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Economic Evaluation 
tailed Deer Response 
Mixed Brush 

of Cattle and White- 
to Aerial Spraying of 

ROBERT E. WHITSON, SAMUEL L. BEASOM, AND C. J. SCIFRES 

Highlight: The combined economic effects, based on returns for lease hunting of 
white-tailed deer in conjunction with lifestock production, were calculated following 
partial treatment (80% sprayed in alternating strips) and complete treatment of 
mixed brush in South Texas with aerial sprays of 2,4,5-T and picloram at 1 lb/acre. 
Both approaches were economically feasible based on a 10% discount rate over a 
9-year projected treatment life, except when the brush was completely sprayed and 
cattle prices were $0.255/1b. However, when cattle prices were less than $0.495/lb, 
partial treatment by aerial spraying was preferred, in an economic sense, since 
returns from lease hunting where 20% of the brush was left untreated for wildlife 
habitat more than compensated for reduced cattle returns. 

One of the major deterrents to maxi- 
mizing range forage production in the 
South Texas Plains is a heavy infesta- 
tion of mixed brush (Prosopis-Acacia). 
Therefore, effective brush manage- 
ment is usually the first consideration 
for range improvement. Evaluation of 
alternative brush control methods gen- 
erally involves comparing only benefits 
of increased beef production, and 
perhaps labor and feed cost reductions, 
to the cost of the control measure over 
the expected life of the practice. 

Although landowners cannot legally 
sell wildlife in Texas, they may charge 
a fee for the privilege of hunting. In 
recent years, the demand for hunting 
has increased, and the revenue gener- 
ated from white-tailed deer (Odo- 
coileus virginianus) hunting in Texas 
has become an important component of 
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ranch income (Berger 1974; Forrest 
1966). The level and magnitude of 
returns from hunting ultimately depend 
on hunter success. Hunter success 
depends largely on how well the ranch 
manager can manipulate the habitat to 
provide adequate food and cover for 
deer. Therefore, there is increasing 
interest in the potential impact of range 
improvement practices on wildlife hab- 
itat (Beasom and Scifres 1976). Con- 
sequently, objective evaluation of 
brush control alternatives must include 
economic impacts that may occur from 
changes in hunting returns. 

Cattle returns also relate to the level 
of proficiency with which the ranch 
manager can manipulate the habitat to 
provide adequate range forage for 
utilization by cattle. Cattle production 
and profits characteristically increase 
following brush control on rangelands 
in South Texas (Durham 1975). How- 
ever, Beasom and Scifres ( 1976) re- 
ported that white-tailed deer numbers 
decreased significantly following com- 
plete treatment of South Texas brush- 
land with aerial sprays. 

Land managers contemplating range 
improvement programs in areas such as 
South Texas may desire to include 
alternatives to effectively manage for 
increased cattle production while main- 
taining adequate white-tailed deer 
numbers. Since increased cattle pro- 
duction and maintenance of white- 
tailed deer numbers may be inversely 
related when brush control exceeds 
threshold requirements for adequate 
wildlife habitat, economic trade-offs 
between increasing livestock produc- 
tion and reduced hunting potential must 
be quantified. Thus, the question, 
“Does deer hunting contribute more to 
ranch profits than the profits arising 
fi-om increased livestock production 
following brush control?” now faces 
many ranch managers. 

The purpose of this study was to 
evaluate the economic returns from 
livestock and white-tailed deer follow- 
ing complete and partial treatment of 
tangeland with aerial sprays. 

Procedures 

Livestock production data and estimates 

of changes in deer populations for this 
study were obtained from previous research 
conducted in South Texas (Beasom and 
Scifres 1976; Scifres et al. 1976; Durham 
1974) and from personal communications 
with the ranch manager.’ These data were 
utilized as a basis for estimating annual 
costs and returns from livestock and white- 

____~ _____ 

’ Personal communications with Mr. A. J. Durham, 
San Perlito, Texas. 
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tailed deer associated with aerial spraying 
for brush control. 

Commercial aerial application of I 
lb/acre of 2.4,5-T [(2,4,5-trichloro- 
phenoxy)acetic acid] + picloram (4-amino- 
3.5,6-trichloropicolinic acid) ( 1: I ) in alter- 
nate strips was compared to areas com- 
pletely treated and those left untreated. 
Sprayed strips were approximately 600 ft 
wide separated by untreated strips of 100 ft 
wide (approximately 80% of the area 
sprayed when lateral displacement con- 
sidered). Treatments were randomly allo- 
cated to the study areas located in close 
proximity to insure equal access to all treat- 
ments by white-tailed deer (Beasom and 
Scifres 1976). 

The treatments were analyzed for eco- 
nomic feasibility by estimating ( 1) net 
present value and (2) the internal rate of 
return.? The decision criteria utilized in this 
study for economic acceptance of partial or 
complete treatment by aerial spraying 
required the investment in brush control 
and any additional breeding livestock to 
result in a positive net present value over 
the life of the treatment when the discount 
rate was 10%. Similarly, the criterion of 
acceptance for the internal rate of return 
was 10%. 

Annual cost and return estimates were 
developed for each treatment for three live- 
stock price situations and were expressed 
on per acre basis. Livestock sale prices, 
selected on an arbitrary basis, were $.255, 
$.355, and $.455/lb. 

Investments included in the analyses 
were (I) brush control and (2) additional 
breeding livestock. Brush control and 
additional breeding livestock investments 
were $9.50 and $6.92/acre, respectively. 
for complete treatment. For the partial 
treatment. the investment costs were $7.60/ 
acre for brush control ($9.50/acre x 80% 
of the area treated) and $5.44/acre for 
breeding livestock. 

’ The net present value is the sum of annual costs and 
leturns discounted to the present at a specified Interest 
rate. The internal rate of return IS that rate which 

Esults in a net present value of zero for a given invest- 
ment. 

The increased forage resulting from Table 2. Annual stocking rate increases 
brush control was utilized by a cow-calf 
operation. Added cows were assumed to 
cost $200/bead with a salvage value 
estimated at $175/bead. The increased 
number of cows produced an average of 
350 lb of beef per cow with added variable 
costs (not including interest on the cow) of 
$25.18 per cow (Durham 1974). Other cost 
reductions. principally labor, resulting 
from brush control were estimated from 
actual ranch records’ and totaled approxi- 
mately $1 .OO/acre for both the complete 
and partially sprayed pastures (Durham 
1974). 

The impact of each treatment on white- 
tailed deer numbers was reported by 
Beasom and Scifres (1976). White-tailed 
deer numbers were converted to dollars by 
assuming a 25% annual harvest rate. and 
utilizing a value of $300/buck and $50/doe 
(Table 1). 

White-tailed deer moved to areas un- 
sprayed during the first two years of treat- 
ment. but numbers had stabilized and were 
similar in all treatments by the end of the 
third year following treatment (Beasom and 
Scifres 1976). 

Cattle numbers were increased as a result 
of brush control by aerial spraying (Durham 
1974; Scifres et al. 1976). Actual carrying 
capacities were utilized for 1973 through 
1975 and projections were made for 1976 
through 1982.’ The partially treated area 
was estimated to carry 80% of the added 
number of cattle that the complete treat- 
ment supported (Table 2). This was 
considered to be conservative since cattle 
had improved accessibility to the 20% not 
treated; and, thus. greater utilization of 
existing forage was obtained. 

Economic feasibility of the complete and 
partial brush control treatments was deter- 

’ Assumption\ which apply to thl\ study \ltuatlon 
include the followmg: ( I ) Investment opportunltie\ are 
mutually exclusive and (2) net cash Intlou\ can bc 
sinvested at a selected discount rate, pre\ent Laluc 
method or the internal rate of return depending on 

which criteria are being utilized. A\ cattle prlccs In- 
Crease and internal rates of return increase. assumption 
(3) may become le\\ acceptable. 

Table 1. Estimated value ($/acre) of white-tailed deer following partial (80%) and complete 
spraying of mixed brush in South Texas.’ 

__-_____ _____ 
Time of Value ($/acre) 

censusb TreatmentC Bucks Does Total 
__- 

Feb. 1974 None 1.78 .96 2.74 
Partial .86 .66 1.52 
Complete .29 .54 .83 

Feb. 1975 None 1.73 .74 2.47 
Partial 1.23 .53 1.76 
Complete .61 .21 .82 

Aug. 1975 None .55 .29 .84 
Partial * .67 .42 I .09 
Complete .46 .35 .81 

._~~_______~__-____~~~ _____ 
a Deer numbers are assumed to be equal during the 4 to IO years remaining life ot the treatment\. 
b Census couns were utilized nearest to the hunting season. except for the last count that represents the most recent. 

c Brush control treatments were I lb/acre of a commercial 2.4.5-T + picloram mixture applied in strips so that 80% 

of the area was treated (partial treatment) and in solid bloch (complete treatment). 
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(AUM/acre) resulting from partial (80%) 
and complete spraying of mixed brush in 
South Texas. 

Partiala Completea 
Year treatment treatment 

1973 .300 ,384 
1974 .240 .288 
1975 ,228 .288 
1976b ,276 .366 
1977 .276 ,366 
1978 .276 ,366 
1979 ,276 .366 
1980 ,204 .252 
1981 .084 .I08 
1982 0 0 

a Partial treatment represents 80% of the area treated 
In alternate strips and complete treatment represent\ 
100% of the area treated with I lb/acre of a com- 
mercial 2.1.5-T and plclorum ( I: I) mlature. 

b 1976 to I98 I represent projectons of increased cattlc 

carrying capacities 

mined by examining the accumulated net 
present value (PV) and internal rate of 
return (IRR) over the projected life of the 
treatment. Economic preference of treat- 
ment (complete or partial) was accom- 
plised by comparing the net present values 
and internal rates of return. Generally. 
when investment capital is not limiting. the 
brush control approach selected (either 
partial or complete spraying) must (I) be 
economically feasible (given the PV or IRR 
criteria established) and (2) produce the 
greatest net present value of the two 
choices. When capital is limited. the 
selected project must be ( I ) economically 
feasible and (2) produce the greatest 
internal rate of return.” 

Risk and uncertainty (associated with 
brush control, cattle and white-tailed deer 
responses to the brush control. cattle price 
fluctuations, and use of credit reserves or 
cash for investment in brush control) are 
not considered in this study. The ranch 
manager must evaluate his risks and 
determine if income risks increase or 
decrease from partial or complete aerial 
spraying of brush. For South Texas, it 
could be hypothesized that a combination 
of cattle and white-tailed deer to produce a 
given level of income would have less 
income risk than the production of that 
income from cattle only. 

Increased net revenues from increased 
cattle production and labor savings were 
estimated for the three cattle price alterna- 
tives and represent the net cash tlow arising 
from weaned calf sales and labor savings 
less variable cash costs (Table 3).’ This 
tlow of funds must be sufficient to recover 
the investment of brush control. depreci- 
ation on the added breeding animals, and 

J For thl\ \ituatlon. labor \a\ mg\ rcprc\cnted an actual 
ct\h outflow reduction. For other \ltuatlon\ that ~nvol~c 
only owner-operator labor. rcductlon\ In ca\h outllou 
would not occur and the dccl\lon to Include labor 
Rductlon\ a\ a benefit uould dcpcnd on the opportunity 
cost of the ov+ncr-operator’s labor 
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Table 3. E&mated annual net cash flow estimates ($/acre) from increased cattle production 
at three livestock Prices ($/lb) following partial (80%) and complete aerial spraying of mixed 
brush in South Texas.a 

Year after Complete treatmentb Partial treatmentb 
treatment $0.255/1b $0.355/1b $0.455/1b $0.255/1b $0.355/1b !$0.455/1b 

1c 3.29 4.51 5.72 2.90 3.89 4.88 
2 2.86 3.84 4.81 2.53 3.31 4.11 
3 2.78 3.71 4.65 2.50 3.27 4.04 
4c 3.12 4.23 5.34 2.75 3.66 4.58 
5 3.12 4.23 5.34 2.75 3.66 4.58 
6 3.12 4.23 5.34 2.75 3.66 4.58 
7 3.12 4.23 5.34 2.75 3.66 4.58 
8 2.21 3.03 3.84 1.91 2.56 3.21 
9 1.02 1.38 1.74 .92 1.22 1.52 

10 0 0 0 0 0 0 

a The annual cash flow estimates are gross livestock sales plus labor savings less variable cash costs and do not 
include the original investment in the brush control treatment, purchases or sales of added breeding livestock, 
or changes in hunting revenue. 

b Complete treatment represents 100% of the area treated with 1 lb/acre of a commercial 2,4,5-T and picloram 
(I: 1) mixture. Average treatment costs are $930/acre and the added breeding livestock investment is $6.92/acre. 
The partial treatment represents 80% of the area treated in alternating strips. Average treatment cost is $7.60 
($9.50 x .8)/acre and the added investment in breeding livestock is $5.44/acre. 

c Year I is actually the year of treatment; year 4 through IO represent projections. 

lost revenue from hunting, and yield a 10% 
annual return on the total investment; i.e., 
the sum of the net present value over the life 
of the brush control alternative must be 
positive for brush control to be economical- 
ly feasible. 

Given these investments, the livestock 
cash flows (Table 3) and economic impacts 
from hunting (Table l), the net present 
value and internal rates of return for each 
treatment were estimated for the three 
livestock price situations (Table 4). The 
final year of the net present value analysis 
represents the total accumulated net present 
value over the life of the treatment (Table 
4). The first through eighth years represent 
an accumulated net present value for given 
points in the lives of the treatments. 

Results and Discussion 

Net present values indicate that 
brush control by aerial spraying was 

economically feasible for all cattle 
price and treatment situations, except 
when cattle prices were $.255/1b and 
the brush was sprayed completely 
(Table 4). The net present values for the 
brush control alternatives may be 
compared, for a given cattle price 
situation, to determinewhich treatment 
would be preferred. Using the criteria 
established for this study, the preferred 
treatment for the three livestock price 
situations is partial treatment in alter- 
nating strips. 

As cattle revenues increase relative 
to hunting revenues, the economic 
advantage of partially spraying in strips 
diminishes. For example, at cattle 
prices of $.255/1b the partially sprayed 
pasture produced $2.50/acre more total 
net present value than complete treat- 
ment. At cattle prices of $.455/1b, the 

Table 4. Accumulated net present value ($/acre) of hunting and livestock production at three 
livestock prices ($/lb) resulting from partial or complete aerial spraying of brush in South 
Texas based on a 10% discount rate; and associated internal rates of return (%). 

- 
Total present value ($/acre) 

Year after Complete treatmenta Partial treatmenta 

treatment $0.255/1b $0.355/1b $0.455/1b $0.255/1b $0.355/1b $0.455/1b 

1 -14.01 -12.91 -11.81 -10.63 -9.73 - 8.82 
2 -12.90 -10.99 - 9.09 - 9.01 -7.46 - 5.90 
3 -11.55 - 8.94 - 6.33 - 7.47 -5.34 - 3.20 
4 - 9.41 - 6.05 - 2.68 - 5.59 -2.84 - .80 
5 - 7.48 _ 3.42 .63 - 3.89 - .56 2.76 
6 - 5.72 - 1.03 3.65 - 2.33 1.51 5.35 
7 - 3.43 1.82 7.08 - .38 3.93 8.23 
8 - 1.36 4.27 9.91 1.34 5.95 10.56 
9 - .20 5.58 11.37 2.30 7.04 11.78 

Internal rate 
of return (%) 9.7 17.4 24.7 14.0 21.9 29.5 

a Complete treatment represents 100% of the area treated with I lb/acre of a commercial 2,4,5-T and picloram 
(I: I) mixture. The partial treatment represents treatment of 80% of the area in alternate strips. 

b The fourth through ninth years represent projections of livestock and white-tailed deer responses to treatment. 

partial spray treatment produced $.41/ 
acre more total net present value (Table 
4). The break-even price between the 
treatment in alternating stI’ips was 
approximately $. 495/1b. The proper 
decision regarding type of treatment to 
use accordingly depends on the relative 
prices of beef and hunting returns. 
Given the past 5 years’ average live- 
stock prices and the value of hunting, it 
will be difficult for a landowner, in 
South Texas in this case, to justify 
complete spraying of rangeland if deer 
hunting produced $1 .OO to $2 .OO/acre 
net revenue. 

When capital is assumed to be 
unlimited, partial treatment in strips 
would be preferred in all situations 
presented in Table 4. However, if cattle 
prices were expected to average $.495/ 
lb or more over the life of the treatment, 
complete spraying would be preferred. 

Given a situation of limited invest- 
ment capital, partially spraying in 
alternating strips yielded greater inter- 
nal rates of return for all price situations 
and would therefore be the preferred 
treatment in South Texas (Table 4). 

The time required for a brush control 
project to produce the minimum rate of 
return, as established by the manager in 
the present value analysis, is of ad- 
ditional importance. For example, 
when livestock prices were $.355/1b, a 
positive net present value occurred the 
sixth year following complete treat- 
ment of the mixed brush. This may 
have implications for the land manager 
who faces uncertainty regarding the 
projected life of a given brush control 
alternative, i.e., given two projects 
with similar net present values and 
internal rates of return, the preferred 
treatment would be one which pro- 
duced a positive net present value in the 
shortest time period. 

Conclusions 

Returns from lease hunting of white- 
tailed deer were generally reduced, due 
to a negative response based primarily 
on reduction in production of forbs 
preferred by white-tailed deer (Beasom 
and Scifres 1976) regardless of whether 
the brush was partially sprayed in 
alternating strips or completely sprayed 
as compared to no treatment. However, 
application of the herbicide in strips 
had less adverse affect on white-tailed 
deer returns than did complete spraying 
of brush. Livestock returns from the 
area treated completely were greater 
than from the area treated in alternating 
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strips. Net present values, given the 
cattle price range used in this study, for 
the complete aerial spray ranged from 
- $.20 to $11.37/acre and for partially 
treating the brush in alternating strips 
ranged from $2.30 to $11.78/acre. 
Internal rates of return ranged from 
9.7% to 24.7% and from 14% to 29% 
for the complete and partial spray 
treatment, respectively. 

Given the net present values esti- 
mated for the two treatments, the 
internal rates of return, and the length 
of time required for a positive net 
present value, it can be concluded that 
(1) complete and partial treatment of 

mixed brush by aerial spraying are both 
economically feasible (with one excep- 
tion concerning the complete treatment 
and $.255/1b sale price of livestock) 
and (2) the partial treatment of brush 
would be preferred, in an economic 
sense, to complete spraying in South 
Texas when cattle prices are less than 
$.495/1b (partial treatment is preferred 
at all price levels if capital is limiting). 
This analysis indicates (1) the impor- 
tance of considering the impacts of fee 
,hunting on selection of a brush control 
program and (2) that brush control is a 
viable alternative to increase profits 
from ranching in South Texas. 
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Composition and Degradation of Jackrabbit 

and Cottontail Fecal Pellets, Texas High Plains 

JERRAN T. FLINDERS AND JOHN A. CRAWFORD 

Highlight: Fecal pellets were taken from black-tailed jack- 
tabbits and desert cottontail rabbits for studies of rates of natural 
degradation. Microscopic analyses of fecal samples showed a 
significant difference in the proportion of grasses, forbs, and 
woody plants ingested by the two leporid species sampled. Jack- 
rabbits had ingested greater proportions of grasses and woody 
plants while cottontails had ingested greater proportions of forb 
material. Degradation of fecal pellets was observed at regular 
intervals from 1972 to 1974. Time required for complete dis- 
appearance of pellets was estimated at 4.4 years for jackrabbits 
and 9.5 years for cottontails. Relative humidity and precipitation 
were strongly correlated (r = -0.98 and -0.95 for jackrabbits 
and cottontails, respectively) with disappearance of pellets. 

This study of black-tailed jackrabbits @pus californicus) 
and desert cottontail rabbits (Sylvihgus auduboni) was designed 
to consider the following: comparisons of the vegetational 
composition of dietary material; short-term degradation (in- 
cluding disappearance) of fecal pellets in typical habitat; and the 
relationship between fecal pellet degradation, pellet composi- 
non, and weather variables. Prediction equations were de- 
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veloped for fecal pellet degradation over time and in relation to 
weather variables. 

Counts of fecal pellets have been widely used as an indirect 
method of censusing several mammalian species. Most workers 
stressed the need to know defecation rate, time interval between 
counts, location and identification of all pellets in plots, and 
average weight of pellets produced and collected (Arnold and 
Reynolds 1943; Eberhardt and Van Etten 1956). Ferguson 
(1955) and Wallmo et al. (1962) investigated effects of weather 
and other factors on deterioration of fecal material and, thus, the 
pellet-group counts of deer. 

Arnold and Reynolds (1943) suggested using fecal pellets for 
estimating jackrabbit population densities and amounts of 
forage removed by jackrabbits, but they did not consider effects 
of degradation of pellets over time. Kundaeli and Reynolds 
(1972) recognized this problem, for they made only relative 
population predictions from their annual counts of desert cotton- 
tail fecal pellets in New Mexico. Hansen (1972) used numbers 
of black-tailed jackrabbit pellets collected at 3-month intervals 
in northeastern Colorado to predict amounts of forage removed 
by these hares. Cochran and Stains (1961) quantified the 
deposition of fecal pellets by eastern cottontail rabbits (S. 
jtoridanus) under penned conditions. Their studies showed 
degradation rates differed with type of habitat and diet; possible 
utilization of pellets by invertebrates was noted. Lord (1963) 
found that rain hastened the disappearance of eastern cottontail 
fecal pellets, but felt earthworms ingested many pellets. 
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