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ABSTRACT

Cattle provide a major source of income on the Papago Indian 

Reservation in Southern Arizona. Grazing on the range has traditionally 

been unrestricted. As a result, severe overgrazing has led to frequent 

starvation conditions with high death losses and poor calf crops among 

the Papago herds. Development of approximately 25,000 acres of alluvial 

plain so as to utilize seasonal floodwaters to irrigate perennial grasses 

has been proposed as a possible means of correcting this problem.

A benefit-cost analysis on two alternative plans was performed.

In one plan in which herd numbers were assumed to be unrestricted, the 

annual benefits found to be less than annual costs. In the second plan, 

herd numbers were assumed to be held constant by initiating a system of 

grazing permits. It was concluded that the investment would be desirable 

under the second plan.

Imposition of a grazing permit system represents a radical 

institutional change. Its many aspects and ramifications necessitates 

devoting considerable attention to a study of the Papago people and their 

cattle industry to provide guide lines for the needed management plans.

xi



INTRODUCTION AND PHYSICAL ASPECTS

CHAPTER 1

Need and Scope of Study

The Setting

The Papago tribe is situated on three reservations in Arizona, 

the 9,817 acre Gila Bend Reservation, located about 10 miles north of 

the town of Gila Bend; the 29,419 acre San Xavier Indian Reservation, 

which is located southwest of Tucson (these two reservations will not be 

considered for this project); and the 2,773,894 acre (4,337 square miles) 

Papago Reservation, whose eastern boundary is about 26 miles west of 

Tucson in South Central Arizona. The Papago Reservation, which contains 

the study area for this thesis, lies mainly in Pima County with parts in 

Maricopa and Pinal Counties, and is bounded on the south by the Republic 

of Mexico.

The major portion of the reservation consists of arid valleys and 

plains lying between 1,400 and 2,600 feet above sea level. The reser

vation is broken by occasional mountain ranges and valleys with extremes 

ranging from 7,600 feet on Baboquivari Peak to 1,400 feet at Cockleburr 

on the northern boundary.

The high temperatures and low rainfall on the Papago Reservation 

are characteristic of the arid Sonoran Desert Region. This is a zone of 

extremes in climate, experiencing torrential rains, long drought periods.

1
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as well as a great range in both daily and seasonal temperature. The 

annual precipitation is low and occurs almost entirely as rainfall which 

is distributed in two main periods of the year--intense torrential summer 

rains from about July 1 to September 30, which are believed to originate 

in the Gulf of Mexico; and the more general, lighter, winter month's 

rains resulting from cyclonic storms over the Pacific Coast region.

The Problem

The Papago cattlemen have traditionally derived their income from 

a cow-calf operation which is poorly suited to a range where annual plants 

provide much of the forage. Their situation is characterized by greatly 

overgrazed ranges and periodic starvation conditions which occur during 

times of drought.

The natural resentment that would be caused by forced reduction 

of cattle numbers as a step toward range and income improvement might be 

prevented were there a method implemented that would allow holding the 

herd numbers constant. At the same time, it should assist conservation 

and rejuvenation of the denuded rangeland. It has been suggested that a 

range reclamation program in the form of strictly regulated, irrigated, 

complementary pastures utilizing flood water from the mountains to pro

duce perennial grasses, coupled with modern ranching techniques and 

economic sized units might provide the appropriate opportunity. The 

pastures would primarily be designed to provide feed to prevent weight 

and starvation losses which take place during seasons of low range forage 

production. At present, about 5,000 acres on the reservation have had 

the woody growth cleared, have been seeded and fenced, and are being
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pastured. Bureau of Indian Affairs (B.I.A.) personnel at the Sells 

agency have estimated that there are approximately 25,000 acres of 

additional alluvial fan watershed which exhibit the potential necessary 

for this type of program. This project appears to be a low-cost agri

cultural means by which the Papago stockmen can better themselves.

Objectives of Study

The many and varied types of projects which call for federal 

funds have resulted in competition for such funds to the extent that 

"hunches'* and empirical judgments are no longer valid. The method of 

benefit-cost analysis is thus called for to determine if reclamation of 

the potential irrigated pastures is economically desirable, given al

ternative uses of funds. The objectives of this study, therefore, are:

1. To develop an analysis of the benefits and costs of the 

proposed investment project.

2. To develop techniques which will contribute to the accuracy of 

benefit-cost analysis in situations where economic data are not 

readily available or accurate, that is, developing economies. 

The assumption is made that the Papago cattlemen exhibit 

characteristics which make their economy analogous with that 

of some developing countries.

3. To mold several alternative management plans and evaluate them 

in light of the particular culture being dealt with.

4. To construct several benefit-cost ratios which would quanti

tatively exemplify the opportunity cost faced by the decision

maker when selecting among alternative plans.
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5. To demonstrate how the sub-discipline called Economic

Anthropology which has traditionally been devoted to simply 

describing primitive societies can be pragmatically incorpo

rated in an actual development situation. This will be done 

by devoting one chapter (2) to those aspects of Papago culture 

which would directly affect pasture development and in many 

instances would, therefore, become "social constraints."

In this paper the attempt is made to closely combine economics, 

more specifically benefit-cost analysis, with the nonpecuniary aspects 

which many critics feel are too frequently overlooked (Kelso 1967, p. 

107, Katona 1951, Chapters 1, 2, 3). As Wharton (1963, pp. 1169-1170) 

has noted:

The lazy excuse for the failure to include the social- 
psychological-cultural sector in our research is that research 
on values, attitudes, and motives are the private pasture of 
the rural sociologist, cultural anthropologist and social 
psychologist, not the agricultural economist. But how much 
better it would be if we agricultural economists were to join 
forces with our colleagues in the rural social sciences to find 
even more meaningful answers together by showing up each other's 
strengths.

Analytical Technique

Emphasis will be on procedure; the major problem being the de

termination of the value of additional feed produced. This will then be 

compared to costs of alternative methods of supplementary feeding.

Simple budgeting will be used rather than any more sophisticated analytic 

technique to determine the benefits and costs. Evaluating and attempting 

to quantify the intangible benefits from modernizing the antiquated
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Papago cattle industry will provide an interesting variation to the 

analysis.

Plan of Thesis

Following this chapter's description of project lands, Chapter 2 

will set forth those cultural factors peculiar to the Papago people which 

would directly affect pasture initiation and which, in many cases, appear 

as "social constraints." Although this area, combined with Chapter 3's 

discussion of the cattle industry have been the private arena of the 

cultural anthropologist, they have been expounded upon not simply for 

background information but to initiate an outline which would be used by 

economists dealing with peasant economies. (Peasant economies are de

fined as those which are only partially monetized.) For a further 

distinction see Nash (1966, Ch. I and II).

Chapter 4 is the actual analysis. It has been divided into two 

main parts for the convenience of the decision-maker; ratios with and 

without restrictions on cattle, numbers. Background evidence and manage

ment plans to implement each of these development plans and subsequent 

ratios are discussed in Chapter 5. Also included is a discussion of 

alternative projects.

This author's recommendations and conclusions constitute the 

last chapter and essentially bring out problems encountered when dealing 

with cross-discipline, cross-cultural analyses.



Physical Environment of Project Lands
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In this section, the physical environment of the project is 

examined. We wish to establish the (perhaps subjective) probability that 

precipitation, temperature, frost, or runoff will not reach extremes such 

that the reseeded pastures would fail.

Principle Drainages

The reservation is divided into three main drainages and one 

minor one (see Figure 1). The first is the Vamori Wash (formerly called 

the Valshni), which forms in the Republic of Mexico, enters the United 

States on the south-central Reservation border at an elevation of about 

2,500 feet, and runs westward into the San Simon Drainage (called 

Quijotoa in some references). "The Vamori enters the reservation as a 

channel about 50 feet wide and three feet deep draining an area of about 

2,000 square miles" (U. S. Dept, of Agriculture, Soil Conservation 

Service 1939c, p. 37). This end of the reservation has mountain areas 

which have some of the highest rainfall on the reservation, thus con

tributing greatly to the floodwater in Vamori Wash.

Although the tributary drainage area is larger by more than 
2,000 square miles, the flow at the point where this drainage 
course leaves the reservation is much smaller and less frequent 
than flow at the point about 60 miles up stream where the 
Valshni Wash enters the reservation. This is typical of large 
drainages in this arid region. (U. S. Dept, of Agriculture,
Soil Conservation Service 1939c, p. 37.)

The second main drainage, the San Simon, drains a large part of 

the northwestern portion of the reservation, runs south to join the 

Vamori at Korn Vo (elevation about 2,000 feet), and finally flows into 

the Sonoita in Mexico.
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(It) usually runs at least once each summer. Although the 
character of the watershed would indicate a high initial run
off, a large part of the water is apparently dissipated in the 
mesquite covered trough of the long, flat Quijotoa Valley.
The floods reaching Santa Cruz are small in relation to the 
size of the drainage area. (U. S. Dept, of Agriculture, Soil 
Conservation Service 1939c, p. 38.)

Slightly more than one-half of the reservation surface waters drain into

Mexico.

The third main drainage, the Santa Rosa, is distinguished by 

the Santa Rosa Wash, which begins between Brownell and the North Comobabi 

Mountains. It flows in a northerly direction, leaving the reservation 

near Cockleburr (elevation 2,000 feet) after receiving water from Jack 

Rabbit, Silver Reef, Quijotoa, Anogam, and Gu Achi Washes.

The liberally scattered mountain ranges all make contributions 

to the main washes with the result that widely scattered rains may pro

vide floodwater which could be utilized many miles from the rainfall 

areas.

The fourth source of floodwater is a diversion from the Santa 

Cruz River. It enters the eastern boundary at the northern end of the 

reservation and passes off at the north central boundary near the village 

of Chu Chu, which is at an elevation of about 1,500 feet.

Soils

The torrential rains provide extremely rapid runoff, characterized

by high soil particle content.

Originally, the silt that was deposited on the gentle flood 
plains was derived from topsoils and formed fertile farming 
sites. With progressive exposure of new sub-soil materials, 
the quality of valley fill material is becoming poorer, and 
deposition of these inferior soils upon the flood plains is
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serving, in many places, only to reduce the value and utility 
of the existing farms. (U. S. Dept, of Agriculture and Soil 
Conservation Service 1939c, p. 3.)

The water flowing over the fans is absorbed at a rate which

varies according to the permeability of the soil as well as the amount

and velocity of the water delivered.

The texture of the soil profile to a depth of six feet is one 
of the important factors influencing plant growth. The general 
texture may be indicated by the surface soil, but the soil 
material to a depth of six feet or more may actually consist of 
the following: fine gravel, coarse sand, sand, fine sand, silt,

' and clay . . .

The texture of the first ten inches of soil is especially 
important in flash flood agriculture as it determines, in most 
cases, the amount of water that will be absorbed readily.
Silt loam, sandy clay loam and clay loam soils probably offer 
the best combinations of surface soil for flood irrigation.
(U. S. Dept, of Agriculture and Soil Conservation Service 1939c, 
p. 48.)

In 1967 a visual examination of soil composition on the Vamori 

Pasture, by Mr. Dave Hedricks of the Department of Agricultural Chemistry 

and Soils, University of Arizona, led to his concluding that although the 

soils varied from sandy loam to silt loam in the recent alluvial deposit 

with an illuvial zone varying from sandy loam to gravel, production would 

depend more on amount of water received than on soil variability and that 

it would be safe to disregard soil variability for this study.

The soils of the flood plains generally do not have an excessive 

amount of calcium carbonate since they are products of deposition and 

redeposition, and thus do not represent any significant problem. The 

Chulic Pasture pilot fertilizer studies by Ogden and Stroehlein (1967) 

indicated that there was no significant response to nitrogen. Addition 

of phosphorous at various levels also had very little effect on growth.
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It is thought that the soil nutrients carried in suspension by the flood- 

water explain the findings that fertilization is not presently eco

nomically feasible. Despite excessive alkali spots which occur in the 

proposed pasture areas, no adjustment of either the benefits or costs is 

necessary due to deep plowing incurred in the reclamation process which 

restores the soil's fertility.

Climatic Factors

Frost. Although the dates of the last frost of spring and the 

first frost of autumn are extremely variable, this factor is not ex

pected to affect the species proposed as total growth is achieved in the 

summer. "The first killing frost of autumn usually occurs after the 

middle of November which leaves a growing season of one hundred days or 

more after July when the first summer rains fall" (U. S. Dept, of Agri

culture and Soil Conservation Service 1939c, p. 17).

Evaporation. The low relative humidity and high temperatures 

result in extremely high rates, of potential evaporation. The Desert 

Laboratory has done studies on evaporation rates, the results showing 

evaporation to be as high as 8-30 times as great as annual mean precipi

tation (the average potential evaporation in Tucson has been measured as 

over 86 inches per year). This high rate of evaporation rapidly di

minishes available moisture at the soil surface and causes hard "crusts" 

to form, which often prevents seedling emergence. This should not.be a 

problem, however, as the variety of grass selected will remain viable 

until the next irrigation (Wright 1966, p. 20).
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Temperature. As mentioned, temperatures in the Sonoran Desert 

vary greatly. Since species selected for reseeding are chosen on the 

basis of adaptability to the climate; however, this subject is not 

pursued.

Precipitation. The mean annual precipitation varies from about 

five inches in the southwestern part of the reservation to about 18 

inches in the Baboquivari Mountains. Monthly and annual mean, maximum, 

and minimum precipitation data for nearby weather stations exhibit ex

treme variation and the annual total varies so tremendously for any 

locality that averages mean little to anyone depending on it for farming 

and stock raising: .

The annual precipitation in this region tends to vary directly 
with the elevation. A study of precipitation records indicates 
that on the Papago Reservation an average increase of approxi
mately 3.20 inches in annual precipitation occurs for each 
1,000 feet rise in elevation. Minor prominences, such as the 
isolated peaks and mountain ranges on the Reservation have no 
appreciable effect on annual precipitation. Similarly, local 
depressions such as canyons and narrow valleys do not cause the 
amount of precipitation to vary from that falling on the sur
rounding areas of higher elevation. (U. S. Dept, of Agriculture 
and Soil Conservation Service 1939c, p. 11.)

While snow does occur and sometimes remains on higher peaks for 

several days, it is not important in producing runoff.

Estimating Runoff

The streams on the three aforementioned main drainages are 

ephemeral in nature, flowing only following intense rainstorms. The 

washes which form in the mountain foothills or off the reservation become 

well-defined channels which spread into alluvial fans at scattered points.
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reconcentrate into mesquite-lined washes, and finally either dissipate 

further on down the relatively flat gradients of the valley or flow off 

the reservation. According to residents, the alluvial fans inundate to 

a depth of 4 to 18 inches during a typical runoff period. It is on these 

alluvial fans where the floodwaters spread out over wide areas that the 

proposed pastures would be established. In order to establish the proba

bility of project failure due to lack of runoff, the following evidence 

is presented.

Examination of precipitation for six nearby stations indicated 

that it was not possible to interpolate between them to base predictions 

on one long-term station, nor is it possible to correlate rainfall and 

runoff. This lack of correlation serves to reinforce the theory that 

seasonal as well as year-to-year rainfall patterns are random.

The U. S. Geological Survey has recorded runoff at three differ

ent locations on the Santa Rosa from 1955 to 1964, but no records are 

available for either the Vamori or the San Simon washes. The ten years 

of data on the Santa Rosa were not felt by this author to provide a 

reliable basis for judgment.

In order to make the most use of the meager data, the U. S. Geo

logical Survey's method of Regional Analysis was adopted.^ This tech- . 

nique permits extrapolation from one watershed to another. In this case 

the long-term runoff records (1907 to 1964) of the Santa Cruz River 

measured at the Congress Street Bridge in Tucson were correlated with

1. For additional information on this method see: Handbook of 
Applied Hydrology 1964, pp. 8-36.
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the shorter record from the Santa Rosa measured at Viva Vo in an attempt 

to utilize longer term records to determine the probability of pasture 

failure due to lack of flood water.

The area drained by the Santa Cruz at that point is not greatly 

different from the Santa Rosa at Viva Vo. (2,222 square miles for the 

former, and 1,782 square miles for the latter.) Surprisingly, the magni

tudes in acre feet of floodwater are nearly the same which is probably 

due to some groundwater pumping on the Santa Cruz. The mean discharge 

in acre feet for this 10 year period for the Santa Cruz is 13,300 and for 

the Santa Rosa 14,980 acre feet.

Probability calculations were arrived at by use of the formula

F = y where M is the position in a simple ranking of summer runoff

(June-September) by magnitude and n is the number of total years of 
2

record. The ten years of data on the Santa Rosa were plotted on a log 

probability paper against the same ten years of the Santa Cruz and an 

excellent visual correlation obtained (see Figure 2). These apparently 

high correlations indicate that there is reasonable basis for using the 

long-term runoff probabilities for the Santa Rosa as well as the San 

Simon and Vamori (40 to 120 miles to the west) although the basis is 

admittedly somewhat shaky. The 1907-64 runoff probabilities are shown 

in Appendix Table 2 and were plotted on log-probability paper, the 

results of which are shown in Figure 3. There are two interesting

2. See Appendix Table 1, Probability Distribution of Runoff—  
Santa Rosa at Viva Vo and Santa Cruz at Congress Street Bridge in Tucson, 
1955-64 in acre-feet.
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aspects of the data. First is the paucity of very low years; only three 

of the years have less than 1,000 acre-feet. Secondly is the low series 

of years which have less than 2,000 acre-feet per summer runoff (see 

Table 1). There is, however, no basis for arbitrarily picking a certain 

number of acre-feet as being "low" as there is no known relationship 

between runoff and pasture inundation.

What this evidence does seem to indicate is that there are no 

years of no runoff, that there is a 90 percent probability of 2,000 or 

more acre-feet runoff and an 80 percent probability of 4,000 acre-feet 

or more runoff at comparable spots on the relevant drainages. The evi

dence also suggests that most pastures will be inundated once or more 

each summer.^ This lack of runoff probably would not be sufficient to 

kill established plants, although seedling germination and growth would 

be retarded under such conditions (Wright 1966, p. 20).

3. 1906, the first recorded water year, has been deleted from
consideration because of the very unusual monthly and yearly runoff 
pattern.
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TABLE 1. PERIODS OF EXCEPTIONALLY LOW YEARS OF RUNOFF, 
AT TUCSON (ACRE-FEET).

SANTA CRUZ RIVER

Summer Water Year
Year Period^ Totalb

1912 18,000 20,020

1913 260 2,810

1914 1,766 1,830

1915 601 80,120

1916 12,190 37,310

1923 15,710 15,710

1924 288 3,700

1925 6,942 6,942

a) June through September

b) Water year defined as October through September.

Source: Compiled from U. S. Dept, of the Interior, Geological Survey,
1954, Compilation of Surface Water Records, Colorado River 
Basin through 1950. Geological Survey Water Supply Paper 
No. 1313.



CHAPTER 2

THE PAPAGO PEOPLE: HISTORICAL AND SOCIAL ASPECTS

Historical Background

Predictions about future conditions are often best made on the 

basis of past experience. It is the purpose of this section to shed 

light on the following questions: In what way are Papagos agriculturists;

and what will their future course of action be in these endeavors? Im

plicitly, an attempt has been made to put forth those social and cultural 

factors which must be described by economists working with peasant 

cultures. The use of stages follows the lead of Rosamond Spicer (1949, 

p. 13) in her documentation of Papago history.

Stage I— Prehistory (Prior to 1700)

The Papagos led a subsistence life, raising com, beans, and 

squash, hunting, gathering many varieties of plants, and occasionally 

working for their neighbors in return for foodstuffs. It is interesting 

that the Papagos made trading trips outside of Papagueria (as the land 

of the Papagos is known) in both prehistoric and historic times.

Castetter and Bell (1942, p. 46) describe these trips: "At these places

they traded numerous articles and labored in return for food, in historic 

times chiefly wheat, but formerly maize and beans, as well as cotton."

In addition, the people migrated to three distinct seasonal homes in

18
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search of a livelihood. Flood farming was well known and depended upon

for existence, the Papagos being known as "the bean eaters

The name probably comes from that given them by their neighbors 
(as heard and recorded by the Spaniards): Pavi coatain, 'the
bean-eating people,1 or pavi au'autam, 1 the Bean People,1 from 
the tepary bean which was a staple food item. The Papago call 
themselves Tohano au'autam, "The Desert People.' ...the 1Papago 
Tribe* is an administrative title only, for the Indians 
officially so named were a loose conglomeration of tribes all 
speaking the Piman language, (Spicer 1949, p. 3).

Archeological studies indicate that Papagueria was inhabited ten 

thousand years ago. The present Papago people are felt by some to descend 

from the Hohokam culture for which presence of irrigation as far back as 

1250-1400 AD has been substantiated. Evidence indicating the nature of 

the prevailing culture between 1400 and 1694 is lacking however.

Stage II--Diversification of Crops (1700-1880)

The first accounts of the Papago or "the desert people" are 

through the Jesuit missionary, Father Kino in 1698. With him came the 

introduction of the horse, cattle, sheep, and no less than 30 kinds of 

seeds. There is evidence (Castetter and Bell 1942, p. 74) that wheat, 

flax, and watermelons had preceded him however. It is interesting that 

Spanish influence was not immediately felt by the Papago people due to 

incessant Apache Indian raiding which began with the arrival of the 

horse. Although the people continued to follow a migratory cycle, the 

attacks were largely responsible for increased urbanization. In the 

late 1700's, missionaries began their work in the area that is now the 

reservation, the first faint changes to a different type of life 

beginning at this time.



20

The Spanish introduced cattle but animal husbandry was still 

distant. The crops which had been introduced were a different matter, 

however, because the Papago understood farming and quickly made use of 

the new varieties, at the same time gradually dropping the old system of 

gathering toward the end of this period. Life went on about the same as 

it had in prehistoric times except for social disruptions such as mission

ary influence, the occasional appearance of a white man, and Apache 

attacks which resulted in a more sedentary, large group living social 

structure. In the early 1870's, the Papago were put under the juris

diction of the Pima Reservation Indian Agent.

Stage III— Development of a Cattle Industry (1880-1940)

After the Apaches were subdued, there was a general migration 

from the larger "defense centers" into the current complex of smaller 

villages, each of which is composed mainly of closely related family 

units. At about this time a group of Papagos from Mexico immigrated and 

now live on the southern end of the reservation.

In the late 1880's there were six dialect groups which have since 

broken down into two main groups, north and south, with a third definable 

western dialect in the minority.

The old seasonal migrations began to disappear; and, in their 

place, the Papago substituted occasional work away from Papagueria.

The vast herds left by the post Civil War boom were probably more 

important to the development of a Papago cattle industry than the cattle 

introduced by Father Kino, and "ranches" developed rapidly. The people 

became meat eaters and flood farming diminished tenfold in 40 years.
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Although there was still off-reservation work, wages were substituted 

for foodstuff trade. The essential point is that in terras of utility, 

leisure still commanded about the same amount; but the physical work 

diminished as there was a general substitution of cattle for farming 

rather than a complementation.

Life went on much as it has before; a subsistence agriculture, a 

small glimmering of the outside world through off reservation schooling, 

but no real concerted effort to modernize the management ability of the 

people. (This point is discussed more fully in later chapters.)

In 1911 the plan to apportion 160 acres of land to each indi

vidual as authorized by the allotment act of 1891 was discussed; but 

fortunately, in view of the confusion and misunderstandings experienced 

on the other reservations, it never materialized. The Papago reser

vation, from an agricultural standpoint, does not lend itself to 

parcelization due to the vast acreage needed to support one economic

sized cow-unit which is the only feasible agricultural use for most of 

the land.

There was a renewal of Catholic missionary work in the late 

1880's; a systematic network of Protestant missions was started in 1910. 

As a result of this work, as well as early imposition of new values by 

Indian Service officials, there were a surprising number of Papagos from 

the southern and eastern districts who attended off reservation mission 

and government schools (currently only about 20% of the Indians cannot 

speak English).
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In 1917 the Papago Reservation was officially established, with 

additions of small tracts in 1931 and 1938. The Indian Reorganization 

Act (The Wheeler-Howard Act of 1934) was accepted by the Papago on 

December 15, 1934, and changed the typical village organization into a 

more democratic, nine district, reservation with an equal representation 

type of government. This reorganization coincided somewhat with areas 

occupied by the original six dialect groups, which also roughly corre

sponded with areas in which cattle were run. Emphasis was placed on 

preserving and encouraging social beliefs and values on which people 

could base innovations. The initiative was supposed.to be transferred 

from the Bureau of Indian Affairs to the tribes themselves in an attempt 

to encourage native arts and crafts as business careers.

Stage IV— Post World War II Cultural Lag (1940 to Present)

While the Civilian Conservation Corps and World War II introduced 

a new wage-work economy as well as an increasing awareness of the rest of 

the world, the post World War II period has seen a certain stagnation in 

social changes. This stagnation is due to many factors which include a 

shift in the emphasis of the Federal Government toward aiding developing 

countries at the expense of Indian Reservation development, relatively
i

few higher educational opportunities, and a host of acculturation and 

development plans that were either poorly planned, mismanaged, or were 

not feasible; thus resulting in apathy, ill will, and refusal to cooper

ate on the part of the Papago, (Dobyns 1952, pp. 209-223; Dobyns 1951, 

pp. 25-32; Whitfield 1967).
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The young men went away to war and saw many places and practices. 

Those who returned were better educated and experienced, but the agri

cultural practices did not change radically. Why? Why is it that a 

group which has one-half of its members living off the reservation (and 

theoretically sending back perceptions of the dominant culture), a group 

which has what is probably the best range management potential by virtue 

of the million dollars spent on its water development, a people living 

only 50 miles away from one of the best schools of arid land agriculture 

in the world, a group that has a land development office with 25 em

ployees, still has 90% of its "ranchers” living at.a subsistence level 

of income and gradually giving up farming as a way of life? The answer 

is complicated, laden with interrelationships and disguised under a veil 

of political self-interest.

Today, the younger people simply are not entering crop farming 

for a variety of reasons, mainly lack of skills, capital, and the ina

bility to develop economic sized units. Nearly all the farming is done 

by older people who, it may be posited, would like only to carry on in 

their traditional manner. On the other hand, young men are entering the 

cattle industry and many more would like to if there were grazing land 

available. It is this author's observation that nearly all Papagos would 

like to own cattle as there is little work involved and it is a good 

"prestige" item. (This represents a change from the findings of 25 years 

ago by Rosamond Spicer (1949).) Farming may be thought of as a "fad" 

which is going out; cattle ranching is "in", but oftentimes young people 

back out when they realize the superfluousness of the "glamour" and turn
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to more urbanized endeavors. Farming is considered to some length in 

this chapter as well as Chapter 3 because it is an often-posited agri

cultural alternative to the proposed pasture development.

Stage V— The Future (1967-)

What may be hypothesized about attitudes toward agriculture?

Where is it going? An answer to these questions must at least be at

tempted so that any future projects will fit in either as guide posts or 

as complementary inaugurations to existing agricultural and nonagri- 

cultural projects and plans rather than being out of context or a detri

ment to "progress" as many Papago projects have been.

The current situation among agriculturists on the Papago reser

vation may be compared to that of the United States from the 1920's to 

World War II, (U. S. Dept, of Agriculture Yearbook of Agriculture, 1940).

At this juncture in the thesis however, it is rather difficult 

to posit future actions as more discussion is needed regarding social 

systems, cultural aspects, and the cattle industry.

Social Systems

Organization

The Papagos traditionally had a moiety system and patrilineal 

clans existing as extended patrilocal families living in autonomous 

villages. There were three main antecedents: The Sand Papagos living

near the Colorado River; the Central Papagos subdivided into the Akchin 

Papagos and Papagos proper, both living on what is now the reservation;



and the Eastern Papagos, who have been named the Riverine Sedentary 

Papagos and the Sobaipuris, living between the Baboquivari Mountains 

and the San Pedro River.

The girl's parents chose the groom and sororal polygyny was 

frequently practiced. The couple would live with the groom's parents 

until they had several children, at which time they were considered 

mature enough to build their own home nearby, (Kelly 1963; Spicer,

Rosamond 1949).

The residence pattern is still one of patrilocal families.

Those Papagos living off the reservation have very close contact with 

their relatives; the resultant pattern is one of the main contributors 

to the -traditionalism still found. The social organization was originally 

"kin centered" and largely still is, despite efforts on the part of the 

Bureau of Indian Affairs to establish a democratic system. The family 

generally supports its older members, but welfare income to reservation 

families still usually exceeds $400,000 per year.

Although there is a developing middle class primarily centering 

around the Bureau of Indian Affairs wage work, there is still a very 

large strata of poor, and very few families could be considered "well 

off." A certain amount of social inequality is present, stemming 

primarily from clashes between the progressives and the traditionalists 

--the older people's value orientation generally revolves around social 

factors, while that of the younger adult is beginning to revolve around 

economic factors.

Conspicuous ownership and production are more apparent today, as 

is usual in any society which is "opening up" (see Erasmus 1961, p. 14).

25
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Previously "prestige” resulted from conspicuous giving as well as 

seniority by age; today materialistic possessions are more important as 

Papagos begin to accept the values and beliefs of the dominant culture 

(see Brewster 1961, pp. 114-137).

Friendship is beginning to reach beyond the extended family but 

still very seldom encompasses non-Papagos; i.e., there is a definite 

cultural and social lag. The older people as well as the members of the 

dominant culture influence the younger people, who generally feel confused 

and unsure. This results in a lack of cultural security and homogeniety, 

a problem felt by many of the minority peoples in the United States. 

Agriculture is a way of life for the older people, who may very defi

nitely be classed as "agricultural fundamentalists."

A complete set of Papago values and beliefs is beyond the scope 

of this paper, however there are certain personal feelings which defi

nitely affect any change agent involved with them (the term "change 

agent" follows the use by Goodenough (1966, p. 16).) and may be defined 

as the development agent coming from a social group whose culture differs 

from that of the group he wishes to help ...which is known as the "client 

community" and is broadly defined as any social entity in a client re

lationship with a development agent or agency.

The Papagos are skeptical and generally avoid new ideas unless 

they are immediately beneficial. They are hypersensitive about personal 

contacts and also value a mature person's judgment; older adults are 

expected to express ideas. They generally believe in democracy, have 

respect for the individual and equality, and therefore feel that rights
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and privileges of all persons should be respected. Stress is generally 

not on the Western values of industry, work, and frugality, but on social 

conformance which accentuates group participation, festal events, and 

wealth sharing.

The penchant for laziness of which the Papago stockmen are often 

accused may not be true if they are truly a traditional agriculture for 

"It could be that the preferences and motives for working are essentially 

the same for a wide array of agricultural communities. If so, tradition

al agriculture is not a consequence of particular farm people having 

preferences of loafers but what appears to be loafing is a consequence 

of the low marginal productivity of labor" (Schultz 1965, p. 27).

Politics Interrelated with Custom

The Papago Tribal Council was formed in 1937 with two delegates, 

from each district, hopefully being representative of the people. The 

effort has been far from satisfactory, however, as political decisions 

were traditionally limited to family and village units, rather than along 

the lines of a unified tribe. The Papago are not an "outgoing" people, 

which further prevents internally proposed issues from coming to a stand. 

There is a deep reluctance on the part of an individual to propose any

thing unless he is fairly confident that it will be accepted; Papagos 

therefore have not developed the innovators found in many other tribes. 

The "mordida" (graft) system so prevalent among the neighbors to the 

south of the Papagos is also common on the reservation and is an accepted 

practice.
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Many of those presently in the power structures have, or 

potentially could have, a great deal to lose by reservation development 

and thus see any changes as a threat to both their social and economic 

positions.

Change agents must deal with the tribal council although the 

district has the right to override decisions which affect their own 

district. In any event, the issue must pass the district and then the 

village which is affected. If the issue pertains to the cattlemen's 

association it finally must pass there. All of this requires vast coordi

nation and patience if the Papago are not enthusiastic about the issue, 

especially since the traditional belief is in unanimity on all decisions 

despite legality of majority rule. Although the effective political 

force does not generally extend beyond district boundaries the author 

feels that one must defend the tribal council's conservatism; it has at 

least prevented the tragic errors that some other tribes have experienced 

by too rapid progress on poor planning, (Spicer 1961 and Brophy and 

Aberle 1966).

Religion

Traditionally, the Papago had medicine men (shamans), curers, 

singers, and seasonal ceremonies such as rainmaking, the deer dance, and 

salt gathering. This has gradually given way to Christian religions so 

that now more than three-fourths of the Papagos are Catholic (primarily 

Sonoran Catholic); the other one-fourth are Presbyterian, Baptist, 

Assembly of God, and Church of Nazarene. The ceremonial calendar re

volves around those days celebrated in the Catholic Church and results
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in great festivities. Nonreservation Papagos often return for these 

celebrations as they are important in Papago life. Religion is important 

to the change agent not because of unusual beliefs, but because of the 

ceremonial calendar, as the people are often gone for three or four days, 

which can make a tight schedule impossible to follow.

Control of Wealth, Capital, and Power

In the Papago social system, there have been effective mechanisms 

..which have prevented the structure• from falling apart. Many of these 

relative to the dominant culture (the rest of the United States) are out

moded; one in particular being what Manning Nash (1966, p. 35) calls the 

"Leveling Mechanism." This is simply a means which has developed which 

prevents anyone from attaining a position which would be detrimental to 

the rest of the group; i.e., a means of social control. Among the Papago 

it is social stigma and is quite effective. Within agriculture, there 

have been several individuals who have "broken out" in one respect— they 

have attained a certain degree of wealth. Currently, individuals may 

attain a modest amount of wealth but are not allowed to be ostentatious 

as they soon fall prey to relatives; the ungenerous are chastised by 

social avoidance and snubbing. With regard to cattle raising, the ex

tended kinship system inhibits one individual from enforcing grazing 

regulations on his neighbor although the association's constitutions 

provide a framework for enforcement (see Chapter 3).

The chief uses of wealth among this rural proletarian are for 

festal purposes and for alcohol. Age and seniority are useful and a
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person need not be economically successful to be admired. Upon death, 

wealth is divided among the family.

Capital maintenance as a goal is dominant over the profit-seeking 

entrepreneurial outlook, and emergency reserves are typically held in the 

form of cattle. In this communal system, individual chattel is in the 

form of household effects and cattle, which give the Papago stockman a 

certain measure of security and liquidity. One hypothesis about his 

placing a great store of value in salable chattel rather than banks is 

that he subconsciously realizes that he has little ability to hold on to 

cash.

Papagos practice a traditional agriculture and as such exhibit 

certain peculiar aspects which are interwoven with the control of wealth 

and power. This type of problem has been well documented by Schultz 

(1965, ch. 2 and 8). Particularly, he mentions that investment is the 

core of development and that traditional farmers will not invest due to 

low returns. In short, the classical conflict of consumption versus 

investment is nearly unanimously resolved in favor of the former on the 

Papago Reservation. This is usually due to the Papago1s belief that the 

marginal productivity of his capital is low which is often due only to 

the institutional framework. (In the present cases, the communal grazing 

system has such an influence.) This constraint results from the tra

ditional equilibrium in which most peasant economies find themselves 

primarly due to lack of capital, as well as to the leveling mechanism.

The aforementioned factors result in a vicious circle which 

promotes a chronic poverty (by Anglo standards), and has been identified
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by Oscar Lewis (1966, pp. 19-25) as "The Culture of Poverty." The 

cultural and physical factors in general, in the present situation, 

prevent escape except by one route: migration from Papagueria.

Population and Income

Demographic and Materialistic Aspects

The Papago are a dynamic people in both a micro and macro sense. 

"Distribution of the Papago population over the landscape has passed 

through numerous changes, reflecting various pressures and has always 

been marked by clustering in a limited number of favorable locations," 

(Woodbury and Woodbury 1962, p. 30). A recent pattern is the heavy 

concentration along the Santa Rosa and Vamori drainages.

On-reservation population has shown little change since 1914 

when Clotts (1915, pp. 28-29) estimated a population of 5,313. Woodbury 

and Woodbury (1962, p. 32) note that the United States Information 

Service set the figure at 5,856 in 1942 and that the Bureau of Ethnic 

Research at the University of Arizona tallied 5,800 in 1961. The Public 

Health Service reported 5,100 in 1967. Estimates of Papagos living off 

the reservation vary from 6,000 to 8,000. A survey done by Stout and 

Moore in 1965 (pp. 10-20) gives the number of families in each village 

(see Table 2) but fails to estimate total population and, more important, 

the ages of the adults in the villages. Their studies also brought to 

light the following statistics: 25 percent of the families have cars,

38 percent have electric power, slightly over half have piped water, and 

28.6 percent speak little or no English. Surprisingly, of this latter
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TABLE.2. NUMBERS OF FAMILIES ON THE PAPAGO RESERVATION, BY DISTRICTS, 
1965.

District
Number of 
Families

Sif Oidak 126

Hickiwan 60

Pisinimo 39

■GuAchi 93

Shuk Toak 49

Sells 149

Gu Vo 34

Chukut Kuk 29

Baboquivari 107

Reservation Total 686

Source: Stout, Irving W. and Moore, Josiah, 1965. Papago Survey
Grace Langdon, Ph.D., Editor, Conducted by the Arizona 
State University for the Papago Tribe.
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group, only 52.2 percent are over 60, while 13.6 percent are 40-60 years 

of age and 34.2 percent are under 40. In addition 25 percent have 

televisions and 59.1 percent have radios. Of the 15.6 percent of the 

population who have no schooling, 20 percent fall in the 40-60 age group. 

Of the total, 25 percent have less than a fifth grade education, 18 per

cent have gone as far as the seventh to eighth grade and, although only 

8.8 percent have finished high school, there is now a tribal policy 

requiring education up to 18 years of age.

Reservation Income

Per capita incomes are difficult to accurately compute. Reser

vation income for 1966 (the only year available) as shown in Table 3 

divided by 5,100 on-reservation Papagos (estimate for 1967, the most 

accurate census available) gives $525 per capita. This compares to 

$2,724 per capita for the United States (projected, 1965) and $2,310 for 

Arizona (U. S. Bureau of the Census 1966, p. 330). Neither seasonal wage 

work nor estimates of home grown produce were computed as the researchers 

who compiled the data in Table 3 felt them to be insignificant. (Mineral 

lease income is not entirely distributed to individuals so that per 

capita income is probably slightly overestimated.)

Of the $849,002 shown as income from self employment, $846,000 

was derived from gross cattle sales. This means that there is a return 

of $1,025 to each person engaged in this activity. It is also inter

esting that income from government sources made up 38 percent of total 

income and that welfare makes up 23 percent of total income.
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TABLE 3. INCOME OF ON-RESERVATION PAPAGO INDIANS FOR 1966.

Number in
Source Amount (dollars) work force

Permanent Earned Income

1. B.I.A 355,972
2. Other 565,431

Sub Total 921,353 247

Temporary Earned Income

1. B.I.A. 47,068
2. Other 144,089

Sub Total 191,157 245

Unearned Income

1. Arizona State Welfare
2. Mineral leases
3. B.I.A. (General Assistance)

527,000
111,186
80,499

Sub Total 718,685 ?

Income from Self Employment 849,002

Sub Total 849,002 829

TOTAL 2,680,197

Source: Survey of Income and Employment, Papago Reservation Calendar
Year 1966. Sells Agency, U. S. Department of the Interior, 
Bureau of Indian Affairs, 1967.
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Government Policy Toward Indians

There are many reasons for what is considered by Anglos as 

"Indian backwardnessthe main one probably being the historical 

inconsistency of government policy. More than once policy has shifted 

with disconcerting swiftness "from recognizing tribes as independent 

nations to dealing with the members a virtual prisoners; from ignoring 

or suppressing Indian culture to extolling it; from requiring that all 

decisions, even the most trivial, originate in Washington to permitting 

a high degree of self-rule," (Brophy and Aberle 1966, p. 7). They go on 

to note (p. vii) that the current policy is expressed in House Resolution 

108 adopted by the Eighty-third Congress of the United States in 1953.

It may be summed up in one sentence: The special relationship existing

between the American Indians and the federal government is to be termi

nated as fast as possible. This policy is diametrically opposed to the 

paternalistic one which has been followed for well over a century and, 

after extensive review and investigation, the Commission of the Right, 

Liberties, and Responsibilities of the American Indian found that "in 

spite of loud complaints against Washington and its ways, few Indians 

want to relinquish the relationship, recognizing as they do their need 

for Bureau help," (Brophy and Aberle 1966, p. 7). They go on to recommend 

that:

An objective which should undergird all Indian policy is that 
the Indian individual, the Indian family, and the Indian 
community be motivated to participate in solving their own 
problems. The Indian must be given responsibility, must be 
afforded an opportunity he can utilize, and must develop faith 
in himself, (p. 23).
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By governing themselves, Indians acquire, among other things, 
knowledge of and experience in the laws and procedures of the 
greater community...the costs of tribal rule should be met, 
where feasible, by an equitable system of taxation of the 
members and others rather than exclusively from the collective 
tribal resources..the tribes should install modern fiscal 
controls and so manage their common properties as to insure 
that all members participate fairly in the benefits, (pp. 60- 
61).

On the micro level there are several equalitarian facets that

should be kept foremost in economic planning.

If the Indian's economic status is to be improved, first—  
whatever the action taken— the means of improvement must be 
related to Indian concepts, aspirations, and values. Since the 
Indians will bear the final responsibility for carrying out 
plans for utilization of reservation's resources (including the 
human), their interest and cooperation must be enlisted at every 
stage of all programs, (Brophy and Aberle 1966, pp. 64-65).

These stages may be construed to mean, among other things, education,

both implicit and explicit. In effect, "the training should have as one

of its continuing objectives the discovery of pupils of special promise

and preparing them to move into higher education in order to qualify for

executive positions inside or outside the tribe," (Brophy and Aberle

1966, p. 156). They continue (p. 158): "...for those qualified to attend

college, suitable instruction should be given to equip them to enter

college and to remain there."

If the goal is posited to be that of economic development and 

relative independence as integral members of United States society, then 

it may logically be assumed that Indian peoples are, or will be, subject 

to the same theoretical as well as empirical economic "laws" as their 

non-Indian counterparts. This point has two important aspects. First is 

the commonality problem which will be discussed further in later chapters.
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The second is that any rural development plans must keep one fundamental 

economic rule in mind, for personal income to grow, there must be an 

absolute annual decline in the number of people engaged in agriculture. 

Coppock (1963, p. 211) suggests about 4 percent or a decrease by over a 

third in a decade. The ad hoc conclusion which could be drawn then, is 

that the goal of modernization of the antiquated ranching structure and 

termination of the special Indian-Government relationship would involve 

an absolute reduction in the number of on-reservation ranching families.

Brophy and Aberle (1966, p. 135) cite the commission's overall 
findings:

The primary function of the Bureau should be an affirmative one: 
always to counsel and assist the Indian, not to control and 
regiment him...In short, the Bureau's aim should be to help the 
Indians become politically active citizens and to let them 
conduct their own affairs without supervision as soon as possi
ble. Accordingly, it should encourage their assumption of 
responsibilities for different functions on a gradual but 
systematic basis...procedures should be altered to facilitate 
the tribes' hiring their own technicians and counselors from 
universities, private professional groups, or other organi
zations, without the delay, the hampering restrictions and the 
unnecessary supervision now encountered.

The actual situation on the Papago Reservation is difficult to 

define due to the interrelationships resulting from efforts by many 

change agents. Each group has its own motives which run the gamut from 

complete paternalism to egotism. The result is a jumbled mixture of 

goals, values and beliefs with those of the Papago stockman often lost 

in the melee.
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Relevant Constraints for Project Evaluation

Eckstein (1961, pp. 439-504) has carefully enumerated four types 

of constraints required in benefit-cost evaluation: (1) physical, which

is really the production function; (2) legal; (3) distributive; and (4) 

administrative limits.

Physical constraints are definite and have been implicitly dis

cussed in Chapter 1. Succinctly, the main physical constraint is water; 

pastures can only be built in those areas receiving sufficient flood- 

irrigation. Legal constraints are considered in Chapter 3. Distributive 

effects are considered as a welfare problem and depend on national policy. 

Administrative limits are defined by the capacity of the agency and, in 

this case, only pose a problem insofar as financial requirements and 

unified goals are concerned.

In addition to these, the literature frequently and usually quite 

nebulously mentions social and cultural factors which this author pro

poses would be a fifth type of constraint when studying projects outside 

the researcher's socio-cultural environment. Usually when the researcher 

is working within the context of his own culture he implicitly takes the 

relevant factors into account. These studies may take place in a foreign 

country or may simply cross the boundary into a different social strata 

in the researcher's own country. That this is a vital factor is evi

dently not altogether obvious, although the arena of benefit-cost analy

sis now encompasses such diverse fields as urban renewal, syphilis 

control, and high school dropout programs.
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What do "social constraints" imply? Broadly they should be 

defined as those aspects of specific socio-cultural institutional systems 

which tend to inhibit change. This chapter and Chapter 3 have been de

signed to set out the pertinent social forces and the rationale for them 

which could and would prevent the adoption and/or maximum utilization of 

the proposed pastures. Although most social constraints are informal 

there are always several which are crucial to a project’s success.

In the Papago situation one obvious constraint is kinship 

structure which prevents regulation of cattle numbers as few members of 

the reservation’s very small autonomous villages are willing to risk 

their well-being to assume the position of "policeman". The "leveling 

mechanism" which also operates through a kin-centered base is a definite 

deterrent to individual advancement, but could be used as a basis for 

group action.

The sensitiveness about personal contacts, lack of an outgoing 

personality and low level of education are reflected in social conformance 

as another constraint. Add to this the divergent goals (mainly between 

the "progressives" and the "traditionalists") as to extent, ways, and 

means of reservation development and what could be a relatively straight

forward situation becomes nearly hopelessly imbedded in interpersonal 

rivalry, self interest and political powers interconnected with wealth 

factors. The tribal council often hinders any development projects. The 

district councils are loose and ineffective. The district cattle associ

ation councils, who have the explicit authority to put "teeth" into the 

association bylaws, are unwilling to do so because of the likelihood of
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community ostracism. Generally, no one person is willing to take a 

stand, nor is there an abundance of people with the education and atti- 

tudes to become change agents.

The "prestige" factor is a technical problem as it encourages an 

extended ownership which increases the difficulty of project initiation 

and coordination.

The communal grazing system appears to be a constraint (see 

Chapter 3) but actually presents no particular problem to this project 

as will be evident in later chapters.

Traditional capital maintenance is a nearly overpowering con

straint and requires careful consideration on the part of the change 

agent. Religion, a usual deterrent to progress in many developing situ

ations is relatively minor in this case.

At first blush it appeared that the client culture was the sole 

progenitor of constraints. This was recognized as false as is well 

documented in the previous section of this chapter. There is an anti

podal relationship between many "planners" and economic forces, the 

former attempting to create a market in Papaguerxa, the latter attracting 

the Papago away from his traditional autonomous villages into an accul- 

turated urban environment. This lack of a coordinated goal parallels 

that of the Papago and certainly is not unique to development situations. 

There is probably more friction between change agents than between change 

agents and clients. This type of problem has been discussed elsewhere by 

Goodenough (1965, pp. 1067-1073). He concluded that compromise between 

the planners is desirable and that the needs of the clients should be, 

but not always are, kept in mind.
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In 1961 Erasmus (p. 22) noted that, "among illiterate farmers 

like the Papago, learning tends to be limited to direct experience" as 

compared to a more advanced society where learning is nearly synonomous 

with school. Today although self employment has shifted from farming to 

cattle raising, this proposition still holds and must be kept in mind in 

developing any segment of the reservation.



CHAPTER 3

THE PAPAGO CATTLE INDUSTRY

Chronological Development

Early History

It is probable that the cattle introduced by Father Kino in the 

late 1600's were simply turned out and hunted like deer and that cattle 

were not used for domestic purposes until much lateri Actually, stock 

raising was not intensively developed until about 1910.

From the beginning, the Papago, like many other tribes, attached 

a value to the horse over and above its purely utilitarian aspects. The 

possession of horses became a source of prestige, thus sowing the first 

seeds of individuality by ownership. As Spicer (1949, p. 29) has noted, 

"Horses and cattle were individually owned, in contrast to land, to which 

an individual had a right only while he was using it." The Papago gradu

ally became familiar with white man's use of domesticated animals, as 

well as his traditions of paid labor and individual ownership. This was 

accomplished through the efforts of the government to make livestock the 

basic industry, thus changing the semi-sedentary type of farming and 

ranching into established agriculture. A. K. Mark has indexed this 

change by tabulating the growth in identifiable ranch numbers (see Table 

4). The improvement of water supply by the Indian Service in the early

42
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•TABLE 4. PAPAGO RANCH NUMBERS, 1850 TO 1960.

Years Total Newly Founded

1850-1875 1 1

1875-1900 6 5

1900-1925 19 14

1925-1960 . 23 12

Source: Mark, A. K., Description of and Variables Relating to Ecological
Change in the History of the Papago Indian Population. 
Unpublished Master's Thesis, Department of Anthropology, 
University of Arizona 1960, Tables 4 and 5.
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1900's was intended to be the first step in the direction of moderni

zation of this industry.

Overgrazing Through Poor Planning

Papago methods of handling cattle (including those learned from 

early government officials) greatly depleted a range that was originally 

poor. Up to about 1930 range use was irregular, and cattle moved from 

waterhole to waterhole overgrazing the surrounding areas. This resulted 

in the disappearance of perennial grasses, making way for poorer annual 

forage types that do not hold the soil well, thus causing erosion. The 

problem of overgrazing was then further aggravated by continued over

stocking stemming from the improved distribution of water supply in the 

form of "charcos" (dirt watering pools) in the 1930's and stock wells 

and more charcos in the 1950's. As with any group who seldom leave their 

own area for any extended period of time, the Papago were, and still are, 

unable to recognize the depletion of their own range resources.

Although the majority of the stockmen garner their entire living 

from cattle raising and/or seasonal wage work and farming, there are 

many who own a few head of cattle and either live on the reservation and 

work off, or live and work off the reservation. This minority generally 

lacks the enthusiasm and interest to carry out a program of range manage

ment as they can realize little marginal personal gain. It is this 

diversification of interests, both economic and cultural which prevented 

the formation of the Central and District Grazing Committee and passage 

of the regulations which were tentatively set up in the "Proposed Papago 

Grazing Regulations" in 1959.
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There are definite unwritten "property rights" which serve well 

as long as they are followed. The land in and around each village is 

thought of as belonging to that community and is apportioned by the 

village or district council. All livestock are owned individually. How

ever, there has been little incentive for the individual cattlemen to 

reduce stocking rates because of the present communal type landuse system 

where the land belongs to the tribe, and families are supposed to be 

allowed use of as much as they need on assignment from the tribe. The 

intergroup problem arises when livestock of one group trespass the arbi

trary traditional boundaries. Because there are no fences, this could 

easily happen if one group were to reduce stock numbers while the other 

group did not. On the intragroup level, were an individual to reduce 

his cattle numbers, he would not directly benefit, since his neighbor, 

who, running his cattle on the same general range, would then use the 

extra forage available.

This same logic has discouraged herd improvements by individuals. 

However, joint action toward improvement has resulted from a tribal 

breeding herd of 193 registered cattle which are kept on a 20,230 acre 

tribal herd ranch. The bulls produced by the tribal herd are contracted 

for a four-year period either to individuals or associations for a $70 

refundable deposit.

To individual Papago stockmen, overgrazing is rational; and they 

may be expected to continue to do so until they are curtailed by outside 

pressure. The over-use of a common property resource is known as the 

"Commonality Problem." (Other instances of the problem are groundwater 

basins and ocean fisheries.)
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Cattle Number Estimates

Little data are available on cattle ownership; but estimates by 

Jones (1962) show three Papago families with 200-600 head each, about ten 

families with 100-150 head each, and that the majority of families have 

less than 10. A somewhat similar picture is presented by Metzler, (cited 

in Woodbury and Woodbury 1962, p. 20) based on "a combination of the 

estimates made by people who have observed the cattle situation on the 

reservation." He suggests that the largest Papago herd is over 1,000 

head, that there are three herds of over 500 head, 5 of over 100 head,

36 herds of 10 to 99, and about 400 families have herds of 9 head or less.

Clotts, in 1915 (p. 28), estimated that there were 30,000 to 

50,000 horses and cattle on what is now the reservation, or about five 

times the present estimated carrying capacity. Castetter and Bell (1942, 

p. 42) cite figures of 15,000 to 30,000 head of cattle and horses. A 

March, 1965, aerial survey by Ellen Searby of the three most heavily 

grazed districts indicates overstocking by about 162 percent (see Table 

5). Her figures are considered by B. I. A. range conservationists to be 

the most reliable available for these districts; therefore, they will be 

used in place of B. I. A. figures. Miss Searby counted all cattle, how

ever, and did not distinguish between mother cows and calves. Estimated 

carrying capacities are usually for mother cows on a cow/calf operation, 

which the reservation is; therefore, her numbers of cattle counted will 

be reduced by 10 percent to remove error for calves at side. Table 5 

includes this distinction.



TABLE 5. ESTIMATES OF CATTLE AND HORSE NUMBERS FOR THREE SELECTED DISTRICTS, PAPAGO INDIAN RESERVATION, 
ARIZONA.

Searby Simpson
Corr. Corr. Stock B.I.A. Percent

District Horses Cattle Factor Horses Cattle Factor* Units Est. Cap. Overgrazed

Baboquivari 438 2,435 20% 526 2,922 2,630 3,338 1,780 87.53

Sells 685 2,522 25% 856 3,152 3,837 3,906 1,067 132.33

Chukut Kuk 404 1,832 15% 465 2,108 1,898 2,479 1,064 ' 267.10

Estimated error +_ 5%

Horse = 1.25 grazing units 

Cow = 1.0 grazing units

Compiled from: Searby, Ellen, Livestock Count, March 20, 1965, from files of Land Operations Office,
Sells Agency, Bureau of Indian Affairs.

a) Numbers of cattle counted reduced by 10% to remove error of calves at side.
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The Papago Agency Range Conservationist has also estimated that 

the figures given in his range management report underestimate the 

additional districts by about 10 percent as there have been no new esti

mates made for several years; therefore, this correction factor is 

entered in Table 6. He also estimates that the carrying capacity esti

mates made in 1944 are still reasonably valid because of range improve

ments which partially offset the continual decline in unimproved range.

A calf crop of 45 percent (raised to sales age) is considered a con

servative figure.

It is extremely difficult to elicit village by village estimates 

of cattle numbers because the Papagos still remember and fear the stock 

reduction programs which began in the 1930's, not only on the Papago 

Reservation but on nearly all of the western reservations (see Spicer 

1952, pp. 185-207). In the case of the Papago, there was an epidemic of 

Durine (a venereal disease specific to horses) which forced the B. I. A. 

to take about 21,000 horses off the reservation. Time was of the essence 

in control; and unfortunately very little educational information as to 

the reasons for this forced reduction were given. Many families felt 

that it threatened their livelihood and did not believe that fewer horses 

would be advantageous. As a result there has been difficulty in obtain

ing detailed information about cattle and horse numbers ever since.

It is interesting to note that the total carrying capacity in 

1939 was estimated to be 9,675 units (U. S. Dept, of Agriculture and Soil 

Conservation Service 1939c, p. 24) as compared to 10,304 recently esti

mated by the B. I. A. (Table 5). It has been hypothesized that



TABLE 6. ESTIMATES OF CATTLE AND HORSE NUMBERS, PAPAGO INDIAN RESERVATION, ARIZONA.

District Acreage Acreage Cattle*5 Horses0
Stock
Units

B.I.A. Est. 
and Capacity

Percent
Overgrazed

Baboquivaria 208,725 208,725 2,630 526 3,338 1,780 87.53

Chukut Kuka 278,435 278,595 1,898 465 3,906 1,064 267.10

Gu Achi 290,575 290,575 2,420 400 2,920 1,000 192.00

Gu Vo 231,952 231,952 1,100 300 1,475 469 214.40

Hickiwan 373,142 373,142 1,320 700 2,195 939 133.75

Pisinimo 280,724 280,724 2,186 382 2,663 1,003 165.50

Schuk Toak 435,486 435,646 1,067 525 1,198 1,722 0.00

Tribal Herd 20,230 20,230 193 4 198 380 0.00

Sells* 213,445 213,445 2,837 856 2,479 1,067 132.33

Sif Oidak 423,825 423,825 495 300 870 880 0.00

Total - Res. 2,756,539 2,756,859 16,146 4,458 21,242 10,304 119.20

a) Data from Table 5.

b) The cattle numbers of the Annual Range Management Report were increased by a correction factor of 
10 percent except for tribal herds.

c) One horse = 1.25 stock units.
to

Data compiled from: 1966 Annual Range Management Report, Sells Agency, Papago Indian Reservation.
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reasonably good estimates of value of cattle sales can be made by 

comparing use tax received by the tribe, information from cattle buyers 

at Sells, and scale rates and fees. These use tax figures are given in 

Table 7 and are estimated by the Sells brand inspector to be almost 

completely correct because of inspection requirements which render the 

possibility of escaping payment almost nil. Care must be taken when 

making estimates, however, as cattle numbers depend on length of time 

since, and severity of, the last drought period. The Papagos in some 

districts allow their cattle numbers to build up to a maximum for good 

years; a drought comes and wipes them out, and the.cycle begins all over 

again.

Farming and Livestock Improvements

There was no upgrading of cattle in Papagueria until the white 

man began to run their herds there in the late 1800's, and even during 

that period there was essentially none. After the post-Civil War boom 

many ranches near and in Papagueria dissolved leaving large numbers of 

cattle free to roam where they pleased. Their numbers multiplied out of 

proportion to the resource base and rapidly depleted it. The mining 

operations left numerous wells scattered about the reservation. These 

were put to good use by the Indians prior to 1913 when the federal 

government drilled wells in a number of villages for human as well as 

livestock water. At this time there were no irrigation wells and the 

Papago continued to pursue their seasonal farming. Castetter and Bell 

(1942, p. 49) cite B. I. A. figures indicating 16,000 acres of floodwater 

farming in 1919. Compare this to what is reputed to.be "a careful survey"
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TABLE 7. PAPAGO CATTLE AND HORSE SALES, 1961-66, 
RESERVATION, ARIZONA.

PAPAGO INDIAN

Year
3 Percent 

Tax Gross

1961 21,136.58 704,552.66

1962 20,938.74 697,958.00

1963 18,850.64 628,354.66

1964 16,748.79 558,293.00

1965 20,624.22 687,474.00

1966 24,345.00 811,500.00

Source: Compiled from files of Land Operations Office, Sells Agency,
Bureau of Indian Affairs.
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which reported floodwater farming of 9,177 acres in 1914 (Castetter and 

Bell 1942, p. 52). That same report goes on to say that the cultivated 

acreage per person ranged from one-fourth acre to a maximum of two acres. 

Estimates by B. I. A. personnel in 1967 indicate that there is less than 

1,000 acres now under flood farming, that this is almost exclusively by 

older people, and that the income is so minor that neither it nor 

seasonal farm work is worthwhile computing (Whitfield 1967). Welfare, 

off-reservation wage work, and a desire for something better than sub

sistence living have caused the downfall and may be expected to prevent 

its return. A way of life has passed away.

Almost all of the irrigation by wells has taken place at Chuichu, 

on the northern end of the reservation. In 1915 the B. I. A. started 

drilling wells for irrigation and "by 1937, six hundred and fifteen acres 

could be irrigated" (Woodbury and Woodbury 1962, p. 34). They go on to 

state that irrigated acreage increased to 1,678 by 1960, but that only 

560 acres were in use.

It is estimated that in 1967 there were less than 50 acres 

irrigated at Chuichu nearly all of this by one older Papago. The sources 

of inexpensive groundwater in quantities sufficient for irrigation are 

exceedingly limited on the reservation, (U. S. Dept, of the Interior, 

Geological Survey, 1966). .

There are many reasons given for the failure of the Papago to 

become relatively well-to-do farmers. Some analysts wish to place the 

blame on physical factors such as a rapidly lowering water table and lack 

of modern equipment. The wells have been deepened several times, however,
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and in 1955 and 1956, $20,251 was loaned by the Farmers' Home Adminis

tration to set up 14 farmers on 80-acre tracts. It all came to naught 

and today, despite a huge sum of money spent, there is not one Papago 

who could be called an even mildly successful farmer. A review of 

Chuichu, as well as the whole reservation, indicates that there is a 

definite lack of the entrepreneurial capacity required to make a success

ful farmer and that, because only superficial aspirations were taken into 

account, the problem of modernizing an antiquated agriculture has not 

been resolved.

Range Improvements

There has also been a great deal of money and time put into range 

improvements, but it was not until the late 1950's that much thought was 

given to improving the human element. "In 1935 and 1936, a period of 

increased Indian Service activity, 56 wells were dug, and also 18 dams,

41 masonary storage tanks, and 76 earth-walled tanks (charcos) were 

built," (Woodbury and Woodbury. 1962, p. 19) .

Attempts were made by the B. I. A. to remedy the lack of 

knowledge about the physical environment in the late 1930's, the results 

being a series of excellent, detailed reports (U. S. Dept, of Agriculture 

and Soil Conservation Service 1937, 1938, 1939a-e). Although elaborate 

plans for new lands to be put into production using modern farming 

methods were postulated, little came of these studies (perhaps because 

of the war).

Despite numerous erosion controls, stock water was still a 

problem. The 1949 Papago Development Program (U. S. Dept, of the
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Interior, B.I.a ., p. 30) relates that "only 40 percent of the Papago 

range is now within reach of permanent stockwater." To alleviate this 

poor distribution, $1,041,181 was spent from 1953 to 1958 through the 

B. I. A.’s Range Water Development and Rehabilitation Program to finance 

development of wells, piping, windmills, dams, and storage tanks.

Looking back, the Range Conservationist at the Sells Agency lamented the 

development of one of the best water distribution systems on any South

west "Ranch" without spending a year to 18 months prior to initiating the 

project instituting management agreements particularly with respect to 

cattle numbers. At that time the B. I. A. had the leverage; today the 

range is thoroughly overgrazed as cattle are able to utilize the range 

more thoroughly, and the bargaining potential is no longer available.

Finally, and perhaps most important to this thesis, is an 

evaluation of the five experimental flood irrigated pastures. (For a 

description of these pastures, see Chapter 1.) The first was built by 

subcontract in 1961 on a test basis after a series of meetings between 

the villagers and the B. I. A. personnel. After six years the pastures 

have proven to be mildly successful, and an annual Stockmans Field Day 

is held to acquaint Indians from other areas of the reservation with the 

potential of pasture development. One definite problem, however, has 

been convincing the smaller ranchers, who may be classed as the "least 

informed", to make the tour.
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Cattle Associations

Although the nine districts were set up to correspond to a 

certain extent with traditional alloted areas for running cattle, the 

mechanics of this structure with regard to stockmen's interests were, 

and presently are, slow, grossly inefficient and cumbersome. Efficient 

operation is mainly hindered by many noncattle interests. This problem 

has partially been overcome by formation of cattlemen's associations.

The first one, the Baboquivari, was formed in November, 1951, followed 

by Sif Oidak in 1954, Vaya Chin, Kaka and Ventana associations in 1958- 

59, Gu Achi in January of 1962, Pisinimo in March of 1962, and Vamori 

in March of 1966. Voting is on a one vote per man basis rather than 

according to number of cattle owned. The associations have the necessary 

machinery, constitutions, and nonconformance stipulations which would 

make them the appropriate means for any action to be taken on future 

pasture development.

Despite the potential value of the associations, the good ground

work laid for their formation, and the B. I. A.'s willingness to help the 

Gu Achi Association is the only one that is functionally active. The 

other associations may be rated in order of their operativeness;

Pisinimo, Vaya Chin, Kaka, Ventana, Vamori, and Sif Odak. The Range 

Conservationist at Sells has enumerated the reasons for the lack of 

usefulness:

1; The officers have relatively short terms of office; no individual 

remains long enough to accomplish anything.
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2. There is a lack of indigenous leaders and advisors. For example, 

primarily because there is a lack of sufficient funds to provide 

a complete college education, there are no college-trained Papago 

agriculturists to take command. At present (1967) there are no 

Papagos enrolled in any College of Agriculture at any institution 

of higher learning.

3. There is a need for range management educational programs for all 

the association members. Contrary to popular belief, the Papago 

stockmen do not work well together as far as cattle interests are 

concerned.

4. The Papago do not understand that the user of the land must take 

care of it (in a resource conservation sense) and must reinvest 

some part of the annual return.

5. The association members generally place a very low opportunity 

cost on an animal and generally feel that if a cow dies they have 

not lost anything of great value.

6. The stockmen, for the most part want the associations, but 

because of kinship ties, are hesitant to put teeth into their 

bylaws. They lack the type of drive which would initiate internal 

regulations. The associations place more emphasis on fellowship 

than on coordinating means to yield greater profit maximization.

7. The tradition of unanimous voting is a definite deterrent to 

action. (Legally, a majority vote is all that is required, but 

this is not observed in practice.)
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8. Overall, the association members lack the sophistication and 

comprehension of the simplest concepts necessary for effective 

business management. For example, few of them consider a cow or 

a horse as an economic asset which can be managed in alternative 

ways for economic gain.

Cattle Marketing Structure

Papagos very seldom use bank accounts, instead they keep their 

assets in the form of chattel, primarily cattle. Should an individual 

need funds, he would sell an animal, usually through a cattle trader who 

also acts as a banker and loans money on an individual's cattle. The 

Indians oftentimes feel obligated to him and in many cases this prevents 

change to a more efficient system of shipping in large quantities. (The 

Indians do not hold a roundup and ship per se. Roundups are held in 

November and December, as well as May and June, for the purpose of moving 

and working cattle, but seldom for weaning calves to be sold. Little 

culling is done at this time.)

By present marketing standards then, the Papagos' method is very 

inefficient and, in an attempt to correct this, the B. I. A. has taken 

cattlemen on tours of local livestock auctions. Few of the stockmen have 

responded, however, because of a reluctance to abandon the aforementioned 

marketing procedures even though the proprietors of local auctions would 

like to do business with them.

The cattle marketing system provides the framework for under

standing the cultural context in which the Papago is centered. In the
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main,.the contemporary Papago cattleman is a small, very backward 

operator. He is an individual who rarely sees the "outside world" and. 

is thus fearful of it. His lack of sophistication is exemplified by his 

chattel banking system and, in many cases, he still drives wagons and 

teams and markets cattle through a trader; i.e., he still operates much 

as his forefathers did at the turn of the century.

In other words, following Polanyi's (1957, pp. 247-248) break

down of various economies, the cattle sub-economy may be viewed as being 

"substantive." (This is an instituted process of interaction between man 

and his environment, which results in a continuous .supply of want satis

fying materials.) Thus, pricemaking cannot be used completely at the 

disregard of other factors because the people are not totally price 

conscious. They are bn the periphery of a market system as they do not 

always consider market price, and they often keep chattel rather than 

cash. They deal with money but in many cases it does not completely 

enter into their value system. Nevertheless, it is finally apparent, as 

one further peruses Polanyi's study (pp. 312-314), that the Papago stock- 

men are actually economizing by selling their cattle one at a time and 

that their action is rational to them in light of their knowledge 

patterns.

Legal and Property Rights

Water Use and Law

A necessarily cursory examination of water law indicates that the 

Papagos have full right to the floodwater and that there is little danger
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of them losing their rights either through lack of use or legal 

restrictions (Bfophy 1966, pp. 88-89 and 169-187). This is especially, 

true since Arizona recognizes riparian rights; that is, the right of use 

arising from the ownership of land which must somehow touch the water 

source. Because of this and the improbability of groundwater use to any 

appreciable degree, the ramifications of the project on total water use 

were not pursued.

Property Rights

Three legal codes--federal, state, and tribal— apply to Indians, 

depending on the situation. Crimes committed by an Indian against 

another while in Indian country, excluding the "10 major crimes" are 

dealt with by tribal courts. State legislation does not generally extend 

to an Indian on a reservation of his holdings, or property of the tribe, 

except where Congress has expressly conferred jurisdiction on the state 

or in instances where tribes or tribal holdings have terminated.

The powers of the Papago Council are divided into those powers 

not subject to review by the Secretary of the Interior and those which 

are. There are several in the latter category (Article V, Section 3 of 

the Constitution and By-Laws of the Papago Tribe Arizona, 1937) which are 

pertinent: "(k) To regulate the use and disposition of the property of

members of the Papago Tribe insofar as such use and disposition affects 

the welfare of the Tribe at large." And later in Article VIII— Lands, 

Section 2:

All allotted lands, including heirship lands, within the Papago 
Reservation, shall continue to be held by their present owners 
under existing laws, as well as the improvements thereon. It
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is further recognized that no owner of allotted land shall be 
compelled to relinquish his land except for public purposes of 
the Tribe, and in such cases the land owner shall receive just 
and fair compensation for the land relinquished.

Article VIII— Lands, Section 4 notes:

Tribal lands which are not assigned may be used for communal 
pastures or gardens by the various districts or for public 
purposes of any sort. Such lands may also be leased by the 
District Community and one-half of the proceeds of such leases 
shall accrue to the Papago Council and one-half to the District 
Council.

In .the same article. Section 6 states:

All individual developments on the reservation such as water 
developments, farms and homes shall be held as personal prop
erty. Personal property and property obtained or built up by 
an individual shall be subject to his disposal in accordance • 
with the customs of the district in which he lives.

Compensation

There are certain externalities which affect any of the parties 

concerned with pasture development in a commonality situation, but the 

question of paying any damaged parties in situations such as this is 

fairly well resolved by Demsetz (1966, p. 67) in his section on "Valuation 

in the Absence of Voluntarism." He feels that the rule commonly used in 

welfare economics is well suited, "If a change in resource allocation will 

produce enough benefit so that those who are harmed by the change could 

be compensated adequately, then the change should be made." This problem 

of externalities is explored further in Chapter 4.
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Possibilities for Future Agricultural Development 

Courses of Action

It is now possible to explore the future of the Papago livestock 

industry as it affects the development of flood irrigated pastures.

From these three chapters it is evident that the Papago Reser

vation, although superficially static, is actually dynamic. Bearing this 

in mind, on the local level several conclusions may be stated. First, 

assuming that attitudes of rural Papagos are similar to those typical in 

many rural areas of the United States from 1920-1940, it is doubtful that 

the younger people will be satisfied with subsistence living and a sub

servient role in U. S. society (United States Department of Agriculture, 

1940).

The Papago exhibit the characteristics of a changing culture and 

in many ways their situation parallels the transition taking place along 

the Yaqui, Mayo, and Fuerte Rivers in the states of Sonora and Sinaloa, 

Mexico. Erasmus (1961) provides background for viewing the Papago 

acculturation and livestock industry change.

Second, the seasonal off-reservation agricultural work that was 

once a standby of the Papagos is becoming harder to find and should be 

expected to continue to disappear as farms become more mechanized 

(Padfield and Martin 1965). Young men are not entering farming and can

not be expected to do so unless they are assured of sufficient capital 

and economic sized units to equal or exceed the net income they can make 

at off-reservation work. Even this is not practical as the little 

groundwater available is too deep for profitable crop irrigation and the
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rapidly declining water table may be expected to eliminate irrigated 

cropping in the future. (See: Files, Land Operations Office, Sells

Agency, B. I. A.) Crop farming does not complement what is the reser

vation's second biggest money-maker, firefighting, (in 1967 it exceeded 

$200,000) but ranching does as cattle owners can operate in absentia for 

short periods of time.

Third, as far as agriculture is concerned, except for very small 

plots suited to cropping, and more specifically except for small amounts 

of alluvial bottom land, as well as higher rainfall areas which may be 

reseeded to perennials, the greater portion of the reservation does not 

lend itself to agricultural development except by better management.

This brings to the fore the most important question of this 

thesis: Are the stockmen in agreement that mutual effort toward pasture

development is in the commonweal?

Attitudes Toward Pasture Development

Feeling toward range improvement runs the gamut from complete 

opposition to intense interest. Disapproval stems primarily from incom

plete knowledge of alternatives, lack of sophistication and training, 

deeply ingrained traditional motives, and in certain cases, fear of 

threat to personal power structure and achievement. Observations, 

informal interviews, and the use of informants indicate that the majority 

of the stockmen are dissatisfied with their present pattern of production 

and that they would generally be willing to accept extended flood irri

gated pasture development coupled with a feasible range management plan 

if the time were taken to disseminate the information, allowance were
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made for cooperative planning, and projects were initiated and completely 

carried out with the most willing people first. This also applies to 

pasture maintenance and use.

As Schultz (1965, p. 23) notes:

The critical economic question, therefore, becomes: Under what
conditions does it pay to invest in agriculture? The impli
cation. ..is that it will not pay unless the man who farms has 
the opportunity and incentive to transform the traditional 
agriculture of his forebears.

This has also been pointed out by anthropologists:

If the proposed program reflects the felt needs of the community, 
it has a chance of acceptance; if it reflects only the needs of 
the developing agency, it will be rejected out of hand 
(Goodenough 1966, p. 309).

Additional evidence that the Papagos are enthusiastic about the 

pastures is demonstrated by virtue of the large turnout and requests for 

aid at the aforementioned annual Stockmen's Field Day.

In this author's estimation, the proposed pastures do meet the 

felt needs of a majority of the stockmen. There are two groups who would 

dissent; traditionalists (mainly older people), and those individuals who 

fear cooperative effort as a threat to their social and economic su

premacy.

Communal Grazing System

A communal grazing system will be understood to refer to the 

public or common ownership of the grazing land. The Papagos operate a 

communal grazing system together with individual ownership of the cattle.

The communal system appears to effectively block substantial 

cattle improvement programs, proper salting plans, stock reduction.
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rotation grazing, and unfenced range improvements. In other words, this 

system seems to result in externalities as the effects of a person's 

activities on co-grazers and subsequent generations are apparently not 

taken into account in his decision-making. But, is this really true?

Is it the communal system or the lack of regulation which is the cause?

Up until the present time there has been little reason for 

considering the externalities of the Papago livestock commonality situ

ation as each village operated as a self-sufficient unit with little 

interference from outside forces. However, as the level of education 

rises, as more young people leave the reservation, as the reservation and 

its peoples become more acculturated and self-sufficient, and finally, as 

range improvements are augmented whereby cattle raising becomes a business 

rather than a means of subsistence living, there will have to be a clear, 

unambiguous explicit development of property rights in the range resource. 

Demsetz (1967, p. 347) clearly illuminates this:

Property rights specify how persons may be benefited and harmed 
and, therefore, who must pay whom to modify the actions taken 
by persons...a primary function of property rights is that of 
guiding incentives to achieve a greater internalization of the 
externalities.

He goes on to maintain that as knowledge and technology change, 

so does the need for changing property rights; that is, they change when 

it becomes economically feasible for those affected by externalities to 

internalize benefits and costs.

* It should be noted that the commonality problem as set forth in 

this chapter is not unique to either the Papagos or to Indians in general. 

The U. S. Forest Service had the same problem at the turn of the century
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when the problem of overgrazing on national forests had to be dealt with. 

The Bureau of Land Management also had much the same problem, which was 

dealt with by the Taylor Grazing Act of 1934. Commonality situations are 

not limited to open range problems but encompass such diverse systems as 

use of ocean fisheries and telephone service. In each case, some method 

of regulation had to be employed; in some instances the outcome was 

simply one of private ownership, i.e. lake frontage on a public lake.

Given the goal of Indian self-sufficiency, the question then 

arises: Is the communal type grazing system the "best" allocator of

resources, or should some other system be initiated in which extern

alities are either internalized (a process whereby factors formerly 

external to decision-maker’s choices have been taken into account) or 

lessened to some degree?

At first glance, parcelization for private ownership appears to 

be a relevant alternative, in fact the only one. However, this possi

bility may be dismissed as not feasible due to the problem of equitable 

distribution of property rights. The relevant problem, then, as this 

author perceives it, is not whether commonality grazing is desirable but 

in the delegation of authority to manage it. It is apparent from the 

previous background material that virtually no authority is now present. 

It is also apparent that some control is needed to internalize the 

externalities now evidenced. This thesis, therefore, (Chapter 5) will 

explore the possible benefits which could be available from modernizing 

the antiquated communal grazing system in addition to developing just 

the land resource (Chapter 4).



CHAPTER 4

ECONOMIC ANALYSIS OF THE PROJECT

This thesis is primarily devoted to performing a benefit-cost 

analysis on the proposed pasture reclamation project on approximately 

25,000 acres of alluvial bottom land. A secondary objective is an 

attempt to value the net benefit of training in addition to the usual 

procedure of considering only the investment itself. These objectives 

will be accomplished through the comparison of two alternatives, both 

under the general classification of Plan "A”. In Chapter 5 this same 

data will be used to supplement a case for radical institutional changes. 

Benefit-cost ratios will be compared with those of this chapter. The 

general considerations of this analysis are geared toward devising means 

of increasing income of existing rural families under the constraint that 

such policies are consistent with both tribal and national beliefs and 

values.

Analytical Considerations

Description of Benefit-Cost Analysis

Benefit-cost analysis is a method for evaluating alternative 

public investment projects. In other words, it is a way of systemati

cally analyzing the factors which need to be taken into account in making 

certain economic choices. It is closely analogous to methods used by 

businessmen to evaluate investments, the difference being that estimates

66
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of social gains and losses are used in place of only those which impinge 

on the private investor. There is no unambiguous definition of "social 

welfare" or "the public interest", but net national income is usually 

used as a proxy for social welfare.

Benefit-cost analysis has evolved primarily as a result of public 

concern for effective control over expenditure of government funds, 

mainly for reclamation projects. More recently, projects in developing 

countries stemming from U. S. aid have added considerably to the need for 

a rigorous method for choosing among a virtually unlimited number of 

possible investment projects.

1 '•Definitions

Project. One or more development measures or investments carried 

out alone or in part by a public agency.

Program. A set of projects, usually in one area.

Direct Benefits. The value of the immediate products or services 

resulting from the measures for which project costs and associated costs 

were incurred.

Secondary Benefits. The value added over and above the value of 

the immediate products or services of the project as a result of 

activities stemming from or induced by the project.

"Stemming" Secondary Benefits. The value of the additional 

output of the project that reaches the indirect recipient.

1. These definitions generally follow those given in the 
Reclamation Manual, Benefits and Costs (U. S. Dept, of Interior, 1952).
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"Induced" Secondary Benefits. The additional profits made from 

sales to the recipients of the direct benefits.

Intangible Benefits. All the benefits that cannot be expressed 

in monetary terms.

Spillover Effects (External Economies and Diseconomies). Impacts 

of actions by some decision-making units on the activities of others, 

impacts that are not directly felt by the first group.

Technological Spillovers. Those which affect the physical out

puts that the other producers can get from their physical inputs.

Pecuniary Spillovers. Those which d£ not affect the units of 

output (pleasure) that can be obtained from a firm's (or consumer's) 

physical inputs, but result from changes in prices.

Selection of Projects

All benefit-cost analyses start with a projection of physical 

output either in each year of project life or in some typical year of 

operation. The social value of each of the physical outputs is de

termined, leading to an estimate of gross social contributions of the 

enterprise in a single year.

As has been pointed out in Prest and Turvey's survey (1965) and 

elsewhere, within agencies it may be better to be consistently incorrect 

than to have some analyses utilizing one basis for one project and 

another basis for another project because benefit-cost analysis is 

designed to help in choosing between projects, not just in choosing 

projects. There is no intradepartmental handbook available for use as a
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guide to B. I. A. procedures. However, this paper will parallel the 

methods used by the B. I. A. personnel in evaluating two previous 

projects (United States Department of the Interior, Bureau of Indian 

Affairs 1964a).

There are various formulas for expressing benefits and costs.

This thesis will use the approach in which gross benefits are calculated

for a typical year and compared to a computation of maintenance and
2capital costs for a typical year. Annual capital costs are calculated 

by amortization of the initial expenses of construction over a specified 

planning horizon. It is apparent that projects should not be accepted 

unless they have a ratio of benefits to costs which is greater than one.

Project Life

Estimation of project life involves a subjective choice. With 

proper management— viz., fence maintenance, eradication of undesirable 

invaders, and sustained-use grazing— the proposed pastures should last 

indefinitely. If the pastures were overgrazed and there was no mainte

nance, it would take about 35-45 years for the area to revert back to the 

present condition. Realistically, some of the pastures will be well 

taken care of through conscious effort by the clients; but other pastures 

will not be maintained, eventually falling into disrepair. There is also 

the probability that some of the reseeded pastures will, at some future 

date, be put to higher and better use. In view of the hardiness of the

2. For further explanation see U. S. Dept, of the Interior, 
Bureau of Indian Affairs 1964a.
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reseeded species however, as well as their innate ability for self

propagation, and the rapid progress toward business sophistication being 

made by the Papago stockmen, a 50-year life seems conservative and is 

chosen as the basis for the analysis. Since there is a certain arbi

trariness to choice of project life, the sensitivity of the results to 

alternative project lives has been calculated. The appropriate ratios 

have been prepared in Tables 12 and 13 (see pp. 98 and 99).

Discounting Procedure

Turvey and Prest (1965, p. 697) propose two types of interest

rates from the overwhelming number available: (1) the Social Opportunity

Cost Rate and (2) the Social Time Preference Rate. The former implies

that the current market rate of interest (about 5%) should be used. The

latter is really the government borrowing rate (about 3-1/4%). The Joint

Economic Committee (1967, pp. 5-6) on the other hand notes that:

"...economists generally agree that the appropriate discount 
rate to use in evaluating public programs is the opportunity 
cost of capital in the private sector. That is, the discount 
rate should reflect the rate of return that a given amount of 
resources employed by the government would earn in the private 
sector...at least 10 percent at the present time."

The proposed pastures are, quite obviously, a risky proposition 

and undoubtedly the factor of uncertainty about future use practices must 

be taken into account. There are, however, as noted at the end of this 

chapter, an extraordinary number of intangible benefits accruing to this 

project, which somewhat mitigate the risk factor. For this reason, a 

discount rate of 8 percent is proposed as the most reasonable and is
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reflected in the ratios in Table 11. As with time streams, results of 

using several alternative discount rates including 3%, 6% and 10% have 

been made available in Table 12 (see pp. 95 and 98).

Externalities

It is felt that public investment projects should take into 

account the external effects of their actions insofar as they alter the 

physical production possibilities of other producers or the satisfactions 

that consumers can get from given resources; they should not take side 

effects into account if the sole effect is via prices of production 

factors. "In still other words, we measure costs and benefits on the 

assumption of a given set of prices, and the incidental and consequential 

price changes of goods and factors should be ignored," (Prest and Turvey, 

1965, p. 688). Thus, technological spillovers (those which affect the . 

physical outputs that other producers can get from their physical inputs) 

should be taken into account, but pecuniary spillovers (those which do 

not affect the units of output that can be obtained from a consumer's 

physical inputs; i.e., occasioned by shifts in price) should not.

As far as the proposed pastures go, there are several extern

alities which must be taken into account. The sites under consideration 

all lie within the confines of some individual stockman's traditional 

rangeland. In the majority of the cases, the land is communally rather 

than individually grazed and the same individuals that currently use it 

will use it after the development is completed so that beneficiaries of 

the pastures are also the losers of the rangeland; thus there is no 

compensation required. In the case of individuals not living in the
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area, but who would use the pastures, present policy is to charge them a 

higher grazing fee for this privilege. This method has worked well on 

the other "test" pastures. Two of the proposed projects are on the 

traditional rangeland of what could be called "Papago cattle barons;" 

these men are not cooperative in B. I. A. range improvement projects, 

because they feel that these impinge on their rights and jeopardize their 

position, and they remember well that many of past, programs were poorly 

planned (see Chapter 5). In one case the proposed pasture would only be 

used by the individual concerned and no external effects would occur.

In the other case small cattle owners would use the pastures such that 

the damaged party would incur an actual loss. This loss would be negli

gible, however; and in view of past range use agreements, it is felt that 

arrangements can be made between the parties concerned without pecuniary 

remuneration.

The development plan set forth in the next chapter contains a 

clause with respect to enforcing range grazing limits. In the minds of 

the Papago this is a diseconomy as a lesser number of head would be run 

on the open range. This is theoretically offset, however, by the 

additional forage produced on proposed pasture sites, which would be 

taken advantage of by all cattlemen. Thus, the only damaged parties 

would be those whose traditional range did not include any of the proposed 

areas and would then have to pay a higher grazing fee to utilize the new 

forage. About 20-30 percent of the reservation cattle do not belong to 

cattlemen whose traditional range falls within the proposed areas. 

Although owners of these cattle would be directly affected in an adverse



73

way by the new authority (by virtue of having to pay higher grazing 

fees), from an economic standpoint these cattlemen would be better off 

despite having to pay the higher fee. Therefore, the only externalities, 

both pecuniary and technological, would be impingement on traditional 

beliefs of some few cattlemen. In the writer's judgment, these impinge

ments would be more than offset by the removal of restraints placed on 

cattlemen who would like to "progress" but are unable to under the 

existing system.

Project Evaluation

The actual development of the pastures requires clearing-the 

mesquite covered alluvial bottom land by pushing the trees with the blade 

of a large crawler type tractor. In the same operation a "root knife" 

attached to the drawbar dislodges the roots, literally plowing the land. 

Because the trees are usually less than 10 feet in height they are to be 

left to rot and no further land preparation operations are required. The 

area is then fenced and .corrals, spreaders, and charcos are built. The 

pastures are seeded by aircraft just prior to summer rains. Grazing is 

deferred for one year to allow for stand establishment.

Development Plan "A"

In this first case, the pastures would be developed with no 

restrictions placed on livestock numbers grazing on the open range. The 

pastures thus assume a supplementary position. The assumption which 

follows from this is that the stockmen will increase their herd size by 

some percentage of the full capacity of the pastures so that the open
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range would still be overgrazed and the calf crop could not be expected 

to rise above the present 45 percent. Experience with the experimental 

pasture indicates that on an average, 60 percent of pasture potential has 

been utilized. It is hypothesized that 90 percent could be obtained with 

guidance by a full time range conservationist and a Papago counterpart 

acting as a trainee, both of whom would be employed for three years.

Most land development projects do not consider human factor 

improvement, therefore one part of plan "A" will evaluate the projects on 

such a basis. This part will be called "without management training."

The cost for this plan is described later in this chapter and is shown 

in Table 9 while benefits, computed at 60 percent utilization of forage 

production are shown in Table 10.

It is often asserted that client training is needed and would 

return a net benefit to them. Therefore, the other subsection of Plan 

"A" involves deriving additional benefits which result from the change 

agents and their programs. These benefits are quantitatively measured 

by the hypothesis of an increase in pasture utilization from 60 percent 

to 90 percent which would stem from the addition of a range conser

vationist and a Papago counterpart acting as a trainee, both for a five- 

year period. This subsection will be called "with management training." 

With the exception of the training program the technical aspects for 

development and use are largely the same as the former subsection.

•The proposed pastures are designed primarily to take the pressure 

off surrounding rangeland in times of seasonal as well as cyclical stress. 

As mentioned in earlier chapters, the range forage is nearly all annual,
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becoming available during and just after the rainy seasons; thus, the 

pastures are most beneficial during the months of November and December, 

and May and June. In the fall, cattle should be put into the pastures 

which have charcos that do not hold water into the early summer stress 

periods. In order to obtain optimal use, mother cows should be pastured 

in either period, but weanling calves should only be pastured in the fall 

as the forage becomes fairly rank and unpalatable in the spring.

Each proposed pasture over 600 acres should be divided into at 

least two subdivisions thus providing for a rotation grazing system which 

would allow for a fuller, more even use. The cost of crossfencing is 

considered in the analysis.

Supplemental feeding of range booster; vitamins A, C, and D; and 

provision of salt as far from water as possible would be desirable.

The project is assumed to be developed with federal funds. No 

reimbursement would be required. A grazing fee of 50 cents per head per 

month for residents of the area or members of the resident association, 

and 75 cents for nonresidents, is currently being charged. Although this 

is a subsidized price, being much lower than non-Indian rental for equiva

lent pastures, this seems to be the only way that the Papago can be 

expected to be induced to use the facility. According to the tribal 

constitution, one-half of these fees must be paid to the tribe. This 

author recommends that of the other one-half of the fee, 50 percent be 

paid into a scholarship fund for a student interested in studying agri

culture on the college level (this would provide village pressure which 

would act as a stimulus for the boy to do better in school). The
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remainder could go for pasture maintenance with funds left over to be 

used for range improvement, drought emergency funds, etc.

The Papago stockmen whom this author has interviewed have 

stressed that the Papagos themselves should develop the pastures, as each 

person would then feel that the project was his own and not just another 

"gift" from a nonunderstanding entity in Washington. This is in agree

ment with community development principles and could be the difference 

between success and failure (See Biddle and Biddle 1965, Ch. 9). The 

last three test pastures have been developed by Papago workmen under the 

direction of the Land Operations Office at Sells using second-hand 

equipment and the method seems quite successful.

The addition of training yields both tangible and intangible 

benefits. The pastures provide a useful teaching vehicle for initiating 

more sophisticated marketing procedures such as evolution of an effective 

nucleus for shipping and culling cows. With proper instruction, the 

pastures could be used as breeding areas, with a resultant decrease in 

the number of bulls needed. The calf crop might be increased at the 

same time. Because open range conditions are assumed to remain stable, 

however, the only benefits which will be calculated are increased utili

zation of the pastures.

For the second part of Plan "A", "with training", a range 

extension agent whose sole purpose is to provide technical advice should 

be employed at least six months prior to actually beginning the project. 

He should have a Papago counterpart to work along with him on the 

sociological aspects. The roles of these people are not difficult to
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understand. The range technician must be from range country and under

stand Southwestern range problems; he must be specific to the area and 

qualified. It is suggested that he be a man who is retired from the 

Bureau of Land Management (BLM), the Forest Service or the Indian Service, 

because a young non-Indian man would probably not be respected by the 

Papagos, and a well-trained intermediate aged person who would qualify 

would be extremely difficult to find.

The Papago counterpart could well be a young person considering 

college or an individual who is well acquainted with the reservation such 

as a retiring B. I. A. Range Aid. Hopefully this individual will remain 

on the reservation to work on other range programs.

The Papagos must have absolute trust in the qualifications of the 

change agents with whom they are dealing as these change agents must give 

pre-change schooling and counciling so that the clients are fully aware 

of all ramifications. It is absolutely essential that the advisors be 

available to explain and teach effective marketing principles, coordinate 

the development and management activities, and provide the follow-through 

for an extended program of marketing extension instruction prior to 

pasture development. During the program it will be up to them to act as 

intermediaries, advisors and educators. After the pastures are built the 

advisors must be retained for a short period to "trouble-shoot" and 

provide a basis for association meetings which would then have a purpose, 

a goal, and a "cause", i.e., range management and marketing education.

As noted in Chapter 3 there are two basic hinderances to the 

development of a marketing technique which would put the Papagos on the
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same business level as non-Indian ranchers. (1) They have the

characteristics of nearly all peoples of a subsistence culture; the 

inability to hold on to cash unless it is being saved for some material 

end that they want very badly. Thus, cattle are held as chattel and sold 

whenever cash is needed.

This problem is nearly unsolvable on an individual basis for the 

older people except for two possible things which a Range Development 

Office might inaugurate: (a) Develop a bi-yearly sale at the end of the

use season whereby individuals could expect a large sum at least twice a 

year; (b) Attempt to get the Papago stockmen to more fully utilize the 

pasture potential, thus preventing death losses, and at the same time, 

adding pounds to their calves. All of this would be realized as a higher 

income.

(2) The other hinderance to development of good marketing 

techniques is not understanding the "quality concept." Currently, the 

marginal pound means little to the Papago. In the majority of the sales, 

cattle are sold by the head to traders who only estimate weight and who 

later resell by the pound. This piecemeal selling of cattle might be 

changed as the stockmen begin to weigh cattle and thus realize the value 

of extra pounds. It is hypothesized that the pastures would then do much 

to stimulate interest in heavier, higher quality calves which could be 

supplementarily fed for marketing. Currently the stockmen cannot be 

forced to sell en masse with economic rationale as the reason; but they 

can be coerced by the very thing that presently prevents individual 

initiative: community and extended family pressure. This author has
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found that there are a few individuals in every community who would be 

willing to try £n masse sales and these would soon set the standards for 

the rest of the community.

This solution also applies to the number of horses which are 

currently out of proportion to needs although there is no barrier to 

their substituting cattle for horses. Apparently the stockmen currently 

place a higher value on ownership of this nonproductive unit than a 

potentially productive cow. (This is actually not too different from 

American middle class ownership of "status symbols" which they also 

cannot afford.) It is therefore suggested that as economic rationale 

becomes more influential in determining Papago actions the more profit- 

minded stockmen will subconsciously cut their own horse herd size.

Field Procedure. High altitude aerial photographs of the Papago 

Reservation were generously provided by the United States Air Force. 

General areas for possible sites were delineated on the photographs of 

alluvial fan areas with the help of a Papago range aid who was well 

acquainted with the reservation. The sites thus selected were later 

checked with the help of the same range aid and boundaries were redefined 

by on-the-ground inspection. Additional criteria for selection of 

development sites were the presence of existing range improvements, 

estimated depth and frequency of inundation, and attitudes of stockmen 

(which were expressed as social constraints or limiting factors).

• At this time areas of high, low, and no production were also 

delineated on the photographs to be used later as the basis for estimating 

potential forage production acreage. This was relatively easy to do in
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the field as the areas of heavy wood growth were strikingly apparent 

on the photos and were thus excellent indicators of potential forage 

production. This same method was used to estimate tree density and size 

which varied radically in different portions of the reservation. It is 

significant that it would have been nearly impossible to secure such 

estimates reliably without the photographs; with the photographs it is 

estimated by the author that the projections are quite reliable. (See 

the discussion of production studies later in this chapter.)

The photos have a scale of 4.6 inches to the mile. Some 

distortion errors in the photographs were found when a number of photo

graphs were examined and the distances checked against topographic 

surveys. Although no error of more than 10 percent was encountered in 

this sample, it is assumed that over 25 observations (potential pastures) 

the errors would be offsetting so that any error in the aggregate acreage 

measured will be small.

The B. I. A. range aid acted as interpreter, driver and guide on 

all field trips and helped interview stockmen about depth and frequency 

of inundation of each proposed site as well as on attitudes, problems, 

and ideas on the project. This information was obtained in an admittedly 

non-random fashion. Discussions and informal unstructured interviews 

were held only as time permitted with any Papago cattlemen who were 

available and willing to discuss the situation. In one instance a stock- 

men's meeting was attended at Chuichu, and in several other instances 

lengthy discussions ensued with "progressive" Papagos as they sought 

advice and consultation from this author in personal agriculture problems.
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The use of informants was the main method used to secure information 

about present conditions and social attitudes due to a lack of time to 

make extended observations or conduct a survey.

Estimation of the density of trees as a basis for estimating 

clearing costs was done in the field as follows: A 37-foot radius was

measured; a circle formed; and all the trees within, including those on 

the line, counted. This number was then multiplied by 10 to obtain 

numbers of trees per acre. Approximately five of these measurements were 

taken per pasture in what visually appeared to be representative areas. 

After the "sight" was set on two plots each morning, estimates were made 

visually by the author and his driver and the average computed. Sim

plicity in estimates called for three density descriptions, heavy (300 

trees per acre or more), medium (less than 300 trees per acre), and no 

cover. Diameter at breast height (DBH) was taken at four feet above the 

ground to estimate the tree size necessary in calculating per acre 

clearing costs. This method was employed rather than estimating basal 

diameter due to one base often yielding as many as six separate trunks 

so that the base was out of proportion to the size of the tree itself. 

The several trunks were counted as one tree, however.

Estimated acreage of each of the three classes of tree densities 

for each of the pastures are shown in Appendix Table 3.^

Assumed Input Costs. In the discussion that follows all costs 

are assumed to be based on 1967 prices.

3. Detailed calculations are available in the files of the Land 
Operations Office, Sells Agency, B. I. A.
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Fencing cost, assuming four strands of wire and steel posts at 

25 foot intervals, is estimated at $800 per mile. The estimated number 

of spreader dikes is generally conservative because in deep gullied areas 

the vastness of size needed makes the cost prohibitive; where the erosion 

is slight there is not substantial benefit. Dikes are, therefore, only 

recommended in those areas deemed essential to charco protection or where 

it is felt that substantial (indirect as well as direct) benefit would 

accrue. The technique of using culvert pipes stagered along the dike to 

obtain uniform spreading could increase benefits, but at present it is 

not sufficiently empirically demonstrated to warrant inclusion. To 

facilitate computation, dikes were assumed to average 6 feet across the 

top, 14 feet at the bottom, to be 6 feet high, and 900 feet long. Esti

mating that it would cost $ .15 per cubic yard to move the dirt, each 

dike would cost $300.00. This cost is reflected in Appendix Table 4.

B. I. A. experience suggests that each charco as well as a 

"settling tank" to absorb the silt from the floodwater would cost about 

$3000. This cost is shown in Appendix Table 4.

Eighteen of the 27 charcos needed are located in areas where 

there is no existing water facility within one mile. Therefore, these 

18 have been designed for watering both range and pasture cattle, and 

one-half of the cost of each of these charcos ($1500) or a total of 

$27,000 for the 18 can be charged against other range improvements not 

connected with the proposed pastures. However, as the total project out

lay must be computed for funding, the total cost of the 27 charcos is
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given in Appendix Table 4. The portion which can be charged to other 

range improvements is accordingly reflected as an amortized annual 

benefit ($2206) in Table 10.

Costs for clearing the woody growth using the procedure described 

earlier are only $16.00 per acre for heavy cover and $15.00 per acre for
4

light cover. Clearing cost computations are given in Appendix Table 3.

Blue panicgrass seed was assumed to cost $ .60 per pound and to 

be applied at the rate of 5 pounds per acre.

Lehman lovegrass seeding rate was assumed at 1 pound per acre and 

to cost $2.00 per pound.

Seeding application cost was assumed at $ .70 per acre (on 

cleared acreage) using fixed wing aircraft. These last three costs are 

shown in Appendix Table 4.

Corral costs are taken from Dickerman and Martin (1967, p. 56) 

and assume 3 pens, 75' X 132' of wire and tie construction, as well as a 

loading chute 50' X 75' for a total cost of $680.00 per set of corrals 

(see Appendix Table 4).

Corral sites have been chosen so they can be used on more than 

one pasture where applicable. All corrals may also be used for open 

range cattle. Therefore, one-half of the cost of the corrals ($5100) is 

computed as an annual amortized benefit ($417) under the same rational as 

was previously explained for charcos.

4. These costs are computed at 1967 prices as estimated by one 
local contractor who cleared 1,950 acres for the B. I. A. in 1962.
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Maintenance of the pasture includes fence, charco, and dike 

repair as well as spraying woody invaders once every five years. Although 

control of the woody growth by burning probably would reduce maintenance 

cost by 80 percent per year, this method has not been empirically demon

strated as feasible on the Papago Reservation and the more conservative 

path of spraying is therefore followed. Maintenance costs are calculated 

on all acreage within the fence (22,645 acres) rather than being confined 

to the cleared acreage (21,106 acres) and total $15,970 per year. This 

data is summarized in Table 8.

Evaluation Procedure: Direct Benefits • .

Proposed pasture benefits will be calculated two alternative 

ways; as a residual by estimating the net increase in income, and as an 

opportunity cost, the value of an A. U. M. of grazing. Both methods 

hinge on an estimation of the amount of potential grazing capacity of 

forage products.

Production studies of the Vamori pasture (a 1200 acre test 

pasture) were undertaken by this author on November 10, 1967, which is at 

the end of the growing season but prior to grazing.

A 4.8 square feet rectangular plot frame was used for plot size 

determination on both the Blue panicgrass and the Lehman lovegrass areas. 

Three plots of what was visually estimated to be maximum Blue panicgrass 

cover yielded an average of 8,000 pounds per acre of field cut forage.

A sample of the harvested grass was oven dried. On an oven-dry weight 

(ODW) basis, 4,000 pounds per acre yield (rounded off to the nearest 100 

pounds) was estimated for maximum cover. These figures are comparable
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TABLE 8. AVERAGE ANNUAL MAINTENANCE COSTS OF PROPOSED PASTURES, PAPAGO 
INDIAN RESERVATION, ARIZONA.

Item Cost

Fence $ 2,753a

Charco and Dike l,554b

Corral 306C

Erradicating woody growth 11,332d

$15,970

a) Assumes a 50 year life computed at 3 percent of original cost.

b) Compiled from Dickerman and Martin p. 50, and assumes that dike repair 
costs are negligible.

c) 3 percent of original cost.

d) Cost of aerial application using 1/3 pound 2,4,5-t in a 1:7 mixture 
of diesel fuel and water once every 5 years, are estimated at $2.50 
per acre per treatment or $0.50 per acre per year.
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to results of three years of studies done by Ogden and Stroehlein (1967) 

on the Chulic Test Pasture adjacent to the Vamori.

These findings were used as a basis for projecting yield on the 

project pastures. The portion of the pastures assigned as heavy pro

duction was assumed to be 75 percent covered with Blue panicgrass on the 

average and to have a use factor (amount grazed of each plant) of 70 per

cent. This implies a yield of 2,100 pounds of usable 0. D. W. forage per 

acre.

Cows may be assumed to consume forage equaling about 3 percent of 

their body weight daily or 24 pounds for an 800 pound cow. This is 

equivalent to 20 pounds on an 0. D. W. basis (Morrison 1948, Appendix 

Table 3). Calves by their mothers' sides will consume what is considered 

to be a negligible quantity, which in any event is more than offset by 

the "occasional" use of pastures for fattening weanling calves prior to 

shipment to market. It is felt that further detail would only result in 

specious accuracy. From these assumptions, the areas of heavy production 

may be expected to provide 105 cow grazing days per acre. This is equiva

lent to 3-1/2 animal unit months (AUM's) per acre or 3-2/3 acres needed 

to support 1 cow 1 year.

The areas of light production were visually estimated to be 

covered with about 10 percent forage which, at the 70 percent use factor, 

yields 280 pounds of usable 0. D. W. forage or 1/2 A. U. M. In other 

words, 25 acres are needed to support 1 cow for 1 year.

Production studies on Lehman lovegrass were also done by this 

author at Vamori. An average of 60 plots (using a line transect) yielded
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280 pounds per acre of field cut forage (excluding annual grasses) which 

is 180 pounds per acre A. D. W. computed on an 80 percent use factor.

This would support 1 cow for 9 days assuming she ate 20 pounds per day. 

This could also be interpreted to mean that it would provide 1/3 A. U. M. 

or 40 acres needed to support 1 cow for 1 year. These latter figures may 

appear low when compared to other reseeded areas at higher elevations. 

However, in this case, the rainfall average is estimated at only 10" - 

12". Runoff is expected to be small, i.e. 1/2" - 2" per inundation 

(which may only occur 3-5 times per year, as the areas reseeded to love- 

grass are to the side of the main wash and receive only local floodwater).

Evaluation of seven species that have been used for reseeding 

purposes on the existing flood-irrigated pastures seems to indicate Blue 

panicgrass as the best on well-flooded areas because of the high pro

duction per acre as well as its heartiness, palatability and high protein 

content.

The aerial photographs were used at this point to determine the 

acreage which would yield heavy and light Blue panicgrass production and 

those areas which should be reseeded to Lehman lovegrass. In some cases 

there were spots which were not inundated and therefore would not be 

expected to yield any forage production.

The estimated total, acreage of heavy and light production of Blue 

panicgrass and production of Lehman lovegrass is computed in Appendix 

Table 5 which also converts this to grazing days. The cow-unit-year 

carrying capacity, (the number of cows each pasture could carry for 1 

year) is estimated at 2,609. It must be kept in mind, however that the
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pastures are designed for heavy use only 2-4 months a year rather than 

on a yearlong basis.

Evaluation procedure for the residual method requires that the 

data be converted to values for calves and cull cows sold. In Appendix 

Table 7 the number of cows each pasture will carry for one year is 

reduced by a coefficient of 83 percent to allow for forage required for 

bulls and replacement heifers. From these data, the numbers of heifers 

and steers expected for a 45 percent calf crop are derived.

While the average expected non-Indian calf crop is 80 percent 

(according to Dickerman and Martin, 1967) 45 percent was used as a reser

vation average on the authority of B. I. A. range conservationists. 

Estimates by this author using "typical" economic data support this.

These numbers are then multiplied by the average weights and 

prices mentioned below and pasture subtotals added to get a project total. 

Because there are no figures available on present Papago sale weights, it 

was felt that it was better to underestimate rather than overestimate and 

thus be conservative. Average weights are used in all cases; i.e., with 

and without pasture improvement although it is realized that a "sub

stantial" increase may be obtained in weights subsequent to pasture 

development. Estimates do not include average additional weights of 

calves sold. The assumptions as to "typical" beef market weights and 

prices follow the lead of Dickerman and Martin (1967, pp. 40-47) for a 

200 head desert cow-calf unit as this size exhibits the greatest re

semblance to a Papago operation. Steer calves are assumed to weigh an 

average of 388 pounds when sold and return an average of $26 per cwt.
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Heifers are assumed to sell for $24 per cwt. at an average of 364 pounds.

Cull cows are averaged at 800 pounds each and assumed to sell for $15 per

cwt. The market prices as described by Dickerman and Martin were used in

all cases although it is realized that about 40 percent of the stockmen
5sell their cattle via a trader. These individuals pay 5 to 6 cents per 

pound less when they buy in the field. In any event, this difference 

would be reflected as an indirect benefit to the pasture and the overall 

total would be the same in either case. Average heifer replacement was 

set at 14 percent.

Informal interviews of Papago stockmen and B. I. A. Range Conser

vationists by the author over an 18 month period indicate that up to 20 

percent of the cow herd may be lost in a "bad" year due to starvation. 

Coupled with an average annual death rate of 2 to 3 percent in good years 

this would be an annual loss of 7 percent (as opposed to the annual loss 

of 2 percent which Dickerman and Martin (1967, p. 42) give for non-Indian 

stockmen). The 7 percent assumes one year in four to be a "bad" year.

Annual sales value for cull cows ,are computed in Appendix Table 

7 and totaled along with steer and heifer values in Table 10.

Despite numerous other potential additional costs to the Papago 

stockmen (Nielson 1967, p. 22) the small average size of operation 

dictates that only one cost, interest rate on additional cows, must be 

considered. Assuming that there are 2,165 additional cows needed because 

of lack of restrictions on herd build-up, and assuming them to be worth

5. This is the estimate made by the brand inspector at Sells,
Arizona.



$190 each (Dickerman and Martin 1967, p. 4) an additional charge of 

$20,567 in interest must be made and is shown in Table 9.

Previous studies have not netted out the feed production prior 

to the investment, although it seems appropriate to do so. Summary 

calculations with this refinement are shown in Appendix Table 8 but are 

not included in the benefit-cost ratios of this study.

Evaluation Procedure--Secondary Benefits

There are two divisions of secondary benefits, local and national, 

neither of which is quantitatively very important to this particular 

study. Local benefits, both "stemming from" and "induced by" are con

sidered to be so minor that their inclusion is not warranted.

There is a case for national benefits, however, if this author's 

recommendation is followed that Indian labor be used rather than con

tractors as there would be a certain degree of "training" received. The 

question of the validity of counting national indirect benefits has been 

considered by Kimball and Castle (1963, p. 3) who list criteria which 

must be met to enable one to include them. As an overall requirement 

they state (p. 3) "The case for national indirect or secondary benefits 

from irrigation projects must rest largely on the existence of excess 

capacity in a local area, except under conditions of depression or 

inflation." The "excess capacity" they describe is in the factors of 

production, one of which is human. It is obvious that the Papago cattle

men fall into this category (by virtue of what is often called "disguised 

unemployment"); and that, therefore, national indirect benefits could 

also be considered in this study. There will be "stemming from" benefits

90
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to the nation as the excess capacity is a special kind of immobility 

due to many causes such as imperfect knowledge and home ties through an 

extensive kinship system. Rather than include these national benefits 

as "secondary benefits" they will be reflected as "distributive 

benefits," which in any event is much the same.

Distributive Benefits

The case for including distributive benefits originates in Public 

Law 87-27 of May 1, 1961. Although this author tends to disagree with 

the validity of including distributive benefits feeling that they should 

be revised and classed as secondary benefits, they are set forth as such 

because this appears to be the system generally used by the U. S. Depart

ment of the Interior, Bureau of Indian Affairs (1964) and it is felt that 

the value of a cost-benefit analysis comes by making ratios comparable . 

rather than acting as a progenitor of total value.

It is assumed that the annual maintenance cost ($15,970), one 

fifth ($3,194) accrues as unpaid wages to the Papago stockmen and that it 

may be deducted as a distributive benefit. See "Annual employment in 

operating and maintaining project works," in Table 17.

"Annual value of labor in constructing project works" totals 

$655 and is figured from the following assumptions:

1. All 21,106 acres are cleared in three years.

2. 1.5 acres per man-hour are required for the clearing operation 

or 14,070 total hours.

Wages are assumed to be $2.00 per hour or $28,140 total.3.
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4. Annual value of wages equal $10,918 per year discounted at 8 

percent for 50 years (Moore 1947, p. 1128).

5. Maintenance training is assumed to be reflected in wages.

6. The $10,918 is multiplied by 3 to get a total discounted value 

($32,754) and is then divided by 50 to get an annual ($655) 

value.

Training Program Costs

All of the numbers in this section rest on assumptions made by 

this author. The salary of the range conservationist is computed at 

$13,000 per year for five years or a total of $65,000; that of the Papago 

counterpart at $5,000 or a total of $25,000; miscellaneous costs such as 

teaching aids and transportation would add another $15,000. The grand 

total of $105,000 is equivalent to an annual amortized cost of $2,630. 

This is shown in Table 9. The annual amortized cost of the Papago range 

aid trainee, $626, could be charged of as a benefit, however, and is 

shown in Table 10. The two annual figures were arrived at by amortizing 

at a rate of 8 percent for 5 years, multiplying by 5 (years, to get total 

expected) and dividing by 50 (years of project life).

Intangibles (Extra Market Benefits) Development Plan "A"

These are considerations which cannot be translated into pecuni

ary terms that characterize the other costs and benefits. Collective 

goods have no market value, and quantity to any group cannot be varied
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TABLE 9. COMPUTATION OF PROPOSED PASTURE COSTS DEVELOPMENT PLAN "A", 
PAPAGO INDIAN RESERVATION, ARIZONA.

Item Total Project

Clearing cost - heavy cover $120,976
Clearing cost - medium cover 203,175
Total clearing cost $324,151
Fence cost 91,760 
Seed cost 61,131 
Seeding application cost 14,776 
Dike cost 18,900 
Charco cost 111,000 
Corral cost 10,200
Total Development or Capital Cost $631,918

Total Adjusted Cost; No Mgt. Training 
(i.e., 60% utilization of pasture)

Annual equivalent cost at 8 percent for 50 year period $ 51,655 
Maintenance cost 15,970 
Interest on additional cows 20,567
Total Annual Cost $ 88,192

Total Adjusted Cost; With Mgt. Training 
(i.e., 90% utilization of pasture)

Annual equivalent cost at 8 percent for 50 year period $ 51,655 
Annual cost of management training program 2,630 
Annual maintenance cost 15,970 
Interest on additional cows 20,567
Total Annual Cost $ 90,822
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TABLE 10. COMPUTATION OF ANNUAL PRIMARY, SECONDARY, AND DISTRIBUTIVE
PROPOSED PASTURE BENEFITS, DEVELOPMENT PLAN "A", PAPAGO INDIAN 
RESERVATION, ARIZONA (SO YEAR PERIOD OF ANALYSIS).

Benefits Without Management Trainings
Primary Benefits Total Project (annual)
Total value of heifers and steers 
Total value cull cows 
Cost-sharing of charco expense 
Cost-sharing of corral expense
Total Primary Benefits without Management Training

$ 39,150 
10,872 
2,206V 

417c
$ 52,645

Seondary Benefits
Distributive Benefits
Annual employment in operating and maintaining 

project works
Annual value of labor in constructing project works 
Total Annual Distributive Benefits

$ 3,194d
6556

$ 3,849
Total Primary and Distributive Benefits 
without Management Training $ 56,494

Benefits With Management Training^
Primary Benefits
Total value of heifers and steers
Total value cull cows
Cost-sharing of charco expense
Cost-sharing of corral expense
Total Primary Benefits with Management Training

$ 58,725 
16,308 
2,206 

417 
$ 77,656

Distributive Benefits
Annual employment in operating and maintaining 

project works
Annual value of labor in constructing project works 
Annual value of Papago Range Conservation Trainee 
Total Distributive Benefits with Management Training

$ 3,194
655 
349 

$ 4,198
Total Primary and Distributive Benefits with 
Management Training $ 81,854

a) Computed at 60 percent pasture utilization.
b) See text. Chapter 4, Evaluation Procedure: Cost.
c) Ibid.
d) See text. Chapter 4, Evaluation Procedure: Benefits.
e) Ibid.
f) Computed at 90 percent pasture utilization.
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TABLE 11. COMPUTATION OF BENEFIT-COST RATIO DEVELOPMENT PLAN "A", 
PAPAGO INDIAN RESERVATION, ARIZONA.

Feature Annual
Benefits

Annual
Costs

Benefit Cost 
Ratio

Benefit-Cost Ratio Without Management Training

Primary Benefits 52,645 88,192 .60:1

Secondary Benefits --- --- ---

Distributive Benefits 3,849 — —

Total Primary, Distributive 
and Secondary 56,494 .64:1

Benefit-Cost Ratio With Management Training

Primary Benefits 77,656 90,822 .85:1

Secondary Benefits — —” — —

Distributive Benefits 4,149 — —

Total Primary, Distributive 
and Secondary 81,854 .90:1
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with the result that it is difficult to budget either the costs or 

benefits to any group. Some of the more important intangibles are:

1. Increased income stability.

2. Increased marginal labor productivity.

3. Pastures would serve as a nucleus to the stockmen thereby 

unifying them and giving meaning to their association meetings.

4. Removal of mesquite "jungles” which will aid in working cattle.

5. Provision of a short-run work relief program.

6. Reduced dependency on the B . I. A. and improved potential for 

economic independence and self-support in the long run.

7. Increased acculturation.

8. A certain amount of erosion control.

9. Wildlife habitat development (charcos).

Alternative Feed Sources

Two other methods to reduce the starvation losses of cows have 

been proposed. One, supplemental feeding of range "booster" has been 

tried; and every effort to convince Papagos to utilize it have been 

attempted, with little success. Alfalfa hay would cost an estimated 

$15.00 per A. U. M. ($40.00 per ton delivered onto the Papago Reser

vation). This high cost, in addition to capital limitations and lack of 

knowledge, has inhibited use of such procedures for preventing starvation.
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Chapter Conclusions

Since the accuracy of many of the assumptions is somewhat un

certain, the sensitivity of the conclusions were examined by the process 

of'varying certain key parameters. In one case, (Table 12) only the 

discount rates and time streams were varied. In another test, (Table 

13) calf crop was increased from 45 percent to 55 percent; heavy pro

duction of Blue panicgrass was decreased from 75 percent to 65 percent; 

and plant use factor was decreased from 70 percent to 50 percent. Each

of the individual changes as well as the various combinations, had ratios
. . 

computed to determine the effect on Plan "A”.

Conclusions for Plan "A"

Without Training

1. The ratio, based on the suggested assumptions is .64:1 (Table 

11) and is well below the acceptance level.

2. No combination of time streams and discount rates yields a 

positive benefit, (see Table 12) unless the higher calf crop is 

assumed, and then only at 3 percent, 50 years (see Table 13).

3. Varying other factors leads to substantially lower ratios.

With Training

1. The suggested ratio of .90:1 (Table 11) is below the acceptance 

level.

2. A ratio of 1.47:1 is possible if a calf crop of 55 percent is 

assumed (Table 13) at a discount rate of 3 percent for 50 years.

3. Varying other factors at this very low discount rate will lead to 

a positive ratio only if percent calf crop is also varied.



TABLE 12. EFFECT ON VARIOUS DISCOUNT RATES AND TIME STREAMS ON BENEFIT-COST RATIOS, PROPOSED 
PASTURESi PAPAGO INDIAN RESERVATION, ARIZONA.a

Discount 
• Rate Years

Annual . 
Capital 
Cost

Total Annual 
Cost "A"

No Training

Benefit-Cost 
Ratio "A"

No Training

Total Annual Benefit-Cost 
Cost "A" Ratio "A"

with Training with Training

10% 20 74,250 110,787 .51:1 - • 113,417 .72:1
30 66,983 103,520 .54:1 106,150 .77:1
40 64,582 101,119 .56:1 103,749 .79:1
50 63,697 100,234 .56:1 102,864 .79:1

8% 20 64,329 100,866 .56:1 103,496 .79:1
30 56,114 92,651 .60:1 95,167 .86:1
40 52,955 89,492 .63:1 92,122 .89:1
50 51,655 88,192 .64:1 90,822 .90:1

6% 20 . 55,040 91,577 .61:1 94,207 .87:1
30 45,877 82,414 .68:1 85,167 .96:1

‘ 40 41,959 78,496 .72:1 81,126 1.01:1
50 40,063 76,600 .74:1 79,230 1.03:1

3% 20 42,465 79,002 .71:1 81,632 1.00:1
30 32,228 68,765 .82:1 71,167 1.15:1
40 27,299 63,836 .88:1 66,466 1.23;1
50 24,518 61,055 .92:1 63,685 1.28:1

a) Given: Total capital cost - 631,918
Total Annual Benefits Plan "A" No Training - 56,494 
Total Annual Benefits Plan "A" with Training - 81,854

to00
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TABLE 13. SENSITIVITY OF BENEFIT-COST RATIOS TO CHANGES IN ASSUMPTION, 
PLAN "A", PROPOSED PASTURES, PAPAGO INDIAN RESERVATION, 
ARIZONA.

Change in Assumption Benefits

10%

20

Discount Rate 
8%

Years
50

3%

50

No Training

Capital Cost
110,787 88,192 61,055

Benefit-Cost Ratio

Calf Crop from 45% to 55% 61,109 .55:1 .69:1 1.00:1
Heavy Production of Blue 
panicgrass from 75% to 65%a 49,403 .44:1 .56:1 .80:1

Use Factor of Plant from 
70% to 50%) 39,866 .36:1 .45:1 .65:1

Heavy Production and Use Factor 35,828 .32:1 .41:1 .59:1
Heavy Production and Calf Crop 59,083 .53:1 .67:1 .97:1
Use Factor and Calf Crop 43,618 .39:1 .49:1 .71:1
All Factors 43,567 .39:1 .49:1 .71:1

With Training 113,417 90,822 63,685

Calf Crop 90,058 .79:1 .99:1 1.43:0
Heavy Production 72,500 .64:1 .80:1 1.10:0
Use Factor 58,193 .51:1 .66:1 .95:1
Heavy Production and Use Factor 52,137 .46:1 .57:1 .82:1
Heavy Production and Calf Crop 87,018 .77:1 .96:1 1.37:1
Use Factor and Calf Crop 63,820 .56:1 .70:1 1.00:1
All Factors 63,745 .56:1 .70:1 1.00:1

a) Hereafter referred to as "heavy production."

b) Hereafter referred to as "use factor."
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The Technique

The ratios change only slightly when time streams are varied at 

high discount rates (see Table 12). The opposite is apparent at low 

discount rates. The data in Tables 12 and 13 suggest that extremely 

wide variations in ratios can exist with only small variations in data. 

Overall, the data indicate that several ratios, showing the range of 

alternatives and possible variations should be made available to the 

decision-maker in conjunction with a suggested ratio. This could elimi

nate much of the criticision about unwarranted accuracy which is 

currently directed toward benefit-cost analysis.

The technique of benefit-cost analysis may have more relevance 

to developing countries than is currently admitted. This is true because 

of very high interest rates, as much as 12-14 percent in many cases, 

which would reduce the variation in time stream to a nearly negligible 

proportion. It is realized, however, that primary data, like those in 

this study, are of somewhat uncertain accuracy.



CHAPTER 5

ECONOMIC ANALYSIS WITH THE ADDITION OF GRAZING PERMITS 

Previous Experience with Indian Development Projects

In the previous chapter, an economic analysis of the proposed 

pasture project was carried out under the assumption that an increase in 

the size of the cattle herds would take place. The present chapter 

presents an analysis of the proposed project, assuming that restrictions 

are imposed so that cattle numbers will not increase above the present 

level. It begins by reviewing goals relevant to the problem and previous 

experience with development projects in order to set guidelines for the 

proposed institutional changes among the Papago.

The background information in previous chapters indicates that 

ad hoc goals relevant to the solution of the present problem must be 

considered from the viewpoints of both the dominant and the client 

cultures. The former may be construed to be the goals (with respect to 

Indians) set forth by the United States Congress. These goals are pre

sumed to be representative of those of the nation as a whole:

1. To develop self sufficiency for the American Indians, with a 

view toward ending the special relationship existing between the 

United States Government and the American Indian.

2. To achieve equity of income with the rest of the population.

It is assumed that the people of the dominant culture will not completely
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impose their values on the Papago and that within limits, will concede 

the goals of the Papago. Finally, it is assumed that policies directed 

toward attaining these goals will be judged at least in part by criteria 

of economic efficiency.

There are presumed to be three subgroups of Papago stockmen who 

differ as to their attitude toward change and development in the Papago 

livestock industry:

1. Traditionalists - this group tends to be older, and are assumed 

to be mainly concerned with maintaining the status quo.

2. Progressives (usually medium or large scale ranchers) - they are 

assumed to be mainly concerned with increasing income.

3. Potential entrants - they are seriously attracted to a career as 

a stockmen, but are assumed to require an "adequate income."

(The interests of the many "weekend cowboys" who have neither 

the capital nor the persistence to succeed in ranching are 

ignored here.)

Project evaluations from this and other Indian reservations have 

been studied to set forth guide lines for use in developing a permit 

system. Dobyns (1952, pp. 209-224) , has evaluated range development work 

which was done in two districts, one of which (Gu Achi) had a certain 

element of success. The main reasons for this success are:

1. The people at Gu Achi had asked for help to satisfy their need; 

the administrator was able to capitalize on it.

There was no deadline and the Gu Achi people were able to take 

time to discuss, understand, and adopt the plans as theirs.

2.
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3. The program became the people's program; they did the planning 

and only received advice on technologies and alternatives from 

the conservationist.

4. One of the administrative group was from Gu Achi and was 

recognized as a member of that community. He became the local 

administrator, thus providing a familiar person in charge of the 

operation.

Other situations indicate that the right personnel must be 

selected for a particular job. In 1966, two girls with urban backgrounds 

were sent out to the Papago Reservation as Vista Volunteers to act as 

"advisers" to the Papago cattlemen. They did not last long in this 

capacity.

The experience reported concerning cattle operations among the 

Isleta Indians of New Mexico (Brophy and Aberle 1966, p. 82), the San 

Carlos Apache of Arizona (Getty 1963), and the Cheyenne (Brophy and 

Aberle 1966, Ch. 4-5) were drawn upon as guides for making recommendations 

about management plans and livestock permits on the Papago Reservation.

What conclusions about the previous agricultural projects may be 

drawn in relation to the proposed project? First, it is apparent that a 

need must be established. The need for the present proposed project 

follows from the income equity, economic efficiency and self sufficiency 

goals. In many of the previous cases the needs perceived by the clients 

and the change agent differed. To prevent similar problems, this thesis 

has postulated the aforementioned long term goal of both the Papago 

Indians and the United States Government in an attempt to fit this one
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project into the overall picture. (Previous projects were piece

meal approaches in many cases.)

Second, technical failures have played a large part in past 

projects largely through lack of competent technical advice. Every 

effort has been made to avoid this problem in the evaluative phase, and 

continued care will be necessary during the development and operating 

phases. A research project on correct pasture management would be 

essential to avoid technical failure.

Third, it is also clear that there must be Papago participation 

at all phases to insure that the people feel that the projects are their 

own.

Fourth, the methods employed must be carried out by means 

consistent with the Papago culture.

Fifth, although not specifically mentioned in the case studies, 

one of the more important problems seems to be an approach by many 

individuals and agencies which is often directed toward keeping Papagos 

on the reservation in traditional agricultural pursuits under the 

parental guidance of the B. I. A. The resources on the Papago Reser

vation are not sufficient to permit many of the Papago to fulfill their 

aspirations toward increased income through agricultural pursuits. An

other problem is the hopefulness on the part of the change agents that 

the mere presence of development projects would somehow magically 

enlighten the agriculturists toward good range management. Most 

important, however, has been a lack of predevelopment education and post 

development enforced project use regulations.
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It is significant that although a project is deemed worthy on 

economic efficiency criteria, (as measured by a benefit-cost ratio) 

development should be limited to those areas where people are ready and 

willing. This point has also been especially emphasized by Goodenough 

(1966, Part II) and Spicer (1952a, pp. 285-289).

The rest of this chapter is devoted to utilizing the information 

developed in this and earlier chapters in analyzing the proposed pastures 

with permits added.

Development Plan "B"

In this case total reservation cow numbers will be assumed to 

remain constant by addition of certain restrictions concomitant with 

pasture development with the result that optimal range carrying capacity 

is nearly achieved. Additional benefits stemming directly from pasture 

development would accrue in the form of increased calf crop and reduced 

death loss.

Economic efficiency requires that a scarce resource (in this 

case, range land) be committed to a developmental opportunity up to the 

point where the added benefits just cover the added costs. At one time, 

probably prior to 1920 or 1930, a reduction of cow numbers to an optimal 

carrying capacity based partially on perennial grasses and partially on 

good quality annual grass rangeland would have been sufficient to main

tain the long-run productivity of the range. This no longer holds. The 

range has been overgrazed, beaten down, and denuded to the point that an 

economic critical zone has been entered. It is no longer feasible even to 

make range improvements except in certain specific instances.
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The exact point or optimum carrying capacity is, at this 

juncture, considering the available information on cattle counts and 

available range forage surveys, impossible to determine. Realistically, 

only an estimate within a wide range can be made. Currently there are 

about 21,000 animal units on a range which had a capacity estimated at 

about 11,000 animal units in 1944. Range improvements have probably 

upped that to about 13,000 on a year around basis at the present time. 

Although not counted as a quantitative benefit, the approximately 3,000 

cow years attributable to the proposed pastures would add to the total 

carrying capacity by about 5,000 cow units because of the complementarity 

of their potential use. This complementarity cannot be overemphasized. 

The total carrying capacity of the reservation would be about 18,000 cow 

years, or 3,000 short of the actual current number of animal units.

There are, however, other potential range projects which would alleviate 

this condition so that a development plan which intends to hold cow 

numbers constant can nearly approach optimal carrying capacity.

What this means then is that with the exception of certain areas 

the range should be grazed up to the point where starvation losses are 

eliminated and where there is a maximum possible pounds of beef produced 

on a sustained use basis. In production economic terms this means moving 

from the present point in Stage III of the production function to Stage 

II. This is in contrast to moving to Stage I as is usually suggested 

when attempting to bring a range back to good condition.
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In this commonality situation, it is suggested that achieving 

the optimal carrying capacity be accomplished through the use of grazing 

permits to be distributed and enforced by a "disinterested party."

Management of Plan "B"

Technical aspects of pasture management are the same in Plan "B" 

as in Plan "A" except for changes in the amount of training. Therefore 

the considerations on general pasture development and fencing need not 

be reviewed here.

In order to prevent cow numbers from rising as the excess range 

cattle are absorbed into the completed pastures, it is proposed that 

grazing permits be issued to each cattle owner according to his present 

herd size. It must be emphasized that this is not a stock reduction 

program. Previous moves in this direction have been thwarted by the 

Papago’s fear of the implied reduction in herd numbers.

The proposed pastures, by providing a large increase in the 

available forage, should reduce death losses and increase calf crop if 

at the same time, grazing restrictions were initiated so that herd size 

could not increase. This increase in calf crop and reduction in death 

loss will be shown to be the determining factor in yielding a positive 

benefit-cost ratio in this plan as compared to Plan "A".

In nearly all commonality situations such regulation is the 

accepted practice. An example of this same situation was the issuance 

of grazing permits by the Forest Service to ranchers on the Mogollon Rim 

of Arizona early in this century to prevent overgrazing. This policy
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first met with resistance, but has been shown to be an effective 

solution. More generally, large areas of public lands in the western 

United States are grazed on a commercial basis. Overgrazing is con

trolled through a permit system on such lands.

Neither of the two available organizations, the B. I. A. and the 

Papago cattlemen's associations, are likely to be effective in controlling 

overgrazing. The associations are not effective because of the extended 

family and small village unit situations which inhibit enforcement of 

regulations from within the group. The B. I. A. has not attempted to 

regulate grazing by means stronger than persuasion largely because of the 

difficulty of a change agent acting as a policeman while promoting train

ing programs or proj ects which require a great deal of rapport. In view 

of the unfeasibility of tribal or B. I. A. control, it is suggested that 

a disinterested party completely divorced from the Papago Reservation be 

authorized to regulate grazing on the Reservation.

The agency which is best equipped for this task is the Bureau of 

Land Management of the Department of the Interior. This agency's work 

constantly takes it into this type of situation. By way of at least 

partial precedent, the B . L. M. now administers non-Indian leases on the 

Gila River Indian Reservation. It is not known whether any previous case 

of direct B. L. M. management of Indian grazing lands exists, but since 

both agencies are within the Department of the Interior it appears that 

an agreement could be worked out. The administering agency would have 

to issue permits for the number of cow units presently owned (a cow unit 

will be defined as a mother cow and her calf of less than one year of
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age; a horse will be defined as 1.25 cow units, and a bull as 1.40 cow 

units).

It is felt that the Papagos should manage their own industry so 

the sole function of the permit system and the policing thereof would be 

to provide them with the means. Changes in grazing capacity and permit 

numbers should be subject to agreement by both the responsible agent of 

the B. L. M. and the cattleman's association in the affected area. It 

is also suggested that the B. L. M. agent be empowered with the duties 

of management consulting when asked, either by individuals or associ

ations.

The permits should be saleable, as is common practice with other 

property rights in a free enterprise system. If some mechanism for 

transfer of rights is not available, it would have the effect of freezing 

the system in its present form. The saleability would allow those 

individuals who wish to leave the industry to receive the value of their 

property rights. It would also enable ambitious ranchers who wish to 

expand the size of their operations to do so. In order to prevent 

possible effects external to the parties involved in the transaction, 

the sale of a permit should be subject to review by a committee from the 

local cattlemen's association and by the enforcement agency. This would 

have the added advantage of forcing a "cooling off" period on hastily 

considered proposals. The saleability feature would also open the way 

for the purchase of permits by the Tribal Council or the B. I. A. from 

individuals willing to sell in the remaining overgrazed areas, until the 

overgrazing not absorbed by the proposed pastures is eliminated. Such
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purchases might be financed out of grazing fees collected from the 

pastures. (This technique is one alternative for achieving an optimal 

carrying capacity. Another would be development of additional range 

resources.)

This management plan would be beneficial to the Department of 

the Interior, as it would allow them to eventually terminate their 

commitment of reservation resource development as the Papagos become 

self-sufficient. Legally, intervention by the Department of the Interior 

in the Papago livestock industry is warranted. According to the Code of 

Federal Regulations, Title 25, Sec. 151.1 : "General Authority. It is

within the authority of the Secretary of the Interior to protect Indian 

tribal lands against waste. Overgrazing, which threatens destruction of 

the soil, is properly considered waste." (U. S. Government 1958, p. 133).

Up to this point, only goals of the dominant culture have been 

discussed. What about the needs of the Papago? The goals of many of 

the younger stockmen, "progressives," and potential cattlemen must be 

recognized. Under the present institutional system, these individuals 

cannot attain their aspirations, the most pertinent of which, for many, 

is an adequate ranch unit which would provide sufficient scale for a 

"decent" living.

Some work on cost-size relationships on southwestern Arizona 

cattle ranches has been reported by Martin and Goss (1963, p. 26). They 

found that considerable reduction in long-run average costs may be 

experienced for herd sizes up to 300 head and some additional reduction 

made up to 700 head at all stocking ranges. Although many of the types
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of costs differ, the results are felt to be somewhat analogous to the 

case under study.

Just how many ’’ranch units" are feasible? To achieve the afore

mentioned economies of scale it is evident that minimums must be imposed.

An act must be instituted which would prevent any Papago from 

entering the industry unless he had permits to a minimum number of 

cattle; 100 head of mother cows and 5 bulls is considered to be a minimum 

sized economic unit for this area. The problem of less than an economic 

sized unit is described on the San Carlos Apache Reservation (Getty 

1963). He notes that the San Carlos Apaches have a maximum limit of 70 

head mother cows per family. Assuming the best of conditions, say an 80 

percent calf crop and $100 average per head for the calves, a herd this 

size could gross $4,600 for sale of calves (assuming 14 percent heifer 

replacement). Sale of 800 pound cull cows at 15$ per pound (8 head per 

year) would return another $960 so that the most gross income any family 

could expect would be about $5,700. The net income available for family 

living after all costs are deducted would not be particularly large for 

a family which might include 10 members.

Based on economic rationale, plus the Papago*s fear (with good 

reason) of the possibility that one, or a few individuals, may acquire 

the entire cattle ranching interests, a maximum of three hundred head of 

animals over one year of age is proposed. The maximum limit would work 

in the same way that the minimum does; the current owners could have 300 

head or their present herd size whichever is larger.
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Assuming that the pastures would be developed according to 

management plan, and that the stockmen abided by grazing regulations, 

and that adequate management was initiated, a carrying capacity of 

15,000 animal units is reasonable. At a 200 head per owner average, the 

reservation would support 75 "ranch units", as compared to about 450 now. 

Thus eventually, if permits were not allowed to be inherited but had to 

be sold (close relatives to have first chance at purchase of permits), 

the Papago cattle industry would be made up entirely of economic sized 

units. Ethically, the proposed plan would fit into the goals, beliefs, 

and values of the older stockmen and those individuals who wish to be 

left alone because the status quo would be maintained. They simply would 

not be allowed to increase herd size except by buying or trading for 

other cattlemen's permits. It must be noted that these restrictions 

would not hinder an individual's desire to "retire" back to the reser

vation as would the outright parcelization of the land, nor would it 

impede horizontal mobility or integration in related fields such as 

farming as the restrictions are only on ranching.

The permits are for cattle allotments only and would not define 

intradistrict grazing areas. It is felt that the communal method of 

traditional range land within the districts should be continued and that 

specific spatial allotments not be made immediately although, as the 

associations grow in sophistication, legal allotments might be introduced 

later if the Papagos so desire. The permits would allow the range 

potential to be realized where now it is completely impossible to even

start any kind of management program.
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The problem of administering cattle counts could be reduced by 

issuing one permit to each association for the number of head to be 

grazed in its traditional area. (This method .is currently used by the 

U. S. Forest Service.) The association permit would be in addition to 

individual permits. The B. L. M. could then count groups of cattle by 

the use of aircraft (quite easy on the fairly open Papago Reservation) 

and make the adjustment through the associations. This would then give 

the associations a form and function currently not possible.

It was mentioned in Chapter 3 that the cattlemen do not work 

well together. It is felt that imposition of guiding rules could improve 

the situation. Authority for management decisions should continue to be 

through the individual owner and his association with the idea of the 

Papagos becoming completely self-sufficient.

Explanation and rationale for permits should be done with the 

aid of the range conservationist previously mentioned. Insuring that the 

people understand that this is not a stock reduction program but that 

they would be fined for numbers over and above those for which they have 

permits, after the program was started. Recurrent violators would have 

their permits revoked. The B. L. M.'s only job would be to make cattle 

counts and impose fines which should be some increment over and above the 

usual lease fee paid for comparable range land.

It must be emphasized that the whole solution and accompanying 

benefits rest on carefully carrying out all phases.
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Computation of Costs and Benefits

The costs in Plan "A" are applicable to Plan "B" except that 

cost of training changes, as has been computed in Appendix Table 9, to 

an annual cost of $4,157. Although administrative costs such as issuing 

and policing permits are not taken into account (as seems to be the usual 

procedure in benefit-cost analysis), this cost would certainly be offset 

somewhat by the cost of "management training" which is charged to the 

project. Total costs for the project are computed in Table 14.

The benefits of Plan "B" are calculated somewhat differently 

than in Plan "A" where return to the pastures was computed as an annual 

return to an added investment. When cow numbers are assumed to be 

constant however, as in Plan "B" the return to the pastures is computed 

on a marginal basis, i.e. the added calf crop (compiled at saleable age) 

and reduced death loss which results from added forage at stress times.

The pastures are assumed to be used four months of the year.

Table 15 indicates that a total of 5,845 cows will have an additional 

calf crop (25 percent) due to increased forage and that 5 percent of the 

cows that would otherwise die from starvation will be saved for sale.^ 

Total annual value of the pastures under these conditions is expected to 

be $175,266 which would result in a benefit-cost ratio of 2.44:1 directly 

relating to the pastures. Distributive benefits would add another .07 to 

the ratio for a total of 2.51:1 (see Table 16).

1. The benefits and costs in Plan "A" were computed on individual 
pasture basis to allow the decision-maker flexibility in discarding any 
pastures he feels to be too high in cost. The numbers in this plan are 
rounded to facilitate computation.
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TABLE 14. COMPUTATION OF FLOODWATER IRRIGATION COSTS FOR DEVELOPMENT 
PLAN "B", PAPAGO INDIAN RESERVATION, ARIZONA.

Item__________________________________________________  Total Project

Total clearing cost $324,151

Fence cost 91,760

Seed cost 61,131

Seeding application cost 14,776

Dike cost 18,900

Charco cost 111,000

Corral cost 10,200

Total development cost $631,918

Total Adjusted Cost (Annual)

Annual equivalent cost of investment
(amortized 8 percent for 50 year period) $ 51,655

Annual maintenance cost 15,970

Annual cost of Management Training Program 4,157*

Total annual cost $ 71,782

a) See Appendix Table 9 .
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TABLE 15. VALUE OF ADDITIONAL BEEF SOLD OFF PROPOSED PASTURES, PLAN 
"B", PAPAGO INDIAN RESERVATION, ARIZONA.a

Estimated number of cows on pastures 5,845b

Steers (1/2 of 25% or 12.5% of total) 
12.5% of total
Total weight @ 388 lbs. per head 
Additional value @ 26f per pound

731 
283,628 
$ 73,743

Heifers (1/2 of 25% or 12.5% of total)
12.5% of total 731 
Total weight @ 364 lbs. per head 266,084 
Additional value @ 24f per pound $ 63,860

Cull cows (5% of 5,845, or additional 
cows that would not die)_______
5% of total
Total weight @ 800 lbs. per head 
Total value @ 15£ per pound

292 
233,600 

$ 35,040

Total value of additional beef
sold off proposed pastures $172,643

a) Assumes 25 percent additional calf crop.

b) The 2,165 cow years (see Appendix Table 6) have been multiplied 
by 3 as all forage is assumed to be utilized in a period of 
four months or one-third of a year. This figure has been 
multiplied by 90 percent (assumed amount of pasture capacity 
utilized).
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TABLE 16. COMPUTATION OF TOTAL BENEFITS AND BENEFIT-COST RATIOS
DEVELOPMENT PLAN "B", PAPAGO INDIAN RESERVATION, ARIZONA.

Fifty-Year Period of Analysis
Total Project

Primary Benefits
Value of additional beef 
Cost-sharing of charco expense 
Cost-sharing of corral expense

$172,643
2,206
417

Total primary benefits $175,266

Secondary Benefits —

Distributive Benefits
Annual employment in operating and 
maintaining project works 

Additional value of labor in constructing 
project works

Annual wages to Papago trainees3

3,194

655
1,252

Total distributive benefits $ 5,101

Total Benefits $180,367

Benefit-Cost Ratio

Feature
Annual

Benefits
Annual
Costs

Benefit-Cost
Ratio

Primary benefits 
Secondary benefits 
Distributive benefits

175,266

5,101

71,782 2.44:1

Total 180,367 — 2.51:1

a) Annual benefit amortized at 8% for 5 years 12,520 
Total amortized benefit 62,600
Annual benefit 50 year basis 1,252
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It is also probable that cows on the open range could be expected 

to have an increased calf crop. What this calf crop would be is open to 

wide speculation due to unavailability of studies in reproductive 

physiology for these types of situations. It seems logical that calf 

crop increase will be somewhat less than of those cows on the proposed 

pastures because there is still open range overgrazing by about 3,000 

animal units. Therefore, the additional benefits from the open range are 

computed on a speculated calf crop increase of 15 percent. These benefits 

are computed in Appendix Table 10 and the ratios of both open range and 

proposed pastures are computed in Appendix Table 11.

Opportunity Cost Method

A check on this conclusion can be made by evaluating the pastures 

on the opportunity cost method. Each animal unit month (A. U. M.) of 

grazing from the proposed pasture costs $2.16 to produce. This figure 

was arrived at by dividing the annual potential months of grazing 

(31,308) into the annual capital cost plus maintenance cost (67,625). 

Gardner (1962, p. 59) presented an estimate of $3.19 for the value of an 

A. U. M. of range grazing while $2.91 was estimated by Jefferies (1964, 

p. 76). Thus, the cost per A. U. M. is found to be lower than inde

pendent estimates of the market value of forage. This adds support to 

the conclusion that the investment in pastures would be desirable under 

appropriate management conditions.
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Intangible Benefits— Development Plan "B"

All of the benefits of Plan "A" apply to Plan "B", and in 

addition certain other factors become relevant:

1. Effecting an institutional change where those Papago stockmen 

who wish to progress will have the wherewithal.

2. Modernization of the antiquated ranching system.

3. Reduction in overgrazing of rangeland.

4. Progenitor of a migration from the cattle industry thereby 

removing some "disguised unemployment."

5. Providing the wherewithal for the B. I. A. to begin to terminate 

the special relationship now existing between the United States 

Government and the American Indian.

Chapter Conclusions

As in Chapter 4, the accuracy of many of the assumptions is 

somewhat uncertain. Therefore, the sensitivity of the conclusions (see 

Appendix Table 12) in this chapter were also examined by varying key 

parameters. With one exception the same factors as in Chapter 4 were 

varied; i.e., heavy production of Blue panicgrass was reduced from 75 to 

65 percent and use factor of the plant was reduced from 70 to 50 percent. 

The exception is calf crop, which was varied from the projected 70 per

cent to 60 percent for the pastures. Increase of open range calf crop 

is dropped to 10 percent, the reason being that a 15 percent increase in 

calf crop, most of which would be attributable to a simple increase in 

nutrition might be questionable. Because the ratios are substantially in 

excess of 1.0, there was no need to vary factors upward.
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Sensitivity Conclusions

1. As with Plan A, the ratios are doubled when discount rates and 

years are varied by extremes.

2. Except in one case all benefit-cost ratios are favorable. The 

lowest is .80:1 at 10 percent, 20 years when all factors are 

reduced and no benefits are assumed to the open range.

3. The conclusions drawn in Chapter 4 about the use of benefit-cost 

analysis in developing countries are substantiated by this test.

Chapter Conclusions

1. When one views the Papago cattle industry as a commonality 

situation, it is apparent that the Papago stockmen are rational 

in their decision to overgraze.

2. It is apparent that overgrazing will continue to exist until an 

institutional change such as the one suggested in this chapter 

is adopted.

3. The substantial ratio of 2.51:1, indicates that this plan should 

be adopted provided the decision maker is willing to authorize an 

institutional change in the form of permits.



CHAPTER 6

CONCLUSIONS

Observations on Cross-Cultural Benefit-Cost Analysis

The reservation has been found to work fairly well as a model of 

a developing country, and the methods used in this benefit-cost analysis 

could be used in these situations. The data for this case (as would be 

true in developing countries) are of somewhat uncertain accuracy. Widely 

different assumptions may be equally plausible, given the available 

information with a resultant great disparity in the ratios. The wide 

variation is felt by this author to be only mildly significant, however, 

as the ratios are designed to present alternatives to the decision makers 

and not to serve as a sole choice as has been the trend in the last few 

years. If the method of a single ratio is employed, it may be certain 

that benefit-cost analysis cannot be a useful tool to developing 

countries. If several ratios are employed however, varying prices and 

physical inputs rather than just discount rates and time streams, the 

technique may be expected to become beneficial.

The results of the economic evaluation seem to bear out the 

hypothesis which has been a central theme of this paper; that is, that in 

addition to problems of pricing, there are certain other cultural factors 

which must be, but seldom are, considered in evaluating development 

projects. Economists have brushed off cultural and social factors for a

121
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good reason, however. Studies have generally been intracultural so the 

researcher is intuitively cognizant of social constraints and need not 

enumerate them. When he is dealing with another culture--which could 

easily be within the confines of his own country, as illustrated by this 

study--he must, however, enumerate the relevant cultural factors.

Directly applicable to benefit-cost analysis is the proposed 

"social constraint" which may appear in any form, i.e., political, kin

ship, or religious customs, and must be deemed necessary as an explicit 

variable when individuals are working outside their own culture. It is 

not proposed that the economist become a culture change expert, only that 

he become aware of the ramifications when dealing with these certain 

situations.

Because "peasant culture" situations often require radical 

institutional changes such as those proposed in this thesis, it seems 

apparent that benefit-cost analyses in developing economies must be based 

on detailed consideration of social as well as technical factors.

They also must allow those who wish to accept the change to be granted 

the wherewithal by presenting alternatives. At the same time, however, 

it must prevent the individuals who do not wish to progress from re- . 

straining those who do.

Summary of the Project Evaluation

This thesis has evaluated the benefits and costs of alternative 

plans for developing about 22,000 acres of alluvial flood plain on the
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Papago Indian Reservation of Sourthern Arizona into permanent pasture, 

irrigated from intermittent flood waters.

Two development plans were considered, termed "A" and "B".

Plan "A" was examined under two assumptions. In the first case, only 

the physical resource was assumed to be developed and herd numbers were 

assumed to increase proportionately to the increase in forage production. 

The benefit-cost ratios thus calculated on present use patterns were not 

found to be favorable. In the other part of Plan "A", management train

ing (to increase the efficiency of resource use) was added, but it was 

found that the increase in benefits was not sufficient to make Plan "A" 

a desirable investment on economic efficiency criteria unless the de

cision maker is willing to use an extremely low discount rate.

The results of the analysis of Plan "A" suggested that range 

resource developments are not likely to be successful without solving the 

problem of the unregulated common property resource. Overutilization (in 

this case overgrazing) is a natural result of individuals utilizing an 

unregulated common property resource.. Plan "B" is then elaborated, which 

calls for the initiation of a system of grazing permits. It is proposed 

that the number of animals on the reservation be limited to the present 

number, and that range developments such as the proposed pastures be 

developed so as to reduce the death losses in the reservation herds. 

Assuming that calf crop from the cows directly using the pasture in

creases from 45 to 70 percent, a benefit-cost ratio of 2.5:1 directly 

attributable to the pastures is possible. Additional open range benefits 

(by virtue of reduced grazing pressure because the pastures absorb the
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majority of cattle) are possible. The favorable ratio of benefits to 

costs indicates that the pastures should be developed on the availability 

of sufficient funds, if the decision maker is willing to include an 

institutional change in the form of addition of grazing permits.

Although additional regulations are usually thought of as 

inhibiting freedom, some offsetting gains are possible in this case. The 

Papago stockmen were divided into three classes based on their attitudes 

toward change and development in the cattle industry. The proposed 

pastures would not injure what is called the "traditionalist" group 

because the status quo would be maintained. The only impingement on them 

is that they would not be allowed to increase herd size except through 

purchase of permits. The possibilities of transfer of permits would also 

enable another subset called "progressives" to build up their herd size 

as their energies and capital permit. The third subset, "potential 

entrants", would be allowed to enter the industry only if they could 

assemble sufficient grazing rights to provide an adequate income.

The B. I. A. can be seen to be caught on the horns of a dilemma. 

The day-to-day pressures to permit the Indians to make their own de

cisions has inhibited the imposition of grazing regulations such as has 

been the practice on other public grazing lands for several decades.

This policy has resulted in some undesirable consequences. Most Papago 

families own some cattle, but with few exceptions, they own too few to 

provide any reasonable hope of a satisfactory level of income. Welfare 

payments and government employment constitute major proportions of the 

income recorded on the reservation. In addition to the failure to be
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successful in alleviating poverty among the Papagos, the B. I. A. policy 

toward the cattle industry has permitted the range resource, meager 

though it originally was, to be depleted to a productivity far below its 

potential. If any Papagos are to reach a satisfactory level of income 

from the cattle industry, and if the range resources are to be prevented 

from further decline, a change in policy is required. The proposed 

pasture development combined with changes in range control policy sug

gested by Plan "B" provide a likely place to start.
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APPENDIX TABLE 1. PROBABILITY DISTRIBUTION OF RUNOFF— SANTA ROSA AT
VIVA VO AND SANTA CRUZ AT CONGRESS STREET BRIDGE 
IN TUCSON, 1955-64 IN ACRE FEET.

Santa Rosa Santa Cruz
Q Q

Year Total
June-
Sept. M F = Total

June-
Sept. M F =

1955 17,670 17,552 3 .27 50,180 49,974 1 .09

1956 1,600 1,060 10 .91 1,290 1,241 10 .91

1957 1,110 1,107 9 .82 2,220 2,206 9 .82

1958 27,600 5,819 6 .55 17,730 17,338 3 .27

1959 9,440 9,130 4 .36 6,870 6,794 6 .55

1960 5,910 1,697 8 .73 13,030 4,324 7 .64

1961 5,360 5,330 7 .64 16,290 15,260 5 .45

1962 50,270 50,149 1 .09 8,240 3,183 8 .73

1963 8,930 8,645 5 .45 16,210 16,120 4 .36

1964 21,910 20,445 2 .19 38,130 37,050 2 .19

Source: Material gathered from United States Department of the Interior
Geological Survey 1964, Compilation of Surface Water Records, 
Colorado River Basin 1950-60 and Surface Water Records of 
Arizona 1961-65.
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APPENDIX TABLE 2. SANTA CRUZ WATERSHED RUNOFF FOR SUMMER PERIODS,
1906-1964.a

Year Acre/ft. F- M Year Acre/ft. F=^ IF n+1

1955 49,974 .02 1948 8,650 .52
1964 37,050 .03 1937 8,260 .54
1954 35,790 .05 1936 7,831 .56
1931 32,540 .06 1938 7,486 .58
1921 32,040 .08 1934 7,326 .59
1950 28,884 .10 1951 7,197 .61
1917 28,240 .12 1933 7,000 .63
1919 27,380 .13 1925 6,942 .64
1939 24,430 .15 1959 6,794 .66
1929 24,300 .17 1930 6,660 .68
1935 19,570 .19 1911 5,910 .69
1926 19,538 .20 1910 5,138 .71
1945 19,360 .22 1952 4,921 .73
1912 18,000 .24 1918 4,891 .74
1958 17,338 .25 1960 4,324 .76
1963 16,120 .27 1947 4,113 .78
1923 15,710 .29 1941 4,112 .80
1961 15,260 .30 1962 3,183 .81
1907 14,776 .32 1920 2,979 .83
1909 14,590 .34 1928 2,867 .85
1946 13,820 .36 1942 2,812 .86
1940 13,135 .37 1927 2,584 .88
1908 12,250 .39 1957 2,206 .90
1916 12,190 .41 1914 1,766 .92
1943 11,033 .42 1956 1,241 .93
1922 10,433 .44 1915 601 .95
1949 10,410 .46 1924 288 .97
1932 9,790 .47 1913 260 .98
1944 9,751 .49
1953 9,459 .51 Total 731,503

Mean 13,300

a) June-September = summer period. Water year = October-September.
Mean = 13,300
Santa Cruz Watershed at Congress Street Bridge, Tucson, Arizona.

Source: Material gathered from United States Department of the Interior
Geological Survey 1964, Compilation of Surface Water Records, 
Colorado River Basin through 1950 and Compilation of Surface 
Water Records Colorado River Basin 1950-I960 and Surface Water
Records of Arizona 1961-65



APPENDIX TABLE 3. COST OF CLEARING PROPOSED PASTURES: PAPAGO INDIAN RESERVATION, ARIZONA

Pasture
Number3-

Total
Acreage in 
Pasture

Acreage
Heavy
Cover^

Cost
Heavy
Cover

. Acreage 
Medium 
Cover0

Cost
Medium
Cover

Acreage 
Not To Be 
Knifed

Total
Clearing

Cost

1 1,038 360 5,760 588 8,820 90 14,580

2 452 70 1,120 382 5,730 — 6,850

3 1,216 506 8,096 . 650 9,750 60 17,846

4 1,820 640 10,240 1,180 17,700 - - 27,940

5 778 248 3,968 530 7,950 — 11,918

6 546 - - -- 546 8,190 - - 8,190

7 1,350 400 6,400 950 14,250 — 20,650

8 874 611 9,776 263 3,945 — 13,721

9 1,546 380 6,080 1,130 16,950 36 23,030

10 1,416 1,066 17,056 350 5,250 — 22,306

11 975 245 3,920 730 10,950 — 14,870

12 946 400 6,400 446 6,690 100 13,090

Sub Total 12,957 4,926 78,816 7,745 116,175 286 194,991 129



APPENDIX TABLE 3, Continued.

12A 420 50 800 300 4,500 70 5,300

12B 512 240 3,840 182 . 2,730 90 6,570

13 2,070 700 11,200 1,170 17,550 200 28,750

14 563 100 1,600 393 5,895 70 7,495

15 822 25 400 772 11,580 25 11,980

16 340 100 1,600 225 3,375 15 4,975

• 17 1,154 350 5,600 644 9,660 160 15,260

18 1,078 350 5,600 508 7,620 220 13,220

19 518 280 4,480 188 2,820 50 7,300

20 920 40 640 630 9,450 250 10,090

21 434 50 800 344 5,160 40 5,960

22 473 200 3,200 210 3,150 63 6,350

23 384 150 2,400 234 3,510 0 5,910
Sub Total 9,688 2,635 42,160 5,800 87,000 1,253 129,160
Total 22,645 7,561 120,976 13,545 203,175 1,539 324,151

a) Detailed information on all pastures is available in the files of Land Operations Office, 
Sells Agency, Bureau of Indian Affairs.

b) Heavy 300 trees per acre or more.
c) Medium less than 300 trees per acre.
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APPENDIX TABLE 4. MISCELLANEOUS
ARIZONA.

AND TOTAL COSTS OF PROPOSED PASTURES: PAPAGO INDIAN RESERVATION,

Pasture
Number

Fence
Cost

Seed
Cost

Seeding
Application

Cost
Dike
Cost

Charco
Cost

Corral
Cost

Total
This
Page

Pasture
Totala

1 4,000 2,844 664 1,800 6,000 680 15,988 30,568

2 320 1,356 316 1,500 —  - — 3,492 10,342

3 5,360 3,588 809 1,800 3,000 680 15,237 33,083

4 7,680 5,460 1,274 1,500 6,000 — 21,914 49,854

5 4,080 2,334 545 900 3,000 680 11,539 23,457

6 -  " 1,608 382 2,100 -- -  - 4,090 12,280

7 5,200 4,050 945 900 6,000 680 17,775 38,425

8 4,880 2,622 612 1,500 9,000 —  — 18,614 32,335

9 7,200 2,880 1,057 300 3,000 — 14,437 37,467

10 7,280 4,248 991 1,200 9,000 680 23,399 45,705

11 ' 6,320 2,750 683 1,500 9,000 680 20,933 35,803

12 5,440 2,538 592 mm — 9,000 680 18,250 31,340

Sub Total 57,760 36,278 8,870 15,000 . 63,000 4,760 185,668 380,659
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APPENDIX TABLE 4, iContinued.

12A 2,720 1,050 245

12B 3,200 1,566 295

13 4,800 4,840 1,309

14 —  - 1,479 345

15 4,240 2,391 558

16 2,560 945 227

17 5,840 2,982 696

18 3,200 2,574 600

19 2,240 1,804 327

20 3,280 2,010 469

21 1,600 1,164 277

22 320 1,080 287

23 mm ■ 968 269
Sub Total 34,000 24,853 5,904

Total 91,760 61,131 14,774

a) Total this page plus total clearing cost

300

300

600

600

600

900

300

300

3,900

18,900

3.000

3.000

9.000

3.000

3.000

3.000

6.000

6,000

3.000

6.000

3,000

48,000

111,000

680

680

680

680

680

680

680

680
5,440

10,200

7,995

9.041 

21,229

6,104

10,789

8,312

15,518

13,054

8,351

12,059

3.041

4,687

1,917
122,097

307,765

13,295

15,611

49,979

13,599

22,769

13,287

30,778

26,274

15,651

22,149

9,001

11,037

7,827
251,257

631,916

wN)



APPENDIX TABLE 5. ESTIMATED NUMBER OF GRAZING DAYS ACCRUING TO PROPOSED PASTURES, PAPAGO INDIAN
RESERVATION, ARIZONA.

Pasture
Number

Acres
Heavy Prod. 
Blue Panic

Grazing
Days

Acres
Light Prod. 
Blue Panic

Grazing
Days

Acres
Lehman

Lovegrass
Grazing
Days

Total Days 
Each Pasture Cows/yr

1 513 53,865 400 5,600 — — 59,465 163

2 250 26,250 112 1,568 — — 27,818 76

3 586 61,530 250 3,500 — — - — 65,030 178

4 600 63,000 1,105 15,470 — — — — 78,470 215

5 150 15,750 525 7,350 --- 23,100 63

6 325 34,125 175 2,450 30 270 36,845 101

7 400 42,000 900 12,600 — — 54,600 150

8 250 26,250 624 8,736 — — 34,986 96

9 250 26,250 630 8,820 550 4,950 40,020 110

10 366 38,430 1,050 14,700 — - - - 53,130 146

11 375 39,375 375 5,250 175 1,575 46,200 127

12 400 42,000 346 4,844 mm mm mm 46,844 128

Sub Total 4,465 468,825 6,492 90,888 755' 6,795 566,508 1,553
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APPENDIX TABLE 5, Continued.

12A 310 32,550 40 560 — — — 33,110 91

12B 240 25,200 150 2,100 — - ~ -- 27,300 75

13 700 73,500 400 5,600 770 6,930 86,030 235

14 110 11,550 363 5,082 — — 16,632 45

15 25 2,625 697 9,758 — — 12,383 34

16 110 11,550 205 2,870 — -— 14,420 39

17 350 36,750 419 5,866 - - — --- 42,616 116

18 350 36,750 483 6,762 --- - - - 43,512 119

19 280 29,400 183 2,562 — --- 31,962 88

20 40 4,200 555 7,770 — — — — 11,970 33

21 250 26,250 124 1,736 — — 27,986 77

22 180 18,900 60 840 150 1,350 21,090 58

23 140 14,700 20 280 184 1,656 16,636 46

Sub Total 3,085 323,925 3,699 51,786 1,104 9,936 385,647 1,056

Total 7,550 792,750 10,191 142,674 1,859 16,731 952,155 2,609
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Total No. of Total

APPENDIX TABLE 6. VALUE OF STEERS AND HEIFERS, PROPOSED PASTURES, 45 PERCENT CALF CROP; PAPAGO
INDIAN RESERVATION, ARIZONA.

Pasture
Number

Cows Pasture 
Will Carry 
in 1 Year3

No. of 
Steer 

Calvesb

Total Wt. 
of Steer 
Calvesc

Total Value 
of Steer 
Calves^

No. of 
Heifer 
Calves®

Wt. of 
Heifer 
Calves^

Total Value 
of Heifer 
CalvesS

Total Value 
of Heifers 
and Steers

1 139 32 12,416 3,228 11 4,004 961 4,189

2 63 14 5,432 1,412 5 1,820 437 1,849

3 147 34 13,192 3,430 12 4,368 1,048 4,478

4 178 41 15,908 4,136 14 5,096 1,223 5,359

5 52 12 4,656 1,211 4 1,456 349 1,560

6 83 19 7,372 1,917 7 2,548 611 2,528

7 125 29 11,252 2,925 10 3,640 874 3,799

8 79 18 6,984 1,816 6 2,184 524 2,340

9 91 21 8,148 2,118 7 2,548 612 2,730

10 121 28 10,864 2,825 10 3,640 874 3,699

11 105 24 9,312 2,421 8 2,912 699 3,120

12 106 24 9,312 2,421 9 3,276 786 3,207

Sub Total 1,289 296 • 114,848 29,860 103 37,492 8,998 38,858
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APPENDIX TABLE 6, Continued

12A 76

12B 62

13 195

14 37

15 28

16 33

17 96

18 99

19 73

20 28

21 64

22 48

23  38

Sub Total 876

2,165

6,596 1,715

5,432 1,412

17,460 4,540

3,104 807

2,328 605

3,104 807

8,536 2,220

8,924 2,320

6,596 1,715

2,328 605

5,820 1,513

4,268 1,110

3,492 908

77,988 20,277

192,836 50,137

17

14

45

8
6
8

22

23

17

6
15

11
__9

201

497Total

6 2,184 524 2,239

5 1,820 437 1,849

15 5,460 1,310 5,850

3 1,092 262 1,069

2 728 175 780

3 1,092 262 1,069

8 2,912 699 2,919

8 2,912 699 3,019

6 2,184 524 2,239

2 728 175 780

5 1,820 437 1,950

4 1,456 349 1,459

3 1,092 262 1,170

70 25,480 6,115 26,392

173 62,972 15,113 65,250
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APPENDIX TABLE 6, Continued.

a) Cow years (from Appendix Table 5) multiplied by .83 to exclude heifers from 0-2 years of age, 
this assumes 15 percent replacement and 1 percent death loss. Animal unit equivalents of 
calves are .25, of yearlings are .67 and bulls, which were assumed at 5 percent of breeding 
herd at 1.40.

b) One-half of 45 percent or 23 percent of total number of cows which the pasture will carry.

c) Computed at 388 pounds each.

d) Computed at 26f per pound.

e) One-half of 45 percent reduced by 14 percent to allow for replacements or 8 percent of total 
cows which pasture will carry.

f) Computed at 364 pounds.

g) Computed at 24* per pound.
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APPENDIX TABLE 7. TOTAL VALUE ( 
PERCENT CALF 
ARIZONA.

DF CULL COWS, 
CROP, PAPAGO

PROPOSED PASTURES, 45 
INDIAN RESERVATION,

Pasture
Number

Total No. of 
Cows Pasture 
Will Carry 
in One Yeara

No. of 
Cows 
Soldb

Total 
Weight 
of Cowsc

Total 
Value 
of Cowsd

1 139 10 8,000 1,200

2 63 4 3,200 480

3 147 10 8,000 1,200

4 178 12 9,600 1,440

5 52 4 3,200 480

6 83 6 4,800 720

7 125 9 7,200 1,080

8 79 . 6 4,800 720

9 91 6 4,800 720

10 121 9 7,200 1,080

11 105 7 5,600 840

12 106 7 5,600 840

12A 76 5 4,000 600

12B 62 - 4 3,200 480

13 195 14 11,200 1,680

14 37 3 2,400 360

15 28 2 1,600 240

16 33 2 1,600 240

17 96 7 5,600 840

18 99 __7 5,600 840

Sub Total 1,914 134 107,200 16,080
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APPENDIX TABLE 7, Continued.

19 73 5 4,000 600

20 28 2 1,600 240

21 64 4 3,200 480

22 48 3 2,400 360

23 38 3 2,400 360

Sub Total 251 17 13,600 2,040

Total 2,165 151 120,800 18,120

a) Cow years (from Appendix Table 5) multiplied by .83 to exclude bulls 
and heifers.

b) Computed at 7 percent of total cows pasture will carry in one year, 
because assume a 7 percent death loss.

c) Computed at 800 pounds.

d) Computed at .15$ per pound.
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APPENDIX TABLE 8. DIRECT BENEFITS MINUS CURRENT RANGE USE FOR AREA OF
PROPOSED PASTURES.

Given

22,645 acres

80 acres of forage needed to support one cow or 280 cow units

232 cows (83% of animal units are assumed to be cows)

45% calf crop

Coefficients - steers 23%, heifers 8%, cull cows 7%

Benefits

Steers Heifers Cull Cows

Number 53 18 16

Weight (388# ea.) 20,564 (364# ea.) 6,552 (800# ea.) 12,800

Value (26t/lb.) $ 5,607 (24{/lb.) $1,572 (15f/lb.) $ 1,920

Total value $9,099
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APPENDIX TABLE 9. MANAGEMENT TRAINING COSTS
PAPAGO INDIAN RESERVATION

, DEVELOPMENT 
, ARIZONA.

PLAN "B"

Item Annual Total (5 Years)

1-Range consultant $13,000 $ 65,000

1-Papago Range Management Trainee 5,000 25,000

1-Community Development Coordinator 8,000 40,000

1-1 Papago Community-Development counterpart 5,000 25,000

Transportation 1,600 8,000

Miscellaneous 600 3,000

Total $33,200 $166,000

Annual Cost Amortized @ 8% for 5 years 41,566

Total Amortized Cost 207,830

Annual Cost, Fifty Year Basis 4,157
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APPENDIX TABLE 10. VALUE OF ADDITIONAL BEEF SOLD OFF OPEN RANGE.
POST PROPOSED PASTURE DEVELOPMENT, PAPAGO INDIAN 
RESERVATION, ARIZONA.

(Assumes 15 Percent Additional Calf Crop)3,

No. of Cattle on Reservation 16,000^ 
' Less No. of Animal Units on Proposed Pastures 5,845c 
Total Breeding Cows on Reservation 13,280^

Estimated Number of Cows on Open Range 7,435

Additional Steers (1/2 of 15% or 7.5% of total)
7.5% of Total 557
Total Weight @ 388 Ibs/head 216,116
Additional Value @ 26<f/lb. $ 56,190

Additional Heifers (1/2 of 15% or 7.5% of total)
7.5% of Total 557
Total Weight @ 364 lbs./head 202,748
Additional Value @ 24f/lb. $ 48,659

Additional Cull Cows (additional cows that would not die)
5% of 7,435 372
Total Weight @ 800 lbs./head 297,600
Total Value @ .15f/lb. $ 44,640

Total Value of Additional lbs. of Beef Sold
Off Open Range $149,489

a) 60% - 45% = 15%

b) Of the estimated 21,242 animal units on the reservation, about 
16,146 are cattle. This has been rounded off to 16,000.

c) The 5,845 cow years are assumed to all be taken in 4 months of 
grazing on the proposed pastures. Therefore, there are a total of 
6,600 cows that will have their additional calf crop attributable 
to the pastures.

d) Eighty-three percent of the breeding herd are assumed to be first- 
calf heifers or cows.
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APPENDIX TABLE 11. COMPARISON OF BENEFIT-COST RATIOS, PROPOSED PASTURES
AND OPEN RANGE, PAPAGO INDIAN RESERVATION, ARIZONA.

Feature Annual
Benefits

Annual
Costs

Benefit-Cost
Ratio

Total Benefits - Proposed 
Pastures 180,367 71,782 2.51:1

Total Benefits - Open 
Range 149,489

Total Benefits to Project 329,856 4.59:1

Benefits to Plan "B" (including open range) 329,856

Benefits to Plan "A" no management training 56,494

Benefits directly attributable to the issuance of permits 273,362



144

APPENDIX TABLE 12. SENSITIVITY OF RATIOS TO CHANGES IN ASSUMPTION,
PROPOSED PASTURE, PAPAGO INDIAN RESERVATION, 
ARIZONA.

Discount Rate

Change in Assumption Benefits

10%

20

8%
Years
50

3%

50

No change - without open range 180,367

Capital Cost
94,377 71,782 44,645

Benefit-Cost Ratio 

1.91:1 2.51:1 4.04:1
No change - with open range 329,856 3.50:1 4.59:1 7.39:1
Calf crop from 25% to 15% 

on pastures and no 
benefits from open range 117,449 1.24:1 1.63:1 2.63:1

Calf crop from 25% to 15% 
on pasture and open 
range from 15% to 10% 232,114 2.46:1 3.23:1 5.20:1

All factors3 - without open 
range benefits 75,147 .80:1 1.47:1 1.05:1

All factors - with open 
range benefits 189,812 2.01:1 2.64:1 4.25:1

a) Heavy production of Blue panicgrass is reduced from 75 percent of 
full cover to 65 percent. Use factor of plant is reduced from 75 
percent to 50 percent.
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