
13 years have elapsed where dead mesquite stems were left standing 
(Fig. 1). Our findings support the conclusion of Webb and Guthery 
(1983) that habitat management to favor game birds in this region 
appears compatible with nongame birds. 
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Effects of Cattle Grazing 
Riparian Habitat 
DANIEL M. TAYLOR 

Abstract 

Nine transects, in areas with different histories of cattle grazing, 
were established along the Blitzen River in Oregon. Counts of birds 
and measurements of vegetation were made in the summers of 1981 
snd 1982. Increased frequency of grazing on an annual basis corre- 
lated significantly with decreases in bird abundance, shrub volume, 
and shrub heights. The longer the thne since a transect was last 
grazed correlated significantiy with incresses in bird abundance, 
shrub volume, and shrub heights. Bird abundance increased signif- 
icantly with increased shrub volume and taller shrub heights. Bird 
species richness decreased with increased grazing. Bird counts were 
5 to 7 times higher on an area ungrazed since 1940 than on 2 areas 
grazed snnually until 1980, and 11 to 13 times higher than on a 
transect severely disturbed by extensive grazing and dredging 
activities. Disturbances from camper activities also appeared to 
reduce bird popuistions. 

Riparian habitat is characterized by the presence of vegetation 
that requires free or unbound water, or conditions more moist than 
normal (Franklin and Dyrness 1973). It occupies a small percen- 
tage of land in western North America, but is disproportionately 
important to wildlife in general, and birds in particular (Pase and 
Layer 1977, Thomas et al. 1979, Szaro 1980). In arid areas of 
southern Arizona, southern New Mexico, and west Texas, of 166 
breeding bird species studied, 77% were partially dependent and 
51% completely dependent on this habitat (Johnson et al. 1977). 
Carothers and Johnson (1975) recorded 1,059 pairs of breeding 
birds on a 40.5-hectare plot in tall riparian cottonwoods (Populus 
sp.) in Arizona, which is the highest known density of noncolonial 
birds in North America (Davis 1977). 

Because of the importance of riparian habitats to both bird 
population densities and species diversity, factors influencing these 
habitats and the bird communities they support need to be under- 
stood and proper management practices implemented to ensure 
their protection. The main objectives of this study were to deter- 
mine effects of cattle grazing and associated disturbances on popu- 
lations of passerine birds nesting in willow riparian habitat. The 
influences of dredging and camper activities were studied to a lesser 
extent. 

Study Areas and Methods 

Malheur National Wildlife Refuge (MNWR) covers 73,200 hec- 
tares in Harney County, southeast Oregon. The north end of the 
refuge encompasses Malheur Lake, a marsh of about 60,000 acres. 
The rest of MNWR consists primarily of numerous fenced and 
irrigated wet meadows and fields. There are shrubby stringers of 
willow (S&x exigua and other spp.) along various waterways 
including the Blitzen River, which historically was straightened 
and diked for the 50 km it runs through the refuge. MNWR lies at 
the northern edge of the Great Basin Province. Weather is charac- 
terized by cold winters, moderate summers, and low precipitation. 
In Burns, Oregon, 97 km north, the July average temperature is 19” 
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on Passerine Birds Nesting in 

C, the average January temperature is -3” C, and annual precipita- 
tion is 30 cm (Ferguson and Ferguson 1978). 

In the late 1930’s the number of cattle on MNWR was low, 
averaging around 40,000 Animal Unit Months (AUMs) annually. 
AUMs were increased on the refuge beginning with World War II, 
and by 1951 had reach&l01,000. Heavy cattle use continued and 
averaged 118,000 AUMs annually over a 9-year period beginning 
in 1964. Cattle grazing, or to a lesser extent haying, occurred on 
virtually every hectare available during this period (Management 
Briefing Statement, MNWR, unpub. report 1976). Refuge person- 
nel also removed some willows with herbicides and by manual 
cutting to increase the amount of grass available for cattle (Steve 
Thompson, MNWR, 1981, pers. comm.). After a peak of 126,000 
AUMs in 1973, cattle use began declining steadily and had dropped 
to 31,515 AUMs by 1982 (MNWR, 1982, unpub. data). Many 
fields were placed in rest-rotation grazing systems, were hayed 
only, or were left undisturbed. 

From late May to early July in 1981 and 1982 I collected data 
from 9 areas along the Blitzen River near the south end of MNWR. 
The elevation ranged from 1,280 to 1,300 meters. The grazing 
histories of these areas are given in Table I. 

Table 1. Histories of nine tranmd on the Blitzen River io Oregon. 

Area 

1 

Transect 
Length (m) History 

1550 Extensive annual cattle use through 1974/75. 
Winter grazed in 1976/77,80/81, and 81/82. 
Hayed only in 1977. Dredging activities in 
1978 and 1979. 

2 1550 Extensive annual cattle use through 1977/78. 

1150 

1550 

1550 
585 

Winter grazed in 198 1 / 82. 
Extensive cattle use through 1974/ 75. In 
non-use since except for 1979/80 season be 
ginning 15 July. 

Extensive annual cattle use through 1974/75. 
In non-use since except for winter grazing in 
197611977. 
Fenced and undisturbed since 1940. 
Extensive cattle use until 1970, then fenced 
off. 

585 

585 

585 

Part of an active campground. 
Extensive cattle use until 1970, then fenced 
off. 
Extensive cattle use until 1980, then fenced 
off. 
Extensive cattle use until 1980, then fenced 
off. 

Transects were established by laying a 50-meter tape parallel to 
the river 10 meters from the bank and marking the transect with 
numbered, colored flagging at 50-meter intervals. Vegetation data 
were gathered by first putting a 50-meter tape along an interval. As 
I moved along the tape, the vegetation category encountered was 
recorded on a data sheet where one square on the sheet equaled one 
meter along the tape. Vegetation categories were no vegetation, 
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herb-thistle, willow, and other types of shrubs and trees. Every 
shrub or tree within 37 meters of the river was measured for its 
length, width, and height. This allowed me to break vegetation into 
height classes, and also to estimate shrub volume. Because areas 
varied in length, these measurements were calibrated to 100 meters. 

I counted all passerines (with exceptions listed below) along the 
transects using a Strip Survey Method (Mikoll980). I recorded all 
male birds observed within 37 meters of the river’s shoreline on the 
side I was walking. I walked slowly along the transect, pausing 
frequently to listen and look for birds. It took between 45 minutes 
and an hour and a half to count the 1,150 to 1,550-meter strips. 
Data recorded for each bird included distance from river; whether 
heard, seen, or both; behavior; location on transect; and com- 
ments. I walked the transects from just before sunrise to mid- 
morning, so a maximum of 2 areas were done in a day. Areas were 
counted on a rotating basis, about 4 days apart, 3 times each 
summer (but 1 area only twice in 1981). Birds flying above the 
canopy were not recorded unless in territorial flight display. 

One is unlikely to detect every territorial male using a strip 
survey, so counts underestimate actual populations (Mikol 1980). 
In 1981 I ran 2 survey counts through an open field with patchy 
willows on MNWR. 1 then spot-mapped birds in the same area, 
and found the survey counts had underestimated the passerine 
community by 15 to 20%. This was in habitat similar to the river 
areas, but I felt it was harder to count because of its nonlinear 
characteristics. Chances of significant deviations from the actual 
number of territorial males were reduced by doing all the counts 
myself, by spending two weeks each year becoming familiar with 
the bird community, and practicing distance estimates prior to 
actual counts. 

cant negative correlation with frequency of grazing both years 
(r=.79, X0.02 in 1981; r=.76, KO.02in 1982, n=9 both years). The 
time since a transect was last grazed was positively and signifi- 
cantly correlated with shrub volume (~87, X0.01 in 1981; r=.97, 
p<O.OOl in 1982, n=9 both years). The amount of tall shrubs were 
also much higher on Area 5 and rarely disturbed areas such as 4 
and 7 (Table 2). 

In both years 18 passerine species and 4 nonpasserine species 
were recorded holding territories on 1 or more of the transects 
(Table 3). The 5 terrestrial nonpasserines were not used in the 
population estimates and were a small percentage of the bird 
community. Undisturbed Area 5 had about 11 to 13 times as many 
birds in 1982 and 1981 respectively as Area 1, which was heavily 
disturbed by extensive grazing and dredging activities and had the 
least amount of vegetation (Table 2). Area 5 also had 5 to 7 times as 
many birds as Areas 8 and 9, which were heavily grazed until 1980. 
Area 4 had the second highest number of birds, and was grazed 
only once since 1975 (winter 1976/ 77), but Area 5 still had 94% more 
birds in 1981 and 53% more in 1982. 

The relative abundance of passerines (Table 4) increased signifi- 
cantly with shrub volume (r.=81, KO.001 both years). The relative 
abundances of passerines were significantly and positively corre- 
lated with shrub heights 2 through 6 m both years (KO.01, rs= .56 
to .87), but there was no significant correlation with l-m high 
shrubs either year (KXl.05, rS=.02, 1981; -.14, 1982). 

Comparisons between vegetation and grazing histories of areas 
were made with Pearson correlation coefficient tests (Zar 1974). I 
did not attempt to use actual density estimates of the passerine 
community in my analysis. Instead I ranked the relative abundan- 
ces of passerines for each count (n=26 in 198 1, n=27 in 1982, unless 
otherwise indicated). Spearman’s rank correlation tests (Zar 1974) 
were used to compare abundances of birds with grazing histories or 
vegetation parameters. Because areas varied in length, numbers 
were expressed per 100 meters. 

In both years the relative abundances of breeding passerines 
were negatively correlated with frequency of grazing for the 7 areas 
without additional documented disturbances (~20, r.=-.89, X0.0 1 
in 1981; r.=-.74, P<O.OOl in 1982). Areas 1 and 6 were 
excluded because of dredging and camping activities respectively, 
but when all 9 areas were compared regardless of other disturban- 
ces, there was still a significant negative correlation (r.=-.49, 

KO.02 in 1981; r.=-.51, X0.02 in 1982). 

Accurate counts of swallows could not be obtained so they were 
not included in this study. I decided before starting not to include 
brown-headed cowbirds in estimates of the passerine community 
because of their nomadic behavior over part of their geographic 
range (Mahoney 1977), though recent evidence indicates they have 
more or less well-defined but very large breeding territories (Roth- 
stein et al. 1984). Yellow-headed blackbirds were excluded from 
the bird estimates because of their colonial habits and specialized 
requirement for emergent vegetation. They made up a very small 
fraction of the bird community on these transects. 

Results 

The time since a transect was last grazed was significantly and 
positively correlated with the number of passerines for the 7 tran- 
sects without additional documented disturbances (n=20, r.z.96, 
p<O.OOl in 1981; n=21, r..68, KO.01 in 1982), and for all 9 tran- 
sects regardless of additional disturbances (r.=.70, P<O.OOl 
in 1981, r1=.55, KO.01 in 1982). 

Species richness on the four 1,550 m long areas showed an 
inverse relationship between frequency of grazing and number of 
breeding species (Fig. 1). There is a direct relationship between 

1o 01981 

r 

0 1982 

Area 5, undisturbed for 4 decades, had 10 times as much shrub 
volume as the four most heavily grazed areas, one of which was 
also disturbed by dredging (Table 2). Shrub volume had a signifi- 

Table 2. Height and volume of willow (Sufix spp.) per 100 meters for nine 
areas along tbe Blitzen River, Oregon, in 1982. 

Height Volume 
lm 2m 3m 4m 5m 6m 7m m3 

1 5.1 2.4 1.6 1.5 0.6 0.3 62.1 
2 18.3 11.5 9.5 5.8 1.2 220.2 
3 10.5 21.2 18.6 11.9 5.6 2.9 0.2 547.6 
4 27.5 23.0 13.6 17.1 12.3 4.4 4.6 1037.6 
5 10.1 23.1 23.6 20.4 13.4 10.7 15.1 2550.3 
6 26.0 20.3 9.2 7.4 2.1 384.3 
7 27.0 23.4 11.6 9.6 4.3 3.9 1.9 956.6 
8 33.2 4.6 0.7 146.0 
9 36.4 13.7 3.1 1.7 239.7 

- 

Shrub Volume Increases+ 

Grazing Decreases+ 

Fig. 1. Number of species of birdsfound on 4 areas with 1,550-m transects 
along the Blitzen River, Oregon. Shrub heights and volume increase (see 
Table 2) and grazing and other disturbances decrease (see Table I) as 
number of species increase. 
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Table 3. Mean number of male birds on nine areas along the Blitzen River, Oregon. 

1 2 3 4 

Area 

5 6 7 8 9 Total 
Nonpasserines 

Killdeer 
(Charadrius vociferus) 
Spotted Sandpiper 
(Actitis ma&aria) 
Mourning Dove 

1981 
1982 
1981 
1982 
1981 

(Zenaida-macroura) 1982 
Great Horned Owl 1981 
(Bubo virginianus) 

Passerines 
Willow Flycatcher 
(Empidonax traillii) 
Eastern Kingbird 
(Qrannus tyrannus) 
House Wren 

1982 

1981 
1982 
1981 
1982 
1981 

(Troglodytes aedon) 1982 
Marsh Wren 1981 
(Cistothorus palustris) 1982 
American Robin 1981 
(Turdus migraton’s) 1982 
Cedar Waxwing 1981 
(Bombycilla cedrorum) 1982 
Yellow Warbler 1981 
(Dendroica petechia) 1982 
Common Yellowthroat 1981 
(Geothlypis trichas) 1982 
Yellow-breasted Chat 1981 
(Icteria virens) 1982 
Black-headed Grosbeak 1981 
(Pheucticus melanocephalus) 
Savannah Sparrow 1981 
(Passerculus sandwichensis) 
Song Sparrow 1981 
(Melospiza melodia) 1982 
Bobolink 1981 
(Dolichonyx oryzivorus) 1982 
Red-winged Blackbird 1981 
(Agelaius phoeniceus) 1982 
Western Meadowlark 1981 
(Sturnella neglecta) 1982 
Yellow-headed Blackbird 1981 
(Xanocephalus xanocephalus) 
Brewer’s Blackbird 1981 
(Euphagus cyanocephalus) 
Brown-headed Cowbird 1981 
(Molothrus ater) 1982 
Northern Oriole 1981 
(Icterus galbula) 1982 
Cassin’s Finch 1981 
(Carpodacus cassinii) 1982 
American Goldfinch 1981 
(Card&is tristis) 1982 

Passerine Sub-total 1981 
1982 

1.7 
1.7 

0.7 

0.3 
0.3 

0.7 
0.3 

1.7 
0.3 

4.0 
4.0 

0.7 

4.0 
3.7 

0.7 
0.3 

4.7 
5.3 
3.7 
1.3 

0.3 

5.3 
3.7 

14.7 
6.7 

,:.;“, 
(3.3) 

1.3 
0.7 

0.7 
0.3 
1.0 

3.0 
3.7 

0.3 

1.7 
2.0 

9.7 
10.3 

(2.0) 

I:::; 

1.0 
1.0 

1.3 
1.5 
1.3 
1.3 

2.0 

12.3 18.0 
10.3 14.3 
1.0 0.7 
3.0 0.7 

0.3 
2.3 2.3 0.3 

10.0 
13.7 

0.7 

23.7 
18.3 
6.7 
4.0 

0.3 

0.3 
6.2 
9.0 

11.8 
6.7 

0.3 

0.7 
I.0 

12.3 
14.3 

1.3 

22.7 
14.7 

(1.3) 

(7.0) 
(4.7) 
0.7 
2.0 

(5.3) 
‘$‘) 

0.3 

2.0 
1.0 

2.0 
0.3 

0.3 
0.7 

0.3 
2.0 
2.3 

0.3 

(0.3) 

0.3 

0.3 

0.8 

1.0 
1.0 

0.8 
0.3 

0.7 

0.3 
1.0 
0.7 

5.3 
2.3 

2.3 
1.7 

4.3 
1.7 

0.7 

,:.;: 

0.7 
0.3 

0.3 

3.7 1.5 
1.7 1.1 
0.3 

0.3 1.0 
1.0 
0.7 

0.7 1.0 
0.7 

0.5 

1.5 
0.3 

3.7 1.5 
1.0 1.7 

2.0 1.0 
1.0 1.7 

(1.0) 

0.7 

2.7 
2.7 
8.2 
7.4 
1.8 
1.3 
2.1 
2.3 

35.6 
29.0 

1.7 
3.7 

0.7 
0.7 
I.0 
2.5 
8.2 
1.4 

50.4 
45.0 
10.7 
6.3 
0.5 

0.6 

1.0 
1.3 

31.3 
32.0 

1.3 
0.3 

74.4 
49.1 

(p.;: 
(2.0) 

3.7 

$3) 
(17.4) 

2.0 
2.3 
0.3 

1.8 
0.3 

219.2’ 
185.5’ 

Total 1981 253.6 
1982 218.6 

Totals do not include Brown-headed Cowbird or Yellow-headed Blackbird, which are shown in paraentheses. 

shrub volume and species richness on these 4 transects. Undis- 
turbed Area 5 had about 2.5 times as many species as the heavily 
disturbed Area 1. 

Because of the unequalness of time spent on areas, these data 
could be biased towards having more birds on areas counted longer 
(J. Verner, pers. comm.). However, there was no correlation in 
1982 between the amount of time spent in an area per 100 m of 
transect (~23, Areas 1,2,7, and 9 each had 1 count where time was 

unrecorded) and abundance of birds (r.=-0.06, D.50). 
Area 6 had a low relative abundance of birds compared to 

amount of vegetation. It had almost twice the shrub volume as 
Areas 2, 8, and 9 (Table 2) but fewer or equal numbers of birds 
(Table 4). This could be accounted for by the large numbers of 
campers using this area. I observed over 200 people in this camp- 
ground in late May both years of the study, and they probably 
disturbed birds by their extensive use of river banks. 
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Table 4. Relative abundances of breeding passerines per 100 meters for 
each of three counts on nine areas along the Blitzen River, Oregon. 

Area Year Count 1 Count 2 Count 3 Mean SE 

1 1981 .58 .39 .26 .41 .09 
1982 .47 .47 .33 .42 .04 

2 1981 2.06 2.06 2.19 2.10 .04 
1982 .97 1.53 1.87 1.46 .25 

3 1981 1.64 1.55 1.55 1.58 .03 
1982 1.80 1.89 1.71 1.80 .05 

4 1981 3.74 2.32 2.45 2.84 .45 
1982 2.67 3.27 3.33 3.09 .21 

5 1981 5.68 6.00 4.90 5.53 .33 
1982 4.47 4.67 5.00 4.7 1 .15 

6 1981 1.03 1.20 .68 .96 .15 
1982 .35 1.06 .70 .70 .21 

7 1981 3.08 3.42 2.39 2.96 .30 
1982 1.57 1.24 1.77 1.53 .15 

8 1981 1.37 1.55 .68 1.20 .26 
1982 .71 .53 .53 .59 .06 

9 1981 1.54 .68 - 1.11 .43 
1982 .35 .53 1.24 .71 .27 

The only individual bird species which may have benefited from 
disturbance of willows by grazing and dredging was the killdeer, 
which was found in modest numbers on 2 of the most disturbed 
sites (Table 3). Bird species which were more abundant or limited 
to undisturbed or rarely grazed areas included great horned owl, 
eastern kingbird, willow flycatcher, yellow warbler, red-winged 
blackbird, brown-headed cowbird, and northern oriole (Table 3). 

Discussion 
Habitat structure is generally important to birds (Balda 1975, 

Meents et al. 1981) and bird abundance and species richness should 
be influenced by changes in vegetation structure. Area 5 data show 
that undisturbed willow riparian areas with tall and voluminous 
shrubs support large populations and more species of birds. Data 
from 8 other areas show bird populations and species richness 
increased with shrub heights and greater volume. Birds and shrubs 
both decreased with grazing. These results compare favorably with 
Duff (1979), who found that after 4 years raptors and passerines 
increased by 350% within an enclosure versus adjacent grazed 
areas. This large increase was associated with the reestablishment 
of a middle story of willow. Although effects of cattle grazing on 
willows in my study were based on grazing histories and not 
long-term observation, several studies have reported adverse 
effects of cattle grazing on riparian willows and other shrubs, or 
that willows recover when grazing is modified, reduced, or elimi- 
nated (Ames 1977, Winegar 1977, Duff 1979, Knopf and Cannon 
1981, Rickard and Cushing 1982). 

Fewest birds were found in Area 1, which was disturbed by 
extensive grazing and dredging activities, and had little tall vegeta- 
tion. Similar results were found in a study along the Sacramento 
River, California, by Hurst et al. (1980), who found that unaltered 
riparian habitat supported about 7 times as many birds as rip-rap 
areas devoid of woody vegetation. Their data show that elimina- 
tion of riparian vegetation, whether by excessive grazing or other 
factors, has a decidedly negative impact on the associated bird 
community. 

Bird species use different strata of vegetation, and these strata 
have different vulnerabilities to grazing. The lower strata can be 
affected by short-term grazing (Ames 1977, Duff 1979). The shrub 
strata and most of its associated bird species can be adversely 
affected by cattle grazing, while the upper canopy and its birds are 
not (Mosconi and Hutto 198 1). However, cattle grazing in riparian 
zones over several decades can eliminate or reduce the upper 
canopy by preventing the establishment of saplings (Glinski 1977). 

A photograph of the Blitzen River near the southern border of 

MNWR taken in the early 1930’s showed a tall deciduous upper 
canopy along the river (MNWR files). This woodland no longer 
exists. Protection from grazing would be important in efforts to 
reestablish this canopy and such an effort would enhance the 
riparian bird community. Residual clumps of trees along the river 
were searched and 12 species of birds were found that were either 
absent from or rare in the shrub community (Taylor 1984). 

Grazing studies of various habitats such as aspen (Populus 
tremuloides) (Page et al. 1978), shortgrass prairie (Ryder 1980), 
fescue prairie (Owens and Myers 1973), and cottonwood riparian 
(Mosconi and Hutto 1981) have found some bird species benefit 
from grazing but others do not. Land managers should avoid 
grazing regimes which adversely influence particular species which 
are sensitive or endangered. Two birds found in this study to be 
much more abundant in rarely grazed or completely undisturbed 
willow areas were willow flycatcher and yellow warbler, both on 
the National Audubon Society’s Blue List for species thought to be 
declining over a significant proportion of their range (Tate and 
Tate 1982). 

It has been estimated that 70-9096 of all natural riparian habitat 
within the U.S. has already undergone extensive alteration (Hirsch 
and Segelquist 1978). Livestock grazing is possibly the major cause 
of habitat disturbance in most western riparian communities 
(Mosconi and Hutto 1981). There is a wide variety of riparian 
communities in the West. Brown et al. (1979) have developed a 
tentative list of riparian associations for just the southwestern U.S. 
that includes 9 major plant groupings and 54 specific plant associa- 
tions. For most of these associations, grazing regimes or other 
factors such as dredging which significantly reduce shrubs and/ or 
the upper tree canopy will have a negative impact on the bird 
community in general and many bird species in particular. While 
some damaged riparian areas have been too severely disturbed or 
invaded by exotic plants to be restored, others should recover their 
original vegetation and associated bird communities given protec- 
tion and time. 
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Effects of Short-duration and Continuous Grazing on Bob- 
white and Wild Turkey Nesting 
LAiJRA J. BAREISS, PAUL SCHULZ, AND FRED S. CUTHERY 

Abstract 

We compared effects of short-duration and continuous grazing 
on nesting cover and success of bobwbites and wild turkeys in 
south Texas during 1984. Coverage, density, and dispersion of 
suitable nest sites and loss rates of artificial nests were not effected 
by grazing treatment. 

The effects of cell-type, short-duration grazing (SDG) on 
ground-nesting gamebirds are largely undetermined. Concern that 
the system may impact these birds has arisen because. a single herd 
of livestock is concentrated in small pastures for short periods. 
Stocking densities in paddocks may be 5 to 10 times higher with 
SDG than with continuous grazing (CG). Likewise, the overall 
stocking rate may be increased under SDG. 

Livestock concentrations associated with SDG could increase 
trampling of ground nests and reduce nesting cover. Bryant et al. 
(1982) modeled loss rates and concluded that the relative probabil- 
ity of trampling was similar under SDG and CG. Koerth et al. 
(1983) found that the trampling of clay pigeon targets, placed to 
simulate ground nests, was similar under the 2 grazing programs. 

We compared the effects of SDG and CG on loss rates of ground 
nests and examined their impact on availability of nesting cover for 
bobwhites (Colinw virginianus) and wild turkeys (Meleagris 
gallopavo). 

Study Area and Methods 
The study was conducted during 1984 on the Encino Division of 

the King Ranch, Brooks County, and on the Welder Wildlife 
Foundation Refuge, San Patricia County, Texas. Soils at the 
Encino area were deep, level to undulating sands of the Sarita- 
Nueces-Falfurrias Association. Honey mesquite (Prosopisglandu- 
loss) dominated the woody vegetation, which included occasional 
mottes of live oak (Qnercus virginiana). Dominant grasses included 
threeawns (Aristida spp.) while crotons (Croton spp.), sunflowers 
(Helianthus spp.), and camphorweed (Heterotheca sp.) dominated 
the forbs. The g-paddock, 1,142-ha SDG cell, established in 1983, 
was stocked at 4.5 ha/ AU with the herd rotated every4-9 days. The 
CG pasture (1,242 ha) was stocked at 7.3 ha/AU. 

Soils on th Welder area were primarily level Victoria clays that 
supported mixed brush, mainly mesquite (Drawe et al. 1978). 
Dominant grasses were Texas wintergrass (Stipa leucotricha) and 
meadow dropseed (Sporobolus asper). Prairie coneflower (Ratib- 
ida columnaris), western ragweed (Ambrosia psilostachya), and 
Ruellia sp. were dominant forbs. The IO-paddock, 219-ha SDG 
cell, established in 1982, was stocked at 2.8 ha/AU with the herd 
rotated every 3-6 days. The CG pasture (253 ha) also was stocked 
at 2.8 ha/AU. 

We estimated availability of nesting cover (clumps of residual 
grasses) during March 1984 with 50, 30-m line transects/grazing 
treatment per study area. Lines were established at right angles to 
bobwhite counting transects with random starting points and sub- 
sequent measurements at 30-m intervals. Clumps of residual 
grasses were considered suitable for bobwhite nesting if they 
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exceeded 20 cm height and 30 cm diameter (Lehmann 1976) and 
suitable for turkey nesting if at least 45 cm height (Cook 1972) and 
60 cm diameter (D. Ransom, Welder Wildlife Fellow, pers. 
comm.). Percentage of suitable nesting cover intercepted by each 
line, number of clumps/line, and frequency of lines with one or 
more clumps were calculated to evaluate effects of grazing treat- 
ments on coverage, density, and dispersion of nesting cover. 

We used artificial bobwhite and turkey nests to determine the 
effects of SDG and CG on loss rates of ground nests during 
April-June on the Encino Division and May-July on the Welder 
Refuge. Cattle completed 1.2 rotations in the Welder SDG cell and 
0.88 rotations in the Encino SDG cell during the study. Transects 
with random starting points were used to systematically place 50 
turkey “nests”and 100 bobwhite “nests”at least 50-m apart and at 
sites of suitable cover (Lehmann 1976, Cook 1972) under each 
grazing treatment and study area (N = 600 nests). No attempt was 
made to construct a nest bowl. Turkey nests contained 10 domestic 
turkey eggs and quail nests contained 8 bobwhite eggs. Nest loca- 
tions were marked with flagging on a nearby shrub or stake. Nests 
were checked weekly for 6 weeks, which corresponded with the 
normal laying and incubation period (Bailey and Rinell 1967). 
Cause of loss was determined by sign at the nest site (Baker 1979). 
Eggs in undisturbed nests were replaced after 2 weeks so that 
rotting would not affect results. 

The experimental design for analysis of nesting cover data was a 
2 X 2 factorial (2 study areas, 2 grazing treatments). Numerical 
ranks were assigned to dependent variables because of non- 
normality. Analysis was applied to the ranks, resulting in nonpa- 
rametric tests (Conover and Iman 1981). Variance among sub- 
samples within each pasture was used as the error term. Conse- 
quently, statistical inference is limited to these specific pastures and 
does not extend to the vegetation types they represent. 

Results and Discussion 

Coverage and density of nesting cover for bobwhites and wild 
turkeys were higher (p<O.O02) on the Welder area than on the 
Encino area (Table 1). Likewise, nesting cover for both species was 
more broadly distributed on the Welder area. This occurred in 
spite of the fact that the stocking rate was 2 to 3 times higher on the 
Welder area than on the Encino area. The Welder area has a 
history of light grazing pressure and receives an average annual 
precipitation 15 cm greater than the Encino area. 

Grazing treatment had no effect (m.2) on coverage, density, or 
dispersion of nesting cover for either bird (Table 1). These vari- 
ables appeared higher for turkeys under SDG than CG on the 
Encino area because sampling lines intersected stands of gulfcord- 
grass (Spartina spartinae) on the SDG treatment, whereas none 
was intersected on the CG treatment. Both areas had low, thorny 
brush which protected residual cover from grazing (Stoddard 
1931, Moore 1972), thus neutralizing the effects of different stock- 
ing intensities. 

Effects of the grazing treatments on coverage and density of 
bobwhite nesting cover depended on study location (interaction 
KO.03). This occurred because nesting coverage and density were 
higher on the Welder area than the Encino area in the SDG 
treatment. A possible explanation for this was that the SDG treat- 
ment was stocked nearly 2 times higher than the CG treatment on 
the Encino area, whereas the grazing treatments on the Welder 
area were stocked at the same rate. 
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Table 1. Availabfhty of nesting coverts for bobwhitesand wfld turkeys in rangeland under conthmous grazing (CG)and short-duration grazing (SDG)on 
2 study areas in south Texas, March 1984. 

Species 

Bobwhite 

Turkey 

Area 

Welder 
Encino 
Welder 
Encino 

Percent coverage Coverts/ 30 m Frequency 
CG SDG CG SDG (%) 

X SE X SE X SE x SE CG SDG 

7.2 0.7 8.0 0.7 3.9 0.3 5.2 0.3 92 96 
3.3 0.7 2.6 0.7 2.0 0.3 1.5 0.3 74 66 
0.9 0.4 0.9 0.4 0.2 0.1 0.3 0.1 24 26 
0.1 0.4 0.3 0.4 0.1 0.1 0.3 0.1 4 12 

‘Frequency of 30-m lines (N q  50) with one or more nesting coverts. 

Losses of artificial nests were not affected by study area or 
grazing treatment. Total losses exceeded 84% for a given area and 
treatment (Table 2). More than 90% of the losses were attributed to 
predation by mammals, snakes, or unknown agents. One wild 
turkey nest was trampled in the SDG treatment at the Welder area. 

Table 2. Percentage losses of artificial bobwhite (N= lOO/treatment/area) 
and wild turkey nests (N = SO/treatment/area) in rangeland under con- 
tinuousgrazing (CG)and short-duration grazing (SDG) on 2 study areas 
in south Texas, April-duly 1984. 

Area 

Welder 
Encino 

Average 

Bobwhite Wild turkey 
CG SDG CG SDG 

84 96 92 100 
96 94 92 88 

90 95 92 94 

In south Texas, Baker (1979) found that loss of artificial turkey 
nests to predation exceeded 90% in a 6-week study. He determined 
survival of simulated nests was higher in pastures under 4-pasture 
deferred rotation and high-intensity low-frequency grazing than 
CG. 

The present data add to evidence (Bryant et al. 1982, Koerth et 
al. 1983) that SDG is not associated with increased trampling 
losses of ground nests in comparison with CG. This finding, how- 
ever, must be tempered by conditions obtaining in this and other 
studies. Obviously, at extremely high stocking rates, heavy losses 
to trampling are possible. We saw no trampling losses at a maxi- 
mum paddock density of 0.6 ha/AU on the Encino area. At a 

maximum of 0.4 ha/AU, one nest was trampled on the Welder 
area. This latter value might serve as a research and management 
hypothesis, i.e., trampling losses may not be a management con- 
cern unless paddock density exceeds 0.4 ha/AU. 
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Vegetation Changes on Western Rangelands 
by Farrel A. Branson 

0 84 pages 
l paperback 
0 extensive references 

l illustrated 
l %.OO postpaid 

This book provides a comprehensive source of information on vegetation changes that have occurred on western rangelands 
during the past 100 years. It is illustrated with maps and photographs. The comments of one reviewer of the manuscript are as 
follows: 

“It is a very good source of information on vegetation types for students as well as range professionals. It would be a good text 
for range community courses and portions could be used for selected assignments in other range courses. It brings together the 
primary references and provides so much more information to date than our present texts. I strongly believe that it will be a 
well-referred source. It would also improve the image of the range profession as one that is tremendously knowledgeable about 
the resources it manages. Branson’s style of writing is good. It is straight forward and uncomplicated.“-Dr. M. Hironaka, 
University of Idaho, Moscow, Idaho. 

Range professors and students, private and public range managers, soil conservationists, wildlife managers, and others will find 
the book a valuable contribution to their libraries. Available from the Society for Range Management 2760 W. Fifth Ave., Denver, 
CO 80204. 
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Genetic Progress Through Hybridization of Induced and 
Natural Tetraploids in Crested Wheatgrass 
K.H. ASAY, D.R. DEWEY, F.B. GOMM, W.H. HORTON, AND K.B. JENSEN 

Abstract 

Because of restrictions imposed by crossing barriers, crested 
wheatgrass breeders have usually limited themselves to selection 
and hybridization within ploidy levels i.e., diploid (Zn=14), tetra- 
ploid (2n=28), or hexaploid (2n=42) populations. Several proce- 
dures have now been devised and evaluated to transfer genetic 
traits among ploidy levels, and interploidy breeding appears to be a 
feasible approach in the crested wheatgrass complex. Plant scien- 
tists with the USDA-ARS at Utah State University have developed 
a superior breeding population by hybridizing induced tetraploid 
Agropyron cristatum (L.) Gaertn. with natural tetraploid A. deser- 
torum (Fisch. ex Link) Schult. The cultivar ‘Hycrest’ was released 
from this germplasm base in 1984. Chromosome number of the 
Hycrest breeding population ranged from 2n=28 to 32 and aver- 
aged 30. Chromosome pairing relationships were similar to those 
observed in natural tetraploids and the cultivar was as fertile as the 
parental species. Hycrest produced significantly more seeds per 
spike than ‘Nordan,’ and ample genetic variability for seed set 
existed in the population to make additional improvement through 
selection. Hycrest produced significantly (p<O.OS) more forage 
than Nordan and Fairway in 9 of 12 comparisons at 5 semiarid 
range sites. The superiority of the cultivar was most noteworthy 
during and immediately after stand establishment on harsh sites. 
The need to expand the genetic base of the present population with 
selected parental materials is recognized. 

Since its successful introduction from Eurasia in 1906 (Dillman 
1946), crested wheatgrass has had more impact on revegetation of 
western rangelands than any other grass. This widely adapted 
cool-season perennial grass is actually a complex of diploid 
(2n=2x=l4), tetraploid (2n=4x=28), and hexaploid (2n=6x=42) 
taxa. The diploid form is represented in North America by fairway 
[Agropyron cristatum (L.) Gaertn.]. The most common tetraploids 
are standard [A. desertorum (Fisch. ex Link) Schult.] and Siberian 
[A. frugife (Roth) Candargy]. The tetraploids are most prevalent 
on rangelands in the U.S. and the diploids are the most important 
form in Canada (Asay and Knowles 1985). New sources of diploid 
germplasm have recently been reported (Dewey and Asay 1982, 
Dewey and Hsiao 1984) and may be instrumental in future 
breeding efforts. Although hexaploid ecotypes have been introduced 
in North America and eventually may be a factor in rangeland 
improvement, observations to date indicate that they have limited 
merit in a plant breeding program. 

Based on chromosome pairing relationships in interploidy 
hybrids, Dewey (1974) concluded that the same basic genome, 
modified by structural rearrangements, occurred at the three 
ploidy levels. He advised crested wheatgrass breeders to treat the 
species in the complex as a single gene pool. Although interploidy 
crosses are often difficult to make and sterility problems are 
encountered in hybrid progenies, all possible crosses have been 
made among the diploid (2x), tetraploid (4x), and hexaploid (6x) 
levels and several schemes have been devised and tested to effect 
interploidy genetic transfer (Asay and Dewey 1983). 

The most progress from interploidy breeding to date has been 
achieved at the 4x level. Hybridization schemes involving 6x-2x, 
6x-4x, 4x-2x, and hybrids between colchicine-induced tetraploids 
(C4x) and natural tetraploids (N4x) have shown potential for 
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expanding the genetic resources of 4x breeding populations (Asay 
and Dewey 1979; Dewey 1969, 1971, 1974; Dewey and Pendse 
1968; Knowles 1955). Plant materials from C4x-N4x crosses have 
been particularly promising. Tai and Dewey (1966) found that C4x 
tetraploids were relatively fertile and crossed readily with natural 
tetraploids. Although the fertility of the Fr hybrid was variable, 
average seed set compared favorably with that of the parental lines. 
Dewey and Pendse’s (1968) data also indicated that selection for 
improved fertility would be effective. Many of the hybrid clones 
were substantially more vigorous than the parental species. 

In 1974, progenies from 295 Fs clones of the C4x-N4x hybrid 
were entered in the USDA-ARS grass breeding at Logan, Utah. 
On the basis of evaluation in an 8,000-plant source nursery and 
subsequent progeny tests, I8 clonal lines were selected and isolated 
in a crossing block to form the parentage of a synthetic strain. 
Selection criteria included vigor of seedlings and mature plants, 
yield of forage and seed, leafiness, resistance to plant pests, and 
response to environmental stress. The experimental strain, subse- 
quently released as the cultivar ‘Hycrest’ (Asay et al. 1985) is the 
first interspecific hybrid of crested wheatgrass to be released. 

The objectilres of these studies were to determine the range in 
chromosome number, meiotic regularity, and fertility of the C4x- 
N4x hybrid and to compare the agronomic merit of the hybrid with 
commercially available cultivars of crested wheatgrass. The data 
will provide a basis to evaluate the potential of combining the 
genetic resources of diploid and tetraploid crested wheatgrass 
through interploidy hybridization. 

Materials and Methods 

Plant materials consisted of the Fs generation of the C4x-N4x 
crested wheatgrass hybrid represented by the Syn-I generation of 
the cultivar Hycrest. The research was conducted in 2 phases: (1) 
cytological studies of meiotic regularity and fertility of the hybrid, 
and (2) evaluation of the hybrid’s seedling vigor, forage yield, and 
seed yield on semiarid range sites. The commercially available 
cultivars ‘Nordan’and ‘Fairway’were included in the second phase 
for comparative purposes. 

One-hundred clones, randomly selected from a breeding nursery 
consisting of 3,000 Syn-I (Fs) plants, were included in the studies of 
meiotic regularity and fertility. Spikes for cytological analyses 
were collected from 20 clones, fixed in Carnoy’s (6:3: 1) solution, 
and stored under refrigeration in 70% ethanol. Squash prepara- 
tions of pollen mother cells were made with acetocarmine as the 
strain. Chromosome pairing relationships, number of lagging 
chromosomes, and frequency of micronuclei were determined at 
metaphase-I, anaphase-I, and the quartet stages of meiosis, 
respectively. Pollen viability was estimated by staining pollen 
grains with aqueous Iz-KI solution. At seed maturity, 10 open 
pollinated (OP) spikes were collected from each of the 100 plants 
for determination of seed set (seeds/ spike). 

Stand establishment data and forage yield were obtained at 5 
locations (A - E) in Utah, Idaho, and Montana (Table 1). Studies 
were arranged as randomized complete blocks at all locations with 
4 replicates at locations A and B and 2 replicates at C, D, and E. 
Plot size was 1.5 by 40 mat Location A, 3 by I5 mat B, 3 by 30 mat 
C and E, and 1.5 by 30 m at D. Drilled rows within plots were 
spaced 0.3 m apart at all locations. Forage yields were determined 
from I-m* samples randomly chosen in each plot. Two to 3 samples 
were taken per plot at locations with 2 replicates. Forage samples 
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Table 1. Description of study sites from which stand establishment and forage yield were determlned. 

Avg. Annual 
Site Location Precip. (cm) Soil Series Planting Date Harvest Dates 

A Decker Montana 31.8 + 10 Oct. 83 2 Aug. 84 
Coal Surface Mine 

B Utah State Univ. 36.6 Kearns 24 April 84 9 July 84 
Blue Creek Exp. (silt loam) 
Stn. NW Utah 

C Univ. of Idaho 32.4 Sublette (tine silty 14 April 83 25 June 84 
Sharp Grazing Trials mixed) 
Sublette, Idaho 

D Lakeside, Utah 15.4 Escalante (fine sandy 7 April 81 14 July 83 
Near Bonneville Salt Flats, loam) 28 June 84 
Flats, NW Utah 

E Thiokol, Wasatch 35.8 Sanpete (silt loam) 26 April 82 8 June 83 
Div., NW Utah 13 June 84 

+Approximately0.45 m chugter loam topsoil (Tongue River member of Fort Union Formation, embedded with sandstone and shale spoil material) transported to coal surface 
m&i overburdkn. 

_ _ 

were oven dried for 48 hr at 40’ C and data were reported as kg of 
dry matter per ha. Trials were established at 2 sites, approximately 
5 km apart, at location D. Seed yield was determined from adjacent 
OS-ha stands of Hycrest and Nordan at Location C. Seed was 
harvested from 5 randomly selected 3 X0.3-m rows of each cultivar 
during the year after stand establishment. Stand density and soil 
type were uniform for the 2 cultivars. Analyses of variance were 
computed on all forage yield and seed yield data. 

Results and Discussion 
The 2n chromosome number of the 20 plants included in the 

cytological studies consisted of 9 with 28,6 with 30, and 5 with 32 
(Table 2). Chromosome numbers in excess of 2n=28 are not 
expected. Dewey and Pendse (1968) also found extra chromo- 
somes in A. desertorum, some of which may have been B- 
chromosomes. These B-chromosomes may have accounted for the 
rather high number of univalents observed in the aneuploid plants. 
Mean univalents per cell were 1.54 and 1.04 in plants with 30 and 32 
chromosomes, respectively. The euploid (2n=28) plants averaged 
0.55 univalents per cell. Other cytological data are consistent with 
what would be expected in autotetraploid crested wheatgrass. 
Frequency of bivalents ranged from 4 to 15 and averaged 9.85 per 
cell. From 0 to 4 trivalents or quadrivalents were found per cell 
with an average 0.63 and 1.66, respectively. Configurations involv- 
ing 7 and 8 chromosomes along with observations of 0.10 laggards 
per cell and 0.16 micronuclei per quartet support the premise that 
structural heterozygosity exists between the A. desertorum and A. 
cristatum genomes. 

The relatively stable meiotic patterns are reflected in the fertility 
data. Hycrest produced significantly (x0.01) more seeds per 
spike than Nordan under range conditions (Table 3). Moreover, 

Table 2. Meiotic regolerity in Hycrest Syn-1 crested wbestgmss. 

Table 3. Seed fertility (seed-set), seed weight, end seed yield of Hycrest end 
Norden crested wkatgrass. 

Cultivar Seed-set Seed wt Seed Yield 
Seeds/spike g/spike g/ 100 seeds kg/ha 

Hycrest 27.9 0.07 0.27 360 
Nordan 13.6 0.03 0.24 260 

LSD (0.05) 6.4 0.02 NS NS 

All data collected from range site near Location C. 

excellent opportunities remain in the population for additional 
improvement. The 98 plants studied in a breeding nursery pro- 
duced from 0 to 110.6 seeds per spike with an average of 27.2 and a 
standard error of 24. Sixteen of the 98 plants produced more than 
50 seeds per spike. Stainable pollen of the Hycrest clones sampled 
averaged 76% and ranged from 62 to 85%. Although more data are 
needed to document the seed yield potential of Hycrest, limited 
observations to date (Table 3) suggest that the new cultivar com- 
pares favorably with Nordan. During the year after seeding on a 
range site, seed production for Hycrest was 362 kg/ ha compared to 
258 kg/ ha for Nordan. 

The most noteworthy attributes of Hycrest are its vigor and 
productivity during and immediately after stand establishment 
(Table 4). Hycrest produced significantly (KO.05 and 0.01) more 
forage than Nordan and Fairway in 9 of the 12 comparisons made 
at the 5 study sites. The advantage was greatest during the early 
phases of stand establishment and under environmental stress. For 
example, at Decker, Mont., where moisture conditions were near 
optimum during the year after seeding, excellent stands were 
obtained for all crested wheatgrass entries. Although Hycrest pro- 

No. No. 
2n chrom plants WllS 

Metaphase I Anaphase I Quartets 
Chrom. Assoc. (No./cell) Ring II No. Laggards/ No. Micronuclei/ 

I II III IV >IV (%) cells cell quartets quartet 

28 9 

30 6 

32 5 

28-32 20 

Riwe 
Mean 
Range 
Mean 
Range 
Mean 

Range 
Mean 

o-3 4-14 o-4 O-4 o-1 o-2 O-4 
71 0.55 9.63 0.65 1.44 0.11 61 330 0.07 345 0.17 

o-7 4-15 o-4 O-4 o-1 O-2 o-3 
59 1.54 9.31 0.78 1.78 0.07 69 191 0.16 250 0.23 

O-6 5-14 o-2 o-4 O-I O-2 o-2 
25 1.04 10.88 0.40 1.92 0.08 70 202 0.08 203 0.06 

Average- -- 
o-7 4-15 o-4 O-4 o-1 O-2 O-4 

155 0.97 9.85 0.63 1.66 0.09 67 723 0.10 798 0.16 
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Table 4. Forage yield of three crested wheatgrass cultivars on five range 
sites during stand estabiishment (Yr-1) and subsequent seasons (Yr-2 and 
Yr-3). 

Location 
A B C D E --- 

Cultivar Yr-I Yr-1 Yr-2 Yr-2 Yr-3 Yr-2 Yr-3 

-kg/ha----- 
Hycrest 4090 1340 2510 2610 2050 3950 2670 
Nordan 3790 480 1740 1550 1500 2440 1950 
Fairway 3630 630 -- 960 1410 3180 -- 
LSD (0.05) 550 120 500 390 250 830 470 

duced more forage than the other 2 cultivars, the differences were 
not significant. At the other locations, where substantial drought 
stress was encountered, the superiority of Hycrest was much more 
evident. 

The hybrid was most impressive at Lakeside, Utah, near the 
Bonneville salt flats (Location D). In addition to extremely harsh 
environmental conditions, the area was infested with halogeton 
[Halogeton glomeratus (Bieb.) C.A. Mey.] and cheatgrass (Bro- 
mus tectorum L). Native vegetation was shadscale [Atriplex con- 
fertifolia (Torr. & Frem.) S. Wats.] bud sage (Artemesiaspinescens 
D.C. Eaton), and squirreltail [Elymus elymoides (Raf.) Sweezy q  
Sitanion hystrix (Nutt.) J.G. Smith]. Excellent stands of the cul- 
tivar were obtained with no herbicide application; and by the 
second year, both weed species were essentially eliminated. Forage 
yields averaged over 2 sites at Location D during the first year after 
stand establishment were 2,610,1,550, and 960 kg/ ha, for Hycrest, 
Nordan, and Fairway, respectively. Corresponding values 
for the next year were 2,050, 1,500 and 1,410 kg/ ha. 

Seed weight has been positively correlated with seedling vigor in 
forage grasses and some of the vigor edge of Hycrest during stand 
establishment may be related to its larger seeds. Limited data 
available to date show that Hycrest tends to have heavier seeds 
than commercial seedlots of Fairway and to a lesser extent, Nor- 
dan. The difference in seed weight of Hycrest and Nordan collected 
from a range site was not significant. 

The initial results from interploidy breeding in crested wheat- 
grass are encouraging, but the need for further research is evident. 
The present population stems from a relatively narrow genetic 
base. New breeding populations need to be generated from crosses 
and backcrosses involving selected A. cristatum and A. desertorum 

clones. Comparatively little selection has been done to date to 
improve nutritive value of the interploidy plant materials. Prelimi- 
nary data (Park et al. 1983) indicate that genetic variability is 
present in hybrid populations for nitrogenous and fibrous frac- 
tions of the forage. The development of near-infrared reflectance 
technology should permit the assay of larger populations than 
presently possible. The genetic mechanisms responsible for the 
superiority of Hycrest over its parental species have not been 
explained. The relative importance of additive and nonadditive 
genetic effects need to be determined. Any changes in vigor and 
other important characteristics in advanced generations are of 
some concern. Results obtained to date indicate that the hybrid 
population is stable and in fact has been improved through selec- 
tion during the 4 generations after the initial cross. 
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Forage Yield and Quality of Warm- and Cool-season Grasses 
LARRY M. WHITE 

Abstract 
High quality forage is needed in the northern Great Plains 

during the summer when major growth of cool-season grasses has 
ceased and quality of standing forage is low. The objective of this 
study was to compare forage yield, nutritional quality, and water 
use of 2 warm-season grasses {P-15584 little bluestem [selrizocliy- 
rium scoparium (Michx.) Nash] and ‘Pierre’ sideoats gnma 
[Bouteloua curti~ndula (Michx.) Torr.lJ and 2 cool-season 
grasses I’Nordan’ crested wheatgrass [Agropyron desertorum 
(Fisch. ex Link) Schult.] and ‘Mayak’ Russian wfldrye [Psathyros- 
tachysjuncea (Fib.) Nevski]] harvested from 1979 through 1982 
at anthesis or when drought stopped further plant growth. Forage 
was harvested from established stands seeded in rows 53-cm apart 
growing on a silty range site (Typic Haploborolls) near Sidney, 
Mont. Plots were 8 by 23 m replicated 5 times in randomized 
complete blocks. Forage yield averaged 0.84,0.98,1.75, and 2.52 
t/ha (S-i= 0.17); in vitro organic matter digestibility averaged 56.4, 
67.3,62.0, and 62.3% (& l.l), crude protein averaged 8.0,10.3 8.6, 
and 12.8% (Sr = 0.4); phosphorus averaged 0.14,0.16,0.15, and 
0.16% (ST= 0.01) over a 4-year period for little bluestem, sideoats 
grama, crested wheatgrass, and Russian wildrye, respectively. 
Regression showed that in vitro organic matter digestibility and 
crude protein concentration were negatively correlated with forage 
yield. Forage yield and phosphorus concentration were positively 
correiated with evapotranspirrtion. The study showed that Rus- 
sian wildrye would provide the highest quality forage during June 
and sideoats grama during July. Livestock need both cool- and 
warm-season forages to provide the highest forage quality. 

High quality forage is needed for grazing animals in the northern 
Great Plains during the summer when major growth of cool-season 
grasses has ceased and quality of standing forage is low. Warm- 
season grasses might provide such high quality forage becuse they 
mature a month later than cool-season grasses (Newell and Moline 
1978). Little bluestem [Schizuchyrium scopurium (Michx.) Nash] 
and sideoats grama [Bouteloua curtipendula (Michx.) Torr.] are 2 
of the higher forage yielding warm-season grasses that survive in 
the northern Great Plains where mean January temperature is less 
than -10” C and annual precipitation is less than 380 mm. 

There is little published research on forage yield and quality of 
warm-season grasses native to the northern Great Plains. Limited 
data have been published on the nutritional quality of little blue- 
stem (Burzlaff 1971, Kamstra 1973, Newell and Moline 1978) and 
sideoats grama (Newell and Moline 1978) grown in the central 
Great Plains. Burzlaff (1971) found that in vitro dry matter digesti- 
bility (IVDMD) of little bluestem decreased from 68% in early 
June to 36% by early November. Kamstra (1973) found that the in 
vitro cellulose digestibility of little bluestem from June through 
September was about 10 percentage units lower than that of either 
western wheatgrass (Agropyron smithii Rydb.) or green needle- 
grass (Stipu viridulu Trin). He also found that the crude protein of 
little bluestem during this period was about 1 percentage unit less 
than that of western wheatgrass but nearly the same as that of green 
needlegrass. Newell and Moline (1978) found that the average 
weighted IVDMD of initial growth and regrowth of 6 warm- 
season grasses (May through September) was only 54.7% while 
that of 6 cool-season grasses (May through June) was 57.7%. They 
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reported that sideoats grama and indiangrass [Sorghastrum nu- 
t&s(L.) Nash] were more digestible than big bluestem (Andro- 
pogon gerardii Vitm.), sand bluestem (A. hallii Hack.), little blue- 
stem, or switchgrass (Panicum virgutum L.). 

The objective of this study, was to compare forage yield, nutri- 
tional quality, and water use of 2 warm-season grasses (little blue- 
stem and sideoats grama) and 2 cool-season grasses {crested 
wheatgrass [Agropyron desertorum (Fisch. ex Link) Schult] and 
Russian wildrye [Psuthyrostachys junceu (Fisch.) Nevski]] har- 
vested during a 4-year period at anthesis or when drought stopped 
further plant growth. 

Materials and Methods 

The study site was 7 km southeast of Sidney, Mont., at an 
elevation of 610 m on a silty range site. The soil is a Shambo loam 
(Typic Haploborolls fine-loamy, mixed). Analysis of the 0- to 
7.5_cm depth of soil showed that pH of a saturated paste was 8.0 
and conductivity was 0.5 mmhos/cm; organic matter, 3.9%; 
sodium bicarbonate-extractable phosphorus, 11 ppm; ammonium 
acetate-extractable potassium, 440 ppm; and exchangeable cal- 
cium, magnesium, sodium, were 14,3, and 0.5 meq/ 100 g, respec- 
tively. Average annual precipitation at the site was 346 mm, sea- 
sonal distribution is shown in Table 1. January and July long-term 

Table 1. Precipitation received at the study site near Sidney, Mont. from 
1979 through 1982. 

Oct.- Jan.- July- Total 
Crop year Dec. Mar. Apr. May June Sep. crop year 

-_ _-_~~___--- -1--- 

1978-79 49 44 25 36 43 104 301 
1979-80 I5 29 8 5 51 117 225 
1980-8 1 69 9 28 17 61 135 319 
1981-82 42 75 8 61 71 132 389 
Long-term 

Avg. 42 31 30 51 72 120 346 

mean temperatures were -13 and 20” C, respectively, and the 
average frost-free period was 122 days. 

Little bluestem (P-15584), ‘Pierre’ sideoats grama, ‘Nordan’ 
crested wheatgrass, and ‘Lodorm’green needlegrass were seeded 23 
May 1975 at 80 pure live seeds per meter of row. Plots were 8 by 23 
m and consisted of 15 rows spaced 53 cm apart. Plots were 
arranged in randomized complete blocks with 5 replications. The 2 
cool-season grasses did not germinate because of the residual effect 
of the application of 1.1 kg active ingredient (ai)/ ha of atrazine 
(2-chloro4ethylamino-6-isopropylamino-s-triazine) the previous 
year (30 Apr. 1974). Lodorm green needlegrass and Nordan crested 
wheatgrass were reseeded on 25 May 1976 at 115 pure live seeds per 
meter of row the same as previously done. Green needlegrass did 
not germinate so those plots were reseeded with ‘Mayak’ Russian 
wildrye on 30 Aug. 1976 at 80 pure live seeds per meter of row. 
Atrazine was applied at 1.1 kg ai/ ha to the plots of warm-season 
grasses on 22 Sept. 1978 to control annual bromegrasses (Bromus 
tectorum L. and B. japonicus Thunb. ex Murr.). Bromacil (5- 
bromo-3sec-butyl-6-methyluracil) was applied at 1.8 kg ai/ha on 
23 Apr. 198 1 on warm-season grass plots to control annual brome- 
grasses and green foxtail [Setaria viridis (L.) Beauv.]. 
Data for the study were not collected until 1979 to avoid high 
forage yields the first 2 years after establishment as reported by 
White (1985). Forage was harvested at a 5-cm stubble height from 
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IO m of one row each year from 1979 through 1982 as each species 
reached anthesis or when drought stopped further plant growth. 
Forage from the remainder of the plot was harvested and removed 
a few days later. Plant material was dried at 70’ C and ground to 
pass a l-mm screen before analysis. 

wheatgrass depending upon the year. 

In vitro organic matter digestibility (IVOMD) was determined 
by a modification of the Tilley and Terry two-stage method as 
previously described by White et al. (198 1). Nitrogen concentra- 
tion (cone). determined by the macro-Kjeldahl method was multi- 
plied by 6.25 to estimate crude protein. Phosphorus cont. was 
determined by wet digesting forage samples with perchloric- 
sulfuric acid on a block digestor. The digest was analyzed with an 
autoanalyzer by the vanadate-molybdate method for phosphorus 
cont. 

Crested wheatgrass produced 60,50,90, and 7O%as much forage 
as Russian wildrye during the first through the fourth year of the 
study, respectively (Fig. la). Perhaps Russian wildrye out yielded 
crested wheatgrass because of the additional soil nitrogen that was 
mineralized during the year’s delay in Russian wildrye stand estab- 
lishment. There was no difference in soil water used by the 2 
cool-season species during any of the 4 years (Table 2). Leyshon et 

Table 2. Harvest date, precipitation, soil water used, evapotranspiration 
(ET) from iate April through harvest by warm- and cool-season grasses 
grown near Sidney, Mont. 

Daily precipitation was measured at the site from April through 
October in a standard 20cm diameter rain gauge. Precipitation 
data from November through March were obtained from an offi- 
cial weather station located 7 km away on similar topography. Soil 
water content by 30cm increments from 0- to 120cm depth was 
determined with a neutron probe every 2 weeks from late April 
through early August each year from 1979 through 1982 via access 
tubes located in each plot. Soil water in the 120- to 270-cm depth 
was also measured at the same time in one plot within each replica- 
tion to determine if there was measurable drift in neutron probe 
readings during the study. Soil water data showed no evidence of 
drift in the readings nor water percolation below a depth of 120cm. 
Evapotranspiration (ET) was defined as the net soil water loss in 
the 0- to 120-cm profile plus precipitation received from late April 
through harvest each year. There was no evidence of surface runoff 
during the study. 

The effect of species and year on forage yield, IVOMD, crude 
protein, and phosphorus cont. in the forage plus soil water used 
and ET were determined with an analysis of variance using a split 
plot in space design. Since the species-by-year interaction was 
significant, a 2-way analysis of variance was also conducted separ- 
ately for each set of data each year. If there was a significant 
(m.05) F-value, then the least significant difference (P=O.OS) was 
calculated to determine differences between species means. 

Species Year Har. date Precip. Soil water ET 

month/day----mm----- 
Little 1979 7131 155 65 220 
bluestem 1980 817 74 I1 85 

1981 7124 141 21 162 
1982 8/10 200 26 226 

Sideoats 1979 7/ 18 99 61 160 
grama 1980 817 74 I2 86 

1981 7/ 17 114 19 133 
1982 7119 150 17 167 

Crested 1979 6129 81 67 148 
wheatgrass 1980 612 10 6 16 

1981 6129 101 8 109 
1982 6129 132 34 166 

Russian 1979 6119 56 72 128 
wildrye 1980 612 IO 6 16 

1981 612 65 2 67 
1982 6121 117 26 143 

F-Prob. Species 0.84 a.01 
F-Prob. Years a.01 co.01 
F-Prob. S by Y 0.04 ax01 
Sr (S by Y) -- 4.6 4.6 

Stepwise (addition) multiple regression was used to determine 
whether forage yield by replication was significantly correlated 
with precipitation from October through December, January 
through March, April, May, June, and crop year (October of 
previous year through September of current year), plus precipita- 
tion, soil water used, and ET from late April through harvest. 
Stepwise regression was also used to determine whether precipita- 
tion from late April through harvest, soil water used, ET, forage 
yield, stand age, and harvest date were significantly correlated with 
crude protein and phosphorus cont. All differences mentioned in 
this paper are significant at the (PZO.05) probability level unless 
otherwise stated. 

Table 3. Correlation coefficients of forage yield from five replications of 
warm- and cool-season grasses grown near Sidney, Mont. from 1979 
through 1982 with precipitation received during selected periods, soil 
water used, and evapotranspiratlon from iate April through harvest. 

Saecies 

Forage yield vs. 
Little 

bluestem 
Sideoats 
grama 

Crested 
wheatgrass 

Russian 
wildrye 

Precipitation 
Oct.-Dec. 
Jan.-Mar. 
Apr. 
May 

Results and Discussion 

Forage Yield 
The average forage yield of the 4 species was 2.43,0.32,0.89, and 

2.44 t/ha [standard error of mean (Sjr) = 0.171 in 1979, 1980, 1981, 
and 1982, respectively. In 1979, precipitation during April, May, 
and June was below normal (Table 1) but adequate soil water 
(Table 2) allowed near normal forage yield. Drought conditions 
prevailed during 1980 and 1981. May precipitation during 1980 
and 1981 was only 10% and 33% of normal with little stored soil 
water available. In 1982, little soil water was available but May 
precipitation was 20% above normal and allowed for near normal 
forage production. 

June 
July-Sep. 
Crop year’ 
Apr.-Har.* 

Soil water used 
Evapo- 

transpiration 

0.22 
0.63** 
0.14 
0.74** 

-0.10 
a.38 
0.52’ 
0.69** 
0.65** 

0.18 
0.87** 

-0.23 
0.97** 
0.50* 
0.15 
0.86** 
0.84** 
0.23 

0.41 
0.67** 
0.18 
0.88** 
0.16 

-0.12 
0.76** 
0.76** 
0.83** 

0.24 
0.63” 
0.12 
0.75** 

-0.01 
-0.28 
0.57;’ 
0.58** 
0.81** 

0.80** 0.84** 0.94** 0.89** 

***Significant at the 0.05 and 0.01 levels, respectively. 
Crop year q  October of previous year through September of current year. 
2Precipitation from late April through harvest. 

The average forage yield of little bluestem, sideoats grama, 
crested wheatgrass, and Russian wildrye over the 4-year period was 
0.84, 0.98, 1.75, and 2.52 t/ha (SF q  0.17), respectively. Little 
bluestem and sideoats grama did not differ (m.05) in forage 
production during any of the 4 years (Fig. la). The two warm- 
season grasses produced only 30 to 60% as much forage as crested 

al. (198 1) reported that Russian wildrye produced more forage 
than crested wheatgrass when planted in rows wider than 50 cm. 
However, White and Wight (1984) found that Russian wildrye and 
crested wheatgrass were nearly equal in forage yield over a 7-year 
period when planted on a sandy range site in 50-cm rows. 

There was a species-by-year interaction (X0.01) between the 
amount of soil water used and ET by warm- and cool-season 
grasses (Table 2). Warm-season grasses used more soil water 
(pO.01) than the cool-season grasses in 1981 but not in the other 
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Fig. 1. Forage yield (DM), in vitro organic motter digestibility (IVOMD). crudeprotein, ondphosphorus cont. in Russian wildrye (R). crested wheatgrass 
(C), sideoats grama (S), and little bluestem (L) when grown near Sidney, Mont. from 1979 through 198.2. 

years. Soil water used and ET of warm- and cool-season grasses 
was confounded because of the difference in time when the grasses 

Forage yield of all species, except sideoats grama, had a higher 

were harvested, especially during drought conditions. Warm- 
correlation with ET than with soil water used or precipitation 

season species generally had more precipitation available to them 
during any month or period of months (Table 3). The lower corre- 

during late April through harvest than cool-season species because 
lation of sideoats grama forage yield with ET occurred because 

they required a longer time to reach anthesis (Table 2). 
forage yield per millimeter of soil water used in 1982 was much 
higher than in the other years. Forage yield of all species was highly 
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Table 4. Regression equations sbowbq tbe factors signific&ly related 
with forage yield, in vitro organic matter digestibility, crude protein,and 
phosphorus cont. of warm end cool-season grasses war Sidney, Mont. 

Forage yield (t/ha) 
LB Y = -0.791 + 9.4 ET. 
so Y q  -1.598 + 18.9 ET, 
cw Y = -0.061+ 16.5 ET, 
RWR Y = -0.083 + 29.3 ET, 

In Vitro Organic Matter Digestibility (%) 
LB Y = 59.5 - 3.65 Forage vield. 
so Y = 67.3 - .007 Forage iield; 
cw Y = 66.6 - 2.26 Forage yield, 
RWR Y q  67.8 - 2.18 Forage yield, 

Crude Protein (%) 
LB Y = 35.7 - 0.129 Har. date, 
so Y = 43.3 - 2.2 Forage yield - 0.151 Har. date, 
cw Y q  12.2 - 2.1 Forage yield, 
RWR Y = 77.1 - 1.2 Forage yield - 0.416 Har. date, 

Phosphoms (%) 
LB Y q  0.810 + 0.00019 ET - 0.0033 Har. date, 
SB Y = 1.092 - 0.0298 .Yr. - 0.0042 Har. date. 
cw Y q  0.179 + 0.00027 ET - 0.022 Yr. 
RWR Y q  0.132 + 0.00035 ET 

r = 0.81 
r = 0.84 
r = 0.94 
r= 0.89 

r = 0.62 
r = -0.02 
r q  -0.73 
r q  a.80 

r q  0.73 
r = 0.67 
r = 0.80 
r = 0.84 

r q  0.86 
r = 0.95 
r q  0.77 
r q  0.58 

Forage yield q  t/ha, ET = mm from late April throu h harvest. 
Har. date is days from first of January, Yr. is year o f study (1.2.3.4) 

correlated with May precipitation and poorly correlated with April 
and June precipitation. White (1986) reported that forage yield of 
western wheatgrass had a higher correlation with ET from late 
April through June than with precipitation during any other 3 
consecutive months or soil water used. White (1985) in 6 studies in 
the northern Great Plains also found that forage yield of Russian 
wildrye and crested wheatgrass was more highly correlated with 
precipitation during April and May than with precipitation during 
any other period. 

Of the warm-season grasses, sideoats grama produced about 
twice as much forage per millimeter of ET as little bluestem (Table 
4). An exception occurred during the 1980 drought. Sideoats 
grama produced more forage per millimeter of ET than little 
bluestem because sideoats grama reached anthesis about 14 days 
earlier (except during the drought) (Table 2). Warm-season grasses 
produced about half as much forage per millimeter of ET as the 
cool-season grasses (Table 4). Of the cool-season grasses, Russian 
wildrye produced more forage per millimeter of ET than crested 
wheatgrass because Russian wildrye reached anthesis about 15 
days earlier than crested wheatgrass (except during the 1980 
drought) and therefore less ET loss had occurred. 

Digestibility 
The IVOMD at harvest varied from 52 to 70% depending upon 

species and year (Fig. 1 b). There was a species-by-year interaction 
(X0.01) because IVOMD of sideoats grama and crested wheat- 
grass in 1980 were low relative to the IVOMD of the other species 
during the other years. The IVOMD of all species except sideoats 
grama varied inversely (KO.01) with forage yield during the 4 
years (Table 4). The decrease in IVOMD with increased forage 
yield was similar to that found for Russian wildrye and crested 
wheatgrass in a previous study (White and Wight 1984). It is 
difficult to compare the forage value of species when IVOMD and 
forage yield are both varying at the same time. The question is 
which species is the better: the one which produces the most forage 
but is less digestible or one which is more digestible but produces 
less forage. To simplify the problem, I have used regression analy- 
sis to determine IVOMD at a given level of forage production, thus 
comparing 1 variable at a time instead of 2 variables. Regression 
analysis showed that when IVOMD was compared at a forage yield 
of 2.0 t/ha, IVOMD was 52, 61, 63, and 67% for little bluestem, 
crested wheatgrass, Russian wildrye, and sideoats grama, respec- 
tively. Sideoats grama would provide high quality forage during 
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the summer when cool-season grasses are dormant. Little bluestem 
forage quality was low at anthesis and would only meet animal 
maintenance requirements. Newell and Moline (1978) also report- 
ed low IVDMD for little bluestem during late July while that of 
sideoats grama was much higher. 

Crude Protein 
Crude protein at harvest varied from a high of 15% for Russian 

wildrye in 198 1 to a low of 5% for crested wheatgrass in 1982 (Fig. 
lc). There was a species-by-year interaction (KO.01) because the 
crude protein cont. of crested wheatgrass was relatively higher in 
1980 and lower the other years. Crude protein of Russian wildrye 
forage was the highest, while that of crested wheatgrass (except in 
1980) and little bluestem were the lowest. Crude protein of crested 
wheatgrass and little bluestem near the anthesis would only be 
adequate for cattle maintenance, while the crude protein of Rus- 
sian wildrye and sideoats grama would be adequate for yearling 
steers with expected gains of over 1 to 1.5 kg/ ha day (National 
Research Council 1984). 

Forage yield and harvest date were significantly correlated with 
the crude protein cont. of all grasses except crested wheatgrass and 
were selected by stepwise regression analysis before ET, soil water 
used, and precipitation received during either May or late April 
through harvest (Table 4). 

When forage crude protein was compared at a given level of 
forage yield (2.0 t/ha) it was 7,8, 9, and 13% for little bluestem, 
crested wheatgrass, sideoats grama, and Russian wildrye, respective- 
ly. 
Phosphorus 

Phosphorus cont. in the forage varied from a high of 0.23% to a 
low of 0.11% (Fig. Id). Generally both the cool- and warm-season 
grasses failed to provide enough phosphorus to meet the mainte- 
nance requirements of mature cattle. Russian wildrye, crested 
wheatgrass, and sideoats grama (except the first year) and little 
bluestem forage all years contained less than 0.18% phosphorus 
level recommended by National Research Council (1984) for main- 
tenance of mature cattle. There was a species-by-year interaction 
because the phosphorus cont. of crested wheatgrass was higher 
than that of the other species in 1980 and lower in 198 1. 

Phosphorus cont. was generally inversely related to crude pro- 
tein. Phosphorus cont. was lowest during the 1980 drought and 
highest during the 1979 wet year when the most soil water was used. 
Phosphorus cont. of all grasses except sideoats grama increased 
0.0002 to 0.0003 percentage units per millimeter increase of ET 
(Table 4). Phosphorus cont. of warm-season species was also 
significantly correlated with harvest date. Phosphorus cont. of 
sideoats grama and crested wheatgrass decreased 0.02 to 0.03 
percentage units each year of the study. This decrease probably 
occurred because soil available phosphorus mineralized during 
stand establishment was gradually depleted. 

Conclusions 

Both cool- and warm-season forages are needed to provide high 
quality forage for livestock in the northern Great Plains. Cool- 
season forages will provide high quality forage through early 
summer but White and Wight (198 1) showed that digestibility of 
cool-season grasses decreased an average of 0.25 percentage units 
per day until early August. By the time warm-season grasses 
reached anthesis some 15 to 30 days later, digestibility of cool- 
season grasses would have decreased about 4 to 8 percentage units 
(54 to 58%) and would only be adequate for 0.2 to 0.4 kg/day 
weight gain for yearling steers if they ate the whole plants (National 
Research Council 1984). Sideoats grama at this same time was 
62.0% digestible and would provide about 0.7 kg/day weight gain. 
At anthesis, sideoats grama had adequate crude protein for year- 
ling steers with expected gains of over 1 to 1.5 kg/day. All 4 grasses 
were deficient in phosphorus. Little bluestem at anthesis produced 
low forage yields and was lowest in forage quality and would only 
provide animal maintenance. 
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Correlation of Rangelands Brush Canopy Cover with Land- 
sat MSS Data 
W.E. BOYD 

Abstract 

Traditional methods of monitoring brush canopies such as 
ground survey and aerial photography are not cost effective for 
large areas. This experiment compared pboto-estimakd brush 
canopy closure to Landsat MSS derived vegetation indices. Sev- 
eral vegetation indices were found to be highly correlated to brush 
canopy cover. The vegetation index which was most highly corre- 
lated with brush canopy cover was the GB ratio (Kautb and Thom- 
as Greenness/Kauth and Thomas Brightness, r=O.813). These 
results suggest that brush canopy cover can be quantified through 
the use of the Landsat MSS data; however, further research is 
necessary to determine the transportability between sites of green 
biomass/brush canopy quantification indices. 

Expansion of brush populations is a major problem confronting 
range and other resource managers. Traditional methods of moni- 
toring brush make extensive use of ground surveys (Mueller- 
Dombois and Ellenberg 1974) and aerial photographic techniques 
(Tueller et al. 1972). 

Plants differentially reflect incident electromagnetic energy. 
Green light (the dominant wavelength of energy emitted by the 
sun) is reflected while blue and red light are absorbed by chloro- 
phyl. Healthy plants reflect highly in the infrared due to internal 
leaf scattering (Knipling 1969) caused by their internal cellular 
structure. Vegetation indices are contructed by combining spectral 
measurements a 2 or more wavelengths. Several researchers 
(Rouse et al. 1974, Holben et al. 1980, Kimes et al. 1981) have 
shown that ratios developed from reflected energy in the red and 
near-infrared wavelengths relate closely to vegetation parameters 
such as green biomass, leaf area index (LAI), and percent foliar 
cover. Generally, the greater the amount of green biomass, the 
larger the value of the infrared to reflectance ratio. 

Scientists have utilized the data available from the red and 
near-infrared wavelengths to make quantitative estimates of plant 
green biomass (Pearson and Miller 1972). Rouse at al.( 1974) used a 
normalized ratio of near-infrared/ red Landsat data (Bands 6 and 5 
respectively) to evaluate the vernal advancement and retrograda- 

Author was research associate, Remote Sensing Centet, Texas A&I)4 University, 
C$lefz,tatlon 77843. Currently with USDA Forclgn Agriculture Servse, Washing- 

. . 
ihis research was partially supported by the Texas Agricultural Experiment Sta- 

tion and the University of Texas Lands Surface Interests Office, Interagency Coopera- 
tive Contract 1690. 

Manuscript accepted 14 August 1985. 

268 

tion (green wave effect) of range vegetation at several test sites 
throughout the Great Plains corridor. Correlation analyses between 
clipped green biomass and normalized infrared/ red Landsat data 
produced correlation coefficients of up to rz0.91. A strong correla- 
tion (00.89) between this ratio and plant greenness parameters 
also exists for row crops (Holben et al. 1980, Kimes et al. 1981). 

Vegetation indices other than simple or normalized ratios of 
Landsat bands have been developed by several scientists. The best 
known of these is by Kauth and Thomas (1976). They developed a 
four-index method for interpreting the spectral-temporal structure 
of Landsat data. All 4 channels of Landsat data are used in making 
the Kauth and Thomas data transformation. Two of their 4 indices 
are related to plant greenness and soil brightness. 

Harlan and Deering (1979) found that regression coefficients 
relating green grass biomass to vegetation indices based upon 
satellite data from sites with brush cover were significantly lower 
than from sites with no brush cover. These results occurred because 
the vegetation indices were calculated from the combined reflec- 
tance of the green grass and green brush canopy while only the 
green grass was sampled for production. These investigators were 
interested only in the correlation between green grass biomass and 
satellite data. Deering and Haas (1980) suggested that by using the 
known phenological development of brush species it might be 
possible to selectively map brush species within a rangeland scene 
using Landsat data. 

McDaniel (1978) used Landsat data to follow the relative green- 
ness of 2 sites, one with brush (>15% canopy cover) and one 
without (<l% brush cover), for a l-year period. He reported that 
mesquite canopies stay green and are detectable relative to grass 
during a dry summer. Musick (1983) reported that the combined 
cover of mesquite and broom snakeweed on the Jornada Experi- 
mental Range were correlated (~0.77) with green vegetation indi- 
ces in June when grasses and other vegetation were in drought- 
induced dormancy. 

The objective of this research was to determine the relationship 
between vegetation indices calculated from Landsat MSS radiance 
measurements and green brush canopy cover. 

Materials and Method 

Study Area 
The W.T. Waggoner Ranch lies in the Rolling Plains resource 
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area of Texas. The major soil association in the study area is the 
Tillman-Vernon association (Rogers et al. 1971). Climax herbace- 
ous vegetation on the study site consists mainly of mid and short 
grasses. Dominant grasses are reported to be side oats grama 
(Boutelua curtipendula Mich.), vine mesquite (Panicum obtusum 
H.B.K.), blue grama (Boutelua gracilis H.B.K.), and buffalo 
grass (Buchloe dactyloides Nutt) (Rogers et al. 1971). The major 
woody vegetation consists of mesquite (Prosopis glandulosa 
Torr.), lote bush (Condalia obtusifolia (Hook) Weberb.), and 
along the creeks, hackberry (Celtis laevigata Willd.) (Gould 1975). 
Range conditions of the pastures used in this experiment were fair 
to good (Dick Yeager, personal communication). 

Photography 
Archival color infrared photography of the Waggoner ranch 

(acquired June, 1979) covers approximately 4,800 hectares in the 
southeastern portion of the ranch. The nominal scale is 1: 12,000. 
The photography was previewed and 25 homogeneous brush 
covered areas were selected (Fig. 1). The plot size ranged from 

Fig. 1. Approximate location of specific control sites used lo correlate 
Lundsat MSS data to brush canopy cover. 

approximately 8 to 153 hectares. Canopy cover estimation of these 
areas was accomplished by manual enumeration through a 3X 
binocular microscope using a dot grid of 100 dots per square 
centimeter. At this scale each dot represents approximately 0.0356 
hectares. The dot grid was fitted over a brush canopy test area 
image and a count made of the number of dots which fell upon tree 
canopies. A calculation was then performed (dots upon trees/ total 
dots per area) to estimate brush canopy percentage for the sample 
site (Table 1). 

Landsat 1978 Total 758(+87)* 603(-93)* 522(-132)* 

Summers in this region are typically hot and dry with high 
evaporation and transpiration rates. Due to the lack of significant 
precipitation for a lengthy period during the summer, the grass 
understory becomes dormant (browns down) when the near sur- 
face moisture is depleted. Mesquite and other deeper rooted shrub 
species draw from deep moist soils and stay green during the 
“summer drought.” 

*Deviations of the yearly total from the yearly normal. 

1979 because a rangeland herbicide was applied to brush canopies 
in the test area on approximately July 1, 1979 resulting in brush 
canopy cover reduction. 

The NOAA weather records (Mitchell 1978) for the 3 closest 
reporting stations (Seymour, Wichita Falls, Vernon) were con- 
sulted (Table 2). In order to maximize results for this type of 
investigation with Landsat data, it was essential that the grass 
understory be as brown as possible. Landsat scene number 30232- 
16352 for July 15,1978, was selected on the basis of low cloud cover 
and the long period without rainfall prior to scene acquisition. It 
should be noted that a 1978 scene was chosen rather than one from 

The Landsat tape was viewed and the area of the scene covered 
by aerial photography rectified to remove skew.’ After skew remo- 
val, the Landsat data for the study were stored on computer disc 
for future use in image processing. In order to guarantee that the 
area of each canopy sample site corresponded as closely as possible 
to the satellite scene, each sample site was delineated on a 1:24,000 
scale U.S. Geological Survey quadrangle map of the area. Map 

‘Skew in Landsat data results from the rotation of the earth during the time in which a 
scene is scanned. In order for the data to be geometrically correct relative to the 
ground this distortion must be removed. 

Table 1. Brush canopy estimates and area of control sites used for corre- 
lations with Landsat MSS Data. 

Plant No. Estimated canopy % Hectares 

51 
58 
60 
62 
69a 
69b 
70a 
70b 
71 
73 
74 
76a 
76b 
77 
78a 
78b 
19 
80a 
80b 
81 
85 
86a 
86b 
90 
93 

42 
4 

29 
33 
39 
25 
13 
25 

9 
31 
35 
31 
45 
43 
53 
40 
37 
30 
47 
44 

8 
9 

17 
24 
16 

39 
109 
153 
34 
37 
41 
18 
55 
36 
98 

132 
49 
89 

8 
100 
70 
63 
39 
31 
68 
61 
43 
36 
40 
87 

Table 2. Raidall data for 1978 from three reporting stations. 

Rainfall data for 1978 (mm) 
Seymor Wichita Falls Vernon 

Jan. 15 10 12 
Feb. 60 50 63 
Mar. 26 90 23 
April 21 15 17 
May 47 89 102 
June 60 79 60 

July 4 
July 5 
July 23 
July 24 
July 26 

38 
33 

2 
T 

16 - 

3 
3 
2 
3 

3 

- 
11 

106 
55 
27 
54 
17 

- 

Aug 
Sept 
act 
Nov 
Dee 

89 
226 
109 
39 
50 
16 

3 
80 

108 
10 
32 
12 
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data were then entered into the computer via a video digitizer and 
were geometrically fitted to the Landsat scene. Raw, unscaled pixel 0.225 , I I I 1 

statistics for each band for each site were extracted by outlining the 
sites on the digitized map and having the computer print the o* = 0.09699 + 0.00119 n cnopy cmvf) 

statistics for the corresponding areas from the geometrically cor- 
rected Landsat subscene. 

Kauth and Thomas developed their indices and transformation 
coefficients for Landsat 2; these coefficients are not available for 
Landsat 3. The data for this study were acquired by Landsat 3. It 
was necessary to transform the raw digital count data from Land- 

8 

sat 3 to Landsat 2 using the following equation and coefficients 
(Thompson and Wehamen 1980) prior to calculating the Kauth 
and Thomas indices. 

Landsat 2 Band (i) = Landsat 3 Band (i) X CF(i) 0.100 

where r . 
1 

i = 4, 5,6, 7 
CF4 1.116 

0.075 I 1 I I 
= 0 10 20 30 40 SO 

CF5 q  1.23 
CF6 = 1.246 
CF-7 = 1.062 

Raw, unscaled Landsat pixel averages were used to compute the 
various vegetation index values for each site (Table 3). Vegetation 
index values were then regressed against brush canopy estimates. 

Table 3. Vegetation algorithms ckulated for this study. 

S6 [Richardson and Wiegand 1977]= Band 6/Band 5 
S7 [Richardson and Wiegand 19771 q  Band 7/Band 5 
ND6 [Richardson and Wiegand 19771~ (Band 6-Band 5)/(Band 6+Band 5) 
ND7 [Richardson and Wiegand 19771~ (Band I-Band S)/(Band 7+Band 5) 
Difference difference (DD) [Jackson et al. 19381 q  (2. Band 7)-Band 6- 

Band S-Band 4 
Kauthand Thomas Greenness(KTGr) [Kauthand Thomas 19761 q  -(Band 

4 l 0.28317)-(Band 5 l 06606)+(Band 6 l 0.57735)+(Band 7 l O.38833) 
Kauth and Thomas Landsat Brightness (KTBr) [Kauth and Thomas 1976) 

q  (Band 4 l 0.33231)+(Band 5 l 060316)+(Band 6 .0.67581)+(Band 
7 .0.26278) 

Greenness Brightness Ratio (GB) [personal communication, J.L. Heilman] 
= KT Greenness/ KT Brightness 

GBa [Personal communication, R.W. Newton] q  (KT Greenness)-(KT 
Brightness) 

Results 

The results of the linear correlation between brush canopy cover 
and satellite data ratios (Table 4) indicate that all of the calculated 
vegetation indices except Kauth and Thomas' Brightness andGBa 
are highly correlated (PR> F q  0.0001) to brush canopy cover. The 
vegetation index which gave the best correlation was the GB ratio 
(r = 0.813). A regression line plot of the data appears as Figure 2. 

Table 4. Landsat MSS vegetation index values regressed against estimeted 
percent brush canopy (n = 25). 

Image Date 

July 15, 1978 

Index r r* F value Pr>F** 

GB 0.813 0.661 44.90 .OOOl 
ND6 0.806 0.651 42.95 .OOOl 

Canopy % 

Fig. 2. Greenness Brightness index (GE) versus percent canopy cover. 

These data indicate that while the GB model explained the 
largest amount of scene variability (+0.661), any of several indices 
could be used on this site. These results compare favorably with 
Hutchinson et al. (1982) Arizona mesquite canopy study. The 
results also compare favorably with other results (Holben et al. 
1980, Musick 1983) for correlations between green biomass, LAI, 
and green plant canopy cover for both rangeland and row crops. 
These data indicate that a statistically significant relationship 
exists between several Landsat MSS vegetation indices and brush 
canopy cover. Management applications involving Landsat based 
brush canopy estimates are numerous. This estimation technique 
should be especially useful to managers of large land areas where 
regularly repeated area photography acquisition for brush canopy 
quantification is deemed too expensive. Multi-year comparisons of 
brush canopy changes should also be possible. 

Accuracy assessment of satellite based canopy estimates is very 
desirable. Such assessment was not possible with this data set 
because the study was conducted in 1982 using historical data and a 
rangeland herbicide had been applied in 1979. Future experiments 
should be designed to include such assessment. 

A major problem which must be addressed before the full range 
of applications involving canopy estimation can be realized is that 
of regression relationship transportability. In this context, “trans- 
portability” refers to the development of a regression relationship 
between a vegetation parameter and satellite data on a site and its 
use on other sites. Several investigators (Harlan and Deering 1979, 
Barnett and Thompson 1982) have documented that vegetation 
index regression relationships shift from site to site and date to 
date. These shifts affect the estimation accuracy of the various 
indices. At this time research findings conflict with respect to 
vegetation index sensitivity to changes in soil color associated with 
different sites. Some researchers (Thompson and Wehmanen 1980, 
Boyd and Heilman 1985 submitted) suggest that a Kauth and 
Thomas based Greenness index is the least affected by soil color 
changes. Jackson et al. (1983) report that the 7/5 (S7) ratio is less 
sensitive. The research questions concerning the transportability 
of vegetation indices for natural resource applications are numer- 
ous and unresolved. 

Conclusions 
S6 0.801 0.642 41.30 

DD 0.795 0.633 39.79 
ND7 0.793 0.629 39.00 

.0001 

.OOOl 

.OOOl 
The data in this study indicate that green brush canopy cover is 

correlated to Landsat MSS data. At this time, field accuracy 
s7 0.784 0.615 36.77 .OOOl assessment of Landsat based canopy estimates has not been under- 

KT Gr 0.757 0.574 31.05 .OOOl taken. Further research is necessary to determine the transportabil- 
GBa 0.657 0.432 17.53 .0004 ity between sites of green biomass/brush canopy quantification 

KT Br 0.423 0.179 5.03 .0348 indices. 
**Pr>F is the probability that the Fvalue is greater than the standardized table value. 
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Douglas-fir Encroachment into Mountain Grasslands in 
Southwestern Montana 
STEPHENF.ARNOANDGEORGEE.GRUELL 

Abstract 

A study of plant succession in relation to disturbance history was 
conducted in Douglas-fir [Pseudotsuga mended var. glauca 
(Beissn.) France] forest and fescue (Festuca L. spp.) grassland 
communities along the eastern slope of the Continental Divide in 
Montana. The objective was to obtain ecological information 
needed for assessing management alternatives aimed at enhancing 
big game habitat and livestock forage. Fire history was recon- 
structed through analysis of fire scars and age classes of trees. Sizes 
and ages were inventoried in sapling stage, pole stage, and mature 
forest stands. Results indicate that prior to 1890 fires occurring 
every few decades favored grassland and confined tree growth to 
rocky or topographically moist sites. Since 1890 fires have been 
rare as a result of livestock grazing (which removes fine fuels), fire 
suppression, and cessation of ignitions by Native Americans. Lack 
of fiie allowed extensive areas of Douglas-fir “invasion” now of 
pole size to become established in former grasslands between 1890 
and 1915. Widespread invasion of sapling size trees occurred 
between 1941 and 1955, when seed crops apparently coincided with 
unusually favorable moisture conditions. For management of 
these areas, we recommend use of prescribed fire in conjunction 
with timber harvesting to enhance declining forage productivity 
for big game and livestock. 

Previously, we reported that Douglas-fir [Pseudotsugu menzie- 
sii var. gluuca (Beissn.) France] forests have expanded and thick- 
ened near the lower timberlines in southwestern Montana (Arno 
and Gruel1 1983, Gruel1 1983). In this paper we present information 
on the magnitude of Douglas-fir encroachment in mountain grass- 
lands in a study area representative of this region. We examine the 
relationship of fire history to changes in agexlass and size-class 
structure in both “invading”and old-growth forest stands, occur- 
ring on different forest habitat types (potential climax). Douglas- 
fir is invading sites that were previously maintained as grasslands 
by periodic fires. 

In 1983, a prescribed fire demonstration area was established on 
the Galena Allotment, Deerlodge National Forest, to test prescrip- 
tions for managing east-side Douglas-fir forests and mountain 
grasslands. Objectives were to enhance wildlife habitat (primarily 
for elk, Cervus elaphus L., and mule deer, Odocoileus hemionus 
Rafinesque), improve forage for livestock, and reduce wildfire 
hazard. National Forest and research personnel had observed the 
spread of Douglas-fir into mountain grasslands on the Galena area 
and recognized that continued tree encroachment would reduce 
forage production. However, there was a lack of detailed informa- 
tion on the ecological background of this invasion. Nearby old- 
growth Douglas-fir forests were dense, decadent, and contained 
little forage. These stands contained dying remnants of quaking 
aspen (Populus tremuloides Michx.) groves and overmature seral 
shrubs, indicating that they had previously supported considerable 
browse. 
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Unit of the Intermountain Research Station, Forest Service, U.S. Department of 
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We conducted a brief study of the Galena area to collect quantit- 
ative information concerning plant succession relative to distur- 
bance history. This information was needed as an ecological basis 
for assessing management alternatives, including tree harvesting 
and possible conversion back to open forest, savanna, or grass- 
land. Such practices might also be applicable to other Douglas-fir 
and mountain grassland areas, which are widespread in the North- 
ern Rockies. 

Study Area 

Galena Gulch Demonstration Area covers about 2,400 ha (6,000 
acres) of mountainous terrain mostly between 1,680 and 2,010 m 
(5,500 and 6,600 feet) in elevation. The area lies about 5 km (3 mi) 
west of Boulder, Mont. (Fig. 1). It is part of the Boulder Batholith 

P 
l 

Fig. 1. Map of rhe Galena Study Area on a section-line (square mik)grid. 
Letters indicate fire history sample sites. 

and consists primarily of a granite parent material that yields 
shallow, sandy soils. A cool, dry continental climate is characteris- 
tic, with annual precipitation averaging between 38 and 64 cm (15 
and 25 inches) but often fluctuating substantially from year to year. 
Forest now covers more than half of the area and is almost entirely 
Douglas-fir on drier sites and aspects, while lodgepole pine (Pinus 
contorta var. lutijbliu Engelm.) becomes prevalent on cool, moist 
north slopes and in drainage bottoms. Sagebrush-grasslands 
[Artemisiu tridentota spp. vaseyana (Rydberg) Beetle, Festuca 
idahoensis Elmer, F. scabrella Torr., etc.] cover extensive areas on 
the broad upper slopes of the principal ridges. Many of these 
grasslands have been invaded by Douglas-fir, now of sapling size. 
Other large areashave nearly pure pole-size stands of Douglas-fir 
with skeletons of sagebrush in the understory. 

Historically, the Galena area was frequented by Indians who 
were attracted by bison and other animals (Phillips 1940 and 
unpublished documents on Jefferson County livestock at the Mon- 
tana Historical Society Library, Helena). Gold brought Euroamer- 
icans to the region in the 1860’s. Most soon tired of prospecting and 
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some established homesteads in the major valleys below the study 
area. By the late 1870’s, most of the arable land was occupied by 
ranches, and many thousands of head of cattle and horses were 
grazed in the nearby mountains. Galena Creek and Little Boulder 
River were particularly suited to grazing because of the gentle 
topography and expansive grasslands. Later a major sheep drive- 
way was established across Galena and Little Galena creeks, and 
yearlong use was made by wild horses. Ranchers looked upon the 
forage as an unlimited resource that was there for the taking; 
hence, overgrazing was prevalent by the late 1800’s (Willard et al. 
1983). Attendant with heavy grazing was logging that started in the 
1870’s. Many of the large trees were removed, while in some sites 
smaller trees were selectively cut for mine props and other uses. 

Sites where conifer invasion has occurred belong to the Douglas- 
fir/ bunchgrass habitat types (h.t.) or Douglas-fir/ pinegrass (Cahma- 
grostis rubescens Buckl.) h.t., bunchgrass phase, based on poten- 
tial climax vegetation (Pfister et al. 1977). These sites are henceforth 
referred to as “Douglas-fir/ bunchgrass” h.t. Rough fescue (Fes- 
tuca scabrella Torr.) is the primary bunchgrass indicator in the 
Galena area (cf. Mueggler and Stewart 1980), although its canopy 
coverage has been greatly reduced by livestock grazing and by 
succession to sagebrush and Douglas-fir. 

Methods 

Old growth trees as well as snags and stumps with fire scars were 
inventoried throughout most of the study area, using methods 
similar to those of Arno and Sneck (1977) (cf. McBride and Laven 
1976, Kilgore and Taylor 1979, McBride 1983). The number of 
individual fire scars in each “catface” or multiple fire wound was 
recorded along with the soundness of the wood, and thus its ability 
to provide a datable record of fires. We chose an array of stands for 
sampling that represented north slopes, south slopes, and broad 
ridgetops. This consisted of 16 sample sites (Fig. 1) where long- 
term fire history could be reconstructed through analysis of fire 
scars and age classes of trees. 

Cross-sections were cut from trees (usually from 2 trees per site) 
that showed the longest and most complete fire-scar record (Arno 
and Sneck 1977). Cross-sections were sanded and the individual 
fire scars dated, through counting of annual growth rings, and 
correlated into a master fire history chronology for each of the 16 
sites. Periods of extremely slow growth and missing growth rings 
(sometimes following fire damage) in east-side Douglas-fir pre- 
vented exact determination of fire years even when scar dates were 
compared and correlated between nearby trees (Arno and Sneck 
1977). 

Reconnaissance plots were used to document tree succession in 
18 stands of various ages located on 9 of the fire history sample 
sites. One 375-mz (nearly l/ 10 acre) circular macroplot was used 
for inventorying trees and estimating canopy coverage of under- 
growth species. This macroplot was located in a representative 
portion of the stand using the “subjective without preconceived 
bias” reconnaissance approach described by Mueller-Dombois 
and Ellenberg (1974) and Pfister and Arno (1980). Age-class and 
size-class structure were recorded by tree species, and canopy 
coverages were estimated for each undergrowth species on the 
macroplots. Trees from each size class were cross-sectioned or 
increment bored near the ground line for age determination. This 
sampling allowed compilation of data representative of stand con- 
ditions throughout the study area. 

The sapling stage (referred to as “sapling invasion”) on the 
Douglas-fir/ bunchgrass h.t. designates stands of trees mostly 2 to 
13 cm in diameter at breast height; pole stage (referred to as “pole 
invasion*‘) is dominated by trees 18 to 30 cm in diameter. We 
sampled sapling invasion, pole invasion, and mature stands at each 
of 3 Douglas-fir/ bunchgrass fire history sites. On 3 other Douglas- 
fir/ bunchgrass fire history sites we were able to locate and sample 2 
of the above successional stages. One patch of Douglas-fir seedling 
invasion, with trees less than 1.5 m tall, was observed and sampled. 
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The moist north-slope sites, which have been continuously for- 
ested for several centuries, support both Douglas-fir and lodgepole 
pine, and they fit the Douglas-firlpinegrass h.t., pinegrass phase. 
Three mature stands representative of these conditions were 
sampled (sites E, I, and 0 in Fig. 1). 

Results 

Fire History 
The fire years listed in the fire history chronologies for the 16 

sample sites are approximate (Fig. 2), but as early as 1764 they 
appear to be within 1 year of the actual date, considering the close 
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Fig. 2. Fire history chronologies at sample sites (locations shown on Fig. 
1). Dots indicate fire scar dates; R = lodgepole pine regeneration dating 
to afire year. Arrows indicate the beginningpoint offire history records 
for each stand. Question marks indicate likely but uncertain fire evi- 
dence. “Fraction of sites burned”is the number of sites showing a given 
/ire year over the total number of sites recordingfire history at that time. 

correspondence of fire scar dates from trees with the clearest 
growth-ring patterns. Prior to 1764, fires are estimated to be within 
3 years of the actual date. The pattern of fire occurrence and 
intervals between fires are sufficiently accurate for interpreting 
relationships between vegetation and past fires (cf. McBride 1983). 

Each site’s fire chronology (Fig. 2) begins with the earliest fire 
scar found on the site. When old lodgepole pines were present, the 
earliest fire was indicated by the initiation of an age class of this 
fire-dependent species (Arno and Sneck 1977). These data indicate 
that fires were frequent and widespread from about 1690, the time 
of the earliest fire scars, until about 1800. Only 3 small fires were 
recorded in the early 1800’s. Then, in 1846 1 or perhaps more fires 
swept over virtually the entire area; nevertheless in many stands the 
overstory survived. After 1846, only 5 fire years were recorded 
from the sample trees. None of these was extensive in the study area 
although 1 of them, 1889, was a year of widespread wildfire in the 
Northern Rockies. In the 94 years after 1889, only 1 fire (1936) was 
recorded on the 16 sample sites. 

In general, the longest fire intervals prior to 1890 were 72 to 82 
years and occurred immediately preceding the 1846 fire. The short- 
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est fire interval we were able to detect was at site F where 1 tree was 
clearly scarred by 2 fires occurring only 6 years apart, in about 1764 
and 1770. 

Fires were widespread in the Galena area in the approximate 
years 1690, 1717, 1726, 1753, 1770, 1782, and 1846. These fires 
burned in more than 40% of the stands with fire records. The 
resulting mean interval between major fires occurring within the 
entire Galena study area was 26 years. The longest intervals 
between such major fires were the 64 years prior to 1846 and the 
137 years from 1846 to the time of the study in 1983. 

Forest Succession 
Mature stands sampled in the Douglas-fir/ bunchgrass sites (A, 

C, H, J, K, and L in Fig. 1) were composed almost entirely of trees 
that originated between 1730 and 1880 along with a few individuals 
dating back to the 1500’s. The majority of trees in the mature 
stands became established in the long interval prior to the 1846 fiie. 
The pole invasion became established primarily between 1890 and 
1915, while the sapling invasion occurred between 1941 and 1955 
(Figs. 3 and 4). The one seedling invasion stand originated mostly 
between 1965 and 1970. 
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Fig. 3. Dates of establishment and sizes of trees sampled in 3 adjacent 
stands of different ages at site K (Fig. I), Douglas-firlbunchgrass h. t. S’ 
represent trees in the sapling invasion stand; P’s and M’s are trees in pole 
invasion and mature stands. respectively. Past fires are indicated by 
horizontal lines. 

In sample stands on the Douglas-fir/ pinegrass-pinegrass sites 
(Fig. 5), dominant trees predate the 1846fire and variable numbers 
of both Douglas-fir and lodgepole pine predate still earlier fires. 
There has been little effective regeneration in these stands during 
the past 100 years, and the overstory trees are severely stagnated as 
a result of overstocked conditions. 
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Fig. 4. Dates of establishment and sizes of trees sampled in 3 adjacent 
stands at site H (Fig. I), Douglas-firlbunchgrass h. t. S’s represent trees 
in the sapling stand; P’s and M’s are trees in pole stand and mature forest, 
respectively. Past fires are indicated by horizontal lines. Bar graphs, 
below, show nwnber of stems per hectare by size ckss for each stand. 

Discussion and Conclusions 
Between 1690 and 1800, fires were frequent and often extensive; 

the mean fire intervals at individual sample sites averaged 25 years. 
Fires were started by lightning and by American Indians (Barrett 
and Amo 1982, Gruel1 1985). On the Douglas-fir/ bunchgrass sites 
stand age information suggests that forest cover was much more 
limited than it is today. Trees were apparently confined to the 
rockiest sites where understory fuels were sparse. Ring-width 
chronologies from old Douglas-fir trees on a severely droughty site 
55 km northeast of the Galena area (Stokes et al. 1973) suggest that 
the overall climate from 1690 to 1800 did not differ much from that 
of more recent times. 

Between 1800 and 1845 (or perhaps 1782 and 1845) only a few 
small fires occurred in the study area. Tree ring-width data (Stokes 
et al. 1973) suggest that the overall climate was not remarkably wet 
or dry. Available moisture evidently was consistently below nor- 
mal from 1792 through 1809, but from 1821 through 1837 was 
higher than average. In any case, a large proportion of the trees in 
our mature sample stands became established during this long 
fire-free interval. 

The 1846 fire spread through the study area no doubt aided by a 
buildup of both dead and living (ladder) fuels. During that year, 
90% of the individual fire history sample trees were scarred. 
Growth-ring chronologies (Stokes et al. 1973) suggest that 1846 
was an exceptionally dry year, as were 1889,1783 (same as the ca. 
1782 fire year’?), and 1770 when other widespread fires occurred. 

From 1846 to 1889 only 4 relatively small fires were recorded in 
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the 16 sample sites. In this period, the Indians’ nomadic lifestyle 
was greatly altered by the influx of Euroamericans and by the 
destruction of free-ranging bison. This largely removed the Indian 
as a source of ignition. Prospecting and mining activity became 
intense in this general area in the 1860’s but evidently did not result 
in an increase in fires at Galena. 

Livestock use of the Galena grasslands, beginning in the 1860’s, 
apparently had a marked influence on fire occurrence. The effect of 
grazing in removing fine fuels can be visualized today by compar- 
ing grazed and ungrazed ranges. Recent measurements on a moun- 
tain grassland in the Galena study area showed that rough fescue in 
a livestock/ big game exclosure was producing 3,090 kg/ ha (2,760 
lb/acre). In contrast, an adjacent grazed site produced only 773 
kg/ha. Recent applications of prescribed fire at Galena indicate 
that grazing hampers fire spread. Thus, it is highly probable that 
the more intense use by early-day livestock greatly restricted fre- 
quency and size of fires. The degree of this grazing influence on fine 
fuels is suggested by a 1922-I 923 range appraisal for the Deerlodge 
National Forest that states: “Fire hazard on the Forest is so light as 
to be negligible. No fires have occurred on this forest for years. . . .” 
(Taylor 1923). 

The large areas of pole invasion that became established between 

JOURNAL OF RANGE MANAGEMENT 39(3), May 1986 275 

about 1890 and 1915 may be partly related to heavy livestock 
grazing pressure. Also, tree ring-width chronologies (Stokes et al. 
1973) suggest that most of this period had near-normal or better- 
than-normal moisture conditions. Other observations of Douglas- 
fir/ grassland ecotones suggest that pole invasion of similar age is 
quite extensive in southwestern Montana (Arno and Gruel1 1983, 
Gruel1 1983). 

Reasons for the decline in conifer establishment after 1915 are 
not clear. However, drought was common starting in 1918 and 
prevalent from 1930 through 1940 (Stokes et al. 1973). A new wave 
of conifer regeneration, the current sapling invasion, began in 1941 
and continued until 1955. In some localities the pole invasion of 
1890 to 1915 probably was the seed source for the saplings. 

Previously Sindelar (1971) identified widespread Douglas-fir 
sapling invasion dating from the same period at several locations in 
southwestern Montana. He attributed this to good seed crops that 
coincided with unusually moist spring weather during several 
years. He found that most conifer invasion was associated with 
heavy livestock grazing, which had resulted in an increase in the 
coverage of sagebrush in former grasslands. This would also have 
been associated with a decrease in grasses (fine fuels) in both 
grasslands and adjacent forests. 

The reason that this sapling invasion stopped is not known 
(Sindelar 1971). Perhaps the dramatic increase in damage to 
Douglas-fir cone crops by the western spruce budworm (Chorisro- 
neuru occidentalis Freeman) beginning in the mid-1950’s was a 
factor (Carlson et al. 1983, Chrisman et al. 1983). The continuing 
absence of fire is implicated as a factor that allowed the budworm 
to develop into a chronic epidemic status (Carlson et al. 1983). 

Land managers and the public often fail to recognize that large 
areas of grasslands in the Rocky Mountains have been invaded by 
Douglas-fir (Gruel1 1983). The magnitude of forest encroachment 
is indicated by a recent comparison of data from 40 survey comers 
(including 135 witness trees) in the Galena vicinity (Charles 
Bushey, Intermountain Fire Sciences Laboratory, Missoula, Mont., 
manuscript in preparation). In 1878, when the original survey was 
made, 48% of the corners fit tree density criteria indicative of forest 
growth. In contrast, when the corners were relocated in 1984,75% 
of them met the same “forest” criteria. 

The episodes of tree invasion undoubtedly reduced carrying 
capacity and forage for livestock and big game. Continued thicken- 
ing of the tree and sagebrush cover will result in increased animal 
competition for available forage. Although the invading trees are 
of poor form and low value for sawtimber, they can be used for 
firewood and pulpwood. The more moist Douglas-fir/pinegrass 
sites are generally occupied by crowded, stagnated stands. 

National Forest management direction emphasizes the wildlife 
and livestock resources in this Douglas-fir/mountain grassland 
zone. Thus, it seems appropriate to harvest timber in a manner that 
would complement wildlife habitat and livestock needs. Prescribed 
fire could be a desirable component of management practices. 
Underburning in selectively cut stands and broadcast burning on 
clearcuts would reduce slash and allow rejuvenation of forage 
plants. In contrast, continued lack of both fire and tree cutting in 
these Douglas-fir stands results in continued losses in forage pro- 
ductivity and habitat diversity. 
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Forage Quality of Winterhardy Lovegrasses 
P.W. VOIGT, L.I. CROY, AND F.P. HORN 

AbstraCt 

Germplasm oiEragrostis curvula and E. lehmanniana was evrl- 
uated for in vitro dry matter disappearance (IVDMD), priatabiiity 
(animal preference among genotypes), and forage vigor (weight/- 
plant). Our objective was to determine if sufficient genetic varla- 
tlon was present among relatively winterhardy genotypes to 
develop new lovegrass varieties with improved forage quality. The 
germpiasm was divided into 4 types: curvula, conferta, short chlo- 
romelas (SC), and cold-hardy lehmann (CLE). Differences among 
types were signiilcant for all characteristics studied. Dinerences 
within types were found also. The average IVDMD of the more 
stemmy CLE and SC types was higher than that of the more leafy 
curvula and conferta types. However, both CLE and SC types were 
less productive generally than curvuia and conferta types and the 
palatability of CLE types was frequently lower than that of the 
other types. The more vigorous CLE types tended to be lower in 
IVDMD and palatability than leas productive selections of that 
type. Chances of selecting an improved lovegrass variety directly 
from this germplasm are unlikely because few selections were 
superior to the weeping lovegrass controls. The best CLE and SC 
selections might be useful in a breeding program for improved 
forage quality if stemmyness can be decreased in their offspring 
while IVDMD is increased. Selections of the CLE type should not 
be widely planted until grazing evalurrtlon proves them to be useful 
for anhnal production. 

Weeping and boer lovegrass (Eragrostis curvula (Schrad) Nees) 
and lehmann lovegrass (Eragrostis lehmanniana Nees) are species 
that can be of value to cattlemen for conservation and for forage 
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production. In some semiarid areas weeping lovegrass can be 
effectively used as intensively managed pasture. In more arid areas 
weeping, boer, and lehmann lovegrass have been used effectively 
for revegetation of rangelands. 

Relatively poor forage quality is a factor seriously limiting the 
usefulness of weeping and lehmann lovegrass within their present 
areas of adaptation. Low summertime palatability limits the use- 
fulness of lehmann lovegrass on Arizona rangelands (Cable 1971). 
Although good animal performance can be obtained from weeping 
lovegrass (Shoop et al. 1976, Cotter et al. 1983), weight gains are 
frequently less than on other warm-season grasses (Duble et al. 
1971). This poorer animal performance was associated with low in 
vitro dry matter digestibility. Thus, a primary objective of our 
lovegrass improvement research is to increase digestibility. While 
palatability (relative animal preference) is not a major concern 
with grasses grown in pure stands, it is of concern in pastures or 
ranges where plant species are grown in mixtures (Voigt 1975). 

The purpose of this research was to evaluate the variability for 
digestibility, palatability, and forage weight among relatively win- 
terhardy selections of E. curvula and E. lehmanniana; and to 
examine the relationship among these and other plant characteris- 
tics. 

Materials and Methods 

Two experiments, initiated in 1969 and 1970, were conducted at 
the U.S. Southern Great Plains Field Station, Woodward, Okla- 
homa. Experiment 1 was located on an Enterprise loam soil, and 
Experiment 2 on a Pratt fine sandy loam soil. Experiment I con- 
sisted of 70 entries planted in a randomized block design of 4 
replications. Experiment 2 used a repeated simple lattice design of 
4 replications for 169 entries. Except for the 4 weeping lovegrass 
controls (‘Morpa’, ‘Ermelo’, ‘Renner’, and common) entries were 
not duplicated in the 2 studies. Plots of 10 plants each were trans- 
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planted in spring of the establishment year. Plant spacing was 1.1 
m within and between plots. Because all entries were highly apo- 
mictic, variation between plants within a plot was very small. 

Data were collected in the 2 years following establishment for 
both experiments. Experiment 1 was harvested in mid-May, early 
June, and late July 1970; and late May and late July 1971. Experi- 
ment 2 was harvested in mid-May, late June, and mid-August 
1971; and early June and early July 1972. At the beginning of each 
data collection year, the dead foliage from the previous year’s 
growth was removed by burning (1970) or mowing (1971 and 1972) 
about April 1. Ammonium nitrate fertilizer (30 to 40 kg N/ha) was 
applied following foliage removal in the spring and after “clean- 
up”mowing following each data collection period (harvest), except 
after the June 197 1 regrowth harvest of experiment 2. This amount 
was sufficient to produce growth without N deficiency symptoms. 
Because of iron deficiency problems in experiment 1, one replica- 
tion was dropped and results are based on 3 replications. In exper- 

iment 2 iron deficiency symptoms appeared during summer 
regrowth periods in only a small part of the study. When this 
occurred, entire replications were foliar sprayed with iron sulfate. 
This treatment reduced chlorosis and increased topgrowth, thus 
reducing at least the visible effects of the deficiency. 

One plant/plot (with plants on all sides) was harvested at a 
height of 8 to 10 cm to obtain an estimate of forage weight or vigor 
and to provide a sample for in vitro dry matter disappearance 
(IVDMD) analysis. Measures of IVDMD were obtained from 
forage samples dried at about 50 to 60’ C and ground to pass a 
2-mm screen. A modified Tilley-Terry technique (Monson et al. 
1969) was used. Because relative values were of interest, IVDMD 
values were not adjusted to a common standard. Palatability 
scores were obtained on the 9 unharvested plants in each plot. Four 
to 19 steers had free access to all plants in experiment 1, and to 2 of 
4 replications at a time in experiment 2. Grazing periods ranged 
from 3 to 7 days depending on the number of steers used and the 

Palatability 

1970 1971 1970-71 
Character Entries May July May July Mean Range 

-I_ ----- %-- 
IVDMD Curvula (19)’ 51.4 43.0 32.9 32.1 39.1 35.542.6 

Conferta (12) 54.1 40.6 33.2 29.9 38.4 36.5-40.3 
CLE (10) 56.4 43.4 36.1 30.0 46.4 37.4-45.4 
Controls* 50.7 43.4 34.0 31.8 39.4 35.542.6 [2.8]3 

_p-_---- seer+_______ 
Curvula 2.7 2.5 2.0 2.2 2.3 1.4-3.2 
Conferta 4.7 3.0 3.2 2.7 3.3 3.2-3.5 
CLE 4.1 1.0 3.0 0.8 2.0 1.6-2.4 
Controls 2.8 2.7 2.5 2.4 2.6 18-3.2 [0.4] 

_---- ----g/plant- 
Curvula 96 131 192 222 265 122-222 
Conferta 47 146 133 226 146 118-164 
CLE 27 140 107 234 138 79-178 
Controls 105 142 207 242 178 154-197 [29] 

tValue in parentheses is the number of entries. 
Tontrols were the curvula types Ermelo, Morpa, and common. 
‘Value in brackets is the LAD. (0.05) for comparison of individual entries. 
‘Palatability scored on a scale of 0 = O-IO%J and 5 = 90-lOO%o of available forage consumed. 

Forage weight 

Palatability 

1971 1972 1971-72 
Character Entries May Aug. June JOY Mean Range 

_-_- --_--- %------ 
IVDMD Curvula (103)’ 33.9 31.8 54.6 58.7 44.8 41.4-47.8 

Conferta (9) 34.9 30.0 53.0 57.1 43.7 42.8-45.2 
CLE (22) 36.7 32.3 57.0 59.2 46.3 43.4-48.9 
SC (19) 36.4 32.8 55.2 59.7 46.0 44.4-49.8 
Controls* 33.0 32.1 54.9 59.8 45.0 43.6-46.1 [3.0]3 

___-_---- score4 - 
Curvula 1.6 2.2 1.6 2.8 2.1 1.1-3.4 
Conferta 2.0 2.4 2.5 3.5 2.7 2.5-2.9 
CLE 1.3 1.0 1.3 2.3 1.4 0.9-2.2 
SC 2.2 1.8 1.7 3.6 2.3 1.2-3.2 
Controls 1.4 2.2 1.6 3.0 2.1 1.7-2.6 [0.5] 

----_------ -g/plant------ 
Forage weight Curvula 159 161 275 123 180 59-226 

Conferta 125 171 249 158 180 158-198 
CLE 93 146 162 99 129 73-209 
SC 107 164 210 108 151 48-185 
Controls 184 174 257 121 184 166200 [36] 

‘Value in parentheses is the number of entries. 
Xontrols were the curvula types Morpa, Ermelo and common, and the robusta type Renner. 
‘Value in brackets is the L.S.D. (0.05) for comparison of individual entries. 
‘Palatability scored on a scale of 0 = O-IO% and 5 = 90-100% of available forage consumed. 

Table 1. Forage characteristics of lovegrass types and controls grown in experiment 1. 

Table 2. Forage characteristics of lovegrass types and controls grown in experiment 2. 
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amount of forage available. Grazing periods were ended when the 
least palatable entries showed some signs of animal use and the 
most palatable had been consumed to a 8 to 13-cm stubble height. 
Palatability was scored daily on each plant as a percentage of 
available forage consumed (scale 0 to 5 with 0 = 0 to 10% and 5 = 90 
to 100%). Palatability data reported here are based on plot means 
over all plants and days for a grazing period. Because of physical 
size, experiment 2 was split in half for sampling and scoring. Thus, 
replications 1 and 2 were sampled and grazed fist followed by 
replications 3 and 4. Any effects caused by this small difference in 
age of forage among replications were ignored. Winter survival 
was scored on a scale of 0 to 5 (0 q  0 to 10% and 5 = 90 to 100% of 
each plant alive) maturity at first harvest (experiment 2), on a scale 
of 0 = preboot stage to 5 = post anthesis, and production of 
flowering culms at regrowth harvests (experiment 2) on a scale of 0 
= none to 4 = very many. 

Eragrostis curvula is an apomictic complex and its taxonomic 
classification is difficult and sometimes confusing. To differentiate 
among similar forms, the use of agricultural types was proposed 
(Leigh and Davidson 1968). Several of the types were not very 
winterhardy and were not well represented in the selections studied 
at Woodward. Despite the fact that the types intergrade (Jacobs, 
1982), division into morphological types is useful in characterizing 
the available nerrnnlasm. Four tvoes were used. 

Curvula, t&cai weeping lovt$rass of the United States, with a 
predominance of mostly basal, long-narrow leaves over stems, 
e.g., Ermelo or Morpa. 
Conferta, typical boer lovegrass of the United States, with a 
predominance of leaf over stem but leaves and plants shorter 
than curvula and a short, compact irdlorescence e.g., ‘A-84’ or 
Catalina’. 
Cold-hardy lehmann (CLE), identified as E. lehmanniana in the 
United States but coarser, more vigorous, and more winter- 
hardy than typical lehmann lovegrass. The plant is stemmy and 
tending decumbent with culm leaves relatively more important 
than basal leaves. ‘Cochise’lovegrass (Eragrostis lehmanniana 
Nees X Eragrostis trichophora Coss. & Dur.) is similar to this 
type. 
Short chloromelas (SC), similar to CLE in general appearance 
but shorter and with finer stems. None released in the United 
States. Selections that were seriously winter injured or did not 
fit into these types are not discussed in this paper. 

Results and Discussion 
Performance 

Significant differences were detected among lovegrass types for 
all characters studied. Surprisingly, the more stemmy CLE and SC 
types averaged higher in IVDMD than the leafier curvula and 
conferta types (Tables 1 and 2). This was true especially at the first 
harvest but only part of the time at regrowth harvests. Variation in 
IVDMD within the CLE type (both experiments) and SC type 
(experiment 2) was similar to that within the curvula type, 
although the actual values for the CLE and SC selections were 
higher. On average the conferta type was lowest in IVDMD. Few 
of the experimental selections exceeded the controls in digestibil- 
ity. Thus, the potential of this germplasm for improving lovegrass 
IVDMD appears small. 

In both studies conferta types were superior in average palatabil- 
ity (Tables 1 and 2), although in experiment 2 some curvula types 
were preferred over some conferta types. The superiority of the 
conferta type was observed at all harvests except for the less mature 
harvests in experiment 2 (1971 May and 1972 July), when the SC 
type was preferred. When growth was more mature, the conferta 
type was clearly preferred. The CLE selections studied in experi- 
ment 1 were more palatable when grazed at an immature stage than 
curvula types but were always the least palatable lovegrass in 
experiment 2 or when grazed as regrowth. 

Curvula types showed the widest range in palatability in both 

278 

studies. However, few selections in any type exceeded the best 
control (Morpa) in palatability over all harvests. Leigh (1961) and 
Johnston and Aveyard (1977) both suggest that the curvula type is 
among the least palatable of the lovegrass. Our results, for rela- 
tively winterhardy germplasm, suggest that this is not always true. 
It must be recognized, however, that their germplasm was not 
limited to winterhardy types. The differences in results could be 
caused by differences in germplasm evaluated as well as differences 
in procedures. 

Differences among types in forage weight were greatest at first 
harvest in each year, and curvula types produced more than all 
other types at that time (Tables 1 and 2). In regrowth harvests, the 
conferta types were the most productive. This result may be some- 
what deceiving, because the conferta type exhibited a narrow range 
in productivity relative to the other types. Thus, relatively high 
average production was assessed because the small sample of con- 
ferta types studied over both experiments contained no selections 
with very poor vigor. In contrast, CLE and SC selections from 
experiment 2 contained selections that averaged less than 100 
g/plant. Few if any selections were superior to the controls when 
data were averaged over more than 1 harvest. Thus, chances of 
making selections from this germplasm that would be. higher yield- 
ing than present cultivars appear slight. Our results are consistent 
with those reported by Leigh (1967) in that the curvula type can be 
among the most productive. 

Relationship6 Among Harvests and Years 
In general, interactions between entries and harvests or entries 

and years were significant (0.05) for most comparisons. Those for 
IVDMD tended to be smaller than those for palatability or forage 

Table 3. lnterhrvest and interyear correlation coeffkients, experiment 1. 

Between harvests 
Character Type 1970 1971 Lktween years 

IVDMD (%) CUNUh 0 785.2 
Conferta a):37 

0.29 0.42 
-0.08 0.07 

CLE -0.17 0.30 0.46 

Palatability’ CUNUla -0.15 0.36 0.55* 
Conferta 0.33 -0.35 
CLE -0.76. -0.63* %* 

Forage weight Cumla 0.17 0.32 0.825’ 
(gl plant) Conferta 0.68f -0.18 0.61** 

CLE -0.17 0.43 0.91*+ 

‘Palatability scored on a scale of 0 = O-1096 to 5 = 90-100% of available forage 
consumed. 
Walues followed by * and l * significantly different from 0 at the 0.05 and 0.01 level of 
probability, respectively. 

weight. This was not due to greater consistency from harvest to 
harvest or year to year for IVDMD compared to the other charac- 
ters, but rather to the low variation among entries observed for 
IVDMD, relative to experimental error. The usually higher corre- 
lation coefficients between harvests and years for palatability and 
for forage weight than for IVDMD (Tables 3 and 4) support this 
conclusion. 

In experiment 1 few between-harvest correlation coefficients 
were statistically significant (Table 3). Only the negative relation- 
ship between first and regrowth harvest palatability for the CLE 
type was significant in both years. However, that relationship was 
not observed in experiment 2 (Table 4). Relative ranking between 
harvests was more consistent for curvula and SC types than for the 
others in experiment 2. Thus, harvest had less of an effect on 
relative performance of those types than on the CLE and conferta 
types. 

Relative rankings between years were more consistent in exper- 
iment 2 than experiment 1 (Tables 3 and 4). In general, between- 
year correlation coefficients were larger than those for between 
harvest. Thus, rankings were more consistent from year to year 
than from harvest to harvest. The larger mean squares for entry- 
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Table 4. Interturvest and interyear correlation coefficients, experiment 2. 

Character Type 

IVDMD (%) CUNUla 
COllfWta 
CLE 
SC 

Palatability’ CUNllla 
conferta 
CLE 
SC 

Forage weight Curvula 
(gl plant) Conferta 

CLE 
SC 

Between harvest.9 
1970 1971 Between years 

0.08 0 72**2 
-0:oz 

0.41** 
0.07 0.775 
0.33 osO* 0.31 
0.51. 0.75** 0.03 
0.41** 0.63** 0.82+* 

-0.64. -0.06 0.67* 
-0.32 0.19 0.87** 
0.83.. 0.22 0.83+* 
0.66* 0.83** 0.89’. 

-0.47 0.84** 0.88** 
0.51. 0.92** 0.94** 
0.63** 0.63+* 0.68;. 

1Palatability scored on a scale of 0 = O-l% to 5 = 90-100% of available forage 
consumed. 
*Values followed by l and l * significanlty different from 0 at the 0.05 and 0.01 level of 
probability, respectively. 

Table 5. Between character comlath coefficients lor experiment 1.’ 

by-harvest interactions than for entry-by-year interactions from 
the analysis of variance (not shown) support that conclusion. 

Relationships Retween Cbarach-s 
In the CLE type at first harvest, IVDMD decreased as forage 

weight increased (Tables 5 and 6). This is apparently not a reflec- 
tion of maturity differences because maturity was not related to 
forage weight or IVDMD in this type. Palatability and forage 
weight were negatively associated at first harvest, especially for the 
curvula and conferta types. Palatability also declined as maturity 
increased for all types (Table 6). Increased (early) maturity and 
greater forage weight were closely related only for the conferta 
type. For the other types, first harvest maturity was more impor- 
tant in determining palatability than forage weight. 

In regrowth harvests, IVDMD and palatability were positively 
correlated only in the curvula type. Other trends relative to 
IVDMD were not consistent across years or experiments. Selec- 
tions tending to be high in regrowth forage weight tended to be low 
in palatability, especially for the CLE and to a lesser extent for the 
curvula types. Regrowth palatability was also negatively related to 
number of flowering culms for both those types and for the SC 
type. Because number of heads was not related to forage weight in 
the SC type, it appears likely that a large number of heads may be 
more detrimental to palatability than plant size (forage weight). 
Thus, for the curvula and especially for the CLE type, the negative 

IVDMD Palatability 
Character Type 1970 1971 1970 1971 
IVDMD (%) Cuvula 0.37 0.15 

Conferta 0.10 -0.13 
CLE 0.71*2 0.10 

Palatability3 cuNula 0.59+ 0.17 
Conferta -0.08 0.22 
CLE 0.39 0.44 

Forage weight CUNUh 0.08 -0.02 -0.03 -0.65** 
(gl @ant) Conferta -0.04 0.08 -0.11 -0.44 

CLE -0.49 -0.32 -0.58 -0.7955 

lValucs above and to the right arc for the first harvest, those below and to the left for the regrowth harvests. 
2***significant at the 0.05 and 0.01 levels, respectively. 
JPalatability on a scale of 0 = O-l% and 5 = 90-100% of available forage consumed. 

Forage weight 
1970 1971 

0.01 -0.16 
-0.21 -0.15 
-0.58 -0.66* 
-0.72”. -0.31 
-0.06 -0.65* 
-0.87** -0.38 

Table 6. Between character correlation coeffkienb for experiment 2.’ 

IVDMD Palatability 
Character Type 1971 1972 1971 1972 
IVDMD (%) CUNti 0.18 0 48’*2 

conferta 0.42 a,:10 
CLE -0.16 a.30 
SC 0.20 0.38 

Palatability3 Curvula 0.21. 0.67,. 
Conferta 0.55 -0.33 
CLE 0.20 0.32 
SC -0.07 0.24 

Forage weight Curvula 0.00 0.08 -0.40** -0.06 
(gl @ant) Conferta -0.02 0.02 -0.57 -0.45 

CLE -0.29 -0.78.. -0.7158 -0.44* 
SC -0.23 -0.60** -0.23 -0.01 

No. heads* Curvula ($12 0.05 -0.44** -0.07 
Conferta 0.08 -0.06 -0.53 -0.50 
CLE -0.28 -0.47* -0.59** -0.75** 
SC 0.03 0.04 -0.62** -0.81** 

+‘alues above and to the right arc for the first harvest, those below and to the left for the regrowth harvests. 
Z*C* si gnifcant at the 0.05 and 0.01 levels, respectively. 
JPalatabilit on a scale of 0 = O-l% and 5 = 90-100% of available forage consumed. 
‘Number o r flowering culms on a scale of 0 = none to 4 = very many. 
Waturity on a scale of 0 = preboot stage to 5 = post anthesis with infloresccnce branches fully spread. 

Forage weight 
1971 1972 

-0.02 0.00 
-0.01 0.08 
-0.51* -0.65.. 
-0.28 -0.53’ 
-0.42.. -0.39** 
-0.75* -0.90** 
-0.12 0.21 
0.03 0.02 

0.22* 0.43** 
0.02 -0.12 
0.72** 0&l+* 
0.01 0.14 

Maturity’ 
1971 

-0.08 
-0.44 
0.26 

-0.22 
-0.82** 
-0.87&O 
-0.90** 
-0.972. 
0.29** 
0.88*+ 

-0.09 
-0.01 
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relationship between palatability and forage weight could be in 
part the indirect result of the positive relationship between forage 
weight and number of heads. 

Winter survival scores were not significantly correlated with 
IVDMD in experiment 1. However, in experiment 2 curvula selec- 
tions that were higher in IVDMD tended to be lower in survival (r= 
-0.21* to -0.40**). For the other types, the relationship was not 
consistent though they tended to be negative also for the SC type (r 
= -0.20 to -0.70**). Palatability also tended to be negatively related 
to winter survival, especially within the curvula type at first harvest 
(r = -0.48** to -0.78**) over both experiments. Correlation coeffi- 
cients at regrowth harvests were less consistent but were negative 
when significant for the curvula type. 

Conclusions 
Selection for improved forage quality within this relatively win- 

terhardy germplasm does not appear promising. Few experimental 
selections were better than the controls in any characteristic stu- 
died. Some CLE and SC selections appeared superior for IVDMD 
despite their stemmyness when mature, but these were some of the 
least palatable of the selections evaluated. Furthermore, the CLE 
selections that were highest in IVDMD tended to be lower in 
forage production. Thus, from a forage standpoint, the CLE type 
does not appear particularly useful to the livestock producer. 
Be&use it can be hybridized with sexual forms of E. curvula (Voigt 
and Burson 1983), it may be useful for improving IVDMD of 
weeping lovegrass if stemmyness can be reduced in its offspring 
while IVDMD is increased. 

Other sources of higher IVDMD are needed if forage quality in 
E. curvula is to be improved. These extensive evaluations, con- 
ducted with a broad array of relatively winterhardy germplasm, 
suggest that the necessary genes will probably not be found within 
the most winterhardy E. curvula germplasm. 

These results suggest also that caution should be used in planting 
CLE type selections on rangelands because of their extremely poor 
palatability when mature. Although the cultivar Cochise was not 

included in these studies, it is very similar to the CLE type. The 
authors believe that forage quality and animal grazing studies are 
essential before Cochise is widely planted. 
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The Distribution of Halogeton in North America 

ROBERT W. PEMBERTON 

Abstract 

Hnlogeton [Hulogeton gbmeratus (Stephen ex Bieb.) C.A. 
Mey.], a livestock-poisoning plant from central Asia, occurred in 
most Great Basin states in 1954. Current distribution of the species 
was studied by surveying botanists, weed scientists and other spe- 
cialists in 1980. The survey indicated that halogeton had spread 
into additional counties in all states occupied in 1954 and into 
southern California, New Mexico, and east of the Rocky Moun- 
tains to Nebraska. The largest infestations continue to be in the 
Great Basin and Wyoming. 

Halogeton [Hulogefon glomerurus (Stephen ex Bieb.) C.A. 
Mey.] (Chenopodiaceae) is a well-known livestock-poisoning 
plant (James 1971) which was first discovered in the United States 
in 1934 growing in Elko County, Nevada (Dayton 1951). Although 
halogeton is poisonous to sheep and cattle, most of the deaths 
caused by the plant have occurred in sheep (Kingsbury 1964, 
Bruner and Robertson 1963). As little as 340 g (12 oz) of halogeton, 
which contains the toxic principal sodium oxalate, can kill a sheep 
(James et al. 1980). This herbaceous, annual forb is native to 
central Asia, where it occurs from the lower Volga River and the 
Caspian Sea of the Union of Soviet Socialist Republics east to 
Sinkiang Province, China and Mongolia (Komarov 1936). Halo- 
geton was possibly introduced into this country as an impurity of 
imported crop seed, a contaminant in imported wool, or in the 
fleeces of imported breeding sheep (Erickson et al. 1952, Blackwell 
et al. 1979). After halogeton was introduced, it was probably 
spread by sheep. Viable halogeton seed have been found in sheep 
fecal pellets collected from halogeton-infested rangeland (Cook 
and Stoddart 1953), and early occurrence of the plant was along 
major sheep trails (Blackwell et al. 1979). Halogeton is a poor 
competitor with other vegetation (Fenley 1952) and usually 
invades sites where the soil has been disturbed (Cronin and Willi- 
ams 1966). 

Methods 

Herbarium botanists, weed scientists, and other specialists 
throughout the United States (listed in the acknowledgments) were 
surveyed to obtain information on the current distribution and 
severity of infestations of halogeton. Respondents were provided 
county outline maps of their states and asked to indicate the 
counties where halogeton occurred and to categorize its abundance 
in those counties as: (1) >202 ha (>500 acres), (2) 10 to 202 ha (25 
to 500 acres), or (3)<10 ha <25 acres). Information on the econom- 
ics of the halogeton problem (losses due to stock poisonings, range 
devaluation, and control costs) was also sought in the survey, but 
was generally unavailable. The distribution data from the survey 
and a 1954 Bureau of Land Management map of halogeton infesta- 
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USDA-AR& Albany, Calif. 94706. 
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tion (U.S. Dep. Interior 1954) were used to prepare a map showing 
the plant’s occurrence, by county, in 1954 and 1980. Survey data 
indicating the counties with more than 202 ha (500 acres) of halo- 
geton were used to make a second map showing the region where 
the plant was most abundant. 

Results 

Figure 1 shows the counties in which halogeton occurred in 1954 
(black areas) and in 1980 (black and grey areas). Based on informa- 
tion supplied by the survey responents, haiogeton is now present in 

Fig. 1. The disrribution ofHalogeton glomeratus in 1954 (black zones)and 
1980 (black and grey zones). The grey zones are the areas to which 
halogeton has apparently spread since 1954. This map shows the occur- 
rence of halogeton by county (the level of the survey) and does not intend 
to imply that halogeton occurs on all range sites within rhese counties. 

the following counties not shown on the 1954 map: California- 
Inyo, Kern, Lassen, Los Angeles, Modoc, Mono, and Nevada; 
Colorado-Garfield, Moffat, and Rio Blanco; Idaho-Bannock, 
Bingham, Blaine, Bonneville, Custer, Jefferson, and Lemhi; Mon- 
tana-Beaverhead; Nevada-Clark and Esmeralda; Oregon- 
Harney and Lake; New Mexico-McKinley and San Juan; Utah- 
Cache, Davis, Garfield, Kane, Morgan, Rich, Salt Lake, San Juan, 
San Pete, Sevier, Uinta, and Weber; Wyoming-Hot Springs. 
These indicated extensions are not surprising considering their 
proximity to the older, well-established halogeton infestations. 
Less expected was the presence of halogeton in Nebraska (Buffalo 
and Scotts Bluff counties). The great distance of this movement 
suggests that it may have been caused by human activity (possibly 
by livestock shipments or contaminated motor vehicles). 

Figure 2 shows the counties which contained more than 202 ha 
(500 acres) of halogeton in 1980. This area corresponds closely to 
halogeton’s 1954 distribution and is the region where the halogeton 
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Fig. 2. Counties which had more than 202 ha (SO0 acres) of halogeton in 
1980. 

problem is most serious. 
Halogeton can probably be expected to increase its range in the 

future. Its present occurrence in southern California, Nevada, 
Utah, and New Mexico suggests that it may eventually occur in 
northern Arizona, or that it may currently be there undetected. The 
plant might also move into eastern Washington and into other 
plains states. Halogeton could become a problem in the cool 
deserts of Arizona and Washington but is unlikely to become a 
problem in the plains states, except possibly on arid-saline soils to 
which it is well adapted. 

Halogeton’s persistence and spread is related to prolific seed 
production (Tisdale and Zappettini 1953). Cronin and Williams 
(1966) found that halogeton typically produces about 75 seeds on 
each inch (= 30 seeds/cm) of stem and that a large plant can 
produce more than 100,000 seed. Halogeton produces a winged 
seed that germinates during the first year after production and an 
unwinged, dormant seed which can remain viable in the soil for 
many years (Cronin 1965, Reed and Hughes 1970). 

Few of the existing infestations of halogeton are currently being 
controlled. Control of this species with herbicides is generally too 
expensive to be widely used on the low-value ranges the plant 
infests. Ray Evans and James Young (USDA-ARS, Reno, Nev- 
ada, pers. commun.) feel that the main deterrent to halogeton 
control is that the plant occurs on sites which are so arid and/or 
saline that desirable forage plants do not readily establish after 

halogeton is controlled. A stem-boring moth (Coleophoru par- 
thenicu Meyrick, Coleophoridae) from Pakistan has been released 
for biological control of halogeton but the moth failed to become 
established (Robert Hawkes, Oregon State Dep. of Agriculture, 
formerly USDA-ARS, Albany, Calif., pers. commun.). Other 
potential biological control agents have been observed in Soviet 
central Asia, but they are not available for study at this time (Lloyd 
Andres, USDA-ARS, Albany, Calif., pers. commun.). Prudent 
management of livestock and rangeland is currently the most 
effective method for reducing the impact of halogeton. If possible, 
livestock should be herded to avoid halogeton-infested areas, espe- 
cially during late fall and early winter when halogeton is most 
toxic, and livestock should not be allowed to become hungry or 
thirsty while grazing in areas infested with halogeton (Fenley 1952, 
James et al. 1980). Feeding pellets containing 5% dicalcium phos- 
phate has protected sheep from the poisonous oxalate in the weed. 
Grazing management that maintains vigorous stands of perennial 
plants and minimizes soil disturbance reduces halogeton’s ability 
to increase and invade rangelands (Cronin and Williams 1966). 
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Technical Notes 

Evaluation of the Dry-weight-rank Method for Determining 
Species Composition in Tallgrass Prairie 
R.L. GILLEN AND E.L. SMITH 

The dry-weight-rank (DWR) method for determining species 
composition of taiigrass prairie vegetation was compared to hand 
clipping. Species composition esthnates for the 2 methods were 
simiiu in 3 of 4 trials when true ranking and previously published 
muitipiiers were used. Weighting the DWR estimates by plot total 
weight did not consistently improve the accuracy of the method. 
Observer errors reduced the accuracy of DWR, emphasizing the 
need for observer training. DWR estimates were generaiiy less 
precise than hand clipped esthnates for a given sample size but the 
speed of DWR would aiiow more samples to be taken resulting in 
more precise esthnsites in practice. 

Measurement of the species composition of vegetation is fun- 
damental to range research and monitoring. Studies of succes- 
sional trends, vegetation manipulation practices, and disturbed 
land reclamation all depend on some estimate of species composi- 
tion. Measures of species composition most often used include 
density, frequency, cover, and dry weight. Of these methods, com- 
position based on dry weight is considered to be the best indicator 
of species importance and impact within the plant community 
(Daubenmire 1968). However, dry weight sampling is also the most 
time consuming of the species composition measures because the 
standard procedure is to hand clip and separate plant species or 
species groups. Double sampling procedures have been developed 
to speed up the sampling process although these methods often 
require additional training and more complex statistical treatment 
(Reese et al. 1980, Anderson and Kothmann 1982). 

A relatively simple method involving the use of ranks for deter- 
mining the proportion of total herbage weight contributed by each 
species was developed by Mannetje and Haydock (1963) and 
further refined by other Australian workers (Jones and Hargreaves 
1979, Sandland et al. 1982). In the dry-weight-rank method, the 3 
most abundant species in each plot are given a rank of 1,2, or 3 (1 
indicating most abundant). A series of multipliers are then used to 
calculate percent composition from the rankings. Multipliers were 
calculated from ranked and clipped plots using a series of linear 
equations. Because the multipliers were empirically developed for 
improved pasture vegetation, it has been suggested a new set of 
multipliers should be developed for each vegetation type (Hughes 
1969). Calculation of new multipliers would reduce the simplicity 
of the method and procedures have been developed to adapt the 
original multipliers to a wider range of vegetatio,n types (Jones and 
Hargreaves 1979). The objective of this study was to test the 
accuracy and precision of the dry-weight-rank method for sam- 
pling species composition of tall grass prairie using the modified 
procedures of Jones and Hargreaves (1979). 

Materials and Methods 
Four trials were run to compare the dry-weight-rank method 

with hand clipping and separation of species. All trials were run on 
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tallgrass prairie range sites. In excellent condition these sites are 
dominated by the grasses Andropogon gerardii, Schizachyrium 
scoparium. Panicum virgatum. and Sorghastrum nutans. As range 
condition declines, grasses such as Bouteloua curtipendula, Sporob- 
olur asper, Bothriochloa saccharoides. and Buchloe dactyloides 
increase along with forbs such as Xanthocephlaum dracunculoides 
and Ambrosiapsilostachya. Sites A and B had not been grazed for 
several years and were in good+xcellent condition. Site C was an 
abandoned field which had naturally revegetated to good condi- 
tion. Site D was in poor condition as a result of heavy livestock 
grazing. Site A was a claypan prairie, sites B and D were loamy 
prairies, and site C was an eroded prairie. 

In each trial, a series of randomly located plots were ranked by 
dry-weight-rank procedures by 2 or 3 observers and then clipped 
and hand separated in the field. All observers ranked all plots. The 
number of plots ranked and clipped on each site was either 40 or 50 
and plot size was 0.1 m* or 0.25 m*. The vegetation was oven-dried 
and weighed to the nearest 0.1 gm. True species ranks were then 
assigned to the known weights. Ranking procedures followed 
Jones and Hargreaves (1979). Only the 3 most abundant species in 
each plot were ranked. If one species contributed more than 85% of 
the standing crop in a plot, that species was given both rank 1 and 2 
and the second most abundant species was given rank 3. When a 
plot did not contain 3 species, all ranks were still assigned with the 
dominant species usually receiving rank 1 and the second species 
ranks 2 and 3. 

Species composition was calculated using the following formula 
modified from Mannetje and Haydock (1963): 

ci = .$rsMMr) 

N 
Where: 

Ci q  % composition of species i 
r = number of plots in which species i received rank j 

Mi = multiplier for rank j 
N = total number of plots 

Multipliers used for ranks 1, 2, and 3 were 70, 21, and 9, respec- 
tively (Sandland et al. 1982, Mannetje and Haydock 1963). 

Composition estimates from the above formula assume equal 
standing crop across all plots. Since vegetation standing crop is 
never uniformly distributed, composition estimates that are not 
weighted by plot standing crop would be biased in a way similar to 
unweighted utilization estimates (Smith 1968). Weighted species 
composition was calculated as follows: 

E WiiNW 
WCj q  j=l 

WT 
Where: 

WCi q  weighted YO composition of species i 
Wij = summed weight of all plots in which 

species i received rank j 
WT = summed weight of all plots 

This formula uses total plot standing crop as a weighting factor and 
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has been reported to improve the accuracy of the dry-wetght rank 
procedures (Jones and Hargreaves 1979). 

Weighted and unweighted composition estimates based on the 
dry-weight-rank procedure using true specie ranks (ranks were 
assigned after clipping and hand separation) were compared to 
composition estimates from hand separation using paired t-tests. 
To calculate the differences between paired observations for the 
t-tests, the ranks were replaced by their respective multipliers (1 q  
70%, 2 = 21%, 3 = 9%) and subtracted from the percent estimates by 
plot from hand separation. The weighting factor for the weighted 
estimates was the respective total plot weight divided by the aver- 
age plot weight for the trial. 

Sample variances for the unweighted dry-weight-rank estimates 
were calculated from the following formula (Sandland et al. 1982). 

2 
‘i = 3 MqPii(l-Pii)-2 C MfMkPoPit 

j=r iat 

where: 
s? 
Pij 

= sample variance for ith species 
q  proportion of plots in which species 

i received rank j 
From the sample variances, standard errors based on sample sizes 
of 20 and 50 were calculated for hand clipped and unweighted true 
rank estimates to compare the relative precision of the two 
methods. 

Results and Discussion 
The dry-weight-rank method and hand clipping gave very sim- 

ilar estimates of species composition in 3 out of 4 trials (Table 1). 
The largest difference occurred in Trial D where dry-weight-rank 
estimates were significantly different from hand clipped estimates 
for several components. Site D was dominated by a uniform stand 
of Xanthocephalum dracunculoides and this species received rank 
1 in 90% of the plots. One assumption of the dry-weight-rank 
method is the presence of variability in the ranking of species 
between plots (Jones and Hargreaves 1979). When this assumption 
is violated the sensitivity of the method is decreased because the 
dominant species is always given a value of 70%. Trial D was an 
example of such a situation. The dry-weight-rank method gener- 
ally overestimated more abundant species and underestimated less 
abundant species in all trials. The use of 70,21, and 9 as multipliers 
for ranks 1,2, and 3, respectively, was adequate for sampling sites 
A, B, and C. Acceptable results would be expected on other sites 
with similar botanical composition. 

Weighting the dry-weight-rank estimates by plot total weight did 
not consistently improve the accuracy of the method. For instance, 

weighting improved the estimate for forbs on Site B but worsened 
the estimate for Bouteloua curtipendula on Site. D. In general, the 
weighted and unweighted estimates were quite similar. Apparently 
a second assumption of the dry-weight-rank method, that there is 
no correlation between plot yield and dominance of any one spe- 
cies (Jones and Hargreaves 1979) was satisfied. Weighting would 
be most useful when this assumption is violated. Otherwise, the 
more simple unweighted method was adequate. 

Results presented to this point have been based on perfect rank- 
ing and represent an upper limit on the accuracy of the dry-weight- 
rank method. Observer error in assigning ranks generally increased 
the discrepancies between dry-weight-ranking and hand clipping 
(data not presented). However, observer error did not significantly 
increase the error in the method in most cases. The amount of 
observer error was dependant on observer experience. Vegetation 
components consisting of several species such as miscellaneous 
grasses were often underestimated by observers. This was due to a 
failure to adequately lump the weights of the several species 
together when making comparisons with a single species such as 
Andropogon gerardii or Schizachyrium scoparium. These results 
are similar to those reported by Mannetje and Haydock (1963) and 
reinforce the fact that any estimation procedure requires careful 
systematic observer training. However, training to estimate ranks 
should be easier and require less time than training to estimate 
actual percentages or weights. 

The dry-weight-rank method with true ranks generally gave 
estimates with larger standard deviations (and larger standard 
errorsfor a given sample size) than hand clipping on Site A (Table 

Table 2. Botanical composition (%), standard deviations, and standard 
errors determined by hand clipping (Clip) and unweighted dry-weight- 
rank (DWR) for Site A. 

Species 

Andropogon 
gerardii 

Schizachyrium 
scoparium 

Panicum 
virgatum 

Sorghastrum 
nutans 

Miscellaneous 
Grasses 

Total Forbs 

Standard Standard error 
Method Mean deviation 20 plots 50 plots 

Clip 17 18.4 4.1 2.6 
DWR 17 22.8 5.1 3.2 
Clip 30 23.4 5.2 3.3 

DWR 32 29.1 6.5 4.1 
Clip 15 17.2 3.8 2.4 

DWR 14 23.0 5.2 3.3 
Clip 5 10.8 2.4 1.5 

DWR 3 10.9 2.4 1.5 
Clip 29 16.7 3.7 2.4 

DWR 32 29.0 6.5 4.1 
Clip 4 6.7 1.5 0.9 

DWR 2 4.9 1.1 0.7 

Table 1. Botanical composition (96) determined by head clipping (Clip), weighted dry-weight-rank (DWRw), and unweigbted dry-weight-rank 
DWRu) on four sites in tallgrass prairie vegetation. 

Trial A Trial B Trial C Trial D 
Clip DWRw DWRU Clip DWRw DWRu Clip DWRw DWRu Clip DWRw DWRu 

Andropogon gerardii 17 17 17 26 26 24 - _ _ _ _ _ 
Schizachyrium scoparium 30 31 32 14 11 13 52 56.’ 56 - - - 
Panicum virgatum 15 15 14 16 17 19 - - - - 
Sorghastrum nutans 5 3 3 --- 19 20 20 -- 1 
Total Decreasers - - - - - - - - - 11 8** 8* 
Bouteloua curtipendula - - - - - - - - - 12 10 11 
Sporobolus asper - - 

32 32 
- - - 5 4 3 -- - 

Miscellaneous grasses 29 33 35 36 20 19 19 16 12* 13 
Xanthocephalum dracunculoides - - 
Forbs 4 2** 1** 

- - 
11 10 -9* 

- - 
; 

52 65** 64* 
1** 2** 8 5* 3** 

Standing crop (Kg/ hafSE) 406Ofl40 4480 f 245 1750f97 2530 f 159 

rSignificantly different from hand clipped samples, *K.OS, l +K.Ol 

284 JOURNAL OF RANGE MANAGEMENT 39(3). May 1986 



2). Higher standard deviations are not unexpected with dry- 
weight-ranking since each species can essentially only be assigned 
70, 21, 9, or 0% per plot versus the continuous scale with hand 
clipping. However, dry-weight-ranking required much less time 
per plot, 1.6 minutes versus 28 minutes for hand clipping, so many 
more plots could be ranked than clipped for a given time period. A 
more realistic comparison of precision between the two methods 
would be hand clipping 20 plots against ranking 50 plots or more. In 
other words, using the standard deviations estimated from the full 
samples, clipping 20 plots would give a standard error of 4.1 for 
Andropogongerardii versus a standard error of 3.2 obtained from 
ranking 50 plots. Dry-weight-ranking yielded more precise esti- 
mates for all species except miscellaneous grasses on Site A. Over 
all sites and species, dry-weight-ranking 50 plots yielded smaller 
standard errors than clipping 20 plots in 19 of 21 comparisons. 
Standard errors under dry-weighted-ranking averaged 19% less 
than standard errors under clipping. 

The dry-weight-rank method gave acceptable estimates of spe- 
cies composition on these tallgrass range sites even though the 
multipliers were derived from a quite different ecosystem. Jones 
and Hargreaves (1979) also found that the multipliers could be 
used satisfactorally in ecosystems other than the one for which they 
were originally calculated. The need for observer training and 
adherence to the assumptions of the method were also emphasized 
in this study. It should be pointed out that the dry-weight-rank 
method only gives percentage estimates of species composition. If 

actual species weights are required, total standing crop would have 
to be measured and multiplied by the percentage estimates for each 
species. Total standing crop would be much easier to measure, 
either by clipping, estimation, or capacitance meter, than standing 
crop by species. The dry-weight-rank method should be a valuable 
tool in both research and management monitoring activities. 
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tions with the expanded program in Integrated Hardwood 
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Four Area Natural Resources Specialist positions, loca- 
tions: Sierra Foothill Field Station, #A-86-031; Riverside 
Campus, #A-86-032; San Luis Obispo County, #A-86-033; 
and Hopland Field Station, #A-86-034 
Regional Extension Forest Specialist, location: El Dorado 
County, #A-86-030 

Provide educational information on the mgmt of hard- 
wood range by means of consultations, demonstrations, 
mass media, newsletters, publications, field schools, and 
workshops. Conduct hardwood range related research 
with staff, local landowners, public and private agencies 
and organizations. Qualifications: Demonstrated profes- 
sional, academic and administrative competence in the 
area of hardwood range mgmt that includes the subject 
matter fields of forestry, wildlife, and range mgmt. Pro- 
vide leadership. Salary will be in the Associate Specialist 
rank. 

Contact Coop. Ext. Personnel, Univ. of Calif., Berkeley 94720. 
415/644-4320. Close: 5/30/86. 
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UNIVERSITY OF CALIFORNIA 
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Cooperative Extension 
Program Director and Specialiit-Natural Resources (Wildlife, 
Range, Forestry or related field). Duties as Program Director, 
Natural Resources (5-year renewable assignment). Headquar- 
ters Davis or Berkeley Campus. 

CE Program Director assignment is generally a 5-year (renew- 
able) administrative delegation of responsibility for the super- 
vision and leadership of CE Natural Resources program per- 
sonnel, program planning and implementation, and budget. 
The Natural Resources program focuses on multiple use man- 
agement of California’s wildlife, range, and forestry resources. 

To be considered for assignment as Program Director, a 
candidate must be accepted for career appointment as CE 
Natural Resources Specialist with demonstrated professional 
and University-level academic competence in a Natural Re- 
sources field, experience in conducting educational programs 
with off-campus audiences, and proven ability to work well 
with groups of varying backgrounds. The CE Specialist is 
responsible for conducting a statewide extension and applied 
research program in one of the natural resource areas (wildlife, 
range, forestry or related) commensurate with education and 
work experience. Must assure affirmative action in develop- 
ment and delivery of programs. Graduate education, scientific 
publication, and independent research experience in the nat- 
ural resource area, demonstrated educational and administra- 
tive skills are essential. Salary in full rank. Contact Coop. Ext. 
Personnel, Univ. of Calif., Berkeley 94720.415/644-4320. Close: 
7/18/86. Refer to A-85-207. 
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Book Reviews 
Soil Reclamation Process: Microbiological Analyses and Wildlife Management on Your Land. By C.L. Cadieux. 

Applications. Edited by Robert L. TATE III and Donald 
A. Klein. 1985. Marcel Dekker Inc., 270 Madison Avenue, 
New York, NY 10016.368 p. $59.50. 

1985. Stackpole Books, Cameron and Kelker Streets, 
Harrisburg, PA 17105.310 pp. $29.95 
The strengths of Wiidltife Management on Your Lund-the 

This book is a first and much-needed reference on microorganisms 
and their activities in disturbed systems, and the role they can play 
in the design, management, and monitoring of reclamation. Soil 
microflora despite their importance in mineral cycling, have 
received very little attention. 

The editors of this book have assembled some of the best “recla- 
mation scientists,” with the overall objective of providing an 
assessment of the current understanding of soil microbiology and 
biochemistry as part of the reclamation process. 

Chapter subjects are well organized to lead into the under- 
standing of the role of microorganisms and the implications of 
their activities in a variety of reclamation situtations (i.e., sulphur- 
containing minerals, oil shales, tar sands, coal spoils, phosphate 
clays, and radionuclide wastes). 

author’s personal writing style and 30 years of professional experience- 
are also its weaknesses. Cadieux’s homey, down-tocarth style is 
overly simplistic at times and certainly anthropomorphic at others. 
Also, it is apparent that much of Cadieux’s experience has been on 
the central plains, which results in an uneven treatment of the 
species covered by the book. This does not mean that there is not a 
wealth of information, folklore, and even darn good recipes in the 
book, but rather it suggests that the casual reader may be fed some 
nonfactual material and unless he/she shares the same predilection 
for game species as does the author, will be disappointed in the 
virtual absence of management prescriptions for unhunted animals 
(only 8 pages devoted to non-game birds). 

Chapter 1 (Tate) reviews the role of microorganisms in ecosys- 
tem disturbance and soil formation processes, with special empha- 
sis on soil organic matter and nitrogen metabolism and mined 
lands. Chapter 2 (Mills) discusses the effects and recovery of 
microbial communities from acid mine wastes. Examples of 
microbially synthesized environmental toxins (i.e., oxidation of 
sulfides to sulfates) are provided. The authors proposed two sensi- 
tive, short-term procedures to evaluate the progress of reclama- 
tion: soil algae community structural analysis (Chapter 3), and 
enzymatic activity analysis (Chapter 5). Chapter 4 (Wilding and 
Garland) describes the establishment and effects of microbial 
communities on oil shale wastes. Chapter 6 (Danielson) reviews in 
great depth the relationships between mycorrhizae and stressed 
terrestrial environments, such as mine wastes. Chapter 7 (Visser) 
was one of my favorites. Visser presents a comprehensive discus- 
sion on the management of microbial processes in surface mined 
land reclamation, with special reference to western Canada. Spe- 
cific references to microbial populations, activities, decomposi- 
tion, organic matter dynamics, amendments, and fungi in reclama- 
tion were presented. Chapter 8 (Grierley and Lanza) reviewed the 
mining and beneficiation processes applied to phosphate recovery, 
examining the nature of clays associated with Florida phosphate 
deposits, and the use of biopolymers and microorganisms in flocu- 
lating and aggregating phosphatic clays. Chapter 9 (Francis) dis- 
cusses the various processes that significantly affect the long-term 
storage, stability, movement, and isolation of radionuclides from 
the disposal environment. In the last chapter (Klein and Tate), the 
editors summarized all of the common aspects provided by the 
contributing authors. This final chapter synthesizes the overall 
principles derived from the preceding discussions, and evaluates 
current and future needs for reclamation success. 

While florid statements like “the young grouse’s fancy (turns) to 
thoughts of love....” (pg. 53) may be colorful though anthropo- 
morphic, others such as “the powdered antler probably does 
nothing for the Chinaman’s love life...” ( pg. 241) border on the 
distasteful. Coupled with errors of omission and commission, this 
book presents a “roller coaster” of high and low points to the 
reader. Generally the material presented is factual, though highly 
biased to the Mid-west, but many scientists would challenge state- 
ments such as there is no evidence that closing canvasback seasons 
will aid the population (pgs. 8 and 102), or that there is no sound 
nutritional data on coprophagy (mispelled as copraphagy in the 
text), or that tularemia is not a problem in cold weather (pg. 150), 
and others. 

Also perpetuated is the myth that the Conibear trap is an instant 
killer (pg. 155). Trappers know, and recent scientific studies have 
confirmed, that the commercial Conibear series is often too under- 
powered to quickly dispatch many of its target species. 

Well, by now anyone reading this review will have decided that I 
hated the book, but that wasn’t the case. I thoroughly enjoyed 
Cadieux’s candor and his anecdotal comments, e.g., if you want to 
reduce soil erosion do the opposite of what the Army Corps of 
Engineers does (pg. 170). There is also a considerable amount of 
good management information throughout the book and some 
telling comments on how some species have been managed (pgs. 
102-103). And then there are those recipes!! I would have liked to 
have seen more detail for the non-hunted species, but in Chapter 15 
a list of suggested readings is included which softens this deficiency. 

In general, the book is well written, and each chapter contains a 
current list of references. Figures, tables, and illustrations are used 
throughout the book to clarify important relationships. Chapters 5 
and 7 were obviously my favorite readings; they bring out 
extremely valuable information that may keep the mind occupied 
for some time. The importance of enzymes as predictors of the 
existence of chemical stresses and how they relate to shifts in plant 
communities may be an important tool for assessing reclamation 
success in the future. Although the price of the book is relatively 
high, it is a first, and will be a highly valuable reference to graduate 
students, range scientists, government and state regulatory agen- 
cies, reclamation specialists, soil scientists, agronomists, ecolo- 
gists, and microbiologists.-Phr@ R. Fresquez, US Forest Ser- 
vice, Albuquerque, New Mexico. 

The book consists of 20 chapters, the largest (Chapter 3) repres- 
enting Cadieux’s prime interest, upland game birds. Chapter 4 
treats migratory waterfowl, Chapter 5 small game animals and 
Chapters 6-8 look at fishes, farm ponds, and fish farming. Big game 
is examined in Chapters 9-l 1 and Chapters 12-20 are very short 
and touch on some topics as predator control, crawfish farming, 
trapping, and wildlife censusing. 

In summary, if you are looking for light reading with useful 
management information and a wealth of personal experience 
presented in a crusty open fashion, Cadieux’s book will be your 
“cup of tea” or “brandy.” However, if you are expecting a scientifi- 
cally detailed approach to wildlife management, you had best look 
elsewhere.-Frederick F. Gilbert, Wildlife Biology, Pullman, 
Washington. 

The Apocalyptics. 1984. Edith Efron. Simon and Schuster, 
1230 Avenue of the Americas, New York, NY 10020.478 
p., appendix, $19.95. 
Edith Efron’s book is an intriguing story about cancer apocalyp- 

tics, those who believe we are in the midst or on the brink of a 
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cancer epidemic, and the influence they have had on the regulation 
of chemicals. She has gathered an immense amount of information 
about an extremely complex and poorly understood subject, which 
she skillfully presents in language that the non-scientist can com- 
prehend. You may not agree with her conclusions, but the informa- 
tion is presented fairly and accurately so you may draw your own 
conclusions. When she believes it is warranted, she criticizes the 
actions and statements of scientists and politicians no matter what 
side of an issue they represent. 

Efron’s story begins with the environmental movement in the 
early 1960’s. Rachel Carson’s book, Silent Spring, painted a dismal 
future for mankind as the result of industrial pollution. She was 
joined by several other apocalyptic scientists notably Paul Erlich, 
Barry Commoner, Reng Dubos, and George Wald, who predicted 
the civilization of advanced countries would crash as early as the 
year 2000 if economic and technological growth did not stop. In 
her investigations Efrons finds there were few data to support this 
conclusion. It was based largely on suppositions. 

In the mid 70’s the apocalyptics began a crusade against cancer 
with the astonishing revelation that 80 to 90% of U.S. cancer 
mortality is due to man-made chemicals. The statement was 
accepted by the public, members of Congress, the news media, and 
even other scientists without any supporting data. The administra- 
tor of the Environmental Protection Agency concluded that Amer- 
icans were living dangerously as a result of daily exposure to 
carcinogens in their food, water, and air. Efrons shows there was 
essentially no substance to these statements, and furthermore, the 
apocalyptics themselves admitted to the absence of data. 

A survey of known and suspected carcinogens turned up unex- 
pected results. Efrons found there are a large number of naturally 
occurring carcinogens (40 pages in her book) in our environment 
including components of the food we eat and the air we breath. The 
apocalyptics conveniently avoided reference to these chemicals 
except to say that naturally occurring carcinogens were a rare 
phenomenon. One of the apocalyptics estimated that 38% of the 
cancer mortality in the next three decades will be due to asbestos, 
arsenic, benzene, chromium, nickel oxides, and petroleum frac- 
tions. He did not refer to these as “natural”, but simply as “chemi- 
cals”. of course, they all occur naturally. 

Since Efron’s books was published, Dr. Bruce Ames, chairman 
of the Department of Biochemistry, University of California, has 
said “evidence is starting to accumulate that the risk of man-made 
carcinogens is going to be tiny compared to that from natural 
carcinogens.” 

Efron’s review of the basis for cancer is illuminating in that it 
shows scientists are not in agreement on the reliability of testing 
procedures, on the interpretation of results, nor on theories having 
to do with the initiation of cancer. She is astute in noting that it is 
useless to argue about the no threshold theory which says there is 
no minimum level of exposure to a carcinogen which will not cause 
cancer (it could be initiated by a single molecule). Currently and in 
the foreseeable future there is no way to prove or disprove this 
theory. 

Efrons shows how the apocalyptics have influenced regulations 
using lots of emotion and exaggeration, but very little data. Their 
conclusion that 80 to 90% of cancers are caused by synthetic 
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chemicals is responsible for the prevailing attitude among govern- 
ment agencies that the mass of cancer can be prevented by regula- 
tion. Convincing evidence is presented which indicates regulatory 
scientists are selective in their use of science to support regulatory 
decisions. In one instance cited by Efrons, an agency for cancer 
research capitulated to the regulators by providing them with a 
guideline which could not be supported by data. Until then, this 
cancer agency had steadfastly maintained its objectivity and 
integrity. 

Research data from industry does not appear in Efron’s book 
because she says these data have been largely discredited. She cites 
two companies and a contract laboratory which produced fraudu- 
lent data. This decision to ignore industry data no doubt contrib- 
utes to the credibility of her book, but it is unfortunate she incrimi- 
nates the industry on the basis of these few examples. Later in the 
book she refers to a study by FDA which indicates that universities 
were the most lax in quality control involving toxicological studies. 
Corporate laboratories ranked highest in performance, contract 
laboratories were second. 

This book is certainly worth reading by scientists as well as the 
general public. I know of no other publication which provides such 
insight into the cancer regulatory process, and perhaps more 
importantly, it puts the risk of cancer from synthetic chemicals into 
a proper perspective.-Richard C. Maxwell, Agricultural Chemi- 
cals Specialist, Cooperative Extension, Washington State Univer- 
sity, Pullman, WA 991646412. 

Mathematics and Plant Physiology. 1981. D.A. Rose and 
D.A. Charles-Edwards (Eds.) Academic Press Inc. Orlando, 
Il. 32887. $69.50 cloth. 
This book records the proceedings of the 1980symposium of the 

British Agricultural Research Council. The papers given report the 
results of twelve years of research by the Crop Science Model 
Builders Group, comprised primarily of British scientists. 

The reports are divided into three sections: Part I (1) processes at 
the cell and organ levels, and (2) processes at the plant and crop 
levels. Part I titles include (1) introduction to metabolic control (2) 
equilibrium models of leaf water relations (3) organongenesis (4) 
gas exchange in leaves (5) plant growth regulators (6) Traces 
experiments and compartmental modeling, and (7) water uptake 
and movement. Part II includes (8) aerial environment and crop 
growths (9) models of plant and crop water use (10) crop response 
to agronomic practices (11) modeling the growth of winter lattuce 
(12) stochastic modeling of stomata1 behavior. Part (III), (13) 
mathematical description of control processes (14) linear regres- 
sion methods of crop modeling (15) non-linear regression methods 
of crop modeling (15) non-linear regression in modeling, (16) fitted 
curves. 

The chapters are replete with formulas, diagrams, and figures, 
helpful in explanation of presentations. Extensive reference lists 
follow each chapter. The book is recommended for advanced 
undergraduates, graduates, and plant scientists as a basic re- 
ference.--Ed. 

The e-eology of nrrtural disturbance and patch dynamics. 1985. S.T.A. 
Picket, and P.S. White. Academic Press, Orlando, FL. s49.00 hard. 

Plants for arid Lnds. 1985. G.E. Wickens, J.R. Goodwin, and D. Field. 
Allen and Unwin Inc. 8 Winchester Place, Winchester, Mass. 01890 S35 
hard. 

Phnt resources of 8rid 8nd semiarid lands, 8 glob81 perspective. 1985. J.R. 
Goodin, and David K. Northington, EDS. Academic Press, Orlando, 
FL. $55.00 hard. 

G Grasses 8nd cere8lr; growth, development, and stress response. 1985. C. 
Allan Jones. John Wiley and Sons, Inc. Price? 

Ecosystems of tbe World, #12, Hot deserts 8nd 8cid sbrubhods. 1985. M. 
Evanari, I. Noy-meir, and D.W. Goodall, EDS. Elsiever Science Pub- 
lishers, P.O. Box 1663, Grand Central Station, New York, NY 10163. 
$111.00 hard. 
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