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ARTICLE INFO ABSTRACT

Keywords: Formative patterns of vegetation responses to cattle grazing can be difficult to detect because of innate het-

Cartle erogeneity of vegetation communities and grazing patterns, especially in semiarid environments. Nonetheless,

Grazing ) some of this heterogeneity can be accounted for using appropriate experimental designs and statistical analyses.

Herbaceous vegeration Bork and Werner (1999) suggested retention of negative vegetation consumption values for paired herbivory
studies to concurrently analyze spatial heterogeneity and intensity of herbivory. Yet, inclusion of negative
consumption metrics has not been widely utilized. Our objective is to determine if postulates proposed by Bork
and Werner (interpretation of effects when negative consumption values are manipulated) are applicable to a
real data set urilizing a paired experimental design in a heterogeneous, semiarid environment. We determined
manipulation of negative consumptive values affects interpretation; it skews data distribution, over-estimates
treatment effect, and results in a statistically weaker treatment effect. Therefore, we recommend employing a
biologically paired experimental design and the retention of all negative vegetation consumption values so that:
(1) resulting models represent a normally distributed population, (2) standing crop of vegetation resulting from
the treatment is not over-estimated and (3) grazer treatment effect in heterogenous environments is recognized if
existent. This will ensure conservative metrics guide management decisions.

Percent utilization

1. Introduction

Heterogeneity is common in semiarid systems and can make it
difficult to detect patterns of ecological significance. Ecologically sig-
nificant patterns can help guide best management practices for the
sustainable use of natural resources. Establishing and quantifying
formative ecological patterns of vegetation responses to cattle grazing is
an ongoing objective in rangeland ecology and management (Powell
etal., 2018; Schieltz and Rubenstein, 2016). Despite this, a consensus on
vegetation responses to cattle grazing is lacking due to the heterogeneity
of environmental factors affecting vegetation growth and its responses
to grazing. These contributing factors are confounded across gradients of
precipitation, topoedaphic features, and plant community composition
and dynamics (Krausman et al., 2009; Fulbright et al., 2008; Vavra,
2005; Georgiadis et al., 1989).

Variation in vegetation responses to cattle grazing also exists within

ecologically similar landscapes. For example, in semiarid landscapes,
some researchers concluded cattle grazing had no impact on forbs
(Jones, 2000; Ortega et al., 1997), while other researchers concluded
cattle grazing increases forbs (Ruthven, 2007; Holechek, 1991; Evans,
1986). Variation in vegetation responses to cattle grazing in semiarid
environments may be attributable to: (1) natural spatial variability of
vegetation communities (Bork and Werner, 1999), (2) patchiness of
cattle grazing across the landscape (Pringle and Landsberg, 2004;
Landsberg et al., 1999, 2003; Andrew, 1988), and (3) differences in
study design and statistical analyses (Bork and Werner, 1999; Mitchell
and Wass, 1996).

Natural spatial variability of vegetation communities and patchiness
of cattle grazing across the landscape are exacerbated in semiarid en-
vironments. Water is limiting and the overall capacity of the soil to
absorb water is typically low. Abiotic heterogeneity in semiarid envi-
ronments can be ascribed to locally variable water and soil
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redistribution (Bork and Werner, 1999; Koppel et al.,, 2002). These
variable abiotic conditions contribute to high variation in standing crop
of herbaceous vegetation (Bork and Werner, 1999). The heterogeneity of
standing crop is further confounded by patchiness of vegetation selec-
tion by grazing cattle across the landscape. For example, cattle graze
more intensely on forages closer to water sources (Andrew, 1988;
Landsberg et al.,, 1999, 2003; Pringle and Landsberg, 2004). Thus,
selectivity of grazing cattle typically results in high removal of standing
crop by cattle at the patch level relative to the landscape level (Bork and
Werner, 1999). The naturally occurring heterogeneity of vegetation
communities and grazing cattle in semiarid landscapes are difficult to
control in field-based studies. However, the investigator can account for
some of this heterogeneity in semiarid environments when developing
the experimental design and employing the statistical analyses to
examine cattle grazing effects on vegetation.

Bork and Werner (1999) addressed statistical methods for paired
herbivory studies to account for high heterogeneity in semiarid and arid
environments. They suggested including negative consumption values
(i.e., the difference between standing crop and percent utilization) when
estimating grazing utilization in a paired sub-plot study design. Negative
vegetation consumption values occur in paired study designs when there
is a higher standing crop of vegetation inside the control (caged,
ungrazed area) compared to the treatment (grazed area). Due to system
randomness, statistical theory dictates the difference between paired
grazed and ungrazed plots has a one-third probability of resulting in
negative, neutral, or positive values in ungrazed systems. When grazing
is added to the system, in theory this would shift the normally distrib-
uted bell-shaped curve to the right, or further towards a sampling dis-
tribution with more positive values. However, some portion of the
sampling distribution would remain to the left of center and negative
values should be expected. In this study, 24% of our values were nega-
tive. When these negative grazing utilization values are set to zero, there
is an overestimate of forage use and a higher probability of detecting a
significant difference between the intensity of herbivory (Bork and
Werner, 1999). However, when a properly employed analysis includes
negative vegetation consumption values, non-zeroed data can concur-
rently analyze spatial heterogeneity and the intensity of herbivory (Bork
and Werner, 1999).

Although the benefits of retaining negative vegetation consumption
values were identified over twenty years ago (e.g., in 1999), inclusion of
negative consumption metrics have not been widely used. Typically,
reported vegetation consumption metrics range from zero to positive
values (Vermeire et al., 2018). However, by random chance, vegetation
response in paired plots could result in one of three potential outcomes:
(1) the difference between paired observations could be positive (for
example, more vegetation in the control area), (2) the difference be-
tween paired observations could be zero (no vegetation difference be-
tween control and treatment area), or (3) the difference between paired
observations could be negative (for example, more vegetation in the
treatment). Additionally, it is often unclear if the negative vegetation
consumption metrics are zeroed or deleted from the data set before the
data is analyzed.

Our objective is to determine the effects on interpretation when
negative consumption values are manipulated utilizing a real data set
collected on a landscape scale in a heterogenous, semiarid environment.
Specifically, we determine if manipulation of negative consumption
values affects interpretation when: (1) employing a true paired experi-
mental design, (2) examining the herbivore-based impact by evaluating
the relationship of forb standing crop to the difference in grass standing
crop, and (3) examining the impact of herbivory on the vegetation
community by evaluating the relationship of forb standing crop as it
relates to percent grass utilization (Bork and Werner, 1999).
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2. Materials and methods
2.1. Study area description

We selected six 2500 ha study sites (10-134 km apart) located on 4
East Foundation ranches spanning 134 km of the semiarid region of
South Texas, USA from the immediate Gulf Coast to the western edge of
the Coastal Sand Plains ecoregion. The East Foundation (San Antonio,
TX) is an Agricultural Research Organization devoted to promoting the
advancement of land stewardship through ranching, science, and edu-
cation using its living laboratory (that includes 6 ranches and 88,222 ha
in South Texas) as a platform. One study site was on each of the
following ranches: (1) Buena Vista (6113 ha; lat 26°57’14.4"N, long
—98°27'21.6"W), (2) El Sauz (10,984 ha; lat 26°31'58.8"N, long
—97°29'23.9"W), and (3) Santa Rosa (7544 ha; lat 27°10'58.8"N, long
—97°51/39.6"W). Three study sites were located on San Antonio Viejo
ranch, 60,034 ha, with a study site in the northern (site 1; lat
27°1'44.4"N, long —98°47'13.2"W), central (site 2; lat 26°53'49.2"N,
long —98°43'40.8"W), and southern (site 3; lat 26°45'25.2"N, long
—98°46'11.9”"W) portion of the ranch.

All study sites, except San Antonio Viejo site 3, were in the Coastal
Sand Plain ecoregion. San Antonio Viejo site 3 was in the Tamaulipan
Thornscrub ecoregion. Vegetation characteristics across the landscape
ranged from open grasslands with interspersed woody mottes to
thornscrub woodlands. Detailed descriptions of vegetation for the
Coastal Sand Plain are in Diamond and Fulbright (1990), Forman et al.
(2009), Fulbright (2001), and Fulbright et al. (1990). Detailed de-
scriptions of the Tamaulipan Thornscrub are in Fulbright (2001).

Based on the preceding 20 yrs of data, average yearly rainfall for the
region was 46.2 cm (C.J. Fernandez, Texas A&M Research & Extension
Center at Corpus Christi, Personal communication). Weather stations
that recorded both precipitation and temperature were located within
each study site on Buena Vista, El Sauz, and Santa Rosa and within
4.5-9.5 km of study sites on San Antonio Viejo ranch. Regional average
annual rainfall received across study area was 32.1 cm, 36.4 cm, and
45.8 cm during 2012, 2013, and 2014, respectively.

The ungrazed, standing crop of herbaceous vegetation (e.g., within
grazing exclosures) was heterogenous across the randomly deployed
experimental sites during the three years of data collection (Fig. 1).
Heterogeneity of the herbaceous vegetation in this semiarid landscape
across all years of data collection was corroborated from: (1) the skewed
data distribution of herbaceous vegetation standing crop within grazing
exclosures, (2) the 1.2-1.5 fold difference between the mean and median
annual values of the herbaceous standing crop, and (3) the expansive
range of herbaceous vegetation standing crop that fluctuated from zero,
or near zero, to upwards of over 5000-8000 kg ha™! in a given year
(Fig. 1).

2.2. True paired experimental design

We installed fifty 1.5 m x 1.5 m grazing exclosures (Chambers and
Brown, 1983) within each of the six 2500 ha study sites during 28
January to 11 March 2012. We used ArcMap (ArcGIS software v. 10,
ESRI, Redlands, CA) to randomly allocate each grazing exclosure, at
least 100 m apart, in each of the study sites. Each grazing exclosure was
constructed using four 10 em x 10 cm spacing, 6-gauge galvanized
utility panels (each panel was 1.2 m tall x 1.5 m wide) and 4 t-posts. The
center of the grazing exclosure was the non-grazed sampling area. We
installed each grazing exclosure in areas dominated by herbaceous
vegetation because our research objective was focused on grasses and
forbs. Next, at least 10 m away from each grazing exclosure, we searched
for a biologically similar vegetation plot to the non-grazed sampling
area to serve as a paired, grazed plot. Once located, we marked the
paired grazed sampling area with a t-post (Loft et al., 1987). We marked
the north corner of the grazed sampling area to guarantee we sampled
the initially selected paired sampling plot; it was located 0.5 m south of
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Fig. 1. Standing crop of herbaceous vegetation inside randomly distributed
grazing exclosures across south Texas, USA during (A) 2012, (B) 2013, and (C)
2014. Heterogeneity of vegetation standing crop is corroborated by the skewed
data distribution, the 1.2-1.5 fold difference in the mean and median values,
and the expansive range of vegetation standing crop values within a given year.

the t-post. The 0.5 m distance from the t-post and sampling plot was the
same distance for the grazed (treatment) and ungrazed (control) sam-
pling areas. Our goal was to reduce environmental heterogeneity with a
true paired experimental design (paired treatment and control). We
ensured paired treatment and control sampling plots were: (1) in close
proximity, (2) by visual inspection, initially were judged to be —90%
biologically similar with respect to vegetation species and bare ground
(i.e., percent cover and species richness), and (3) located as similar as
possible to the composition of surrounding vegetation so that sunlight
influences would be similar between paired areas.

2.3. Vegetation sampling

In South Texas, autumn is the only season when grasses and forbs are
concurrently in their peak growing season (Fulbright and Ortega-S.,
2013). Thus, we conducted our sampling immediately after the
autumn growing season, when both grasses and forbs had concurrently
reached peak biomass (Mitchell and Wass, 1996). Consumption of
grasses represents cattle grazing across our study sites because grasses
constitute the highest proportion of cattle diets compared to the other
large ungulates, white-tailed deer (Odocoileus virginianus; hereafter deer)
and nilgai (Boselaphus tragocamelus), present on our study sites. During
autumn, grasses comprised 87.9% =+ 1.3% (X +1 SE) of cattle diets
compared to < 38.0% =+ 1.9% of nilgai (19-38%) and deer (3-11%) diets
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based on seasonal stable isotope analyses of feces (Hines, 2016).

Grazing exclosures were in place for 8-12 months on each study site
before samples were collected. During November-December 2012 and
September—October 2013 and 2014, forage standing crop was clipped at
ground level (i.e., destructive sampling) within a 0.5 m x 0.5 m sam-
pling frame placed in the center of each grazing exclosure and 0.5 m
from the t-post marking the paired grazed sampling area. Within each
grazing exclosure, the distance between the sampled plot and all panels
was 0.5 m, which ensured standing crop of sampled forages was not
disturbed by large ungulates.

Herbaceous vegetation samples were separated into: (1) grasses, (2)
forbs preferred by deer, and (3) forbs not preferred by deer. We sepa-
rated forb species into those preferred and not preferred by deer due to
alignment with a separate research question of interest; effect of grazing
on forbs deer select for. Preference of forbs by deer was based on pre-
vious research regarding forb palatability to deer in South Texas
(DeYoung et al., 2019). Non-preferred forbs consisted of 32 species that
deer would consume little compared to the proportion of their avail-
ability in the plant community or would consume in greater amounts
only as a last resort when all other forage was absent (Appendix A).
Because deer are opportunistic feeders (Fulbright and Ortega-S., 2013),
all other forbs were considered preferred by deer (Appendix B). We dried
vegetation samples at 45 °C until they reached a constant mass and then
weighed them to the nearest 0.1 g using a digital, battery operated scale
(Ohaus, Parsippany, NJ). After sampling was completed and because
destructive sampling was used, we moved grazing exclosures 10 m in a
randomly assigned cardinal direction (previously sampled locations
were avoided). After the new grazing exclosure was installed, which
established the new non-grazed sampling area, we then searched for a
new biologically similar area to serve as the paired grazed plot. Once
located, the new paired grazed plot was marked with a t-post. Details of
paired plots are described above.

2.4. Statistical analyses

Each randomly allocated paired sampling location (i.e., grazed and
corresponding ungrazed area) was defined as the experimental unit. We
initially had 900 paired sampling locations (e.g., experimental units) to
analyze during this study (50 at each of the 6 study sites during each of 3
yrs). However, we excluded 26 paired sampling locations from the data
set because grazing exclosure panels were compromised allowing un-
gulates to graze inside the exclosure or because sampling areas were
flooded. We evaluated the frequency and simple statistics (i.e., mean,
median) for the difference in herbaceous vegetation (calculated as
ungrazed minus grazed) to determine if sampling distribution postulates
proposed by Bork and Werner (1999) apply to a data set collected in a
heterogenous, semiarid environment with a true paired experimental
design.

We then sought to determine if data interpretation postulates
regarding manipulation of negative consumption vegetation metrics
proposed by Bork and Werner (1999) apply to a data set collected in a
heterogenous, semiarid environment with a true paired experimental
design. First, for each of our paired grazing exclosure locations, we
estimated the two common grass consumption metrics, difference in
standing crop and percent utilization (Bork and Werner, 1999). We
calculated the cattle-based consumption metric, the difference in grass
standing crop, as grass standing crop in ungrazed minus grass standing
crop in grazed. We calculated the herbivory impact consumption metric,
percent grass utilization (GU), as:

(-0

GU (%)= [T] *100. 1]

Where I was the standing crop of grass in the grazing exclosure (the
control) and O was the standing crop of grass in the grazed sampling
area (the treatment). Grass utilization was bound between 0 and 100%
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when there was greater standing crop of grass in the grazing exclosure
compared to the paired grazed area. However, when standing crop of
grass was greater in the grazed area compared to the paired grazing
exclosure, negative grass utilization values could be infinite. We scaled
negative utilization values, so they were bound between -100 and 0%,
by multiplying each negative value by (100 + absolute value of the
minimum negative utilization value obtained during our 3 yr study). We
maintained all grass consumption values (scaled negative values
through unscaled positive values) for our complete data set. We
manipulated negative consumption values in the complete data set to
create two additional data sets. For our negative values zeroed data set,
we set negative consumption values equal to zero (Bork and Werner,
1999). For our negative values deleted data set, we removed negative
consumption values from the data set.

Secondly, we calculated the difference in standing crop of forbs
(total, preferred, and non-preferred forbs) in the grazed area (treatment)
minus the standing crop of forbs in the ungrazed area (control) for each
paired sampling location. We calculated the difference as grazed minus
ungrazed because our objective was to investigate the effect of grazing
versus a non-grazed area. Our null hypothesis was [ - o = 0, where
= standing crop of forbs in the treatment and p; = standing crop of forbs
in paired control. Hence, any value other than 0 for the difference in the
standing crop of forbs indicates a treatment effect on the standing crop
of forbs. A positive value indicates forb standing crop increased in the
grazed area, while a negative value indicates forb standing crop
decreased in the grazed area for each experimental unit pair.

Finally, we devised our standard models to examine if the difference
in the standing crop of forbs was related to variation in the difference in
grass standing crop and grass utilization. The independent variable in
each model was either the difference in grass standing crop or grass
utilization. Our dependent variable in each model was the difference in
standing crop of forbs between the grazed and ungrazed plots. For each
of our data sets (complete, zeroed, and deleted), we ran a separate model

independent variable: grazing utilization =

A All Herbaceous Vegetation Classes Combined: B Forb Response to Grass Utilization:
Autocorrelation Issue Type of No Autocorrelation Issue
X . analysis: . .
defpendent variable: sftandlng crop of Write the slope depfenc:’ent variable: sftandlng crop of
(forage ungrazed — forage grazed) of the model (forbs ungrazed — forbs grazed)
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for each of the following dependent variables: (1) total forbs (preferred
-+ non-preferred), (2) preferred deer forbs, and (3) non-preferred deer
forbs. To pass normality and homogeneity of variances, the difference in
standing crop for each forb category was log transformed. We report
back-transformed values in the results. The reported effect size is an
approximated percent change in the median difference in forb standing
crop (e’ is roughly equal to 1 + B for small values) for every unit change
of the grass consumption metric.

In our models, we avoided autocorrelation issues that occur when all
vegetation classes are combined to calculate percent utilization because
we examined the relationship of grass consumption metrics to forb
standing crop (Mitchell and Wass, 1996). For example, autocorrelation
issues arise when examining the relationship of herbaceous vegetation
utilization to forb standing crop and the resulting slope of the model is
related to the control (e.g., ungrazed area), not related to the treatment
employed (e.g., grazed area; Fig. 2). However, when forage classes are
examined separately in a simple linear model of the response of forbs to
grass utilization, the final slope of the model is 100% times the differ-
ence in the standing crop of forbs in the paired grazed and ungrazed
plots relative to the standing crop of grass grazed (Fig. 2). The slope of
our models provide insight into the effect size for the treatment — the
grazed area.

We determined the influence of grass consumptive metrics on forb
standing crop after accounting for the influence of other variables
(subsequently listed) that have been documented to affect standing crop
of vegetation. In our models we included: (1) year as a random effect, (2)
percent sand as our topoedaphic metric for each sampling location as a
continuous variable (USDA-NRCS, 2011a; 2011b), (3) distance from
each grazing exclosure to nearest water source as a covariate (deter-
mined using near analysis tool in ArcMap), (4) autumn (August and
September) rainfall received as determined from ranch weather stations
as a covariate, and (5) a linear autumn temperature combination vari-
able as a covariate. The 3 individual temperature variables (see

independent variable: grazing utilization =

. forage ungrazed —forage grazed o . (grass ungrazed —grass grazea’) o,
* *
[standing crop of ( Foraga umgrazed 100%] [standing crop of rass wngrazed 100%]
l Slope of simple l
standing crop of linear regression standing crop of
[ Epfm‘age uﬂgrgszr —forage dgmzed) ] model = [ (forbs ungrjzed —forbs ;lqruzed) ]
orage_ungrazed —jorage graze grass ungrazed —grass_graze
( forag e ungrazed )ﬂ 0% (—) or ( grass ungrazed )*100%
( dependent variable )
independent variable
Following Mathematical Rule for Dividing Fractions:
Re-write Slope to Simplify Equation
v v
standing crop of standing crop of
- * forage ungrazed 0 - * grass-ungrazed — 0,
[(ferageungrazed —forage grazed)*—— 5 T —forag — = 100%] (forbs ungrazed - forbs grazed) " p——— 100%)]

l

standing crop of forage ungrazed * 100%

Final Slope of Simple
Linear Regression
Model

l

standing crop of
(forbs ungrazed —forbs grazed)
: —grass grazed

*100%]

Fig. 2. Final slope of simple linear model when examining vegetation standing crop as it relates to percent utilization between paired treatment-control areas: (A) all
herbaceous vegetation classes combined - slope is not related to treatment, but rather control (e.g., ungrazed area) and (B) separate forb and grass vegetation classes -

slope is related to treatment (e.g., grazed area).
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description below) were collinearly related, thus instead, a linear com-
bination variable that retained 78% of variation of the 3 separate tem-
perature variables was included in each model so not to bias model
results (Aguilera et al., 2006). The linear temperature combination
variable was determined from principle components analysis (Proc
Princomp, SAS, version 9.3, SAS Institute, Cary, NC, USA) of 3 indi-
vidual temperature values: daily (1) minimum and (2) maximum tem-
perature averaged across August-September and (3) average daily
temperature during August-September. Additionally, we utilized sea-
sonal weather patterns because they are better predictors of vegetation
standing crop than annual weather patterns (Pitt and Heady, 1978).
There was no multicollinearity among other predictor variables for each
of our models (condition index <19.4; Haque et al., 2002). Finally, we
used mixed models because we had both random and fixed effects in our
model (Proc Mixed; SAS, 2016).

A 100 4

Frequency
8

Negative Values Zeroed
l:es; HVSC
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3. Results
3.1. Sampling distribution

3.1.1. Complete data set

Three outliers for the difference in herbaceous vegetation standing
crop (e.g., ungrazed minus grazed) were removed from the dataset
because they were not representative of most of the data: —5544; 8320;
and 17,360 kg ha'. After removal of outliers, the difference in herba-
ceous standing crop ranged from —2568-5632 kg ha™! (N = 871).
Positive values indicate a higher consumption of herbaceous standing
crop in the grazed relative to the ungrazed area. Most values, 74%, were
positive and 24% were negative values (N = 641 and 213, respectively).
There was no difference in 2% of the paired plots, and most cases (16 of
17 pairs) had no herbaceous vegetation inside or outside of exclosures.
The frequency of the difference in herbaceous standing crop (e.g., forb
and grass standing crop combined) exhibited a normal sampling distri-
bution, but was slightly positively skewed (Fig. 3A). The most frequent
difference in herbaceous standing crop ranged between 1 and 99 kg ha™!
(N = 88), followed by 100-199 kg ha ! (N = 80). The mean (X + 1 SE)

Complete Data Set

X+ 1SE =469 +31kg ha'
median = 268 kg ha?!

range = -2,568 to0 5,632 kg ha!
N=871

Negative Values Deleted

More HVSC

consumed

v
B -
200 1
150 1 X+ 1SE=573 +27 kg ha
g median = 268 kg ha'!
100 range = 0to 5,632 kg ha!
E N=871
50 4
0 trerrervrrrrerrrrerer R e Rt e R
o
AR LR E e
Less HVSC More HVSC
consumed consumed

Difference in herbaceous vegetation standing crop (HVSC; kg ha'!)

Difference in herbaceous vegetation standing crop (HVSC; kg ha!)

consumed

v
C 100 4
X+1SE=758 +33 kg ha'*
median = 482 kg ha™!
> <4
: 50 range = 0to 5,632 kg ha'!
3 N =658
@

Less HVSC
consumed

More HVSC
consumed

Difference in herbaceous vegetation standing crop (HVSC; kg ha')

Fig. 3. Data distribution and sample statistics: mean =+ standard error (x &= 1 SE), median, range, for the difference in herbaceous vegetation standing crop for a true
paired experimental design in a stochastic semiarid environment. (A) The complete data set, included all negative to positive standing crop values, had a normal
distiibution. When negative standing crop values were (B) set to equal zero or (C) deleted, the positively skewed data sets over-estimated the central tendency value

(s) of forage consumption across south Texas, USA, 2012-2014.
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difference in the standing crop of herbaceous vegetation was 469 + 31
kg ha™! with a median value of 268 kg ha™™.

3.1.2. Negative values zeroed data set

Negative values indicate a lower consumption of standing crop, thus
a higher standing crop of herbaceous forage in the grazed relative to the
ungrazed area. These negative values were set equal to zero for this data
set. The difference in herbaceous standing crop ranged from 0 to 5632
kg ha™' (N = 871). The frequency of the difference in herbaceous
standing crop exhibited a positively skewed sampling distribution
(Fig. 3B). The most frequent difference in herbaceous standing erop was
Okg ha ! (N = 230). The mean (x + 1SE) difference in the standing crop
of herbaceous vegetation was 573 + 27 kg ha~! with a median value of
268 kg ha™!. The median value for the zeroed data set was the same as
the complete dataset. However, the mean consumption of herbaceous
vegetation was 104 kg ha~! higher than the complete data set (Fig. 3A
and B).
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3.1.3. Negative values deleted data set

Negative values for the difference in standing crop of herbaceous
vegetation were deleted for this data set. The difference in herbaceous
standing crop ranged from 0 to 5632 kg ha™! (N = 658). This data set
had 213 fewer observations compared to the complete and zeroed data
sets. The frequency of the difference in herbaceous standing crop
exhibited a positively skewed sampling distribution (Fig. 3C). The most
frequent difference in herbaceous standing crop was the same as the
complete data set; ranged between 1 and 99 kg ha ™! (N = 88), followed
by 100-199 kg ha ! (N = 80). The mean (X & 1 SE) difference in the
standing crop of herbaceous vegetation was 758 + 33 kg ha™! with a
median value of 482 kg ha™!. The median value was 214 kg ha-1 higher
than the complete and zeroed data sets. In addition, the mean con-
sumption of herbaceous vegetation was 185-289 kg ha~! higher than
the zeroed and complete data sets (Fig. 3).
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Fig. 4. The standing crop of total forbs (preferred + non-preferred), preferred, and non-preferred deer forbs as it related to the difference in grass standing crop for
the (A) complete data set, included all negative to positive difference in grass standing crop values, (B) negative difference in grass standing crop values were set
equal to zero data set, and (C) negative difference in grass standing crop values were deleted data set. When negative grass consumption values were manipulated
(zeroed or deleted), the models over-estimated the additional standing crop of forbs in the grazed area (relative to forb standing crop in control) that resulted from

the treatment across south Texas, USA, 2012-2014.
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3.2. Herbivore-based models — standing crop

3.2.1. Complete data set

There were 871 observations in the complete data set. The difference
in grass standing crop displayed a similar pattern as the difference in
herbaceous vegetation (forbs + grass) standing crop. The difference in
grass standing crop was negative for 204 paired plots (N = 204). Thus,
24% of paired plots had a higher standing crop of grasses the grazed plot
compared to the non-grazed paired plot. There was no difference in grass
standing crop in 7% of paired plots, and most cases (55 of 65 pairs) had
no grass inside or outside the exclosure. Most paired plots, 69%, had
positive values for the difference in grass standing crop (N = 603). The
difference in standing crop of total forbs was positively related to grass
standing crop consumed (ungrazed grass standing crop — grazed grass
standing crop; Fy g3 = 41.12; P < 0.001); for every 1 kg ha ! increase in
grass consumed, there was a 1% increase in standing crop of total forbs
in the grazed area relative to the ungrazed area (Bgass utilization:
exp_(c.omsg) = 1.00139%; Fig. 4). This model predicted an increase in
total forbs of 84.9 kg ha™ when 4500 kg ha™! of grass was consumed
(Fig. 4A).

The difference in standing crop of preferred forbs was positively
related to grass standing crop consumed (ungrazed grass standing crop —
grazed grass standing crop; Fy ges = 20.46; P < 0.001); for every 1 kg
ha~! increase in grass consumed, there was a 1% increase in standing
crop of preferred forbs in the grazed area relative to the ungrazed area
(Bgrass utilization: exp.(0.000BQ) = 1.00009%; Fig. 4). This model predicted
an increase in preferred forbs of 2.6 kg ha™! when 4500 kg ha™! of grass
was consumed (Fig. 4A).

The difference in standing crop of non-preferred forbs was positively
related to grass standing crop consumed (ungrazed grass standing crop —
grazed grass standing crop; Fq ges = 11.06; P < 0.001); for every 1 kg
ha~! increase in grass consumed, there was a 1% increase in standing
crop of non-preferred forbs in the grazed area relative to the ungrazed
area (Bgrass utilization: €XD- (0.00058) _ 1.00058%; Fig. 4). This model pre-
dicted an increase in non-preferred forbs of 0.7 kg ha~! when 4500 kg
ha™! of grass was consumed (Fig. 4A).

3.2.2. Negative values zeroed data set

Negative values for the difference in grass standing crop were set
equal to zero for this data set. The sample size was the same as the
complete data set (N = 871).

The difference in standing crop of total forbs was positively related to
grass standing crop consumed (ungrazed grass standing crop — grazed
grass standing crop; Fyges = 41.12; P < 0.001); for every 1 kg ha™?!
increase in grass consumed, there was a 1% increase in standing crop of
total forbs in the grazed area relative to the ungrazed area (Bgyass utili-
zation: exp_(o.omsg) =1.00139%; Fig. 4). This model predicted an increase
in total forbs of 84.9 kg ha—* when 4500 kg ha ™! of grass was consumed
(Fig. 4B). These results are the same for effect size and prediction as the
complete data set model for the difference in total forbs.

The difference in standing crop of preferred forbs was positively
related to grass standing crop consumed (ungrazed grass standing crop —
grazed grass standing crop; Fy ges = 20.46; P < 0.001); for every 1 kg
ha~! increase in grass consumed, there was a 1% increase in standing
crop of preferred forbs in the grazed area relative to the ungrazed area
(Bgrass utilization: exp_(o.oooa9) = 1.00009%; Fig. 4). This was the same ef-
fect size as the complete data set model for the difference in preferred
forbs. However, this model predicted an increase in preferred forbs of
11.8 kg ha ! when 4500 kg ha™! of grass was consumed; a 9.2 kg ha™*
greater increase in preferred forbs compared to the complete data set
model (Fig. 4B).

The difference in standing crop of non-preferred forbs was positively
related to grass standing crop consumed (ungrazed grass standing crop —
grazed grass standing crop; Fq ges = 11.06; P < 0.001); for every 1 kg
ha~! increase in grass consumed, there was a 1% increase in standing
crop of non-preferred forbs in the grazed area relative to the ungrazed
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area (Bgrass utilization: exp_(o.oooss) = 1.00058%; Fig. 4B). This was the
same effect size as the complete data set model for the difference in non-
preferred forbs. However, this model predicted an increase in non-
preferred forbs of 6.7 kg ha™' when 4500 kg ha™! of grass was
consumed; a 6.0 kg ha™! greater increase in non-preferred forbs
compared to the complete data set model (Fig. 4B).

3.2.3. Negative values deleted data set

Negative values for the difference in grass standing crop were deleted
for this data set. There were 658 observations in this data set, 213 fewer
observations compared to the complete and zeroed data sets.

The difference in standing crop of total forbs was positively related to
grass standing crop consumed (ungrazed grass standing crop — grazed
grass standing crop; Fi es50 = 169.20; P < 0.001); for every 1 kg ha™!
increase in grass consumed, there was a 1% increase in standing crop of
total forbs in the grazed area relative to the ungrazed area (Bgpass utili-
zation: exp.(©-09251) — 1.002619%; Fig. 4C). This was the same relationship
prediction, but slightly larger (0.00122%) effect size when compared to
the complete data set and zeroed data set models. However, this model
predicted an increase in total forbs of 2149.8 kg ha~* when 4500 kg ha*
of grass was consumed; a 2064.9 kg ha™! greater increase in total forbs
compared to the complete data set and zeroed data set models (Fig. 4C).

The difference in standing crop of preferred forbs was positively
related to grass standing crop consumed (ungrazed grass standing crop —
grazed grass standing crop; Fq gso = 61.27; P < 0.001); for every 1 kg
ha™! increase in grass consumed, there was a 1% increase in standing
crop of preferred forbs in the grazed area relative to the ungrazed area
(Bgrass utilization: exp_(o.omsg) = 1.00159%; Fig. 4C). This was the same
relationship prediction, but slightly larger (0.00070%) effect size when
compared to the complete data set and zeroed data set models. However,
this model predicted an increase in preferred forbs of 91.0 kg ha ! when
4500 kg ha™! of grass was consumed; 88.4 kg ha™* greater increase in
preferred forbs compared to the complete data set model prediction and
79.2 kg ha ! greater increase compared to the zeroed data set model
(Fig. 40).

The difference in standing crop of non-preferred forbs was positively
related to grass standing crop consumed (ungrazed grass standing crop —
grazed grass standing crop; Fy gso = 33.01; P < 0.001); for every 1 kg
ha! increase in grass consumed, there was a 1% increase in standing
crop of non-preferred forbs in the grazed area relative to the ungrazed
area (Bgrass wilization: exp. 0915 = 1.00159%; Fig. 4C). This was the
same relationship prediction, but slightly larger (0.00101%) effect size
when compared to the complete data set and zeroed data set models.
However, this model predicted an increase in non-preferred forbs of
24.2 kg ha~! when 4500 kg ha ™! of grass was consumed; a 23.5 kg ha™!
greater increase in preferred forbs compared to the complete data set
model and 17.5 kg ha ! greater increase compared to the zeroed data set
model (Fig. 4C).

3.3. Herbivare impact on vegetation models — utilization

3.3.1. Complete data set

There were 792 observations in the complete data set. This was 79
fewer observations compared to the complete data set when the inde-
pendent variable was the difference in grass standing crop. These 79
observations were removed from the grass utilization complete data set
because there was 0 kg ha ! of grass standing crop in the ungrazed area
— you cannot divide by zero to calculate grass utilization. Mostly, this
reduced the frequency of negative values and values of no difference
between paired plots in the dataset. The difference in grass standing crop
was negative for 177 paired plots. Thus, 22% of the paired plots had
more grass standing crop in the grazed compared to the non-grazed plot.
Few paired plots had no difference in grass standing crop inside and
outside exclosures (N = 10). Most, 76%, of paired plots had more grass
standing crop in the non-grazed compared to the grazed plot (N = 603).

The difference in standing crop of total forbs was positively related to
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grass utilization (Fy 7g4 = 15.30; P < 0.001); for every 1% increase in
grass utilization, there was a 1% increase in standing crop of total forbs
in the grazed area relative to the ungrazed area (Fig. 5A). This model
predicted an increase in total forbs of 0.6 kg ha~* when 100% grass was
consumed (Fig. 5A).

The difference in standing crop of preferred forbs was positively
related to grass utilization (F; 784 = 10.14; P = 0.001); for every 1%
increase in grass utilization, there was a 1% increase in standing crop of
preferred forbs in the grazed area relative to the ungrazed area (Fig. 5A).
This model predicted an increase in preferred forbs of 0.6 kg ha™! when
100% grass was consumed (Fig. 5A).

The difference in standing crop of non-preferred forbs was not
related to grass utilization (F; 754 = 1.23; P = 0.269; Fig. 5A).

3.3.2. Negative values zeroed data set
Negative values for grass utilization were set equal to zero for this
data set. The sample size was the same as the complete data set (N =

—Preferred Forbs

=

~
w
r~
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792).

The difference in standing crop of total forbs was positively related to
grass utilization (Fy 7g4 = 14.34; P < 0.001); for every 1% increase in
grass utilization, there was a 1% increase in standing crop of total forbs
in the grazed area relative to the ungrazed area (Bgrass utilization:
exp.(001781) — 1.01797%; Fig. 5B). This model also predicted an increase
in total forbs of 0.6 kg ha™ when 100% grass is consumed (Fig. 5B). This
was the same relationship and prediction as the complete data set
model.

The difference in standing crop of preferred forbs was positively
related to grass utilization (F; 74 = 10.51; P = 0.001); for every 1%
increase in grass utilization, there was a 1% increase in standing crop of
preferred forbs in the grazed area relative to the ungrazed area (Bgyqs,
utilization: €xp.(©01368) — 1.01377%; Fig. 5B). This was the same rela-
tionship prediction as the complete data set model. However, this model
predicted an increase in preferred forbs of 0.5 kg ha=* when 100% grass
was consumed (Fig. 5B); 0.1 kg ha™! lower standing crop of forbs
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Fig. 5. The standing crop of total forbs (prefeired + non-preferred), preferred, and non-prefeired deer forbs as it related to percent grass utilization for the (A)
complete data set, included all negative to positive grass utilization values, (B) grass utilization negative values were set equal to zero data set, and (C) grass uti-
lization negative values were deleted data set. Mostly, the final interpretation of all model predictions for the additional standing crop of forbs (relative to forb
standing crop in control) that resulted from the treatment was similar across all data sets across south Texas, USA, 2012-2014.
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compared to the complete data set model.

The difference in standing crop of non-preferred forbs was not
related to grass utilization (F1 754 = 0.54; P = 0.464; Fig. 5B). This was
the same relationship prediction as the complete data set model.

3.3.3. Negative values deleted data set

Negative values for grass utilization were deleted for this data set.
There were 615 observations in this data set, 177 fewer observations
compared to the complete and negative values zeroed data sets.

The difference in standing crop of total forbs had a weak, but positive
relationship to grass utilization (Fy go7 = 3.13; P = 0.078); for every 1%
increase in grass utilization, there was a 1% increase in standing crop of
total forbs in the grazed area relative to the ungrazed area (Bgrass uiili-
sation: €xp.(©01297) — 1.01214%; Fig. 5C). This model also predicted an
increase in total forbs of 0.6 kg ha™! when 100% grass is consumed
(Fig. 5C). While the relationship was statistically weaker, the overall
prediction was the same as the complete and zeroed grass utilization
data set models.

The difference in standing crop of preferred forbs was positively
related to grass utilization (Fy 607 = 4.03; P = 0.045); for every 1% in-
crease in grass utilization, there was a 1% increase in standing crop of
preferred forbs in the grazed area relative to the ungrazed area (Bgrass
utilization: exp.(o.mzzz) = 1.01229%; Fig. 5C). This was the same, but
statistically weaker relationship than predicted with the complete and
zeroed grass utilization data set models. This model also predicted an
increase in preferred forbs of 0.6 kg ha™! when 100% grass was
consumed (Fig. 5C); the same prediction as the complete grass utiliza-
tion data set model, but 0.1 kg ha~! more forbs compared to the zeroed
data set model.

The difference in standing crop of non-preferred forbs was not
related to grass utilization (Fy 697 = 0.28; P = 0.595; Fig. 5C). This was
the same relationship prediction as the complete and zeroed grass uti-
lization data set models.

4. Discussion

Contrary to most data analyses conducted in our field, we retained
negative consumptive values and compared retention to analyses in
which the negative consumptive values were manipulated by zeroing or
deleting values (Vermeire et al., 2018). We engaged in this data analyses
because of inherent system randomness, even when treatments such as
grazing are added to the system (Bork and Werner 1999). To elucidate,
in an ungrazed system, differences between protected and unprotected
plots would approximate a bell-shaped curve. Thus, when calculating
the difference in standing crop vegetation between paired grazed and
ungrazed plots, statistical theory dictates there is one-third probability
the difference could result in negative, neutral, or positive values. In
theory, grazing simply shifts the curve to the right, or more positive.
However, some portion of the curve remains to the left of center, or
negative. This was established in this study. Across datasets, most of our
calculated grass consumptive values were positive, 69-76%. Meaning
grazing shifted the curve to the more positive end due to the con-
sumption of grasses in the grazed plots. However, some of our sampling
distribution, 24%, remained to the left of center and resulted in negative
grass consumptive values. When these negative values are set to zero,
there is an overestimation of forage use (Bork and Werner, 1999).
Indeed, we determined manipulation of negative consumptive values
does affect the interpretation of the data (Table 1). First, when negative
consumptive values are zeroed or deleted, the sampling distribution is
skewed. Second, when negative consumptive values are zeroed or
deleted from the data set, the treatment effect is almost always over-
estimated. Third, when negative consumptive values are deleted from
the data set, the treatment effect is statistically weaker (e.g., smaller
F-values and larger P-values).
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Table 1

Summary comparison of the effect on sampling distribution and interpretation
of model results when negative consumptive herbaceous vegetation values are
manipulated in a real data set collected across south Texas, USA, 2012-2014.
The non-manipulated (complete) and manipulated (zeroed or deleted) negative
consumptive values were the explanatory variable in the model calculated as the
difference in grass standing crop in the ungrazed minus grazed paired plot.
Preferred forbs are selected for by deer; nonpreferred forbs are rarely selected for
by deer; total forbs are preferred + nonpreferred forbs. When negative
consumptive values were zeroed or deleted, the data distribution was positively
skewed and there was almost always an overestimate of the grazing effect of
grass removal on forb standing crop. When negative consumptive values were
deleted, the relationship was statistically weaker (e.g., smaller F-values and
larger P-values).

Negative values
deleted data set

Negative values
zeroed data set

Complete data set

Frequency of normal, slightly positively positively skewed
sampling positively skewed  skewed
distribution

Herbivore impact on forb standing crop model predictions:
+ or — change in forb standing crop when 4500 kg ha ! grass is consumed; F-stat;

and P-value

Total Forbs +84.9kgha L +84.9kgha 4 +2149.8 kgha L
Fiees = 41.12; Frgsa = 41.12; Fy 50 = 169.20;
P < 0.001 P < 0.001 P < 0.001

Preferred Forbs +2.6 kg ha-1; +11.8 kgha +91.0 kg ha
F1,863 = 20.46; Fi63 = 20.46; Fies0 = 61.27;
P < 0.001 P < 0.001 P < 0.001

Nonpreferred Forbs 4+0.7 kg ha L +6.7 kgha 1 4+24.2kgha 1
Fis63 = 11.06; Fye63 — 11.06; Fy6s50 = 33.01;
P < 0.001 P < 0.001 P < 0.001

Herbivore impact on vegetation models — utilization model predictions:
+ or — change in forb standing crop when 100% of grass is consumed; F-stat; and P-
value

Total Forbs +0.6 kg ha™§; 4+0.6 kg ha™1; +0.6 kg ha™%;
Fi,784 = 15.30; F1784 = 14.34; Fre07 = 3.13;
P < 0.001 P < 0.001 P =0.078

Preferred Forbs 40.6 kg ha 1; +0.5kgha 40.6 kg ha %;
Fioeq = 10.14; Fy7ss = 10.51; Fy 07 = 4.03;
P = 0.001 P = 0.001 P = 0.045

Nonpreferred Forbs *NR; *NR; °NR;
Fize4 = 1.23; Fi,784 = 0.04; Fi607 = 0.28;
P = 0.269 P = 0.464 P =0.595

# NR is no statistical relationship; thus, no prediction of forb standing crop at
100% grass removal.

4.1. Sampling distribution

When negative consumptive values were set to zero or deleted from
the data set, the sampling distribution was skewed (Table 1). However,
the complete data set that included the scaled negative consumptive
values exhibited a normal sampling distribution. This is contrary to the
findings of Bork and Werner (1999). They established that the data set
for a paired-subplot sampling method in stochastic environments would
not follow a normal sampling distribution. Bork and Werner (1999)
attributed a skewed sampling distribution to the paired-subplot sam-
pling method and the stochastic nature of plant communities in a het-
erogeneous environment. In the paired-subplot method referenced by
Bork and Werner (1999), first, the grazed and ungrazed subplots are
randomly chosen. Next, the data are averaged across grazed sampling
subplots and averaged across ungrazed sampling subplots. Finally, the
averaged grazed and averaged ungrazed subplots are paired. The pairing
of the sampling plots occurs last — after the initial statistical manipu-
lation of the data. Additionally, averaging data across subplots in sto-
chastic environments does not reduce heterogeneity associated with the
data set (Bork and Werner 1999). In heterogeneous plant communities,
randomly chosen ‘paired’ plots are not analogous to a true paired study
design because plant communities are highly variable. Yet, data set
heterogeneity can be reduced in stochastic environments by pairing
plots first, in the field. First, locate and cage the randomly allocated
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ungrazed sampling area. Then, seek out and mark a biologically paired,
grazed sampling location. Select paired grazed and ungrazed plots based
on visually judging the similarity of the biotic (i.e., species and percent
cover of plants present) and abiotic factors (i.e., percent soil, sunlight
intensity). This biological pairing reduced heterogeneity, as evident by a
more normally distributed sampling distribution in our complete
dataset.

Our results did align with some of Bork and Werner’s (1999) con-
clusions. We also established that forage consumption is over-estimated
when negative consumption values are manipulated (e.g., difference in
herbaceous vegetation standing crop and percent utilization). Manipu-
lation of negative consumption values in a data set positively skews the
sampling distribution. Positive skewing of the distribution results in
over-estimation of mean vegetation consumption metrics. Bork and
Werner (1999) advised against zeroing negative values. However, our
analysis revealed that deleting all negative consumption values from the
data set has a greater over-estimation impact compared to when nega-
tive values are zeroed. For example, there was a 1.6xX greater mean es-
timate of herbaceous vegetation consumed when negative values were
deleted, but only a 1.2x greater mean consumption when negative
values were zeroed. Furthermore, only the mean value was positively
skewed when negative values were zeroed; the median value did not
change. However, when negative values were deleted, both the mean
and median values were positively skewed resulting in a higher
over-estimate of herbaceous vegetation consumed.

4.2. Manipulation of negative values and model predictions

When negative consumptive values are manipulated, it affects the
interpretation of the model parameters (Table 1). Model estimates of the
treatment effect were over-estimated when negative consumptive values
are manipulated. We determined that deleting negative consumptive
values further exacerbated the over-estimation of the treatment effect
compared to when negative consumptive values were zeroed. For
example, when negative values were deleted, the models predicted a 35x
greater increase in forb standing crop (preferred and non-preferred
forbs) compared to the complete data set models when 4500 kg ha™!
of grass is consumption. When negative values were zeroed, the models
did have a greater estimate of the standing crop of forbs (3.6-7.7x
greater increase in the standing crop of non-preferred and preferred
forbs, respectively) compared to the complete data set when 4500 kg
ha ! of grass is consumed. However, the over-estimate of the treatment
ensuing forb standing crop was much lower when negative consumption
values were zeroed compared to when they were deleted. Our results
agreed with findings of Bork and Werner (1999), the treatment effect
was overestimated when we examined the consumptive metric as her-
baceous standing crop.

While our models agreed with their findings for the difference in
standing crop, we did not come to the same conclusion when we
examined percent utilization as the consumption metric. Bork and
Werner (1999) employed a paired-subplot experimental design while we
employed a true paired experimental design. Across our models,
regardless of the data set (complete, zeroed, deleted), our model esti-
mates of the treatment effect were mostly similar when we examined
percent grass utilization (Table 1). The estimated effect of 100% grass
utilization was a small increase (0.5-0.8 kg ha™?) in forb standing crop.
However, the statistical power of the relationship was affected by
manipulating negative consumptive values. When negative grass utili-
zation values were deleted, there was a weaker statistical relationship
between grass utilization and forb standing crop. Additionally, the
relationship was opposite between non-preferred forb standing crop and
grass utilization when negative consumptive values were deleted.
However, we did find non-significant relationships between
non-preferred forbs and grass utilization across all models, all datasets.

10
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4.3. Conclusion and implications

There are principles that support the probability of observing nega-
tive consumptive values, or a higher standing crop of grass in the grazed
compared to its paired ungrazed plot. The first has been discussed at
length in the literature. The grazing optimization hypothesis elucidates
plants compensate through growth when grazed and at higher growth
rates than ungrazed plants (Li et al., 2021; Mipam et al., 2019; Hilbert
et al., 1981). However, it was Briske (1993) that provided the best
summarized potential for compensatory growth as it related to our study
sites. The grazing optimization hypothesis was most supported when:
(1) the density of herbivores in the system was not directly controlled by
humans, (2) grazing occurred over expansive areas, and (3) there was an
increase in the interval between consecutive grazing events (Briske,
1993). While we did not directly observe this (e.g., we did not have GPS
collared cattle or cameras at each paired plot), this description matches
the grazing management system in our study. Thus, the observation of
negative grass consumptive values could be due to compensatory
growth. However, it may not be fully attributed to biological explana-
tions. We further investigated the biology of this phenomenon.

We conducted simple t-tests to determine if any of the biological
parameters we recorded during our study provided insight into the
occurrence of negative compared to positive grass consumptive values.
We did not include neutral values in this exploratory analysis because
most neutral values were due to the absence of vegetation in both paired
plots. We discovered mean annual rainfall and distance of paired plots to
the nearest accessible water source were not factors (P > 0.488). Soil
texture, the percentage of sand, was an influencing factor (P = 0.007).
However, it was not biologically significant. The mean difference in
percent sand was less than 3.4% between the occurrence of positive and
negative grass consumptive values (Fig. 6). However, annual produc-
tivity, as determined by herbaceous vegetation in the protected,
ungrazed plot, did influence the occurrence of negative and positive
consumptive values (P < 0.011). This was mostly driven by the pro-
ductivity of grasses (P < 0.001; Fig. 6). Cattle selectively graze across the
landscape and avoid areas of low productivity (Fulbright et al., 2021).
Thus, biologically, these areas may be a measure of the ungrazed portion
of the system. As such, statistical theory predicts that a small portion of
the sampling distribution will remain left of center, and thus negative,
due to inherent system randomness. This is supported by our data.

In our study, most paired plots, 69-76%, had positive consumptive
values and were in areas with higher grass productivity. This supports
cattle grazing in areas of higher grass productivity which resulted in
positive consumptive values. Most paired plots that had a neutral
grazing effect were due to the absence of vegetation. However, some
paired plots, 24%, had negative consumptive values and were in areas of
lower grass productivity. This supports the probability that cattle did not
graze in these areas and the resulting negative consumptive values were
most likely attributed to system randomness and supported by statistical
theory. Thus, the occurrence of negative consumptive values could also
be attributed to biological and statistical theory. Regardless of the un-
derlying cause for observing negative consumptive values in paired plot
designed grazing studies, deleting or zeroing these negative values can
result in management decisions that are not representative of the entire
grazing system, especially in semiarid areas with expansive grazing
management practices.

Deleting negative vegetation consumption values from the data set
over-estimates vegetation metrics (i.e., vegetation standing crop
resulting from treatment employed). Deleting negative consumption
values has a more profound over-estimation effect compared to zeroing
negative values. Over-estimation of vegetation metrics resulting from
the treatment is more prevalent when the independent variable is the
difference in standing crop. Therefore, mangers and researchers relying
on models with manipulated negative consumption values would pre-
dict that cattle grazing grasses resulted in a higher standing crop of forbs
across the landscape. This overestimation of the treatment effect could
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Fig. 6. Biological factors that influenced (P
< 0.011) if grass consumptive values, the
difference between paired grazed and
ungrazed plots, were negative (e.g., more
grass in the grazed area) or positive (e.g.,
more grass in the ungrazed area). Mean
values = 95% CI are displayed for the
occurrence of negative or positive grass
consumptive values as it related to: (1) soil
texture determined as percentage of sand,
(2) annual production of herbaceous forbs
and grasses (e.g., herbaceous), and (3)
annual production of grasses. Annual pro-
duction was measured as standing crop of
vegetation in the protected, ungrazed plot.
Positive grass consumptive values were
observed in most paired plots, 76%. Nega-
tive grass consumptive values were observed
in 24% of paired plots and appear to be most
influenced, and thus, most likely occurred in
areas where annual grass production was
low.

Sand (%) Herbaceous (g 0.5m2)

result in higher yield management decisions, such as increased cattle
stocking rate or increased deer harvest, that may stress the system.

Our analyses revealed similar results between non-manipulated and
manipulated negative consumptive values datasets when investigating
percent utilization. However, the effect of percent vegetation utilization
was statistically weaker when negative values were manipulated.
Manipulation of negative consumptive values could result in analyses
that return an interpretation of a weak or even no treatment effect,
especially for smaller datasets (e.g., less than 900 paired plots). This
could lead researchers or managers to conclude cattle utilization of
vegetation in a stochastic environment does not affect vegetation
standing crop. In other words, that coupling between herbivores and
vegetation dynamics is weak in stochastic environments (Von Wehrden
et al., 2012; Ellis and Swift, 1988).

Employing a true paired experimental design reduces the occurrence
of over-estimating treatment effects. Therefore, we recommend
employing a biologically paired experimental design and the inclusion
of all negative vegetation consumption values so that: (1) resulting
models represent a normally distributed population, (2) standing crop of
vegetation resulting from the treatment is not over-estimated and (3)
any grazer treatment effect in heterogenous environments is recognized
if existent.

However, these mathematical calculations are not always biologi-
cally intuitive and must be explained. For example, if the vegetation
metric is calculated as treatment (i.e., grazed, prescribed burn, etc.)
minus the control (i.e., ungrazed, unburned, etc.), then relative to the
control: (1) a negative value indicates vegetation standing crop
decreased as a result of the treatment, (2) zero indicates no change in
vegetation standing crop as a result of the treatment, and (3) a positive
value indicates vegetation standing crop increased as a result of the
treatment. To increase biological understanding, explain the calcula-
tions with biological definitions in all figures and in pertinent locations
within the text. Ensuing, this will ensure researchers effectively convey
biologically understandable, yet conservative results to better guide
management decisions.
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