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ABSTRACT 

The objective of this study was the assessment of the importance of the shrub 

component on small mammal composition and abundance in a sand shinnery oak 

(Ouercus havardii) ecosystem in Yoakum County, Texas. Shrubs were removed in two 

areas via the application of tebuthiuron at the rate of 1/2 lb. per acre. Tebuthiuron 

is an herbicide which will eliminate at least 90% of the shrub component in a sand 

shinnery oak ecosystem without damaging other components of the plant community. 

A "trapping web" (Anderson et al. 1983) was used to obtain a direct estimate of 

rodent density in each shrub removal site, as well as on each of the two control 

sites. Densities were then statistically compared. Because of low sample size, 

other population estimation techniques also were used for statistical purposes. 

Vegetation sampling also was done to determine the ecological variables associated 

with small mammal population responses. Trapping and vegetation sampling were 

performed during the four phenological periods of the area. Population sizes were 

not found to significantly differ in the treated and untreated areas. Species 

composition was not conclusively different in the treated and untreated areas. 

Overall, the shrub component in the sand shinnery oak ecosystem was found to have 

little effect on the small mammal populations. Rodent populations were effected 

more by season than by shrub removal. 
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SECTION I 

NTTODUCnON 

The identification of the characteristics of the flora that affect rodent 

populations has been investigated for many years. It is well documented that a 

variety of vegetational characteristics can affect the species composition of local 

rodent communities as well as the density of component species (Hansen and Ward 

1966; Johnson and Hansen 1969; Parmenter and MacMahon 1983; Rosenzweig 1973; 

Rosenzweig and Winakur 1969; Tietjen et al. 1967). The community and population 

responses of small mammals to vegetational changes have been studied by inducing 

changes through the use of chemical treatment (Johnson 1964; Johnson and Hansen 

1969; Sullivan and Sullivan 1982), fire (Christian 1977; McGee 1982), clearcutting 

(Gashwiler 1970; Sullivan 1979; Van Home 1981), and mechanical removal of select 

plant species (Parmenter and MacMahon 1983). The causative agents for these 

responses in small mammals have been identified. Per cent cover (Allred and Beck 

1963; Brown et al. 1972; Feldhamer 1979; Rosenzweig et al. 1975; M'Closkey 1975; 

M'Closkey and Lajoie 1975), vegetation-precipitation relationships (Brown 1973; 

Hafner 1977; Reynolds 1958), foliage height diversity (Allred and Beck 1963; 

M'Closkey 1975; Morris 1979; Rosenzweig and Winakur 1969), foliage density 

(Brown et al. 1972; Hafner 1977; M'Closkey and Lajoie 1975; Rosenzweig and 

Winakur 1969), and ground litter (Morris 1979) are among the many variables that 

have been correlated or associated with changes in small mammal species' 

densities and community composition. This study assessed the effects of several 

of these ecological variables including vertical height, bare ground, ground litter, 

and canopy cover and vegetation composition. 

Sand shinnery oak (Ouercus havardii) predominates on sandy soils in semi-arid 

environments in west Texas, southeastern New Mexico, and western Oklahoma, 



where it grows on about 2.7 million ha (Pettit and Jones, in press). The sand 

shinnery oak ecosystem is essentially a monoculture, with at least eighty per cent 

of the herbage being oak (Pettit and Jones, in press). The effect of the shrub 

component on rodent population parameters has not been studied in sand shinnery 

oak ecosystems. Removal of the shrubs drastically alters the habitat by changing 

cover, food resources, foliage height diversity, and water availability (Elwell 1964; 

Jones and Pettit 1984; Mcllvain 1954; Pettit and Jones, in press; Rechinthin and 

Smith 1967; Robison and Fisher 1968). 

Munger et al. (1983) suggest that bushes are favorable resource patches that act 

as proximate cues for rodent activity, whereas several other studies point toward 

cover as the main factor affecting some rodent populations in arid and semi-arid 

environments (Parmenter and MacMahon 1983; Price 1978; Rosenzweig and Winakur 

1969; Thompson 1982). However, Hafner (1977) contends that desert rodent species 

diversity does not respond to a particular parameter because even animals of the 

same species are Influenced by different environmental factors in different 

geographical situations. This leads to the question of the importance of shrubs in 

determining the small mammal species composition and abundance in a sand shinnery 

oak ecosystem. 

This study attempted to assess the importance of the shrub component on small 

mammal composition and abundance. It also attempted to determine the association 

of certain ecological variables with small mammal population responses to the 

removal of the shrub component. 

With the use of a trapping web (Anderson et al. 1983), nocturnal rodent 

populations were studied to determine density and species composition in both a 

sand shinnery oak community and a mid-grass prairie that resulted from chemical 



removal of the shrub component in a sand shinnery oak ecosystem. 

The hypotheses for the study were that the removal of the sand shinnery oak 

would cause a change in the sizes of the small mammal populations and that there 

would be an alteration in species composition, possibly because of the loss of 

shrubs causing changes in vertical height, amount of canopy cover, amount of bare 

ground, and amount of ground litter. Also. Dipodomvs ordii populations would be 

affected in the treated areas because kangaroo rats, in general, tend to avoid areas 

of thick cover and are associated more with sparsely vegetated areas (Rosenzweig 

1973; Rosenzweig and Winakur 1969). 



SECTION II 

METHODS AND MATERIALS 

Study Site 

The study site is located on the Southern High Plains of Texas (33°22' to 33°26' 

N lat., IO2O37' to 102°50' W long.), about 19 miles N and 4 miles E of Plains, Texas 

in Yoakum county (Figure 1). The terrain is relatively flat with an elevation of about 

1260 m. The climate is warm-temperate and semi-arid, with fluctuating 

temperatures during the winter. Annual precipitation averages 41 cm with the 

majority of the rainfall occurring from May through October (Jones and Pettit 1984). 

The vegetation on the control sites is no less than 80% (biomass) sand shinnery 

oak (Pettit and Jones, in press). Other plants found on the control sites include 

soapweed (Yucca angustifolia). sand sagebrush (Artemesia filifoliaV and prickly 

pear cactus (Opuntia polvacantha). The vegetation on the treated site is 

predominantly grasses and forbs; the more common plants include little bluestem 

(Schizachvrium scoparium). purple threeawn (Aristida purpurea), annual buckwheat 

(Erigonum annuum). and fleabane (Erigeron modestus). The appendix itemizes a 

complete plant species list for the area. 

Shrub Removal 

The study site was chosen because the shrubs had been removed recently via the 

application of tebuthiuron (Graslan^) N-(5-1,1-dimethylethyl)-1,3,4-

thiadizol-2-yl) -N,N'-dimethylurea pellets (20% active ingredients) that were 

aerially broadcast at an application rate of 1/2 lb. per acre. Grid I was treated in 

May, 1982, whereas grid II was treated in May, 1980 and retreated in May, 1983. The 

use of tebuthiuron is the only method which essentially eliminates sand shinnery oak 

for an extended period of time and does not harm the other components of the plant 

community, except for initial damage to forbs (Jones and Pettit 1984). Tebuthiuron 



has been proven to kill more than 90% of the sand shinnery oak in the community 

(Jones and Pettit 1984; Jones et al. 1978; Pettit 1975). The two treated areas, 

although different in treatment times, were chosen because of their similarity in 

vegetation, previous and present grazing patterns, and topography. Within each 

treated area, grid sites were selected randomly. Trapping sites were established on 

two control sites where sand shinnery oak had never been treated by tebuthiuron. 

Rodent Trapping 

Instead of using the usual trapping grid, a field procedure developed to obtain a 

direct estimate of ecological density was employed. This method, developed by 

Anderson et al. (1983), is referred to as the "trapping web" ( Figure 2). It combines 

attributes of mark-recapture studies and distance sampling methodologies 

(Anderson et al. 1983). The usual assumptions and problems associated with 

capture-recapture are not involved in this model. The only assumptions, according 

to Anderson et al. (1983, p. 676) are: 

1. Small mammals at the center of the web are captured with 
probability = 1 by the end of the t occasions. This assumption is 
analogous to the assumption in distance sampling that all animals on the 
centerline are detected with certainty. 

2. Animal movement is "stable" with respect to the trapping web. This 
assumption is analogous to detecting individuals before they move from 
their original position. 

3. Distances from the center of the web to each trap are measured 
accurately. 

4. Animal captures are independent events. 

Thirteen lines, of 20 traps each, radiated from a center stake with the first trap 

in each line 2.5m from the center stake. The remaining traps were placed at 5m 

intervals. This spacing was used in order to (1) insure at least 8-12 traps per home 

range in the center of the web and (2) facilitate the capture of approximately 60 



individuals during a trapping session (Anderson et al. 1983). Four webs were used; 

one in each of the treated areas, and one in each control area. Trapping was continuec 

until the first assumption of the trapping web was satisfied, according to the 

recommendations of Anderson et al. (1983). This required either 3 or 4 nights. 

Trapping sessions were held during the dark phase of the moon to restrict any 

variation in activity that might be affected by the light of the moon (Price et al. 

1984). Because of limitations in the number of available traps, one control site and 

one treated site were trapped at the same time. The traps were then moved to the 

replicate sites for additional trapping. The complete trapping session required 8 or 9 

days each season. 

Trapping was aimed at nocturnal and crepuscular rodents only. Medium size 

Sherman live-traps were used on all grids; larger mammals such as western 

cottontail rabbits (Svlvilagus auduboni) and blacktail jackrabbits (Lepus californicus) 

were thus excluded. Diurnal rodents such as the spotted ground squirrel 

(Spermophilus spilosoma) were not marked when captured and thus do not appear in 

the overall evaluation of rodent density and species composition. 

A granola mixture was used as bait, with cotton Nestlets*^ placed in each trap to 

prevent rodent hypothermia. Upon initial capture, rodents were uniquely toe-clipped, 

weighed, and identified to sex and species. These data were then recorded along 

with the trap location. Trap location was recorded for subsequent captures of 

previously caught individuals. 

Trapping was conducted in four sessions in accordance with seasonal foliage 

changes that occur in the area. The first session was in the winter after all leaves 

had fallen from the oak. Trapping was conducted between 19 January and 27 January 

1985. Because of extreme cold which caused trap deaths, trapping was restricted to 



only three nights on each grid. The second period occurred during oak refoliation in 

the spring. Trapping took place from 13 May to 20 May 1985. The third trapping 

session occurred in the summer during maximum plant development between 10 

August and 17 August 1985. The last period was the fall dormancy; after the first 

frost but before leaf fall. Trapping was between 9 November and 19 November 1985. 

Vegetation Sampling 

An excellent summary of vegetation analysis concepts and methods is offered by 

Daubenmire (1968), the original source for most of the following methods. A line 

transect was marked across each web in order to measure the same points every 

trapping season. A .25m2 frame was placed at 30 points along the transect. At each 

point, the highest point of vegetation within the frame was measured for vertical 

height. Then, using either a Canon AE-1 35mm or a Minolta XG-7 35mm camera and 

focusing from directly above the center of the frame, a slide was taken of the 

quadrat. After development, the slides were projected onto a 1/2m x 1/2m screen 

that was divided into 100 sections. This enabled an accurate estimation of the 

percentages of bare ground, ground litter, and canopy cover. Also, a step-point 

analysis was performed to determine vegetation composition. A transect was 

walked for 100 steps across each grid. Bare ground, litter, or plant species was 

recorded, according to what was at the tip of the shoe at the end of each step. If 

bare ground or litter was recorded, the closest plant species was also recorded. 

From these data, percentage of shrubs, forbs, and grasses was determined. 

Population Estimation 

Density is often the primary parameter sought by researchers studying 

demography. With the trapping web, there is no problem with grid shape or edge 
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effect; so density is considered to be ecological density (Anderson et al. 1983). 

Density was calculated with the use of computer program TRANSECT (Laake et al. 

1979) as suggested by Anderson et al. (1983), with line length L set equal to 0.5. 

Program TRANSECT assumes that 

D=n?(0)/2L 
A 

with D=estimated density, n=M^ -̂j animals captured over t occasions, Mt^i=the 

number of different individuals captured, andt(0)=the value of a function evaluated 

at zero, that is estimated from the M̂ -̂j distances from the web center to the trap 

in which individuals were first captured). The function f(c) is the probability 

density function (of area sampled) of capture during the study (all t occasions) 

based on the distance from the center of the web and can be estimated from the 

capture data (Anderson et al. 1983). The estimator of density from capture data 

gathered from a trapping web is 

6=Mt+lt(0), 

using the Fourier series estimator on grouped data as recommended by Burnham et al. 

(1980). The Fourier series estimator was recommended because of its model 

robustness which means that it is flexible enough to fit closely a wide variety of 

probability density functions. The exponential quadratic, negative exponential, and 

half-normal estimators (Laake et al. 1979) were calculated also. Other than one or 

two exceptions, they did not fit the data nearly as well as the Fourier Series 

(according to the chi-square goodness-of-fit test), and thus were not further 

considered. 

The trapping web allows trapping data to be analyzed as plotless or distance 

sampling data (Anderson et al. 1983). It relaxes the capture probability and 

geographic closure assumption and thus attempts to estimate density directly 



(Anderson et al. 1983). The web is free from the problems of boundary strips and 

home range estimates (Anderson et al. 1983). 

Anderson et al. (1983) state that about 60 initial captures are needed in each 

trapping session. This is derived from Burnham et al. (1980) who indicate that 

40-60 is a realistic sample sample size for line transect studies. Because of 

small observed sample sizes, other population estimation techniques were used to 

evaluate population size using the web-derived data. Four techniques tested by 

Mares et al. (1981) were employed. These included the Lincoln-Petersen Index 

(Lincoln 1930; Petersen 1986) modified by Chapman (1951), the 

Schumacher-Eschmeyer Technique (1943), and the Schnabel Method (1938). The 

Zippin Method (1958), based on Moran's (1951) work, was used also. 

The Lincoln-Petersen estimate is expressed as N=njMj/mj where nj is the number 

of individuals captured in sample i; mj is the number of marked animals captured in 

sample i; and Mj equals the number of marked animals in the population during 

sample i. Chapman (1951) indicated that biases can be large when nj is small and 

modified the Lincoln-Petersen Index such that 

Ni*=[(Mj+1)(ni+1)/(mj+1)]-1. 

The Schnabel Method basically redesigned the Lincoln-Petersen Index to use a 

number of consecutive samples to get a population estimate. It is based on the 

weighted average of a number of Lincoln-Petersen estimates. More specifically, 
s s 

N'=(.l2niMj)/(.|2mj), 

with s being the total number of sampling periods. 

The Schumacher-Eschmeyer Method (Schumacher and Eschmeyer 1943) can 

beused when randomness cannot be assumed. It is a least squares refinement of the 

Schnabel Method where 
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N=(. |^Mj2mi) / ( l2miMi) . 

Because animals that are marked can be considered removed from the population, 

the removal method analysis was used. The Zippin (1958) Method based on Moran's 

(1951) work was used as described by Platts et al. (1983). The computer program 

(FPSP-AI) for calculating population estimation via this method was employed. 

Statistical Methods 

Model I two-way analysis of variance (ANOVA) (tebuthiuron treatment versus 

season) was used to compare the relative abundance of shrubs, forbs, and grasses as 

estimated by the step-point analysis after arcsine (angular) transformation (Sokal 

and Rohlf 1981) by the SAS package program (SAS Institute 1985). Four ecological 

variables (vertical height, per cent bare ground, per cent ground litter, and per cent 

canopy cover) were analyzed by a mixed model nested two-way ANOVA, with two 

grouping factors and one trial factor, by BMDP statistical package (Dixon and Brown 

1979). The two grouping factors were tebuthiuron-treatment and season; the trial 

factor was the two grids within each treatment. The vertical height analysis had 

thirty replications within each grid, whereas the other three variables had nineteen 

replications within each grid. Per cent bare ground, per cent canopy cover, and per 

cent ground litter were subjected to arcsine transformation, in order to meet the 

assumption of normality for analysis of variance (Sokal and Rohlf 1981). Treatment 

and season were the main effects tested. Population estimates, as calculated by the 

Lincoln-Petersen Index, also were compared by model I two-way ANOVAs 

(tebuthiuron-treatment vs season). 

A chi-square contingency test (Zar 1984) was done on the number of initial 

captures of each species for each season to determine if there was any 
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tebuthiuron-treatment effect on small mammal species composition. If a significant 

chi-square value resulted, the proportion of all contributions by each species to the 

chi-square value was calculated. 
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indicates area of the 11th ring. 



SECTION III 

RESULTS 

Floral Analv«:;i<̂  

Composition 

Relative abundance of shrubs, grasses, and forbs was determined on each grid for 

each season (Table 1). The two-way ANOVA for shrub abundance (Table 2) indicated a 

highly significant difference (P=.001) between treated and untreated areas as a 

consequence of shrub removal. Season was not shown to have an effect (P=.958) and 

season seems to affect all treatments equally as there was no evidence of 

interaction (P=.284). Grass abundance also showed effects of treatment (P=.002) 

with much higher percentages in the treated areas. Grass abundance, however, 

showed a significant difference in season (P=.006) as well as an interaction between 

season and treatment (P=.023). The percentage of forbs, however, was not 

significantly different between treated and untreated areas (P=.069). There was a 

difference among seasons (P=.014). There was also evidence of interaction between 

treatment and season (P=.018). Shrub removal caused a significant change in shrub 

and grass abundance but did not affect forb abundance. There was a seasonal 

variation in forb and grass abundance but not for shrub abundance. 

Ecological Variables 

Four ecological variables were chosen to test for differences between the 

sand shinnery oak ecosystem (untreated) and the shrub removal area (treated): per 

cent bare ground, per cent canopy coverage, per cent ground litter, and vertical 

height. The data for each variable were compared in a mixed model two-way 

nested ANOVA, testing for differences related to tebuthiuron-treatment, season, 

and grids within treatments. Per cent ground litter (Table 3) was not found to 

14 
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differ between treatments (P=.158) or among seasons (P=.162). There was also no 

evidence of interaction between tebuthiuron treatment and season (P=.623). Per 

cent bare ground (Table 4) was also not significantly different between 

treatments (P=.092). There was, however, a significant difference among seasons 

(P=.003). No interaction between treatment and season was indicated (P=.253). 

Vertical height (Table 5) was found to be significantly different between 

treatments (P=.012). Season did not affect vertical height significantly (P=.202). 

There was no evidence of interaction between treatment and season (P=.426). Per 

cent canopy cover (Table 6) was significantly different between treatments 

(P=.001) as well as among seasons (P=.006). Interaction between treatment and 

season was not indicated (P=.588). Canopy cover and vertical height were the only 

variables significantly affected by treatment, whereas canopy cover and bare 

ground were the only variables affected seasonally. There was no evidence of 

interaction between treatment and season for the four variables. 

Faunal Analysis 

Species Composition 

A complete listing of mammals known, by either sight or sign, to inhabit the study 

site is shown in Table 7. As stated earlier, this study deals only with nocturnal and 

crepuscular rodents; so all discussion about species composition will be limited to 

such. 

Rodent species captured in the treated area included D, oiM, Onvchomvs 

leucooaster. Peroonathus flavescens . Reithrodontomvs montanus. Neotoma micropus. 

Sigmodon hispidus. and Peromvscus maniculatus. DipQ(Jomys Qrdii was the most often 

captured every season except in the fall when Q, leucogaster was trapped most often 
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(Tables). Both EL ordii and Q, ieuoogasler were captured every season. Sigmodon 

hispidus was caught only in thesummer. Perognathus flavescens was trapped every 

season except the winter. Neotoma micropus and Peromvscus maniculatus were caught 

only in the spring (one individual of each species). Reithrodontomvs montanus was 

captured in the spring and fall. 

The rodent species trapped in the untreated areas were D, ordii. Q^ leucogaster. 

Peromvscus maniculatus. R micropus. Perognathus flavescens. and Mus musculus. 

Dipodomvs ordii and Q, leucogaster were caught every season with Q^ ordii being 

captured most often every season except fall. Peromvscus maniculatus was trapped 

every season except summer when trap success for every species was low. Neotoma 

micropus was caught in the winter whereas M* musculus was caught only in the fall. 

Davis (1978) discusses habitat preference and feeding habits of these rodents. 

Dipodomvs ordii dig deep burrows and live in wastelands with deep shifting sands. 

They feed on seeds of various small shrubs, forbs, and grasses. Onvchomvs 

leucogaster occurs in sandy soils in grasslands or open brushlands in relatively low 

numbers. They are predatory, with one of the chief items in their varied diet being 

grasshoppers. Perognathus flavescens is found in sparsely vegetated areas with sandy 

soils. They feed mainly on small grass and forb seeds. Reithrodontomvs montanus 

prefer well-drained grasslands, particularly those with bluestem grass (Andropogon 

spp.). Peromvscus maniculatus inhabits a variety of habitats including grasslands and 

open brushlands. Their food is varied, consisting mainly of seeds. Among ̂  hi§pi(jgs' 

preferred sites are natural prairie and tall grass areas. Their food is mainly grass and 

other plant material. Neotoma micropus is found in brushlands of semi-arid regions, 

usually in thickets of thorny brush or cacti. It feeds mainly on vegetation. Mus 

musculus is very widely distributed and generally feeds on many types of plant 
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material. It was an unexpected species because it is usually associated with areas 

with water more than with semi-arid brushlands. 

Overall, seven species were captured in the treated areas and six species were 

trapped in the untreated areas. In both areas, D̂  QTS^ was the most often captured 

except in the fall. It is possible that Q^ leucogaster was more populous in both the 

treated and untreated areas in the fall session because of an unusually high population 

of grasshoppers, one of their chief sources of food (Davis 1978), in the summer and 

early fall. All species caught in the untreated areas were caught in the treated areas, 

with the exception of M* musculus: whereas S* hispidus and B- montanus were the only 

species from the treated area not also caught in the untreated area. 

In chi-square contingency tests run on spring, fall, and winter species 

composition (the number of individuals captured in the summer was too low to 

perform a meaningful chi-square contingency test), untreated grids were combined 

and treated grids were combined (Table 9). These combined grids were tested as 

untreated and treated areas for each season. The species composition for the fall 

season was independent of tebuthiuron treatment (P>.05). There was no significant 

difference in species composition between treated and untreated areas. There was a 

highly significant difference (P<.001) in winter species composition because of 

tebuthiuron treatment. Over half of the chi-square value (approximately 56%) was 

attributable to the higher than expected number of Q. leucogaster individuals 

captured in the untreated areas and about 30% was due to Peromvscus maniculatus 

and tL micropus. which were combined to meet chi-square grouping rules. The 

remainder was due to the larger than expected numbers of D, Q M I in the treated 

areas. The species composition during spring was significantly different in treated 

and untreated areas (.05>P>.025), also mainly because of the high numbers of Q, 
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Ig'JCOga.̂ tf̂ r (approximately 71%). The remaining 29% of the variation was due to the 

slightly higher numbers of Q, QTM and Peromvscus maniculatus. R. montanus. 

Pgrpgnathu^ flavescens. and H micropus in the treated areas. 

Species Densitv 

Density Estimates 

Density estimates were calculated on program TRANSECT (Laake et al. 1979) for 

total rodent species and 0^ ordii alone. Problems were associated with these 

estimates because of the low number of initial captures as well as their 

distribution within the grid. Anderson et al. (1983) and Burnham et al. (1980) 

recommend at least 60 initial captures. The highest number of initial captures in 

this study for any grid in any season was 51 for total species and 46 for Q^ ordii. 

These low sample sizes created somewhat unreliable results from the density 

calculations. Summer season densities were not calculable because of extremely 

low capture rates. The winter density estimate for untreated grid I (P<.001), the 

spring estimate for treated grid II (P=.003), and the fall estimate for treated grid II 

(P=.015) had very low probabilities of higher chi-square values for goodness of fit tc 

the estimator model. Although Burnham et al. (1980) stress that the chi-square test 

has problems in determining goodness of fit for the models, these are extremely low 

probabilities. Maximum likelihood values were used to determine the number of 

terms in the Fourier Series model (Burnham et al. 1980). The per cent coefficient of 

variation was very high for most of the density estimates, with many values as high 

as the hundreds and, in some cases, the thousands (Table 10). Several seasonal 

density estimates for Q̂  ordii were larger than for total species (in which D̂  ordii 

was included). For example, the winter estimate for untreated grid I for D̂  ordii was 

0.053/m2 compared to only 0.002/m2 fQ̂  ^Qtal species (see Table 10 for complete 
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results). Although their confidence intervals overlap, these data show the 

unreliabilty of some estimates when low sample sizes are involved. 

Two-way ANOVAs were used to evaluate tebuthiuron treatment effects and 

seasonal effects on total species density estimates as well as D. ordii estimates 

(Table 11). The results showed no treatment effects (P=.304), seasonal effects 

(P=.730), or interaction (P=.857). Results were similar for D, ordii. No tebuthiuron 

treatment effects (P=.409), seasonal effects (P=.202), or interaction (P=.469) were 

apparent. Small mammal density in general, as well as D. ordii density in particular, 

are essentially the same in treated and untreated areas during all seasons 

(discounting summer results as a probable behavioral response) based upon the use 

of the web estimates as an index of density. 

Point Estimates 

Because of the unreliable results obtained from the web densities, some classic 

mark-recapture and removal population techniques were employed also. The three 

mark-recapture estimators (modified Lincoln-Petersen, Schumacher-Eschmeyer, and 

Schnabel) all gave similar results with the exception of a few outliers (Table 12). 

Since the Lincoln-Petersen Index has been shown to be dependable (Mares et al. 

1981), and also because it did not fluctuate as much as the others, it was used for 

evaluation of tebuthiuron treatment and seasonal effects. A two-way ANOVA was 

used to evaluate tebuthiuron treatment effects and seasonal effects on the 

population sizes as estimated by the Lincoln-Petersen Index (.01>P>.005). There was 

no significant difference between the tebuthiuron treated and untreated population 

sizes (see Table 13). There was a significant difference for season effect. The 

Welsch step-up procedure (Sokal and Rohlf 1981) was used to determine where the 

seasonal effect occurred ( Table 14). It showed summer results to be significantly 
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different from both fall and winter with no significant difference among spring, fall, 

and winter. 

The lack of tebuthiuron treatment effect on the population sizes was thought to 

be because of a large number of trap mortalities that occurred during a sudden very 

severe freeze in the midst of the winter trapping session (Table 15). All deaths 

were treated as if they had never been captured, so they were not part of the 

population estimate. However, when trap mortalities were added to the 

Lincoln-Petersen estimates, there was still no significant effect from tebuthiuron 

treatment. An evaluation by a two-way ANOVA, the same as above, indicated the 

same results, only a seasonal effect. When trap deaths were added to the D. ordii 

population estimates, however, there was a significant tebuthiuron treatment affect 

(P=.005), as well as a seasonal affect (P=.001) and an interaction between season 

and tebuthiuron treatment (P=.014). 

The removal method (Zippin 1958; Moran 1951; Platts et al. 1983) is not 

adversely affected by trap deaths, and so higher estimates resulted (Table 15). 

This method incurred other problems, however. Cox (1985) states that at least 1/3 

of the population needs to be captured for this method to be viable. Also, Zippin 

(1958) states that if something happens to alter behavior from one night to the 

next, causing increased capture probabilities, an overestimation of population size 

will result. This may have occurred in some of the summer and fall estimates wher 

numbers of captures were highest on the last day of trapping. This caused some of 

the summer and fall estimates to be relatively very large (Table 12). This problem 

probably could have been alleviated either by trapping more nights, in order to trap 

a larger percentage of the population, or by using only data obtained from the centei 

of the web. The first solution is hindsight and was not anticipated, as the original 
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intent of the study was to use the web and not classic population estimation 

techniques. The second solution returns to the same problem encountered in 

calculating web densities -low sample size. 
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Table 1. Per cent occurrence of grasses, forbs, and shrubs for each study grid in 
winter, spring, and fall. 

Per Cent Composition 

Season Qnsl Grasses 

93 
83 
30 
33 

21 
35 
23 
23 

36 
64 
27 
22 

Forbs 

3 
1 

20 
15 

78 
46 
21 
30 

61 
32 
13 
5 

Shrubs 

4 
16 
50 
52 

1 
19 
56 
47 

3 
3 

60 
73 

Winter 

Spring 

Fall 

Treated I 
Treated II 
Untreated I 
Untreated II 

Treated I 
Treated II 
Untreated I 
Untreated II 

Treated I 
Treated Ii 
Untreated I 
Untreated II 

Summer data not available. 
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Table 2. Pure model I two-way (treatment versus season) analyses of variance 
calculated for per cent occurrence of forbs, grasses, and shrubs. 

Source of Variance 

Treatment (T) 

Season (S) 

S x T 

Error 

Total 

Treatment (T) 

Season (S) 

S x T 

Error 

Total 

Treatment 

Season 

Season x Treatment 

Error 

Total 

DE 

1 

2 

2 

6 

11 

1 

2 

2 

6 

11 

1 

2 

2 

6 

11 

Sum of Squares 

Forbs 

0.151 

0.280 

0.217 

0.150 

0.799 
Grasses 

0.405 

0.419 

0.265 

0.089 

1.178 
Shrubs 

0.083 

0.010 

0.046 

0.045 

0.930 

Mean Squares 

0.151 

0.140 

0.109 

0.025 

0.405 

0.210 

0.133 

0.015 

0.083 

0.005 

0.023 

0.007 

f 

6.02 

5.59 

4.33 

27.30 

14.14 

8.95 

111.11 

0.67 

3.09 

Sianificance 

0.049 

0.043 

0.068 

0.002 

0.005 

0.016 

0.001 

0.548 

0.120 
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Table 3. Mixed model two-way (tebuthiuron-treatment versus season) nested 
(replicates within grids) analysis of variance calculated from data for ground litter. 

Source of Variance 

Mean 

Treatment (T) 

Season (S) 

T x S 

Error 1 

Rep (R) 

RxT 

RxS 

R x S x T 

Error 2 

DF 

1 

1 

2 

2 

5 

18 

18 

36 

36 

90 

Sum of Squares 

153.440 

1.688 

3.287 

0.641 

3.074 

1.426 

1.186 

2.514 

2.300 

8.531 

Mean Squares 

153.440 

1.688 

1.644 

0.321 

0.615 

0.079 

0.066 

0.070 

0.064 

0.095 

IT
I 

249.57 

2.75 

2.67 

0.52 

0.84 

0.70 

0.74 

0.67 

Sianificance 

0.000 

0.158 

0.162 

0.623 

0.655 

0.807 

0.848 

0.908 
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Table 4. Mixed model two-way (tebuthiuron-treatment versus season) nested 
(replicates within grids) analysis of variance calculated from data for bare ground. 

Source of Variance 

Mean 

Treatment (T) 

Season (S) 

T x S 

Error 1 

Reps (R) 

RxT 

RxS 

R x S x T 

Error 

DF 

1 

2 

2 

2 

6 

18 

18 

36 

36 

108 

Sum of Squares 

51.678 

0.457 

3.907 

0.397 

0.683 

1.039 

2.528 

1.792 

1.895 

8.541 

Mean Square 

51.678 

0.457 

1.953 

0.198 

0.114 

0.058 

0.140 

0.050 

0.053 

0.079 

F 

453.89 

4.02 

17.16 

1.74 

0.73 

1.78 

0.63 

0.67 

Sianificance 

0.000 

0.092 

0.003 

0.253 

0.774 

0.037 

0.943 

0.918 
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Table 5. Mixed model two-way (tebuthiuron-treatment versus season) nested 
within grids) analysis of variance calculated from the data for vertical height. 

Source of variance 

Mean 

Treatment (T) 

Season (S) 

T x S 

Error 1 

Reps(R) 

RxT 

RxS 

R x T x S 

Error 2 

DF 

1 

1 

2 

1 

6 

29 

29 

58 

58 

174 

Sum of squares 

865389.086 

12651.064 

4262.058 

1987.085 

6045.249 

6096.846 

9185.490 

13157.321 

11118.135 

43421.715 

Mean squares 

865389.086 

12651.064 

2131.029 

993.542 

1007.541 

210.236 

316.741 

226.850 

191.692 

249.550 

F 

858.91 

12.56 

2.12 

0.99 

0.84 

1.27 

0.91 

0.77 

Sianificance 

0.000 

0.012 

0.202 

0.426 

0.699 

0.176 

0.657 

0.878 
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Table 6. Mixed model two-way (tebuthiuron-treatment versus season) nested 
(replicates within grids) analysis of variance calculated from the data for canopy 
cover. 

Source of Variance 

Mean 

Treatment (T) 

Season (S) 

T x S 

Error 1 

Reps 

RxT 

RxS 

R x T x S 

Error 2 

DF Sum of Squares 

1 

1 

2 

2 

6 

18 

18 

36 

36 

108 

16.452 

3.405 

4.760 

0.203 

1.052 

0.914 

1.330 

1.210 

2.233 

4.982 

Mean Square 

16.452 

3.405 

2.380 

0.102 

0.175 

0.051 

0.074 

0.034 

0.062 

0.046 

F 

93.84 

19.42 

13.58 

0.58 

1.10 

1.60 

0.73 

1.34 

Sianificance 

0.000 

0.005 

0.006 

0.588 

0.361 

0.072 

0.633 

0.124 
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Table 7. List of mammals found or known to occur in the study area. 

Species: 

Dipodomvs ordii 

Onvchomvs leucogaster 

Perognathus flavescens 

Peromvscus maniculatus 

Reithrodontomys montanus 

Sigmodon hispidus 

Neotoma micropus 

Spermophilus spilosoma 

Canis latrans 

Taxidea taxus 

Lepus californicus 

Svlvilagus auduboni 

Antilocapra americana 

Bos bos 

(Common Name) 

(Ord's kangaroo rat) 

(Southern grasshopper mouse) 

(Plains pocket mouse) 

(Deer mouse) 

(Plains harvest mouse) 

(Hispid cotton rat) 

(Gray wood rat) 

(Spotted ground squirrel) 

(Coyote) 

(Badger) 

(Black-tailed jackrabbit) 

(Western cottontail) 

(Pronghorn) 

(Cattle) 
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Table 8. Number of initial captures of each species for each treatment (sum of 
both grids) in each season (i.e. minimum number known to to be alive). 

Season ^ n ^ Species 

DORDI OLEUC PFUV PMANI RMQMT NMCR SHISP MMUSC 

Winter Untreated 

Treated 

Spring Untreated 

Treated 

Summer Untreated 

Treated 

Fall Untreated 

Treated 

36 

92 

12 

31 

3 

4 

15 

28 

14 

8 

10 

7 

1 

1 

22 

30 

0 

0 

0 

6 

0 

4 

1 

5 

2 

0 

2 

1 

0 

0 

2 

0 

0 

0 

0 

2 

0 

0 

0 

1 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

DORDI: Dipodomvs ordii: OLEUC: Onvchomvs leucogaster: PFLAV: 

Perognathus flavescens: PMANI: Peromvscus maniculatus : 

RMQNT: Reithrodontomvs montanus: NMICR: Neotoma micropus: SHISP: 

Sigmodon hispidus: MMUSC: MuS musculus 
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Table 9. Chi-square contingency test for rodent species composition of treated 
and untreated areas for each season (expected values in parentheses). Species 
acronyms as in Table 8. 

Untreated 

Treated 

Untreated 

Treated 

Untreated 

Treated 

DORDI 

15 

(17.038) 

28 

(25.09) 

DORDI 

36 

(44.34) 

92 

(83.66) 

DORDI 

12 

Fall 

CLBJC PFUW+PMANWVIMUSCfRMCNr 

22 

(20.604) 

30 

(31.396) 

OLEUC 

14 

(7.62) 

8 

(14.379) 

5 

(2.377) 

1 

(3.623) 

Winter 

PMANI+NMICR 

3 

(1.039) 

0 

(1.961) 

Sprina 

OLEUC PMANI+RMONT+PFLAV+NMICR 

10 

(14.333) (5.667) 

31 7 

(28.667) (11.333) 

2 

(4) 

10 

(8) 

) ^ 

5.53 

X2 

16.233 

X2 

7.04 

Significance 

.P>.05 

Significance 

P<.001 

Significance 

05>P>.025 
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!j^^j^JO;^Roclent density (animals/m2) determined on the trapping web via program 

Per cent 
Coefficient of 

Season Treatment Grid Density ^ Variation 
Maximum Chi-square 
Likelihood Goodness-of-Fit 

Winter Untreated 
Untreated 
Treated 
Treated 

Spring 

Fall 

Winter 

Spring 

Fall 

Untreated 
Untreated 
Treated 
Treated 

Untreated 
Untreated 
Treated 
Treated 

Untreated 
Untreated 
Treated 
Treated 

Untreated 
Untreated 
Treated 
Treated 

Untreated 
Untreated 
Treated 
Treated 

I 0.002 
II 0.130 
I 0.169 
II 0.139 

I 0.093 
II 0.028 
I 0.093 
II 0.065 

I 0.053 
II 0.112 
I 0.018 
II 0.305 

I 0.053 
II 0.070, 
I 0.189 
II 0.063 

I 0.037, 
II 0.056 
I 0.055 
II 0.060 

I 0.028 
II 0.052 
I -0.001 
II 0.060 

0.041 
0.072 
0.086 
0.081 

0.058 
0.040 
0.070 
0.052 

0.051 
0.065 
0.042 
0.102 

1658.65 
55.54 
50.99 
58.04 

61.69 
140.37 
70.96 
79.23 

95.34 
58.35 

234.03 
33.49 

Dipodomvs ordii 

0.046 
0.054 
0.088 
0.063 

0.037 
0.457 
0.053 
0.046 

0.040 
0.043 
0.034 
0.050 

88.05 
76.29 
46.45 
99.79 

98.09 
81.35 
95.05 
76.03 

139.98 
81.88 

84.27 

-58.33 
-79.67 

-141.30 
-141.80 

-25.07 
-24.03 
-90.74 
-37.90 

-51.06 
-45.05 
-66.37 

-120.60 

-24.67 
-39.23 

-129.10 
-123.60 

-4.18 
-9.97 

-59.22 
-16.46 

-14.00 
-12.51 
-29.76 
-35.48 

0.000 
0.262 
0.914 
0.620 

0.700 
0.415 
0.407 
0.003 

0.515 
0.233 
0.554 
0.015 

0.248 
0.235 
0.926 
0.954 

0.847 
0.965 
0.428 
0.201 

0.439 
0.348 
0.768 
0.405 

D. ordii density alone is higher than density of all rodent species combined. 

*****: Number too large for program TRANSECT to print. 

SE: Standard Error 
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Table 11. Pure model I two-way analyses of variance (tebuthiuron-treatment 
versus season) comparing total densities (above) and D. ordii densities (below) from 
trapping web data. 

Source of Variance 

Treatment (T) 

Season (S) 

S x T 

Error 

Total 

DF 

1 

2 

2 

6 

11 

Total Species 

Sums of Squares Mean Squares 

0.011 

0.006 

0.003 

0.054 

0.074 

0.011 

0.003 

0.001 

0.009 

F 

1.26 

0.33 

0.16 

Sianificance 

0.304 

0.730 

0.857 

Dipodomvs ordii 

Treatment (T) 

Season (S) 

S x T 

Error 

Total 

1 

2 

2 

6 

11 

0.001 

0.008 

0.003 

0.010 

0.022 

0.001 

0.004 

0.001 

0.002 

0.79 

2.11 

0.86 

0.409 

0.202 

0.469 
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Table 12. Population estimates based upon classic mark-recapture and removal 
estimation techniques using capture data from the trapping web. 

Season 

Winter 

Spring 

Summer 

Fall 

Method 

Lincoln-Petersen 

Schnabel 

Schumacher-Eschmeyer 

Zippin-Moran 

Lincoln-Petersen 

Schnabel 

Schumacher-Eschmeyer 

Zippin-Moran 

Lincoln-Petersen 

Schnabel 

Schumacher-Eschmeyer 

Zippin-Moran 

Lincoln-Petersen 

Schnabel 

Schumacher-Eschmeyer 

Zippin-Moran 

Treated 

24.375 

26.286 

25.488 

54.0 

29.914 

31.7 

32.602 

38.0 

4.167 

17.0 

15.66 

4.0 

23.0 

29.846 

33.005 

28.0 

11 

51.283 

51.625 

51.134 

62.0 

12.333 

13.154 

13.718 

15.0 

5.0 

— 

— 

267.0 

28.458 

31.486 

33.337 

403.0 

Untreated 
1 il 

30.75 

65.0 

52.5 

29.0 

9.867 

10.25 

10.472 

12.0 

2.0 

2.0 

2.0 

2.0 

39.5 

29.833 

33.652 

21.0 

25.695 

26.429 

26.745 

32.0 

11.7 

12.667 

13.802 

16.0 

2.0 

2.0 

2.0 

2.0 

20.028 

27.4 

28.748 

518.0 

Unestimable 
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Table 13. Pure model I two-way analysis of variance (tebuthiuron-treatment 
versus season) calculated from population estimates derived by the modified 
Lincoln-Petersen Index. 

Source of Variance 

Treatment (T) 

Season (S) 

TxS 

Error 

Total 

DF 

1 

3 

3 

8 

15 

Sums of Squares 

85.595 

2100.951 

136.561 

735.843 

3058.950 

Mean Squares 

85.595 

700.317 

45.520 

91.980 

F 

0.931 

7.614 

0.495 

Sianificance 

.5>P>.25 

.01>P>.005 

.5<P 
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Table 14. A seasonal comparison of mean population estimates 
(Lincoln-Petersen Index) for combined grids based upon the significant difference 
among seasons in the two-way ANOVA of Table 13. Seasons beneath the horizontal 
line are indistinguishable at the 0.05 level based upon Welsch's step-up procedure. 

Significance: 

Season: 

Y 

Winter 

33.026 

• 

Fall 

27.746 

Spring 

15.953 

Summer 

3.292 

S7 4.795 4.795 4.795 4.795 

n 152 104 71 16 
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Table 15. Trap mortality during the course of the study. 

Season 

Winter 

Spring 

Summer 

Fall 

Grid 

UntI 

Unti l 

Tr t I 

Tr t l l 

UntI 

Unti l 

Tr t I 

Tr t l l 

UntI 

Unti l 

Tr t I 

Trt l l 

UntI 

Unti l 

Tr t I 

Tr t l l 

Dayl 

0 

0 

1 

3 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

Day 2 

12 

4 

29 

6 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

1 

Day 3 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

1 

2 

Day 4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Unt 1,11: Untreated grids I and 

Trt 1,11: Treated grids land II 



SECTION IV 

DISCUSSION 

Trapping Weh 

Preliminary trapping in the summer of 1984 and a previous study on D. ordii 

(Garner 1974) indicated that a 5m spacing between traps should be sufficient to 

capture enough animals to meet sample size requirements. However, because of 

lower than expected densities, as well as possible behavioral factors that may have 

caused low trap success, the sample sizes were often too small for reliable density 

estimation calculations. The web is an effective method for determining density 

when the number of animals on the grid is high. It is based on line transects 

(Anderson et al. 1983) and thus incurs the problem of needing a large number of 

captures to calculate an unbiased estimate (Burnham et al. 1980). Line transects car 

be extended until a sufficient number of sightings have been made. Unfortunately, 

the web cannot be extended once there are no more initial captures in the center of 

the web. Although it can be extended in the beginning to attempt to obtain an 

unbiased density estimate, practicality puts a limit on the ultimate size of the web. 

In this study, other population estimation techniques (i.e., Lincoln-Petersen Index, 

Schnabel Method, Schumacher-Eschmeyer Method, and Zippin-Moran Method) were 

used for comparison purposes. These techniques, using the web data, may have 

biases in their estimates. They are used in this case, however, as indices for 

comparing the four grids, rather than as absolute population estimates. Thus, any 

biases are assumed to be the same for all grids, regardless of estimation technique. 

The use of other population estimation techniques, such as the Zippin-Moran 

Method and the Lincoln-Petersen Index, in conjunction with the trapping web, should 

37 
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be considered as precautionary measures when using the web in low density areas. 

However, steps should be taken beforehand to eliminate as much bias as possible. 

Rodent Response 

Prior habitat manipulation studies have shown that shrub removal can affect 

species density as well as species composition (Brown et al. 1972; Feldhamer 

1979; Rosenzweig et al. 1975; Rosenzweig and Winakur 1969). For various possible 

reasons, rodent population sizes in the sand shinnery oak ecosystem were not 

affected by the shrub removal via tebuthiuron. Neither the trapping web density 

estimates nor the Lincoln-Petersen Index population estimates showed significance 

between the treated and untreated areas. This concurs with the findings of 

Parmenter and MacMahon (1983), who found that shrub removal had no affect on 

Peromvscus maniculatus. Peroonathus parvus. Onvchomvs leucogaster. and 

Spermophilus armatus in a sagebrush dominated shrub-steppe ecosystem in 

southwestern Wyoming. 

Species composition, however, was shown by chi-square contingency tests to be 

significantly different between treated and untreated areas for the spring and winter 

seasons. This difference was mainly attributable to Q. leucogaster's higher number 

of initial captures in the untreated areas. The number of initial captures of Q. 

leucogaster in these seasons were relatively low. In the fall, when their numbers 

were much higher than in the other seasons (Table 8), Q. leucogaster had a much 

higher number of captures in the treated areas, which directly conflicts with the 

results of the other seasons. This makes the species composition difference 

somewhat inconclusive. It is possible that Q. leucogaster was more populous in both 

the treated and untreated areas during the fall session because of an unusually high 

population of grasshoppers, one of their chief sources of food (Davis 1978), in the 
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summer and early fall. This could indicate that, except in the fall, resources were 

limited for Q. leucogaster which subsequently reduced their population size. 

The lower numbers of Q. leucogaster in the treated areas could be affected by the 

presence of Q. onM, which Parmenter and MacMahon (1983 p.155) term a "potentially 

superior competitor." They indicate that other rodent species may be reduced or 

eliminated by the presence of Q. QTM- Garner (1974) found that H- fildii were also 

very competitive intraspecifically. Rosenzweig and Winakur (1969), on the other 

hand, studied Dipodomvs merriami. which they termed a sparse plot specialist whose 

density could be depressed by similar sized pocket mouse competitors. This could 

account for the difference in response of the kangaroo rat to shrub removal in this 

study and those done by Rosenzweig and various co-workers. This competitiveness of 

D- ordii was evidenced in this study. Dipodomvs ordii was the most populous species 

in both the treated and untreated areas. This meant that it was the most populous 

species in both a sand shinnery oak community and a mid-grass prairie which were 

significantly different in shrub abundance, grass abundance, canopy cover, and bare 

ground. In fact, its population size increased significantly in the treated areas 

(using the population estimates with trap deaths added). This occurred despite the 

fact that the treated areas had significantly more canopy cover, something that 

kangaroo rats usually tend to avoid (Rosenzweig 1973). 

The competitiveness of D. ordii also could be one of the reasons for the low 

number of rodent species in the area. An example of this could be Peroonathus 

flavescens. All Perognathus flavescens individuals captured during spring were 

caught on the last day of trapping and in a preliminary study in June of 1984, 

Perognathus flavescens was caught on the treated site in numbers equal to those of 

n. ordii. It may be that this is the only period in which there is enough food and 
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cover for Pgrognathu?> flavescens to compete with D. QTM, or more accurately, 

coexist with Q. QTSM- With enough food resources and canopy cover, as well as open 

ground, Pipo(Jomy<7 and Perognathus can coexist (Rosenzweig 1973; Rosenzweig and 

Winakur 1969). It is possible that other species are outcompeted and eliminated 

from the area by D- oMi as hypothesized by Parmenter and MacMahon (1983). 

Canopy cover and vertical height would not seem to have as much importance in 

rodent species composition and density of a sand shinnery oak ecosystem as in other 

semi-arid or arid environments (Price 1978a; Rosenzweig and Winakur 1969). Both 

exhibited a significant difference between the treated and untreated areas, whereas 

rodent densities showed no effects. Per cent ground litter also showed no 

difference between treatments or among seasons, whereas rodent densities differed 

among the seasons, specifically the summer season. Per cent bare ground most 

closely mirrored the rodent density ANOVA results. Rodent densities and per cent 

bare ground both differed seasonally but not between treatments. Per cent bare 

ground particularly mirrored Q. ordii densities for each grid during each season. This 

concurred with Rosenzweig's studies (Rosenzweig 1975; Rosenzweig and Winakur 

1969) in which jD. merriami was found to prefer bare ground areas for feeding. 

Overall, the shrub component itself seems to have little effect on the rodent 

population in the sand shinnery oak ecosystem. 

It is possible that predation could have had an effect on the population size. A 

large number of predators in the study area could account for the low rodent 

densities. This is probably not the case, however. A large number of predators was 

not indicated during the study and there was no evidence of increased activity by 

predators in either the treated or the untreated sites. Competition and resource 

limitation are probably much more plausible explanations for limiting the population 
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size than predation. 

The particular rodent species inhabiting the study area also may have something 

to do with the lack of effect by the shrub component. Many of these species live in a 

variety of habitats that range from brush areas to grasslands (Davis 1978). This 

adaptability is evidenced by the species composition of the treated and untreated 

areas of this study. This would help explain the lack of difference in species 

composition and abundance after shrub removal and converting a sand shinnery oak 

ecosystem to a mid-grass prairie. 
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APPENDIX: Plant species composition and abundance as determined by 
step-point analysis and observation on treated and untreated areas. 

Species (common name) 

Grasses: 

Andropogon gerardii var. paucipilus (Sand bluestem) 

Aristida purpurea (Purple threeawn) 

Bouteloua curtipendula (Sideoats grama) 

Bouteloua hirsuta (Hairy grama) 

Cenchrus incertus (Sandbur) 

Chloris verticillata (Windmill grass) 

Cvperus so. (Sedge) 

Eragrostis secundiflora (Red lovegrass) 

Leptoloma coonatum (Fall witchgrass) 

Munroa squarrosa (False buffalograss) 

Panicum sp. (Panic grass) 

Paspalum setaceum (Sand paspalum) 

Poa sp. (Bluegrass) 

.qrhizachvrium .scoparium (Little bluestem) 

Sporobolus rn/ptandrus (Sand dropseed) 

Rporobolus ninanteus (Giant dropseed ) 

Stipa comata (Needle and thread) 

Triplasis purpurea (Purple sandgrass) 

Abundance 
Treated Untreated 

0 

VA 

0 

0 

0 

VR 

0 

0 

0 

0 

R 

A 

R 

VA 

A 

0 

R 

0 

R 

0 

R 

VR 

0 

VR 

VR 

R 

R 

R 

VR 

0 

R 

R 

R 

R 

VR 

R 
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APPENDIX: Continued. 

Species (common name) 

AburxJance 
Treated Untreated 

Forbs: 

Amarantheus sp. (Pigweed) 

Ambrosia psilostachva (Western ragweed) 

Astragalus mollissimus (Woolly loco) 

Calvophus serrulatus (Yellow evening primrose) 

Cassia fasciculata (Partridge pea) 

Chenopodium leptophvllum (Goose foot) 

Commelina erecta (Spiden/vort) 

Croton sp. (Croton) 

Crvptantha jamesii (Crvptantha) 

Cvcloloma atriplicifolium (Tumble ringweed) 

Dalea nana (Dwarf dalea) 

Delphinium sp. (Larkspur) 

Dithvrea wislenzii (Spectacle-pod) 

Erigeron modestus (Fleabane) 

Eriogonum annuum (/\nnual buckwheat) 

Evolvus piittallianus (Morning glory) 

Frnelichia finridana (Florida snakecotton) 

Gaura villosa (Woolly gaura) 

R 

0 

0 

0 

0 

R 

0 

0 

0 

R 

0 

0 

0 

VA 

VA 

R 

R 

R 

R 

0 

R 

0 

0 

R 

R 

R 

R 

R 

R 

R 

0 

0 

R 

R 

R 

R 



APPENDIX: Continued. 
48 

Species (common name) 

/Abundance 
Treated Untreated 

Forbs: 

Heterotheca latifolia (Camphor weed) 

Heterotheca villosa (Golden aster) 

Hvmenopappus flavescens (Woolly-white) 

Kochia scoparia (Summer-cypress) 

Kuhnia eupatorioides (False boneset) 

Lesquerella sp. (Bladderpod) 

Linum sp. (Flax) 

Oenorthera rhombipetala (Fourpoint evening primrose) 

Opuntia lindheimeria (Prickly pear) 

Palafoxia sphacelata (Sunflower) 

Paronvchia jamesii (James nailwort) 

Polvgala sp. (Mildwort) 

Salsola iberica (Russian thistle) 

Schrankia uncin_ata (Sensitive briar) 

Senecio sp. (Groundsel) 

Solanum plaegnifolium (Silver-leaf nightshade) 

ThPlesperma mpgapntinicum (Longstalk greenthread) 

Verbena sp. (Verbena) 

A 

0 

0 

R 

R 

R 

A 

0 

0 

R 

0 

0 

0 

R 

0 

0 

0 

R 

R 

R 

R 

R 

R 

R 

0 

R 

0 

R 

0 

0 

0 

0 

0 

0 

0 

R 
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APPENDIX: Continued. 

Species (Common name) 

Shrubs: 

Artemesia filifolia (Sand sagebrush) 

Ouercus havardii (Sand shinnery oak) 

Yucca angustifolia (Soapweed) 

VA: Very abundant 

A: Abundant 

O: Occasional 

R: Rare 

VR: Very rare 

Trt.: Treated area 

Unt.: Untreated area 

Abundance 
Treated Untreated 

VR 

R 

0 

VA 

VA 

0 
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