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Brush Management on the Cusenbary Draw Watershed: 
History and Ramifications 

ERIC J. REDEKER, THOMAS L. THUROW, AND XINYUAN WU 

I ncreased dominance of shrubs and trees in what had 
previously been grasslands or savannas is a widely ob- 
served trend attributed to a variety of factors including 

reduced fire frequency and overgrazing. Large increases in 
woody cover can adversely affect on-ranch livestock opera- 
tions by increasing the costs of management and decreas- 
ing the carrying capacity. 

An important off-ranch impact associated with an in- 
crease in woody cover is the reduction of water yield from 
the rangeland. This is an important issue throughout the 
western U.S. since many of the surface and groundwater 
resources recharged by rangeland watersheds are not suf- 
ficient to meet current demands (van der Leeden 1990). 
Municipalities and state governments are increasingly look- 
ing to brush control as a way to augment water yield to help 
meet future needs. This issue is of special significance in 
the Edwards Plateau, Texas, since 2.1 million people de- 
pend exclusively on rangeland water recharge to the 
Edwards Aquifer and to the many streams and rivers that 
originate in the region. 

What is the linkage between brush encroachment 
and water yield? 

Water yield (runoff and deep drainage) tends to decrease 
as woody cover increases because, compared to grasses, 
trees and shrubs have: 1) a more extensive canopy which 
catches precipitation which evaporates back to the atmos- 
phere (i.e., interception loss), 2) a greater leaf area for tran- 
spiration, 3) a more extensive root system with greater ac- 
cess to soil water, 4) a greater ability to extract water from 
very dry soil, and 5) many invasive woody species are 
evergreen allowing rapid resumption of water use when it 
becomes available (as opposed to most grasses which 
senesce during dry periods and require time to re-establish 
green tissue). 

What was the degree to which brush cover has 
changed and what were the likely impacts to carry- 

ing capacity and water yield? 

Cusenbary Draw, an 80 square mile watershed on the 
Edwards Plateau, is representative of much of the region in 
terms of soil (shallow silty clay), vegetation, and land man- 
agement. Nineteen different ranches are partly or wholly lo- 
cated within the watershed. The Sonora Texas Agriculture 
Experiment Station, which has been the site of much 
rangeland hydrology research over the past several 

decades, is also partially located within the watershed. The 
predominant bunchgrasses are sideoats grama and Texas 
wintergrass. The dominant shortgrass is curly mesquite. 
Five range sites were defined within the watershed. Ashe 
juniper, redberry juniper, and live oak are the dominant 
woody species on the shallow soils of the upland (e.g., 
Deep Divide, Shallow and Low Stony Hill range sites), while 
honey mesquite and live oak dominate the lowlands with 
deeper soils (e.g., Valley and Bottomland range sites). 

Aerial photographs acquired from the US Department of 
Agriculture—Farm Services Agency (USDA-FSA) were used 
to form a composite photograph of the watershed for both 
1955 and 1990. The amount of woody cover in 1955 and 
1990 and the rate of change between these dates was cal- 
culated using image analysis technologies on each of the 
five range sites delineated within the watershed (Redeker 
1998). Literature and expert opinion were used to validate 
and refine the aerial photo composition estimates of woody 
(juniper, oak, mesquite) and herbaceous (bunchgrass, 
shortgrass, forbs) cover. From this information the water 
yield and livestock carrying capacity was estimated using 
the Simulation of Production and Utilization of Rangelands 
model (SPUR-91). The SPUR-91 model has been validated 
to be an effective tool for estimating water yield and live- 
stock carrying capacity on range sites throughout Texas 
(Carison et al. 1995, Carlson and Thurow 1996). 

Brush Cover Changes Between 1955 and 1990 

Brush in the Cusenbary Draw watershed increased from 
an average of 22% cover in 1955 to 24% in 1990 (Table 1). 
The slight increase during this 35 year period is attributable 
to brush control efforts (fire, herbicides, chaining, grubbing 
and/or manual cutting) which kept the potential for brush in- 
crease in check. In contrast, on the scattered locales within 
the watershed where no brush control was applied the 
brush increased from 22% cover in 1955 to 37% in 1990. 

Brush control efforts were not uniformly applied through- 
out the watershed. Ranchers made rational economic 
choices by putting their greatest shrub control emphasis on 
the range sites that had the greatest production potential 
(Fig. 1). As a result, brush cover on the lowest production 
potential range site (Deep Divide) increased the most and 
brush cover on sites with relatively high production potential 
for the region had a net decrease in brush cover (Valley 
and Bottomland). 

Although there was little change in total woody cover be- 
tween 1955 and 1990, there was a marked shift in woody 
composition (Table 1). There are two factors likely to have 
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Table 2. Water balance and livestock carrying capacity of the Cusenbary Draw watershed derived from the 
Simulation of Production and Utilizations of Rangelands-91 model. 

19551 19902 No Brush3 
Control 

Publicly Funded4 
Brush Control 

Precipitation (inches/year) 19.7 19.7 19.7 19.7 

Evapotranspiration (inches/year) 18.7 18.9 19.3 18.1 

Water Yield (gallons/acre/year) 27,150 21,720 10,860 43,440 

Moderate Stocked Carrying 
Capacity (acres/animal unit/year) 25 24 20 28 

1shrub cover = 3% juniper, 17% oak, 2% mesquite 
2shrub cover = 12% juniper, 10% oak, 2% mesquite 
3shrub cover = 18% juniper, 15% oak, 4% mesquite 
40% of the land cleared to 3% shrub cover, 60% of the land at the 1990 shrub cover. The relative composition of both the cleared 
and uncleared portions of land is the same as the 19902 values. The hypothetical publicly funded brush control program was based 
on cost-share offers which vary according to the current ranch brush cover and were designed to enable ranchers to control brush 
for 10 years at no net cost. 

Table 1. Cover and composition of woody species in 1955 and 
1990, Cusenbary Draw watershed, Texas. 

Year Juniper Oak Mesquite Total 

(%) (%) (%) (%) 
1955 3 17 2 22 
1990 12 10 2 24 
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Fig. 1. Comparison of the relative change in woody cover from 
1995 to 1990 as related to the production potential of the range 
sites in the Cusenbaiy Draw watershed, Texas. 

accounted for this shift. One is that the most severe 
drought in Texas this century occurred between 1951 and 
1957. During this period there was a 54% mortality of live 
oak and a 90% mortality of juniper greater than 6 feet tall, 
but there was insignificant drought kill of juniper trees less 
than 6 feet tall (Merrill and Young 1959). This set the stage 
for young juniper to increase after the drought. Another rea- 
son for the juniper increase is pasture-wide chaining prac- 
tices, common in the 1950's and 1960's, which indiscrimi- 
nately cleared all brush. Redberry juniper aggressively cop- 
pices from the roots. The continuous presence of cattle, 
sheep, goats and deer would have likely put greater browse 
pressure on the resprouts and seedlings of oaks than on 
the less palatable juniper seedlings and resprouts. Unless 
there had been a follow-up treatment with herbicides or fire 
(which often there was not), redberry juniper regrew in 
more dense stands than were present before the treatment. 
This shift in the composition of woody cover significantly re- 
duced the water yield since the evapotranspiration losses 

associated with juniper are substantially greater than asso- 
ciated with oak or mesquite (Thurow and Hester 1997). 

Water Yield and Livestock Carrying Capacity 
Ramifications 

Four scenarios of brush management were tested using 
the SPUR-91 model. Scenarios 1 and 2 estimated the aver- 

age water yield and livestock carrying capacity associated 
with the 1955 and 1990 vegetation cover. Scenario 3 esti- 
mated the average water yield and livestock carrying ca- 

pacity associated with the likely woody cover increase in 
the watershed if there had been no brush control. Scenario 
4 examined the estimated water yield and livestock carrying 
capacity increase that would be likely to occur based on a 
response to a mail survey regarding a hypothetical publicly 
funded brush control cost-share program designed to in- 
crease water yield (Garriga 1998). Participation in the cost- 
share program required that ranchers agree to clear en- 
rolled land to 3% woody cover and maintain that cover for a 

10-year period. This scenario required that the government 
payment associated with the cost-share would result in 
zero net financial cost to the rancher. The cost-share calcu- 
lation varied according to the pre-existing brush cover and 
included the cost of brush control plus or minus the 
changes in wildlife and livestock lease value of the ranch 
after the enrolled land was cleared. Based on these terms, 
the ranchers who participated in the survey were willing to 
enroll 40% of their land to be managed at 3% brush cover. 
Table 2 summarizes these scenarios in terms of their esti- 
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mated impact (as calculated by the SPUR-91 model) on 
water yield and livestock carrying capacity. 

The fact that ranchers were able to keep overall brush 
cover within the watershed between 22% to 24% between 
1955 and 1990 implies that the ranchers generated signifi- 
cant benefits for off-site water users. Their actions prevent- 
ed a substantial decline in water yield which would have oc- 
curred if brush had been allowed to increase unchecked by 
management intervention. Ranches throughout the 
Edwards Plateau are increasingly being subdivided into 
smaller parcels that are used mainly for recreation. 
According to survey data from the Edwards Plateau, 
landowners have less interest in brush control if they are 
not reliant on livestock income (Garriga 1998). Less interest 
in brush control will likely lead to less water yield. 
Furthermore, these ranchers commented that they would 
have liked to do more brush control, but the cost prevented 
additional action (Garriga 1998). When offered an opportu- 
nity to participate in a hypothetical cost-share program 
which would compensate them for the financial costs of 
clearing and maintaining brush cover at 3%, the ranchers 
indicated that they would opt to substantially reduce brush 
cover and, thereby, to increase water yield and livestock 
carrying capacity. This off-site water yield benefit provides 
a policy rationale for regional government helping to defray 
the cost of brush control to private ranchers. 
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