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Abstract

This 10-year study was designed to evaluate vegetation
response to increasing stocking rates under rotational stocking (3
days graze, 51 days rest) and long-term rest. The 4 stocking rate
treatments ranged from the recommended rate for moderate
continuous grazing to 2.7 times the recommended rate. Common
curly-mesquite [Hilaria belangeri (Steud.) Nash] increased (P =
0.05) in all grazed treatments and decreased in the livestock
exclosure, Sideoats grama [Bouteloua curtipendula (Michx.)
Torr.] along with other midgrasses decreased (P = 0.07) in all
grazed treatments and increased in the livestock exclosure,
Because the midgrasses were palatable species and not abundant,
they were defoliated too intensively and too frequently.
Rotational stocking was not able to sustain initial species compo-
sition at any of the stocking rates tested.
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Many different kinds of stocking methods have been examined
on rangelands (Kothmann 1980, Heitschmidt and Taylor 1991,
Holechek et al. 1989). During the past 2 decades, considerable
attention has been given to rotational stocking methods that uti-
lize recurring periods of stocking and rest among 2 or more pad-
docks in a grazing management unit. Rotational stocking methods
have been recommended as a means to enhance vegetation, live-
stock, and wildlife production. Theoretically, benefits from rota-
tional stocking result from control of selective grazing. Rotational
stocking has been intensively studied on the Texas A&M
University Research Station at Sonora, Tex., to determine its
effects on rangeland hydrology (Thurow et al. 1987, 1988, and
Warren et al. 1986a, 1986b), livestock production, and vegetation
changes (Ralphs et al. 1990, Taylor et al. 1980, 1993a, 1993b,
1993c). The objective of this study was to determine the effects
of stocking rate under rotational stocking on species composition
and frequency of the primary herbaceous vegetation components.
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Methods

A grazing study initiated in 1980 was continued until 1991.
Ralphs et al. (1990) reported results from the first 5 years of this
study. This paper analyzes the combined 10-year vegetation
response data and compares it to vegetation changes in an adja-
cent ungrazed livestock exclosure.

The study was conducted on the Texas Agricultural Experiment
Station located near Sonora, Tex. (31° N; 100° W). It lies in the
Edwards Plateau region of Texas (Gould 1975) with an average
elevation of 735 M. Precipitation is highly variable both between
and within years. The average annual precipitation is 577mm.

Soils were Tarrant stony clay, 8 to 15 cm deep, and Tarrant
silty clay, 15 to 25 cm deep (members of the clayey-skeletal,
montmorillonitic, thermic family of Lithic Haplustalls). Range
site classification was Low Stony Hills (SCS 1972).

An 8.5-ha pasture was subdivided into 2 blocks of 4 pastures
each for the grazed treatments (Table 1) with an additional pas-
ture for a livestock exclosure. Four stocking rate treatments were
randomly applied to the 4 pastures in each block. Stocking rates
in block 2 were 20% greater than those in block 1 because there
was a higher proportion of the deeper Tarrant silty clay soiis
which were more productive than the shallow Tarrant stony clay
soil. Stocking rates were 1.38, 2.05, 2.64, and 3.46 AUM/ha for
block 1, and 1.67, 2.52, 3.23, and 4.21 AUM/ha for block 2.
These represented 1, 1.5, 2, and 2.5 times the recommended
stocking rate for the respective sites (Merrill and Young 1954).
Experimental procedures for livestock grazing and vegetation
sampling followed those described by Ralphs et al. (1990).
Herbaceous species from 50 quadrats were sampled in each pas-
ture during September 1980, April 1985, and May 1991 using the
two-step sampling technique described by Anderson and
Kothmann (1982). Units of foliar cover were visually estimated
using a 1 X 0.25-m frame sectioned with a 6.25-cm grid. Ten of
the plots were clipped and species were separated and dried to
determine weight per unit of cover, multiplied by the number of
cover units of each plant species. Species composition by weight
were calculated for the following 6 selected categories of herba-
ceous vegetation: (1) common curly-mesquite [Hilaria belangeri
(Steud.) Nash], (2) other short grasses (red grama [Bouteloua tri-
Sfida Thurb.], hairy grama [B. hirsuta Lag.}), and hairy tridens
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Table 1. Study design, area in pastures and stocking rate treatments.
Pasture sizes in Rep 2 were decreased 20% to increase stocking rates
due to deeper, more productive soils.

Rep 2

Stocking rate s;g king rates Stocking rate _Sjs&lsmumi_
treatment' Area treatment

(ha) (AUM/ha) (ha) (AUM/ha)
1.0x 1.68 1.19 1.0x 1.20 1.67
1.5x 0.98 2.05 1.5x 0.79 252
2.0x 0.75 264 2.0x 0.62 323
2.5x 0.58 3.46 2.5x 0.47 421
'ncrease in stocking rate compared to the rece ded rate.

[Erioneuron pilosum (Buckl.) Nash], (3) threeawns (Wright
threeawn [Artistida wrightii Nash] and purple threeawn [A. pur-
purea Nutt.]), (4) sideoats grama {B. curtipendula (Michx.)
Torr.], (5) other midgrasses (fall witchgrass [Digitaria cognata
(Schult.) Pilger), Merrill bluestem [Bothriochloa edwardsiana
(Gould) L.R. Parodi], vine mesquite [Panicum obtusum Kunth in
H.B.K.], and King Ranch bluestem [B. ischaemum (L.) Keng var.
songarica (Fisch. & Mey.) Celarier & Harlan], and (6) cool-sea-
son grasses (Texas wintergrass [Stipa leucotricha Trin. & Rupr.],
sedge [Carex spp.], and rescuegrass [Bromus unioloides Kunth in
HB.XK.]

Composition of species in the standing crop was calculated by
dividing the standing crop of individual grass species by the total
grass standing crop. A split-plot ANOVA was used to compare
stocking rate treatments over time. Stocking rate was the whole
plot, year was the split plot and pastures were experimental units.
The exclosure data were not included in this analysis. Data from
all stocking rate treatments were pooled and compared to the
ungrazed treatment by a t-test. If the variance of the treatment
means were found to be significantly different (P < 0.05), then an
unpaired t-test for unequal variances was used, otherwise a test
for equal variances was applied (SAS 1988).

Results and Discussion

Common Curly-mesquite

In 1980, common curly-mesquite averaged 26% of total grass
standing crop by weight, ranging from 20% at the 2x stocking
rate to 32% at the 1x stocking rate and 42% in the livestock
exclosure (Table 2). In 1985, curly-mesquite averaged 35%, rang-
ing from 33% at the 1x stocking rate to 37% at the 2.5x stocking
rate. The livestock exclosure was not sampled in 1985. By 1991,
curly-mesquite averaged 77% under grazing treatments, ranging
from 70% at the 1x stocking rate to 79% at the 2x and 2.5x stock-
ing rates but dropped to less than 1% of the grass standing crop in
the livestock exclosure. The change in percent composition of
curly-mesquite differed (P < 0.05) for the grazed treatments com-
pared to the non-grazed treatments. Curly-mesquite increased
more on the grazed pastures in the last 5 years (42%) than in the
first 5 years (9%) (P = 0.01).

This non-linear increase of curly-mesquite from 1980 to 1991
is difficult to explain. Variable precipitation could be one factor
that affected curly-mesquite. Precipitation was favorable for the
first 5 years of the study (98% of average with 68% coming with-
in the growing season). Precipitation was greater for the last 5-
year period (101% of average with 76% coming during the grow-
ing season). An extremely cold period occurred during December
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of 1983, which resulted in the die-off of large amounts of warm
season grasses (mostly curly-mesquite; Fuhlendorf 1996). When
curly-mesquite died in the exclosure, it opened a niche for the
midgrasses to increase. However in the grazed treatments,
midgrasses apparently were not able to exploit the reduced com-
petition from curly-mesquite and it reestablished dominance. This
could have been a greater factor influencing the response of
curly-mesquite than precipitation.

An increase in curly-mesquite associated with increasing graz-
ing pressure is a common vegetative response on central Texas
rangelands (Merrill and Young 1959, Smeins and Merrill 1988).
Curly-mesquite is a low, tufted, stoloniferous perennial with erect
flowering culms which originate from small vegetative clumps. It
has the ability to persist and even maintain dominance within
grazed grassland communities because of its abilities to repro-
duce prolifically by seed and stolons (Smeins and Merrill 1988,
Kinucan 1987). The response of curly-mesquite in this study is
very similar to that under heavy continuous yearlong grazing.
The authors predicted this response in their earlier conclusions
(Ralphs et al. 1990).

The significant decrease in curly-mesquite in the exclosure is
similar to the response of buffalograss [Buchloe dactyloides
(Nutt.) Engelm.] in grazing exclosures in the Rolling Plains of

Table 2. Means and standard errors for species composition (percent
based on grass standing crop) of major grasses for 1980, 1985, and
1991 in an exclosure and at 4 stocking rates (NS = not sampled).

Species  Stocking' Year
Rate 1980 1985 1991

-------------------- (Fo) -~ mmmmmmmmmm e
HIBE? 1.0x 32+2° 331 10% 70 £17°
HIBE 1.5x 25+5* 40 + 10® 79 +25°
HIBE 2.0x 20+2* 32+1%® 78 +20°
HIBE 2.5x 29+12° 37+ 10® 79 + 20°
HIBE 0.0x 42 +23° NS 1+£1°
SHGR? 1.0x 32£2%® 369 10+7°
SHGR 1.5x 25+ 5% 43+ 11° 4+2°
SHGR 2.0x 25+£2° 46 +3° 8+5°
SHGR 2.5x 32+8% 4216 1n+g®
SHGR 0.0x 14 £ 10° NS 2+1°
ARS* 1.0x 9+1° 8+3° 12+8°
ARS 1.5x 1326 3+1° 109
ARS 2.0x 174 4x1° 2+1°
ARS 2.5x 8+3 41 513"
ARS 0.0x 19 +4* NS 18£8
BOCU® 1.0x 5+1° 411* 121°
BOCU 1.5x 5+1° 2+t 2+1°
BOCU 2.0x 9+2° 322% 1£1°
BOCU 2.5x 41 1x1b 1x1°
BOCU 0.0x 157 NS 25+1°
MIDGR®  1.0x 14+1* 14+32 1£1°
MIDGR  1.5x 20+5° 742 1+1°
MIDGR  2.0x 15+2° 113 913
MIDGR  2.5x 16+2° 9+4® 1+1°
MIDGR  0.0x 3+2° NS 53+ 10°
CSGR’ 1.0x 8+3° 7£1° 1419
CSGR 1.5x 13£2° 6+2® 1+1°
CSGR 2.0x 141 5+4% 2+1°
CSGR 2.5x 10£2° 816 3+1°
CSGR 0.0x 8 +4° NS 242°

“Increase in stocking rate compared to the recommended rate.

E = Common curly-mesquite.
SHGR Short grasses.
ARS Threeawn.
>BOCU = Sideoats grama.

R = Midgrasses.

TCSGR = Cool season grasses.

eans within rows with different letter differed significantly (P < 0.05).
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Texas (Kothmann et al. 1978). Apparently the characteristics that
serve curly-mesquite so well under intensive grazing are ineffec-
tive when grazing is removed.

Other Shortgrasses

Average shortgrass composition for all grazed treatments
ranged from 28.5% in 1980 to 42% in 1985 and dropped to 8% in
1991. The trend was similar for all treatments. Change in short-
grass composition for the grazed treatments was not different
from the ungrazed treatment (P = 0.15). Shortgrasses are proba-
bly less competitive for sunlight and nutrients than either curly-
mesquite or midgrasses and appear to respond to the combined
increase or decrease of these other categories of grasses.

Threeawn Species

In 1980, threeawn species averaged 12% of the grass composi-
tion, ranging from 8% in the 2.5x treatment to 17% in the 2.0x
treatment. The livestock exclosure was 19%. In 1985, threeawn
species had decreased to an average of 5% for all stocking rate
treatments. In 1991, threeawn species averaged 9%, ranging from
18% of the grass composition in the exclosure to 2% for the 2.0x
treatment. Threeawn species composition was stable for the
exclosure and the 2 lighter stocked grazing treatments (1.0x and
1.5x) but decreased under the heavier stocked treatments.
However, the percent change in threeawn composition for the
grazed treatments compared to the ungrazed treatment was not
different (P = 0.20). Threeawns generally are considered to have
a low preference value (Taylor 1973). Forage demand exceeded
forage production at the heavier stocking rates. Even marginally
preferred plants were negatively impacted as the grazing intensity
and frequency increased. The response of threeawns in the cur-
rent study was as an increaser (Dyksterhuis 1949).

Sideoats Grama

Sideoats grama with a mean composition of 6% in 1980,
ranged from 4% to 9% for the grazing treatments and totaled 15%
for the exclosure. By 1985, sideoats had decreased in all grazing
treatments to a mean of 1%.

Sideoats grama is a high seral grass in the western part of the
Edwards Platean and is considered a preferred forage for cattle,
sheep, and goats (Ralphs et al. 1990, Taylor 1973, Robinson
1990). Sideoats grama is also considered a key management
species and a good indicator of rangeland health. If management
reduces sideoats and other midgrasses, infiltration rate decreases,
erosion rate increases, and water storage capacity of the soil
decreases (Thurow 1990). Erosion not only exports nutrients
needed for forage production but also reduces the depth of the
soil.

These results raise concern because sideoats is an important
grass in this region. It does not appear to be possible to sustain
sideoats grama with the frequency and the intensity of defoliation
used in this grazing study (P = 0.01; grazed compared to
ungrazed). The significant increase of sideoats in the exclosure
indicates that conditions were favorable for sideoats grama dur-
ing the study period.

Other Midgrasses
Midgrasses responded to the treatments in a manner similar as
sideoats grama. Initial midgrass composition ranged from 14%
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for the 1.0x treatment to 20% for the 1.5x treatment with a mean
of 16% (Table 2). Midgrasses represented 3% of the grass com-
position for the exclosure. Midgrass composition for the stocking
treatments decreased to 10% in 1985 and then decreased to 3% in
1991. Midgrass composition increased to 53% for the exclosure
in 1991 and was greater (P = 0.01) than in the grazed treatments.

Cool-season Grasses

Cool-season grasses were represented mostly by Texas winter-
grass. This was the only category which had a significant interac-
tion (P = 0.06) between year and stocking rate. Percent composi-
tion of cool-season grasses decreased from 1981 to 1991 in all
grazed treatments except the 1.0x stocking rate (Table 2). Cool-
season grasses also declined in the exclosure, 8% in 1981 to 2%
in 1991. There was no difference (P = 0.35) in the percent change
of cool-season grass composition between the grazed and
ungrazed treatments. Distribution of precipitation may have had a
greater influence on cool-season grasses than the experimental
treatments. Most of the precipitation for the 10-year study
occurred during the warm season.

Conclusions

Rotational stocking with 3-day graze periods and 51-day rest
periods was not able to sustain initial species composition at any
stocking rate tested. Curly-mesquite increased in all stocked treat-
ments, while midgrasses and sideoats grama decreased. These
results were predicted in 1985 and confirmed as the study was
conducted for another 5 years. Because the midgrasses were
palatable species and not abundant, they were defoliated too
intensively and too frequently to remain in the community at pre-
vious levels. From this study, stocking rates at or above moderate
stocking could not be recommended for rotational stocking with
short periods of rest. However, previous research on the Sonora
Research Station demonstrated that rotational stocking with
longer rest periods (> 80 days) during the growing season did
allow midgrasses to increase (Taylor et al. 1993a). Exclusion of
livestock grazing resulted in midgrasses dominating the site.

Management Implications

Even though rotational stocking methods have been claimed to
improve or maintain range condition, range managers must be
alert when implementing rotational stocking on semi-arid range-
lands. Increasing the density and production of preferred plants is
a difficult and slow process. The presence of competing vegeta-
tion and the influence of precipitation, soil type, and intensity and
frequency of grazing results in variable responses to stocking
methods.

For rotational stocking to be successful, we recommend moni-
toring of grazing use on preferred plants. Range managers must
then adjust both grazing methods and animal numbers to maintain
proper use on key forage species. We also want to emphasize that
these results may not apply to all locations; i.e., these manage-
ment implications should be limited to locations with vegetation,
soils, and environment that are similar to those represented in this
study.
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Technical Comment

Comment: Plant, small mammal, and avian diversity fol-
lowing control of honey mesquite, J. Range Manage. 50:205-212
by Roger Peterson, 1750 Camino Corrales, Santa Fe, N.M.
87505

Chances are 9 to 1 that your roof will collapse. Should you do
something about it? No! according to Nolte and Fulbright (1997:
Journal of Range Management 50:205-212). They reason that 9
to 1 odds are not at the level of scientific proof (usually taken to
be 19 to 1 or, for some purposes, 99 to 1), therefore “it does not
appear that your roof will fall.” Or rather, in their terms, herbi-
cide treatment “does not appear to negatively impact plant and
vertebrate species richness and diversity. . .”

Nolte and Fulbright set out to test the hypothesis that herbicide
application to kill honey mesquite would reduce plant and verte-
brate species richness and diversity. They found that for plants
and birds, species richness and Shannon’s diversity index
increased or stayed constant on untreated plots but decreased
(usually decisively) or stayed constant (when the control figure
was more than doubling) after treatment. By their analysis these
decreases (or in one case, relative decrease) in diversity due to
treatment did not attain to the 19 to 1 confidence level, even
though they were all in the same, negative direction. They con-
cluded that there appeared to be no negative affect of herbicide
treatment. The correct conclusion (if their analysis were correct)
would be that they had not proved that there was an effect; that is,
they had not proved the roof would fall. That’s different from
proving it won’t.

I and most reasonable people will act on 9 to 1 probabilities.
Treatment mesquite under conditions of Nolte and Fulbright’s
experiment probably causes decreased diversity.

Response to Comment: Plant, small mammal, and
avian diversity following control of honey mesquite by Tim
Fulbright and Kenneth Nolte, Texas A&M University Kingsville,
Campus Box 218, Kingsville, Tex. 78363.

We wish to respond to Mr. Rober Peterson’s critique of our
article Plant, small mammal, and avian diversity following con-
trol of honey mesquite. Mr. Peterson stated” they reason that 9 to
1 odds are not at the level of scientific proof.” We assume he is
referring to our use of a significance level of 0.05 rather than
0.10. Selection of a significance level is an arbitrary decision. We
chose a = 0.05 to be conservative, i.e. to avoid type I errors. Most
of the differences in our study were not large enough to be
declared statistically significant at a significance level of 0.05.
We could have chosen o = 0.10. In 2 cases, post-treatment differ-
ences between controls and treatments could have been declared
significant at the 0.10 level. But in other cases the P values were
larger.

Mr. Peterson stated that “decreases in diversity due to treatment
did not attain to the 19 to 1 confidence level, even though they
were all in the same negative direction.” We reported 5 post-
treatment species richness and Shannon’s index comparisons in
the paper. In 3 cases, species richness values were lower in the
herbicide treatments (plants in 1992 and 1993 and birds) and in 2
cases species richness values were the same or greater in the her-
bicide treatments (small mammals in 1992 and 1993). Shannon’s
index was higher in the herbicide treatment in 1 of 5 cases. Beta
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diversity (vegetation patchiness) values were greater in herbicide
treatments in 1992 and 1993. Thus, not all values in the herbicide
treatments were in the “same negative direction.”

We clearly pointed out the weakness of our study. Replication
was limited, rainfall was above average during both years, and
the study only lasted two years. Based on the results of our study,
we believe one should be cautious in concluding that treating
shrublands with herbicide does or does not reduce species diver-
sity. Rather, our study was one case, with well above average
rainfall and a fairly selective herbicide treatment in which statisti-
cally significant (P < 0.05) differences were not observed.
Clearly, additional research in other ecosystems and climatic
regimes is warranted and needed. Then we can collate the body
of information available and search for patterns.



