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EXECUTIVE SUMMARY

Economic Impact From Screwworm Eradication In Mexico

The Screwworm, Cochliomyia hominivorax, ts a flesh-feeding

parasite that attacks warm blooded animals including humans, This pest

has caused livestock producers to sustain monetary losses as a result

of animal mortalities, decreased weight gains, and additional labor

costs, additional veterinarian services, additional expense for

medicine and insecticides, A strategy has been developed for

eradicating the screwworm by releasing sufficient sterile screwworm

flies to mate with the wild fly population. Screwworms have now been

eradicated from all of North America except the Yucatan Peninsula, The

purpose of this study was to quantify benefits of screwworm eradication

in Mexico.

Two questionnaires were developed to obtain information about the

impact of the Screwworm on livestock producers in Mexico, One was

administered in the part of the country where the pest had been

eradicated. The other was administered in the infested Yucatan

Peninsula. Both survey instruments were designed to obtain information

on the impact of the screwworm on producers1 variable costs and

production. Sections on cattle, swine, sheep, goats, horses, and work

animals were included in both questionnaires. There were 2004

questionnaires received from the area of Mexico from which screwworms



had been eradicated and 77 from the Yucatan Peninsula.

The impact of the screwworm was estimated on a per head basis.

These per head estimates were expanded to the total inventories of the

various livestock categories in Mexico to obtain estimates of total

benefits* The largest components of reduction in producers1 variable

cost attributed to the screwworm eradication were reductions in labor

needed and in days necessary to produce an animal for sale. All

estimates of benefits were made with and without the reduction in labor

since Mexico has surplus labor. On a per head basis swine producers

experienced the greatest benefit from screwworm eradication. Larger

cattle numbers, however, made cow-calf owners the largest total

benefactors from Mexico's eradication program.

The government costs of the program were available from the

Mexican-American Screwworm Commission. Both costs and benefits were

discounted to their 1984 values at discount rates of 3%, 6%, and

8.625%. Total benefits were calculated with and without the reduction

in labor needed by producers which was attributed to Screwworm

eradication.

Twelve benefit-cost ratios were estimated given alternative

scenarios. The ratios ranged from 2 to 4.5. This indicates that the

eradication program in Mexico provided cost effective savings to the

country.
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CHAPTER I

INTRODUCTION

The screwworm, Cochliomyia hominivorax, Is a flesh-feeding

parasite that attacks warm blooded animals including humans. It was

once found throughout the Americas. In the 1950's a strategy was

developed for eradicating the screwworm by releasing sufficient sterile

adult screwworm flies to mate with the wild fly population,

Eradication of the pest began in the Southeastern United States in 1957

and in the Southwestern United States in 1962. Presently the parasite

has also been eliminated from Puerto Rico, the Virgin Islands, the

continental United States, and all of Mexico except the Yucatan

Peninsula. Central America remains an infested area (Raw!ins et al,

1983).

This pest has caused livestock producers to sustain monetary

losses as a result of animal mortalities, decreased weight gains,

additional labor costs, additional veterinarian services, medicine, and

insecticides, and damaged hides. Losses incurred by the livestock

industry have had a multiplier effect that has damaged the economies of

areas where C. hominivorax has been found (Davis and Prater, 1973).

The benefits from the eradication effort that have accrued to

The style and format of this manuscript are consistent with
that of the American Journal of Agricultural Economics.



livestock producers had not been carefully quantified before this

study. However, the proposal to extend the campaign into the Yucatan

Peninsula and Central America made it important to estimate the

economic effects of the program on Mexico (APHIS, 1985)* Future

eradication campaigns would demand a substantial contribution of

resources from all of the countries involved. Economic justification

is needed before those resources are committed. Quantification of the

screwworm eradication campaign's economic effects on Mexico would give

an idea of the economic effects other areas might experience if they

undertake screwworm eradication campaigns.

Objectives of the Study

Following are the specific objectives of this study. They

address the economic impacts of the eradication program in Mexico and

of extending the campaign to the Darian Gap in Panama.

1* To quantify mortalities, weight loss, and other related physical

effects of the screwworm on livestock.

2. To estimate the economic implications of screwworm eradication by

major livestock category in Mexico.

a. Develop estimates on an average annual basis for cattle, sheep,

goats, swine, horses, and work animals.

b. Calculate the present value of the stream of estimated annual

benefits and costs into perpetuity.



3. To estimate the expected benefits for each additional region where

the screwworm might be eradicated.

a. Estimate the benefits on an average annual basis.

b. Estimate the present value of the stream of annual benefits

into perpetuity.

4. To estimate benefit-cost ratios fdr the Mexican eradication effort

and the potential benefits of extending the eradication campaign

southward.

Review of Previous Studies

There have been four previous studies estimating to some extent the

impact of the screwworm eradication program. The first of these

studies was done in 1973 by the Texas Agricultural Extension Service

(Davis and Prater, 1973). This study estimated that livestock. •

mortality caused by the screwworm cost producers $121.7 million in

1973 and had a multiplier effect of 3.5. According to the study, the

reduction in the 'red meat* supply caused by screwworms cost consumers

$146.4 million in 1973 and also had a multiplier effect of 3.5.

A second study was conducted by the Oklahoma State Department of

Agriculture in 1974 (Goodwin, 1974). This study, utilizing the consumer

surplus methodology, estimated that the screwworm eradication program

resulted in a total savings of $1 billion to consumers in 1972.

Consumers benefited from an additional 1.8 pounds of beef per capita

that year as a result of the program. A benefit-cost ratio of 113:1



was estimated by the Oklahoma study.

The Texas Agricultural Extension Service and the Southwest

Screwworm Eradication Laboratory conducted a livestock producer survey

in 1977 to estimate losses of livestock caused by the 1976 screwworm

outbreak in Texas (Cocke, 1981). This study estimated a loss of

livestock production valued from $113.7 to $150.5 million in 1976.

Considering the economic multiplier effect, the Texas economy suffered

losses of $283 to $375 minion during that year as a result of the

screwworm. The study also estimated that from 1962 through 1976 the

benefit of the eradication program to livestock producers was more than

$1 billion.

The last study concerning the economic impact of the screwworm

eradication program was completed by the Instituto Interamericano de

Ciencias Agricolas in 1982 (IICA, 1982), That study-evaluated the

economic implications of extending the screwworm eradication program

into Central America as far south as Panama. The study estimated it

would cost $300 million to extend the fly barrier to the Darian Sap

over a 6 year period. This study used judgement estimates of the

effects of screwworm infestation such as increased mortality rates,

weight loss, and increased insecticide cost per head. Using these

judgement estimates an average loss per animal in Mexico was calculated

and extended to Central America and Panama. Equivalent present value

and benefit-cost ratios were projected for an extended program.

Results from all of the studies indicated the exceptional success



and benefits attributable to the Screwworm Eradication Program.

Unfortunately, all of the studies had limited resources and depended

primarily on secondary data which limited the studies1 value to

decision makers.

The following chapter reviews the history of the screwworm

eradication program in North America. Economic theory which was used

in the analysis of the screwworm eradication effort in Mexico is

presented in Chapter III. The fourth chapter details the procedures

used in this study. Chapter V presents the physical effects of

screwworm eradication as estimated in this study. The estimated

economic impacts of screwworm eradication are presented in Chapter VI.

A summary of the entire study is given in the seventh chapter along

with a discussion of the limitations of this study.



CHAPTER II

A HISTORY OF THE ERADICATION PROGRAM

Several innovations and discoveries have made the eradication of

Cochliomyia hominivarax possible. Elimination of such a widespread pest

has involved not only the adoption of those innovations by individuals,

but also their adoption by governments. International cooperation has

been necessary and will be increasingly vital if eradication is to

spread throughout the Americas.

Research in Screwworm Control

Early research into innovations that might help control the

screwworm was hampered by lack of knowledge about the pest's taxonomy.

At the start of the twentieth century the livestock industry in the

southwestern United States was being heavily impacted by screwworms.

Producers asked the U.S. Department of Agriculture for assistance. In

1913 the Department of Agriculture sent a team to the Southwest to

carry out a study of the screwworm problem and make recommendations.

Although state agricultural experiment stations had issued publications

concerning the problem before, this was the beginning of the U.S.

Department of Agriculture's active participation in screwworm control.

The research team recommended several management practices which

included the following: burning all carcasses, using meatbaited fly

traps, not castrating or dehorning anfmals during times when there was



high screwworm activity, and using benzol to kill larvae in wounds. In

several ways these recommendations were not compatible with the

cattlemen's accustomed practices. Burning carcasses was labor

intensive and could cause range fires. The fly traps were hard to

maintain. These control practices were later proven unreliable.

County agents of the Texas Agricultural Extension Service became

involved in trying to disseminate "the innovations proposed by the

Department of Agriculture team. The county agent from Menard County,

Mr. Walker Nesbet, was able to convince many ranchers in his area to

implement the team's suggestions. In 1929 the U.S. .Department of

Agriculture's former Bureau of Entomology and Plant Quarantine

established a research station at Menard in an attempt to facilitate

the program. The Department of Agriculture provided funds for

extending the fly trapping program to an area of over 70 square miles.

After the trapping program had been in progress for almost three years,

a survey determined that it was ineffective in reducing screwworm

populations in the surrounding areas. This failure of fly trapping to

produce results did not cause producers to lose confidence in

government efforts to control the screwworm.

Another innovation produced at the new station, Smear 62, was

widely accepted. This was a compound for killing larvae and repelling

flies. Several hundred gallons of this preparation were given to

ranchers in Arizona and Texas for their evaluation. It was soon being

produced commercially. The relative advantage of this compound over old



treatments caused it to be accepted without an extensive promotional

campaign. It seemed for a while that this new preparation might be the

key to screwworm control. One unforeseen problem with application of

this new technology was that there were not enough experienced cowboys

to apply it.

One employee of the Menard station, Emory C. Gushing, upon

realizing that fly traps were not the answer to screwworm control,

decided that some important piece of information about the pest's

biology was missing. He decided to pursue graduate studies at the

University of Liverpool's School of Trop.ical Medicine in England.

Until that time it had been assumed that all the larvae infesting

cattle were Cochliomyia macellaria, or common blowflies. Mr. Gushing

established however, that there was a distinct species which he called

Cochliomyia americana. Specialists later changed the name to

Cochliomyla hominivorax. C^ hominivorax, the true screwworm, infests

only live tissue. As wounds enlarged by screwworms become infected and

the surrounding tissues begin to decay, common blowflies are attracted

and lay their eggs. It was later determined that the true screwworm was

relatively few in number compared to the common blowfly. This discovery

by Emory Gushing gave later researchers the background needed to

develop methods which would make possible the eradication of the

screwworm.

In the early 1930's, the Southwest was in the midst of the

depression and the dustbowl. Cattle were shipped to the Southeast so



that they could utilize the forage in that area. These cattle carried

the screwworm with them. Producers in the Southeast were unaccustomed

to dealing with the screwworm and infestations in that area soon

increased to epidemic proportions.

The U.S. Department of Agriculture reacted by establishing

another experiment station for screwworm research in Valdosta, Georgia

and participating in an extension campaign in the Southeast. This

educational campaign promoted management practices that had been

developed in the Southwest. The extension effort worked. The incidence

of infestation was reduced dramatically in a few years. Although more

of the United States' livestock producers were now affected by Ĉ

hominivorax, one benefit did come from the extension of this parasite's

range to the Southeast. The Department of Agriculture, in part due to

the attention received by the spread of infestation, increased the

amount of research being done on screwworm control (Scruggs, 1975).

E. F. Knipling, working at the Menard station in the years

immediately prior to World War II, developed the new ideas which would

make it possible to eradicate the screwworm. He had observed that the

female of that species mated only once. This observation made him

realize that the naturally small native screwworm population might be

overwhelmed by laboratory produced sterile males. Knipi ing's theory

was met with skepticism by other entomologists. World War II stopped

work on his ideas. Although war and unrest can halt development and

diffusion of science, the research into atomic power conducted during
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World War II would later prove useful to the entomologists researching

ways to eradicate the screwworm.

After the war, a new research facility was established at

Kerrville, Texas. R. C. Bushland started to work on the sterile fly

theory. His experiments with chemical sterilants failed. In 1950

Bushland became aware of the work of Or. H. 0. Muller on the use of x-

rays to produce sterility in fruit flies. Even though work was slowed

by a lack of funds, Bushland had established by 1953 that radiation

could be used to produce sterile screwworm flies (Scruggs, 1975).

The Diffusion of the Screwworm Eradication Program

Laboratory tests had suggested that screwworm eradication was

possible. Proof was now needed before these ideas could be

disseminated. The U.S. Department of Agriculture first attempted

screwworm eradication on Sanibel Island, whicfi is west of Fort Myers,

Florida. Releasing sterile flies on that island reduced, but did not

eliminate, the native population of C hominivorax. The U.S, Department

of Agriculture scientists theorized that the failure to remove Ĵ

hominivorax completely from Sanibel Island was due to the migration of

flies from nearby Florida. The results of the Sanibel test were

inconclusive. Scientists felt that more proof of the feasibility of

eradication was needed before they could try to start an eradication

program. Another test was conducted on the Island of Curacao, 40 miles

north of Venezuela, in the summer of 1954. The screwworm was
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completely eliminated from that island.

The U.S. Department of Agriculture's Agricultural Research Service

had decided that its Animal Disease Eradication Division (later called

the Animal Health Division) would be responsible for any large scale

eradication effort. Florida producer groups such as the Florida

Cattlemen's Association had heard of the research in screwworm

eradication. They now began to pressure the U.S. government to start

an eradication program in the Southeastern United States. Producers

and producer groups were to play a vital role in the U.S. eradication

effort from that time. Dissemination of the eradication program in the

U.S. was greatly faciliHated by livestock producers1 desire to rid

themselves of a costly pest.

Lack of funds slowed the implementation of the program in Florida.

The U.S. Department of Agriculture wanted the state to match the funds

that were to be provided by the Federal government. Intense lobbying

efforts by livestock producers convinced the Florida legislature to

appropriate the needed funds. The legislature also implemented a tax

on livestock sold at auction markets. The money collected was to be

used for the eradication effort, With this beginning, U.S. producers

would provide millions of dollars for the eradication effort over the

next several years.

By 1959 the eradication program had been implemented in all of the

Southeast. The first barrier, or demarcation line between infested and

uninfested areas, was established along the Mississippi River.
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Producers in the Southwestern United States began to wonder if

eradication might not be feasible in their area of the country. Lyndon

Baines Johnson, at that time majority leader of ttie U.S. Senate, also

became interested in the eradication effort. He pushed the U.S.

Department of Agriculture to determine whether or not the sterile fly

method would work in Texas and the rest of the Southwest. The method

had proven successful in the Southeast but the Southwest presented new

problems. The land area was larger and cattle coming from Mexico might

cause reinfestation.

Senator Johnson conferred with U.S. President Eisenhower and

Mexican President Lopez Mateo about extending the eradication program.

There was now a possibility of implementing the U.S. Department of

Agriculture scientists1 discoveries internationally. The Republican

administration of President Eisenhower, however, was emphasizing fiscal

restraint. Very intense political pressure from ranchers and livestock

organizations was to prove necessary before eradication was attempted

in the Southwest.

Congress indicated that producers would have to provide half of

the funds if a program were to be started. A non-profit organization,

called the Southwest Animal Health Research Foundation (SWAHRF), was

formed to collect ftinds. In contrast to the Florida campaign, funds

were to be collected directly from producers. The first chairman of

the foundation was Charles G. Scruggs editor of Progressive Farmer

magazine (Scruggs, 1975).
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SWAHRF, the newly formed foundation, decided that the fund raising

effort should mostly be conducted on a county basis* County agents and

vocational agricultural teachers sought out influential livestock

producers and formed county screwworm committees. The county

committees conducted county wide meetings of livestock producers. A

list of all producers in each county was compiled and people were

assigned to visit each producer. In this way almost everyone who would

benefit from the eradication effort could be asked to contribute. The

effort to involve those who would benefit from the program was

successful. SWAHRF was able to collect 3 million dollars from

livestock producers.

As eradication proceeded in the Southwest, a new barrier zone was

formed along the border between Mexico and the U.S. By 1966 the

Southwest was virtually free of screwworms. The new barrier, however,

was very expensive to maintain. There was a continual threat of

reinfestation from livestock brought in from Mexico. Those working in

the eradication program realized that eliminating screwworms from that

neighboring country would give the U.S. a larger margin of safety.

They also felt that the U.S. should pay for 72 percent of the program

since Mexico had limited funds and the U.S. would benefit greatly from

a Mexican eradication effort. This funding plan encountered opposition

in the U.S. Senate. That opposition was to halt continuation of the

program in Mexico until 1972. During that year money was appropriated

to initiate the Mexican program. A joint Mexican-United States
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Screwworm Eradication Commission was formed, Screwworms have now been

eliminated in Mexico as far south as the Isthmus of Tehuantepec.

Figure 1 shows how the eradication effort has moved the critical line

south through North America.

The Permanence of Screwworm Control

As long as the screwworm exists in the Western Hemisphere there

will be a danger of reinfestation in areas where the sterile male

technique has been used. Twenty-two years after they had been

eliminated from the island of Curacao, screwworms reappeared. It was

suspected that cattle imported from Colombia might have been infested.

The inhabitants of the island had largely forgotten how to deal with

the parasite. There was an atmosphere of hysteria, It was necessary

to mount a program to reeducate the people of Curacao about managing

the pest (Tannahill and Snow), What happened in Curacao could happen

in any region which has had an eradication campaign. Eradication can

never be called truly permanent until Cochliomyia hominivorax has

vanished completely from the Americas.

The Possibility of the Eradication Program Being Expanded

Twenty-six years have passed since it was demonstrated that

screwworm eradication is feasible in a large land mass. Even though

Mexico and the United States have been largely cleared of the pest, it

is still encountered in many regions of the Americas. It is found in
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Figure 1. the pcogress of screwworm eradication in North America
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South America as far south as Southern Brazil and Northern Chile* Ĉ

hominivorax is endemic in Central America and parts of the Caribbean.

The next area to which the institutions and people dedicated to

screwworm eradication might turn their attention is the total

elimination of the parasite from the Americas* A program has been

proposed for Central America. Researchers have also theorized that the

sterile fly method would work well on the islands of Trinidad and

Tobago and in at least parts of Surinam and Guyana (Raw!ins and Others,

1983). A high degree of international cooperation would be necessary if

those proposed programs were to be successful* If Ĉ  hominivorax were

to be eliminated from Jamaica, for example, that country might face a

continual threat of reinfestation from the eastern tip of Cuba (Raw!ins

and Sang, 1984).

Strong economic justification would be necessary before a group of

countries undertake a project as demanding as screwworm eradication.

Governments or individuals would have to commit substantial resources.

A study such as this can provide decision makers with results that will

help them decide whether or not to provide the resources needed for

screwworm eradication,
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CHAPTER III

THEORETICAL CONCEPTS

The theoretical concepts of producers1 and consumers1 surplus

offer an approach to evaluating the economic impact of a change in

technology. The eradication of the screwworm in Mexico is an example

of a change in technology which is thought to cause increased livestock

production in that country and a reduction in producers1 unit costs.

Those changes have effects on the welfare of producers and consumers.

The economic concepts of producers1 and consumers1 surplus will be used

to estimate the economic impacts of the screwworm eradication program.

Supply and Demand

A supply curve is a schedule of the different quantities of a good

that producers are willing to place on the market as the good's price

varies. This curve is usually positively sloped indicating that as the

market price rises, producers will supply more of the good. Assuming

that producers are profit maximizers they will continue to increase

production until their marginal cost, the cost to them of increasing

output one unit, is equfrl to their marginal revenue, the revenue which

they can obtain by selling one more unit. A producer's supply curve is

the same as his marginal cost curve over the part of the range of the

marginal cost curve where marginal cost is above average variable cost.

A demand curve is a schedule of the quantity of a good that
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consumers are willing to take from the market at alternative prices.

The slope of a demand curve is normally negative. This indicates that

as a good's price rises, consumers will take less of that good.

When the demand and supply curves of a good are expressed as

graphs and plotted together they have a single point of intersection.

That point is where the demand for the good and the supply of the good

are equal. In a competitive market the intersection of the two curves

identifies the market price of the commodity and how much of the

commodity will be produced and sold. The price and quantity identified

by the two curves1 intersection are known as the equilibrium price and

quantity. Figure 2 illustrates the supply and demand curves of a good.

The line labeled S is the supply curve and the one labeled D is the

demand curve. Equilibrium price and quantity are labeled respectively

as p* and q*. A thorough discussion of the concepts of supply and

demand is found in Browning.

Consumers1 and Producers1 Surplus

The demand curve illustrates that the consumer is willing to pay

progressively less for each additional unit of a good that he

purchases. A consumer's willingness to pay is the price that he will

pay for any given additional unit of a good. This is a measure of the

marginal value or marginal benefit of that unit to the consumer.

Intersection of the supply and demand curves, however, determines

the price per unit of the good. For each unit purchased, the



19

P

ice

q* quantity

Figure 2* The supply and demand curves of a good

difference between the consumer's willingness to pay, which is

illustrated by the demand curve, and the actual price of the good is

the net benefit or surplus received by the consumer. The sum of the

net benefits for each of the units bought is defined as consumers1

surplus. Consumers' surplus is illustrated graphically as the area

between the demand curve and the market price line, In Figure 3 the

supply and demand curves from Figure 2 have been reproduced. In this

graph the dot shaded triangular area, abp*, is consumers' surplus.

The supply curve shows that producers increase output of a good in

response to an increasing price for that good. This is due to the

positive relationship between costs of production and the level of

production. The price associated with each sequential unit of output
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quantity

Figure 3* Producers' and consumers' surplus

on tiie supply curve is the price at which the producer would be willing

to produce that next single unit of output, The price which will be

obtained for all the units produced, however, is determined by the

intersection of the demand and supply curves* Producers1 surplus is

the difference between the market price of a unit and the price at

which the producer would have been willing to produce that unit (e.g.

the supply curve), This return above the variable cost of production

is also called economic rent. The sum of the returns above variable

cost from all the units produced is the total producers1 surplus.

Producers1 surplus is represented graphically in Figure 3 as the area

between cbp* the supply curve and the price line, Just, Hueth, and
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Schmitz give a detailed discussion of producers1 and consumers1

surplus.

Measuring the Social Benefits of Public Programs

A public program such as screwworm eradication can be expected to

cause an increase in the supply of livestock. Graphically this increase

would be represented as a rightward movement of the supply curve. A

shift in supply causes a change in total * consumers1 surplus, total

producers1 surplus, and the distribution between the two. A

hypothetical increase in supply is illustrated in Figure 4. In this

figure Si is the original supply curve for livestock and Sz ^s ̂ e new

supply curve after eradication of the screwworm. Although $2 has been

depicted as parallel to Sl> the £*act nature of the shift in supply

caused by the eradication program is not known.

An ideal economic evaluation of a program that causes a supply

shift would measure the changes in consumers1 and producers1 surplus

separately to identify benefits and costs by group. Producers1 and

consumers1 surplus are the net benefits of each group and are thus

appropriate for use in constructing a benefit-cost ratio. In Figure 4

the increase in supply causes the price to drop from pi to p2. The

quantity supplied by producers has risen from ql to q2. Consumers1

surplus increases by the area placp2 in response to the increased

supply and lower price. Due to the decrease in price, producers

experience a decrease in their surplus of area plabp2. The increase in
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Figure 4. An increase in supply and its effect on surpluses

quantity produced increases producer's surplus by the area bcod so the

net change in producers1 surplus is bcod minus plabp2.

Op to this point the discussion of consumers1 and producers1

surplus has been based on a freely operating market where prices are

allowed to fluctuate without constraints. In Mexico, prices for many

types of basic commodities are regulated by the government. When price

controls are in effect, market data from which demand curves can be

derived is not available. Without knowledge of the demand curve,

consumer surplus cannot be calculated. Thus conditions dictate that

the impact of the screwworm eradication program in Mexico be gauged in

terms of producers1 surplus. IJie effect on consumers1 surplus can be

hypothesized but not evaluated quantitatively.
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Figure 5 shows a producer's marginal cost curve, MC, and average

variable cost curve, AVC. In this graph it has been assumed that the
;

producer faces a government established price, pg. The price line in

this case also represents the producer's marginal revenue for each unit

sold. Assuming that the producer is a profit maximizer the amount he

will produce is determined by the intersection of the marginal cost

curve and the price line. Marginal cost will be equal to marginal

revenue at the point of intersection of the marginal cost and marginal

revenue curves. In Figure 5 the profit maximizing level of output is

quantity q.

Producers' surplus can be thought of as the difference in total

revenue and total variable costs, The total variable costs of

production can be arrived at by multiplying the producer's average

variable cost per unit by the quantity of units produced. Using this

method in Figure 5 total variable costs are cbqo and total revenue is

pgaqo. The area pgabc, the difference between total variable costs and

total revenue, is producers' surplus. This area will be the same as

pgao, In the following discussion producers' surplus is illustrated as

the difference in total revenue and total variable costs or pgabc.

Economic Evaluation of the Eradication of the Screwworm in Mexico

It is hypothesized that the major effects of screwworm eradication

in Mexico include a lowering of producers' production costs and an

increase in livestock output. Decreased expenses for medicine, labor,
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Figure 5. Producers' surplus and the variable cost curve

veterinarian services, and other variable costs are expected to cause a

decline in production costs* Reduced weight loss and death loss would

cause an increase in production,

In Figure 6 producers1 average cost and marginal cost curves

before eradication are labeled MCI and AVC1, respectively. The

hypothesized shift in producers1 costs due to screwworm eradication is

illustrated in the graph by the post screwworm cost curves MC2 and

AVC2, Producers1 surplusf originally pgadc using the before

eradication average variable cost curver becomes pgbhf using the average

variable cost curve after eradication. Thus in this hypothetical

situation screwworm eradication increased producers' surplus by the

area abhfcd.
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Q1 quantity Q2

Figure 6. The economic impact of screwworm eradication in Mexico

In Figure 6 the decline in the average variable cost of production

incurred by the producer is the change from c to f, given no demand

shifts during the eradication period. From a survey of Mexican

livestock producers, the reduction in average variable costs of

production is quantifiable. Therefore, this area of reduced average

costs, cehf, will be estimated in this study.

The estimated increase in total revenues in this diagram is the

rectangle abq2ql. That rectangle is the product of the extra quantity

produced (that can be attributed to the eradication of the screwworm)

and the price, pg, received by the producer. An estimate can also be

made of this area by using secondary data and data obtained from

livestock producers. However, the area ghq2ql is not a valid part of



26

producers' surplus and thus overestimates net benefits. This area is

actually the increase in the producer's variable costs that results

from the additional production made possible by eradicating screwworms

from Mexico.

The two main effects of eradication measured via results of the

livestock survey overlap by the area dehg* This overlap along with the

invalid part of the increase in total revenue, ghqZql, seriously

complicate an effort to completely measure producers' surplus.

However, methodology was developed for measuring producers' surplus

using the survey data and additional secondary data* This measurement

was made only for the cow-calf section of the study. The methodology

developed for measuring total producers1 surplus is detailed in the

Procedures Section. For all other livestock categories, the increase

in producers1 surplus measured in this study is the region cehf only.

In this study the effect of screwworm eradication on the variable

costs of Mexican livestock producers was considered to be the major

economic impact of the eradication program. The reduction in price and

increase in supply of livestock products would be expected to

significantly increase consumers' surplus* This study did not

evaluate benefits to the consumer which resulted in a conservative

estimate of the economic impact of the screwworm eradication program in

Mexico.
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CHAPTER IV

PROCEDURES

Estimating the economic impact of the eradication of the

screwworm in Mexico involved several steps. These included separating

the country into zones, designing survey instruments, drawing a

sample of livestock producers, training enumerators, surveying

selected producers and analyzing the data from the questionnaires.

Study Area Delineation

Mexico was divided into nine zones to facilitate this analysis.

This was accomplished with the close cooperation of Dr, James E. Novy,

head of the Mexican-American Screwworm Commission. Mexicols Federal

District and state of Tlaxcala were not included in any zone since they

have not been infested with screwworms in recent history.

The division of Mexico into zones was accomplished by grouping

states from which the screwworm had been eradicated in the same year.

Screwworm eradication in Mexico started in the North and progressed

towards the South. The screwworm was eliminated from parts of Mexico

bordering the United States up to seven years before it was eliminated

in the Isthmus of Tehuantepec, Eight zones were formed from the area

of Mexico from which screwworms had been eradicated prior to the time

of this study. The three states in Mexico where screwworms were still

present when the study was conducted; Campeche, Yucatan, and Quintana
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Roo, were placed into a single separate zone.

Preparation of the Questionnaires

Two questionnaires were developed to provide base data for

estimating the economic impact of the screwworm on Mexican Livestock

producers, or alternatively, the benefits of eradication. In each of

the two survey instruments questions were included about ten livestock

categories; cow-calf, feeder cattle, feedlots, dairy cattle, swine,

sheep, goats, horses, poultry, and work animals. One of the

questionnaires was designed to be administered in the area of Mexico

from which screwworms had been eradicated (eradicated area), the other

was to-be administered in the zone where screwworms were still present

at the time of the study (infested area).

Both questionnaires asked for information in two general

categories; the impacts of the screwworm on livestock production costs

and producers1 revenues. The expenses of producers in zones 1-8 for

labor, insecticides, medicines, feed, veterinarian services, and

equipment were expected to have been decreased by the elimination of

the screwworm. Producers1 revenues in those zones were expected to

have been augmented since the eradication campaign should have

decreased their death losses, increased their animals1 birth rates, and

diminished loss of sale weight stemming from screwworm attack.1

AThe theory chapter discusses conditions in Mexico that
influence the relationship between price received by livestock
producers and changing output levels
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Producers in zone 9 were expected to still be experiencing extra costs

and revenue losses due to the presence of screwworms. In addition to

gathering data about effects of the screwworm both questionnaires

included questions about each livestock operation such as the number of

animals owned.

Although the same questionnaire was used in zones 1-8, producers

were asked to respond about production and cost effects of the

screwworm for a different year in each zone. The year to be responded

about in each zone was the last year when the screwworm had presented a

serious problem. Data about 1984 were collected with the zone 9, or

infested area, questionnaire. The states in each zone and the year

about which producers were asked to respond in that zone are shown in

Table 1.

Both of the survey instruments were designed to be administered by

field employees of.the Mexican-American Screwworm Commission. Those

commission employees were experienced in working with livestock

producers in rural Mexico. Many of them had been stationed in the

areas where they conducted interviews. This facilitated

their effectiveness in locating the producers and completing the

survey.

The questionnaires were pretested several times in the United

States and in Mexico. Based on the pretests, modifications were

incorporated and the questionnaires finalized and printed. A copy of

the eradicated area questionnaire is included in Appendix A.
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Table 1. Division of Mexico Into Zones for Screwworm Eradication
Impact Study

Zone _ State _ Yeara

1 Baja California Norte 1978
Sonora
Chihuahua

2 Baja California Sur 1977

3 Coahuila 1976
Nuevo Leon
Tamaulipas

4 Sinaloa 1979
Qurango
Zacatecas
San Luis Potosi

5 Nayarit 1980
Jalisco
Aguas Calientes
Guanajuato
Hidalgo
Queretaro

6 Michoacan * 1981
Co lima
Mexico
Morel os
Veracruz
Puebla

7 Guerrero 1982

8 Tabasco 1983
Chiapas
Oaxaca

9 Campeche 1984
Yucatan
Quintan a Roo

is the last year screwworms were a problem in a zone,
producers were asked about the impacts of the screwworm on their
livestock in this year.
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Sample

Membership lists of the Mexican National Livestock Producers1

Confederation (CNG), which is headquartered in Mexico City, were used

as the base for drawing the sample of producers to be surveyed. The

CNG's lists were the only extensive, centralized lists of Mexican

livestock producers available. The CN6 is an umbrella organization for

regional unions which are located throughout the country. Each union

is made up of local associations. The membership rolls of local

associations are sent to the central CN6 office in Mexico City where

they are grouped by state.

Before drawing the sample the percentage of the CNG's members that

were located in each of the study zones was calculated. This required

that all of the association membership lists first be sorted by zone.

For purposes of drawing the sample all the association lists from a

zone were considered to constitute one continuous list. Any list that

did not include its members1 addresses was not considered for use in

drawing the sample. The number of producers belonging to the

Confederation in each study zone was then tabulated. A total of

294,638 livestock producers were counted in the nine study zones. The

percentage of the CNG's membership found in each zone was calculated

by:

(1) %PRODi = PRQQ.J / 294,638 (i=l,..,9)

where:

%PRODi = percentage of CNG's producers in zone i
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PRODi = number of CNG's producers in zone i

Dr. Rudolf Freund, a statistician at Texas A&M University,

indicated that approximately 500 Mexican livestock owners would

constitute an adequate sample size for the country of Mexico. However,

a target sample size of 2,500 was selected due to the anticipated

problem of inadequate addresses and difficult transportation in many

areas of rural Mexico making it difficult to contact many of the

producers on the Confederation's lists. To assure having sufficient

names to provide a sample of 2,500 producers, a total of 5,000 names

was drawn from the lists of members.

The number of names to be drawn from each study area zone was

calculated by:

(2) NAME1 = %pRQOi * 5,000 (i=l,~,9)

where:

NAME-j s number of names to be drawn from zone i

To remove any drawing bias, a set number of producers* names was

skipped between names selected from each zone's list. The interval

of producer names to be skipped was determined by:

(3) INTR - 294,638 / 5,000
%

where:

INTR = interval of names to be skipped when drawing names

The first name on each zone*s list was drawn and then 294,638 / 5,000,

or 59, names were skipped before the next name was drawn.

The names and addresses picked in this manner were copied and
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later typed for distribution to the enumerators. Each enumerator was

given only the names of the producers selected from the area which he

was assigned to survey. Table 2 presents the number of producers from

each study area zone that were scheduled to be interviewed.

Table 2. Sample Size per Study Area Zone

Zone

1

2

3

4

5

6

7

8

9.

Total

Number of Interviews

230

23

86

625

626

714

18

157

2!

2,500

The list given to each enumerator contained twice as many names as

that individual was assigned to interview. To maintain unbiased

selection criteria, each of the enumerators was instructed to use the

odd numbered names on their list. If the person they were to interview

could not be located the interviewer was instructed to choose the even

numbered name immediately below the one originally chosen. In cases
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where the second person chosen also could not be located, the

enumerator was told to use the even numbered name immediately above the

original name chosen. At any time when ten consecutive names could not

be located, the enumerators were instructed to contact the research

team at Texas A&M University for alternative instructions,

Enumerator Training

To minimize confusion and assure consistent data, a two day

training workshop was conducted in June 1985 at Veracruz, Mexico for

the Mexican-American Screwworm Commission employees who would be

conducting the personal enumeration of livestock producers in Mexico.

Agricultural Economists with extensive experience in survey based

research conducted the training. A major objective of that training

session was to educate the enumerators about the need to use a

scientific methodology and to be completely impartial when conducting

the personal interviews with producers.

The purpose of each question and all the procedures to be used,

such as how to replace a person that could not be located, were

explained to the enumerators in detail during this seminar. They were

also given background information about the purpose of the study and

how the people they were to interview had been selected. On several

occasions during the seminar the enumerators participated in practice

sessions relating to completing questionnaires.

Each enumerator was given a copy of a manual that contained
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instructions and examples relative to completing the survey instrument.

It was designed to serve as a reference for the enumerators when they

were working in the field. A copy of the enumerator's manual is

included in Appendix B.

Survey Process

In June 1985 interviews with the selected Mexican livestock

producers began. The personal interview phase was planned to be

completed by November, 1985. However an outbreak of screwworms in

northeast Mexico and an earthquake in Mexico City slowed the survey's

progress and lead to a shutoff date for enumeration of May 15, 1986.

Each week the enumerators reviewed each of the questionnaires they

had completed to assure that they were correctly completed. The

questionnaires were then sealed in a large envelope. The envelope was

signed, dated and given to the enumerator's supervisor. The supervisor

sent the questionnaires, still in their sealed envelopes, to a second

supervisor who lived close to the Mexican-United States border. He

crossed the border each week and sent all the questionnaires by bus to

Texas A&M University.

Upon arriving at A&M University each of the questionnaires was

checked for completeness and catalogued. Any questionnaires from which

data had been omitted were returned to the enumerators for completion.

Each enumerator's performance was monitored continuously in order to

insure that each individual was correctly completing the survey
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instruments. When it was noted that an enumerator was having

difficulty, he or his supervisor was contacted by phone and given

instructions.

Site Visits

Two site visits were made to Mexico by the research team from

Texas A&M University. The first of those trips was to the state of

Sonora in the eradicated zone* The second was to the state of Campeche

in the infested region.

The purpose of those two visits was to meet with individual

Mexican cattlemen and local associations of the National Cattleman*s

Confederation. That was accomplished by visits to representative

ranches and meetings with producer panels. Meeting with producer

panels enabled the researchers to contact a large number of livestock

producers representing all scales of livestock production.

All the Mexican livestock producers contacted were asked about

past and present impacts of the screwworm on their operations.

Researchers could then compare those responses to the data collected

from the questionnaires. This allowed the researchers to check for any

enumerator bias.

Analysis of the Data

Data recorded on the questionnaires ŵ re transferred to computer

tapes by employees of the Texas Agricultural Extension Service.
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Separate data sets were prepared for the eradicated and infested areas.

All data entered on the tapes were checked to insure that they had been

accurately copied from the questionnaires. These data provided the

basis for computer analysis of the expected economic impact of the

screwworm on Mexican livestock producers. Almost no data were

collected on the effects of the screwworm on poultry production.

Therefore only the other nine livestock categories were analyzed.

The impacts of the screwworm such as animal deaths and increased

costs were estimated separately for the eradicated and infested areas.

Estimation procedures for the impact of the screwworm in the two areas

differed only in the data sets used. The additional costs and reduced

production attributed to screwworm infestation in the eradicated area

of Mexico can be expected to have continued if the pest had not been

eliminated. Benefits from the eradication program gained by producers

in that area can thus be considered as the impacts they reported for

the last year that screwworms had effected their operations. Data from

the infested area detailed the 1984 increase in costs and decrease in

livestock production due to the screwworm. That data indicated what

the benefits to producers would be if the screwworm were eradicated

from the Yucatan Peninsula.

The procedures used to analyze the cow-calf data are presented

here. They were used as a model for the other livestock categories and

are therefore representative of the methods used for analysis of all

livestock categories.
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Adjustment of Reported Screwworm Related Costs

Over the years about which producers in the eradicated area were

asked there was severe 'inflation in Mexico Monetary data reported on

the questionnaires had to be adjusted to a common base before being

analyzed. All peso values reported on tKe eradicated area

questionnaires were converted to their 1984 equivalents using price

indices available from the Department of Economic Research, Bank of

Mexico. These indices are presented in Table 3. Costs for medicines

and insecticides were adjusted using the chemical index. All other

costs of production reported on the questionnaires were adjusted using

the agricultural index. This procedure accounted for the effect of

inflation and put all values for all years on a 1984 basis. However,

it did not account for the time value of money. No adjustment was

necessary for peso figures reported from the infested area since

producers in that area were responding to questions about 1984.

All peso figures from the eradicated area wsre converted to 1984

pesos using the following equation:

(4) VAL84 = VALYRj * (pi84 / PIYRj) (j=1976,..,1983)

where:

VAL84 = value of reported figure in 1984 pesos

VALYRj s value reported in the questionnaire for year j

PI84 = 1984 price index value

PIYRj = price index value for year j
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Table 3, Price Indices Used to Adjust
Reported Peso Values to a 1984 Base

Year

1976

1977

1978

1979

1980

1981

1982

1983

1984

Zone Agricultural Index Chemical Index

3

2

1

4

5

6

7

8

70.8

85.7

100.0.

118.0

151.7

196.4

164.8

494.6

812.1

68.7

88.6

100.0

111.9

139.1

173.5

270.4

643.1

1,109.4

Source:Department of Economic Research,
Bank of Mexico,

Estimating the Impact of the Screwworm

Estimation of the screwworm's impacts on a livestock category was

done on the basis of one designated type of animal from that category.

Determination of the screwworm's impacts on a per animal basis was

necessitated by the number of years spanned by the survey and the

limited data for Mexican livestock inventories. The animal used as the

basis for calculation in a category will hereafter be called that

category's expansion animal. In each livestock category, except for the

work animals, stockers, and feeders, the expansion animals were female

breeding animals. The expansion animals selected for the work animals,
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stockers, and feeders were respectively, adult work animals, stocker

cattle and feeder cattle. The procedures used to estimate screwworm

impacts are presented for the cow-calf category only since the same

procedures were followed for all categories. All the impacts of the

screwworm were calculated on an annual basis.

Death Losses

The first step in estimating screwworm induced death losses in the

cow-calf category was to quantify the total number of breeding cows

(TBC) owned by the producers that had been sampled. The numbers of

cows, calves, and bulls killed by screwworms in Mexico on a per

expansion animal basis was then calculated by:

(5) BCK * TBCK / TBC

(6) CK * TCK / TBC

(7) BK = TBK / TBC

where:

BCK = breeding cows killed per breeding cow from survey

TBCK * total breeding cows killed by screwworms from survey

TBC = total number of breeding cows from survey

CK = calves killed by screwworms per breeding cow from survey

TCK - total calves killed by screwworms from survey

BK = bulls killed by screwworms per breeding cow from survey

TBK = total bulls killed by screwworms from survey
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Number of Calves Whose Development Was Affected by Screwworms

For estimating several of the effects of the screwworm it was

first necessary to determine the number of calves whose development was

affected by screwworms annually. To accomplish this each surveyed

producer's annual calf crop was established by:

(8) CC = BC * CR

where:

CC - total annual calf crop per questionnaire

BC = number of breeding cows reported on the questionnaire

CR - calving rate reported on questionnaire

The number of calves by questionnaire that were infected by

screwworms was:

(9) 1C * CC * IFR

where:

1C = total number of calves infected by screwworms per
producer

IFR - infestation rate reported by the producer

For those producers where some calves were reported killed by

screwworms, the total number of surviving calves whose development was

affected by the infestation was calculated by:

(10) CA = 1C - CKBS

where:

CA » number of calves per questionnaire whose development
was affected by screwworms

CKBS = number of calves per producer killed by screwworms
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In those observations where some calves were attacked by the screwworm

but none died as a result of those attacks, CA was considered to be

equal to 1C. Any questionnaire that reported a number of calves killed

by screwworm greater than the total number of calves in the herd (CC)

was discarded.

Extra Production Days

The growth of calves infested with screwworms was often slowed.

Producers incurred extra cost due to the additional production days

that were necessary before their animals could be sold. The number of

extra days of production time per producer caused by screwworm

infestation was determined by:

(11) EXOAYS = CA MNC

where:

EXDAYS * extra days of production time per producer made necessary
by screwworm

INC = increase in production time per affected animal

The additional cost to each producer of the extra production time

was calculated by:

(12) COST = EXDAYS * PESOS

where:

COST = cost for additional days of production time

PESOS = cost of maintaining a calf per day as
reported by the producer

This cost was extrapolated from the producer level to the
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eradicated area of Mexico on a per expansion animal (breeding cow)

basis as follows:

(13) COSTHD * TCOST / TBC

where:

COSTHD = extra cost per breeding animal across Mexico
(eradicated area) in 1984 pesos of increased
production time made necessary by screwworm attack

TCOST = sum of costs to all surveyed producers in Mexico
(eradicated area) in 1984 pesos of additional production
days made necessay by screwworm infestation in calves

Sale Weight Loss

Some calves lost weight as a result of screwworm attack. The

amount of sale weight loss caused by screwworm per surveyed producer

was calculated by:

(14) KCHANSE » CA * KILOS

where:

KCHANGE = total sale weight loss of calves in kilograms
per questionnaire

KILOS = number of kilograms of sale weight lost by a calf
affected by screwworms as reported by the producer

As for increased production days due to screwworm, the amount of sale

weight lost per breeding cow over all of the eradicated area of Mexico

was estimated by:

(15) KLH = TKCHAN6E / TBC

where:

KLH = kilograms of sale weight lost per breeding animal across
Mexico (eradicated area)
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TKCHANGE - sum of all kilograms of sale weight lost by the
producers surveyed in Mexico (eradicated area)

Additional Variable Costs

Costs stemming from screwworm infestation for medicine,

insecticides, veterinarian services, confinement of animals, and

equipment were reported on the questionnaires as totals for the farm or

ranch. These were evaluated by dividing the total cost in 1984 Pesos

incurred over all the surveyed producers in the eradicated area of

Mexico by the total number of female breeding animals as shown below:

(16) MED = TOTMED / TBC

(17) INS *TQTINS/ TBC

(18) VET = TOTVET / TBC

(19) CON = TOTCON / TBC

(20) EQU = TOTEQU / TBC

where:

MED = cost per breeding animal in Mexico for medicine
used to treat screwworm

TOTMED = sum of all costs incurred by surveyed producers

for medicine to treat screwworm

INS = cost per breeding animal in Mexico for insecticide
used to prevent screwworm

TOTINS s sum of all costs incurred by surveyed producers
for insecticides used to prevent screwworm

VET = cost per breeding animal in Mexico for payments to
veterinarians for treating animals infested by
screwworms
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TOTVET « sum of all cost incurred by surveyed producers for
payments to veterinarians for treating animals infested
by screwworms

CON - cost per breeding animal in Mexico of confining
cattle in order to prevent screwworm attack or
treat infested animals

TOTCON - sum of all costs incurred by surveyed producers for
confinement of cattle that had been attacked by
screwworms or were threatened by screwworm

EQU - cost per breeding animal in Mexico of additional
equipment made necessary by the presence of
screwworms

TOTEQU = sum of all costs incurred by surveyed producers for
additional equipment made necessary by the presence
of screwworms

All of the above per expansion animal estimates of the impact of

the screwworm were later used for making more aggregated estimates of

the screwworm's impact.

Expansion Animal Inventories

To estimate the economic implications of the Mexican

eradication program and the expected benefits of a Central American

screwworm eradication campaign, expansion animal inventories were

required for both regions. For Mexico it was necessary to determine

the number of expansion animals per study zone in each of the livestock

categories included in the study for the years 1976 through 1984.

Since yearly data published by the U.S. Foreign Agricultural Service

indicated that livestock inventories had not fluctuated greatly in

Mexico from 1981 through 1984, the 1984 inventories were adopted for
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those four years. Stable inventories from 1976 through 1980 suggested

that 1980 inventories were applicable for 1976 through 1980. Central

American expansion animal inventories were needed only for 1984.

Mexico

Secondary data collected in Mexico was not sufficiently detailed

to give all the needed data on expansion animal inventories for the

years 1976 and 1984, A procedure using the available secondary data

and estimates by livestock specialists was developed to estimate the

annual inventories of expansion animals by zone.

Statistics that were available about Mexican livestock numbers in

1984 are given in Table 4. Additional unpublished data from the United

States Foreign Agricultural Service that gave further information on

the composition of the 1984 cattle herd is given in Table 5.

Inventory data reported in Table 5 included the numbers of 1984

expansion animals in the cow-calf and dairy categories and made

possible the estimation of the number of expansion animals in 1984 in

the stocker and feeder categories. After the beef cows, dairy cows,

and the calf crop reported in Table 5 were subtracted from the total

cattle reported for 1984 by the U.S. Foreign Agricultural Service,

12,991,000 head remained. Livestock specialists at Texas A&M

University estimated that a number of cows which was equal to 15

percent of the total beef and dairy cows, or 1,935,400 cows, would be

used as heifer replacements in the dairy and beef herds. Those
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Table 4. Mexican Livestock Inventory Data
for 1984

Category IQOO's of head of cattle

(1) cattle 33,917
(2) hogs '13,137
(3) sheep 6,400
(4) goats 10,380
(5) horses 5,640
(6) mules 3,619
(7) donkeys 2,818

Source: Categories 1-2, Foreign Agricultural
Service, Foreign Agricultural Circulars,
1984. Categories 3-4, Food and Agricultural
Organization of the United Nations, Monthly
Bulletin of Statistics, Feb. 1985.
Categories 5-7, FAQ, FAQ Production
Yearbook, 1984.

Table 5. Partial Breakdown of 1984 Mexican Cattle
Herd as Given by FAS

Category IQOQ's of head of cattle

Dairy cows 1,783
Beef cows . 11,120
Calf crop 8,023

Source:Unpublished estimates. Foreign
Agricultural Service, Mexico City

replacement heifers were also subtracted from the 12,991,000 head.

With approximately one bull for each 20 cows in the cow-calf and dairy

herds, 645,150 bulls were also subtracted. The 10,410,400 head left

were divided evenly among stocker and feeder cattle giving 5,205,000

head in each of those categories.

The next step was to allocate the total expansion animals in the

four cattle categories into the study's survey zones. That allocation
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was done by using the survey data to estimate each Mexican state1*

percentage of the total expansion animals in each cattle category. The

equation is as follows;

(21) %STmk s | STATEmk / TOTEXPm (k-l...f30) (m-lf..,4)

where:

= percent of expansion antmals of category m owned by
surveyed producers in state k

= aumber of expansion animals in category m owned by
surveyed livestock producers in state K

TOTEXP = total number of expansion animals in category m
owned by surveyed producers fn all states

The k's in (21) refer to the states in Table 1 and the m's refer to the

four cattle categories included in this study. Table 6 presents the

total number of expansion animals from each cattle category that were

owned by livestock producers surveyed in the eradicated area of Mexico.

Table 6. Total Numbers of Expansion Animals Owned
by Surveyed Producers in Screwworm Free Zones

Category Total Number of Expansion Animals in Survey

Stocker 14,513
Feeder 16,311
Beef Cow 81,066
Dairy Cow 9,583

Using the percentage of expansion animals in each of the four

cattle categories in each state, the total number of expansion'animals

of each category in each state was calculated by:

(22) STTOTmk = %STmk * NATOTm (k=l,.M30) (m-lt.M4)
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where:

STTQT̂  8 estimated number of expansion animals of category m in
state k

NATOTm = total number of expansion animals in category m
in the eradicated area of Mexico as determined
from secondary data

The k's and m's in (22) have the same significance they have in (21).

To determine how many expansion animals of each cattle category were

found in the study's zones, the number of expansion animals in the

states corresponding to each zone were summed.

For the swine category, an unpublished U.S. Foreign Agricultural

Service report indicated that there were 905,000 sows in Mexico in

1984. Published data from Mexico's Sector Agricola Recursos

Hidraulicos (SARH), Direccion General Oe Economia Agricola, allowed the

calculation of the percentage of the swine herd found in each Mexican

state. The number of sows per state was then calculated by:

(23) SOWSSTk * %SWNST * 905,000 (k=l,..,30)

where:

SOWSSTk = number of sows in state k

%SWNSTk s ̂  of swine herd in state k as determined by data
from SARH

The k's in (23) are the states in Table 1. The sows per study zone

were determined by summing the number of sows from the states

corresponding to each zone.

In the other categories; sheep, goats, horses, and work animals;
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estimates of the number of expansion animals were not available. The

United Nations Food ^nd Agriculture Organization, U.S. Foreign

Agricultural Service, and Mexico's Sector Agricola Recursos Hidraulicos

data reported only total herd size. It was necessary to utilize survey

data to estimate the number of expansion animals in each of those

categories. This was accomplished for each each of those categories

by;

(24) EXPANm * TOTHEROm * PEREXPSURVEYm (m-6».M9)

where:

EXPAI^ s number of animals in category m of the type
to be used as expansion animals.

TOTHERDm = Total herdsize in Mexico of category m

PEREXPSURVEYm ~ percentage of animals in category m of the
type to be used as expansion animals that
were owned by surveyed producers

In (24) the m's refer to all the livestock categories other than cow-

calf and swine.

For the sheep, goat, horse, and work animal categories, Sector

Agricola Recursos Hidraulicos data from 1979 or 1980 were available

which allowed the calculation of the percentage of the total herd in

each state. These percentages were used to calculate the number of

expansion animals per study zone in each of the four categories by the

same procedure utilized for the swine. Before separating the horses

into classifications by zone, the total reported horse herd had to be

divided among horses for sale and work horses. Horses of each type

were quantified for surveyed producers. The percentages determined in
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the survey were assumed to be representative of Mexico and were used to

divide the total horse herd reported by the United Nations Food and

Agricultural Organization into work animals and animals for sale. The

total number of work animals in Mexico could then be determined by

summing the numbers of work horses, mules, and burros.

Expansion animal numbers for 1976-1980 were estimated the same way

as those for 1981 through 1984 for all livestock categories except the

swine category. Inventory numbers that were available for the year

1980 are given in Table 7.

Table 7. Mexican Herd Sizes in 1980

Category Herd Size

(1) Cattle 29,500
(2) Hogs 12,800
(3) Sheep 6,482
(4) Goats 9,638
(5) Horses 6,300
(6) Mules 3,109
(7) Donkeys 3,233

Sources: Categories!-4, U.S.
Foreign Agricultural Service,
Foreign Agricultural Circulars
1980. Categories 5-7, United
Nations Food and Agriculture
Organization, FAQ Production
Yearbook, 1982:

As in the case of 1984, unpublished U.S. Foreign Agricultural

Service data from 1980 were available that facilitated distributing the

total cattle number into the four cattle categories included in the

study. These data are given in Table 8.
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Table 8. Partial Breakdown of 1980
Mexican Cattle Herd as Given by the
FAS

Category IQOO's of head

Dairy Cows 2,627
Beef Cows 10,615
Calf Crop 8,315

Source: Unpublished estimates,
U.S. Foreign Agricultural
Service, Mexico City

Mo FAS figure for sows was available in 1980 as was the case for

1984. Therefore, the percentage of sows owned by surveyed producers was

used as the basis for estimating the total number of sows to be

allocated among zones. The number of expansion animals per year from

1976-84 that lived in zones from which the screwworm had been

eradicated is given in Appendix C.

Central America

Expansion animal inventories from Central America were needed only

for 1984. The available data on livestock inventories in Central

America for 1984 is presented in Table 9.

The only U.S. Foreign Agricultural Service data available about

the breakdown of the cattle category in Central America was from

Costa Rica and pertained to the year 1984. Those data indicated that 5

percent of the herd were dairy cows, 36 percent of the herd were cows

in the cow-calf category, and 15 percent of the total herd was made up

of the calf crop. The same procedure that was employed with the cattle
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Table 9. 1984 Livestock Inventories in Central America

Category
Cattle

Swine

Sheep

Goats

Horses

Mules

Donkeys

Herd Size
1I70477W

2,572,000

678,000

130,000

914,000

187,000

42,000

Source: United Nations Food and Agriculture
Organization, Production Yearbook, 1984.

inventory in Mexico was used to find what proportion should be

allocated to the feeder and stocker sections. The percentages found in

Costa Rica were considered representative of the rest of Central

America due to a lack of reliable secondary data for other countries in

that region.

The number of expansion animals in Central America for the

livestock categories other than the cattle categories were estimated

by:

(25) CAEXPAN84m * CAHERDm * PEREXPSURVEYm (m=5,..,9)

where:

CAEXPAN84m = number of expansion animals of category m
in Central America in 1984

CAHERDm = total herd size of category m in Central
America in 1984

There were no estimates of the percentage of each livestock
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category that was comprised of expansion animals for Central America.

Therefore the estimates of those percentages derived from the Mexican

study, (PEREXPSURVEYm)* were used« Horses in Central America were

divided into work horses and horses for sale by using the percentages

in each category from the Mexican survey, The total number of work

animals in Central America was calculated by summing the number of work

horse, mules, and burros, in that region*

Program Costs

The costs of the Mexican-American Screwworm Commission for the

years 1977 to 1983 were adjusted for inflation and converted to 1984

dollars. In a separate step, the time value of money was incorporated

by compounding pre 1984 values and discounting post 1984 values to

derive a 1984 present value. Similar steps were conducted for benefits

of screwworm eradication so that the estimated present value of costs

and benefits could be compared.

Inflation Adjustment

Annual budgets for the Mexican American Screwworm Commission were

available for the years 1977 to 1985. The amount spent by the

Commission in the 1986 U.S. Fiscal year was supplied by Bill Sudlow of

the U.S. Animal and Plant Health Inspection Service in a July 21, 1986

telephone interview. Yearly dollar expenditures from 1977 to 1984 as

given in the budgets were adjusted for inflation and converted to a
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1984 dollar basis using the United States Consumer Price Index reported

in the 1986 edition of the Economic Report of the President. The

methodology used for inflating the expenditures prior to 1984 was the

same as that presented in equation (4) except for the price index used.

The 1985 and 1986 expenditures were not seriously affected by inflation

and were thus not adjusted. Table 10 gives the annual expenditures of

the Mexican-American Commisson for 1977 to 1986 in 1984 dollars.

Table 10, Mexican-American Screwworm Eradication Commission Annual
Expenditures by U»S« Fiscal Year in 1984 Dollars

Year Annual Expenditure ($1000 U.S.)

1977 21,768.4

1978 23,881.8

1979 22,793.0

1980 22,697.2

1981 35,883.9

1982 43,992.0

1983 44,308.8

1984 38,861.0

1985 31,854.0

1986 31,589.0

Present Value Calculation

The effect of inflation was removed by using the price index to
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adjust values. However, the time value of money or the real interest

rate remained. Thus, all values were estimated on a 1984 present value

basis via compounding and discounting procedures,

The 1984 present value of each of the Commission's yearly

expenditures from 1977 to 1983 was calculated by:

(26) FUTVALjr = EXPj * (1 + r)
n ( j=1977,..,1983) (r=3%, 6%, 8.625%)

where:

= the value of the expenditure in year i in 1984 present
value terms calculated at discount rate r

= the Commission's expenditure in year j as given in
Table 10.

r * the discount rate used (a proxy for the real rate of
interest)

n » the number of years between year j and 1984

Three different interest rates; 3%, 6%, and 8.625%, were used in

each conversion of annual benefits and costs to 1984 present value

terms. At the time of this study, 8.625% was the interest rate used

for evaluation of resource projects by the United States Federal

Government (telephone interview, Economics Branch, SCS, Fort Worth,

7/16/86). However, this discount rate includes an inflation component

and represents a very high long term real rate of interest. The

expenditure for 1984 was used without adjustment.

The 1985 expenditure was discounted to 1984 by:

(27) PV85r , EXP85
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where:

PV85r * vaiue qf 1985 expenditure discounted to 1984
using interest rate r

EXP85 = the Commission's expenditure in 1985

r = rate of interest (3%, 6%, 8.625%)

The amount budgeted for 1986 was assumed to continue to

perpetuity. The present value of this stream of expenditures was

calculated in 1984 terms by:

(28) PERPEXP86r s EXP86
r

where:

PERPEXP86r = present value in 1984 basis of the budgeted amount
for 1986, using discount rate r

EXP86 * Commissions'* 1986 budget figure

r * the discount rate used (3%, 6%, 8.625%)

However, since the analysis established 1984 as the base year for

presentation economics, 1985 was counted twice. Once as reported on

the Commission's budget and once when using the 1986 budget figure

which was assumed to continue to perpetuity. It was necessary to

eliminate this double counting by taking the 1986 expenditure value and

discounting one year by using the procedure given in equation (27).

That amount was then subtracted from the total calculated in equation

(28).

The total cost of the eradication effort in 1984 present value

terms at each of the three discount rates was then determined by:
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(29) PROGCOST84r = FUTVALjr + PV85r + ADJPERPr

(j=1973,..,1983) (r,=3%, 6%, 8.625%)

where:

PROGCOST84f * the cost of the program in 1984 present
value terms using discount rate r

ADJPERPr s PERPEXP86r adjusted for the double-
counting of the 1985 expenditure

Program Benefits - Eradicated Region

Benefits of screwworm eradication were estimated separately for

the eradicated region of Mexico, the infested region of Mexico, and

Central America. This section focuses on the estimation of the

benefits of the eradication program in the eradicated region of Mexico.

The change in producers1 surplus due to screwworm eradication was

more completly estimated for cow-calf producers than for other

livestock producers. A serious lack of reliable producer budget data

preempted any complete estimate of the change in producers* surplus in

the other livestock categories. In all categories other than cow-calf,

the reduction in producer's variable costs due to eradication was used

as the estimate of change (increase) in producers1 surplus due to

screwworm eradication.

Non Cow-Calf Categories

This study was designed to quantify the effects of the screwworm

eradication effort on seven of the costs associated with producing
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livestock; medicine, insecticides, veterinarian services, labor,

equipment, confinement of animals, and extra days of production made

necessary by screwworm infestation. In Mexico unemployment is

relatively high. Due to this unemployment factor, two estimates of the

effects of screwworm eradication on per expansion animal costs were

made, one that included the decrease in labor needed due to screwworm

eradication and one that did not. Decision makers could thus use the

total that they felt was 3 truer representation of the benfits of the

program to Mexico.

The total annual benefit accruing to all categories other than the

cow-calf category was calculated as follows:

(30) TOTBENmj = EXPANBENmj * SWCOSTEXPm (j-1977,... 1983)
(m=2,..,9)

where:

TOTBENmj • total benefit accruing to livestock category m in
year j

EXPANBENmj = total amount of expansion animals in category m
found in study zones from which the screwworm
had been eradicated by year j

SWCOSTEXPm ~ 8xtra c°$t per expansion animal that would have
been experienced had screwworms still been present

SWCOSTEXPm 1<s a summation of medicine, insecticide, veterinarian

services, equipment, confinement, extra days of production, and extra

labor caused by screwworms. It was calculated once with the labor

component and once without the labor component. Two estimates of the

total annual monetary benefit per category from screwworm eradication

were thus produced.
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Cow-Calf

For the cow-calf category a more encompassing estimate of the

change in producers1 surplus due to screwworm eradication was made. As

in the other livestock categories, the impact of the screwworm per

expansion animal on the variable cost of producers was first

calculated. That estimate of the benefits to producers from

eradication, however, does not totally include their benefit from the

greater level of output made possible by the elimination of the

screwworm. That net increase in producers1 revenue from eradication

not captured in other estimates is the area abed in Figure 6 as

discussed in Chapter 3. Estimation of this area involved determining

the total cost of producing the increased output and then deleting

preeradication costs of production as well as the lower costs of

production due to eradication to avoid double counting. Enterprise

budgets for cow-calf operations in Mexico were employed to make

possible an estimation of this added benefit.

The impact of the screwworm on the variable cost of producing a

kilo of calf was arrived at by:

(31) IMPKILO = IMPHEAD / KILCAFCQW

where:

IMPKILO - extra variable cost•of producing a kilo of calf due
to screwworm infestation

IMPHEAD = extra variable cost per breeding cow due to screwworm
as determined from the survey
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KILOCAFCOW = average kilograms of calf produced per cow
pre-eradication as determined from the survey

The annual number of kilos of calves that would have been produced

if the screwworm had still been present was arrived at by:

(32) TQTKILQSPREj = BENCOWSj * KILCAFCQW (j»1977,..f1984)

where:

TQTKILOSPREj = total kilos of calves that would have been produced
in year j by cows in zones where the screwworm had
been eradicated if the screwworm had still been
present

BENCOWSj 3 total number of breeding cows benefitting from
screwworm eradication in year j

TOTKILOSPREj is equivalent to Ql in Figure 6.

The average number of kilos of calf produced per cow after the

eradication campaign was:

(33) KILOSPOST * KILOCAFCOW + KILDEATH + KILLQST

where:

KILOSPOST = average number of kilos of calf produced per cow, post
eradication

KILDEATH * national average of kilos of calf per breeding
cow that were lost due to screwworm induced calf
deaths, determined from survey

KILLOST = national average of kilos per breeding cow of sale
weight of calves that was lost due to screwworm
infestation

The annual number of kilos of calf produced by cows located in

zones from which the screwworm had been eradicated was:

(34) TOTKILOSPOSTj * KILOSPOST * BENCOWSj (j«1977,..,1983)
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where:

TOTKILOSPOSTj = total kilos of calf produce in year j by cows in
zones where the screwworm had been eradicated

TOTKILOSPOSTj is the point Q2 in Figure 6.

The change in the quantity of kilos of calves produced from 1977

to 1983 by cows in areas where the screwworm had been eradicated was:

(35) KILOSCHAj = TOTKILOSPOSTj - TOTKILOSPREj (j»1977f..f1983)

where:

KILOSCHAj = change in kilos of calves produced in year j due to
screwworm eradication

KILOSCHAj is equivalent to Q2 - Ql in Figure 5.

The annual variable cost savings to cow-calf producers from

screwworm eradication were:

(36) CHAVCj = TOTKILOSPOSTj * IMPKILO (j=1977,..,1983)

where:

CHAVCj = total reduction In variable cost in year j due to
screwworm eradication

The annual change in producers1 total revenue due to screwworm

eradication was:

(37) TRCHAj = KILOSCHAj * PRICEKILO (j-1977,..,1983)

where:

TRCHAj s change in total revenue of producer in year j due to
screwworm eradication

PRICEKILO = average price per kilo of calf received by cow-calf
operators in 1984 pesos, taken from survey data

The increase in producers1 total revenue due to eradication cannot

be counted as a valid increase in producers1 surplus. A methodology
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was developed to estimate what part of the increase in total revenue

was a net benefit to producers. To implement that methodology it was

necessary to obtain budgetary data for Mexican cow-calf operations.

The Mexican equivalent of the U.S. Department of Agriculture, Sector

Agricola Recursos Hidraulicos (SARH), supplied cow-calf budget data for

tropical areas of Mexico such as the states of Tampico, Veracruz, and

Jalisco. Sector Agricola Recursos Hidraulicos indicated that the

budget they furnished was as typical of Mexican cow-calf operations as

any budget available. The budget they supplied however was based on

high level management.

Several items included in the budget from Sector Agricola Recursos

Hidraulico were adjusted to better reflect a typical cow-calf

operation. Sector Agricola Recursos Hidraulicos had included variable

costs for some types of cattle which are not normally included in a

cow-calf operation. The variable costs for cattle other than

cows, calves, bulls, and replacement heifers; the normal components of

a cow-calf herd; amounted to 23,5 percent of the total variable cost.

This 23.5 percent of the variable cost was removed from the total

variable cost included in the budget.

Sector Agricola Recursos Hidraulicos had also included interest

costs calculated at a 58 percent annual rate. This high interest rate

reflected the high rate of inflation in Mexico. Since inflation had

been removed from all economic estimates in this study only 10 percent

of the total cost of interest reported by SARH was retained. This
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brought the interest cost more in line with the real rate of interest.

Qfice the budget had been adjusted to reflect a typical cow-calf

operation, the annual variable cost per cow and the variable cost per

kilogram of calf produced were calculated. The budget Sector Agricola

Recursos Hidraulicos supplied was for November, 1985 so the variable

costs determined from that budget had to be adjusted to 1984 pesos.

The per kilo variable cost figure was analogous to the post eradication

variable cost figure defined by the point f in Figure 6. To arrive at

the pre-eradication average variable cost, analogous to point c in

Figure 6* it was necessary to add the additional per kilo variable cost

caused by the screwworm that had been determined in equation (34) to

the per kilo variable cost determined from the Sector Agricola Recursos

Hidraulfcos budget. A summary of the cow-calf budget provided by

Sector Agricola Recursos Hidraulicos, after adjustment, is given in

Table 11.

Once point c was known, that part of the annual increase in total

revenue stemming from screwworm eradication that was extraneous to the

increase in producers1 surplus, deqZql in Figure 6, was determined as

follows:

(38) EXTRj = KILQSCHAj * c {j-1977,..,1983}

where:

j s portion of the increase in total revenue in year j
that was extraneous to the increase In producers1
surplus
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Table 11« Sample Budget for Mexican Cow-Calf Operations5

Maintenance of infrastructure 1,761

Maintenance of pastures 2,742

Medicine and minerals 1,175

Miscellaneous 284

Replacement of bulls 1,095

Labor . 2,695

Interest 502

aAll monetary figures reported in 1984 dollars per 100
breeding cows.

c * pre-eradication variable cost per kilo of calf
produced

The net annual increase in total revenue was:

(39) NETCHATRj = TRCHAj - EXTRj (j=1977,. . ,1983)

where:

NETCHATRj = ne^ change in cow-calf producers
1 total revenue

due to screwworm eradication

The total annual increase in the producers1 surplus of owners of

cattle in the cow-calf category that was attributed to screwworm

eradication was then determined by:

(40) CHAPSj = NETCHATRj + CHAVCj ( JS1977,.. ,1983)

where:

CHAPSj a increase in producers1 surplus of owners of
cattle in the cow-calf category in year j

^ the benefit due to the reduction in costs of production due
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to eradication, was estimated earlier. The value of CHAVCj

corresponds to the area cefh in Figure 6.

Conversion of Benefits to 1984 Present Value Terms

To reflect the time value of money the annual benefits experienced

by each livestock category from 1977 through 1983 expressed in 1984

present value terms were calculated by:

(41) VALBEN84nnr * BENm1 * (1 + r) n (j-1977t.M1983)
(m=l,..,9)

where:

VALBEN84mjr s the value of the estimated benefit by category
m in year j compounded to 1984 terms at interest
rate r

r = the interest rate used (r<3%, 6%, 8*625%)

Benmi s benefits estimated by livestock category m in year
j in 1984 pesos

n » the number of years between year j and 1984

The value of the benefit as estimated for the year 1984 was

considered to be the level of benefit that would continue to

perpetuity. Thus, the present value on a 1984 basis of the benefits

from 1985 to perpetuity was calculated as:

(42) BENPERPmr = BEN84m (m=l,..,9)

where:

BENPERPmr = estimated present value of benefits from 1985
to perpetuity for each category calculated at
interest rate r

BEN84,m = estimated benefits for category m in 1984
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r = discount rate used (3%, 6%, 8,625%)

The estimated total benefit of each category in 1984 present value

terms by discount rate was:

(43) TOTBENCATmf = VALBEN84mj> + BEN84m + BENPERPmr

(m=l,..,9) (r,=3%, 6%, 8.625%) (j=1977,..,1983)

where:

TOTBENCATmr = total benefit estimated for category m from
eradication in 1984 present value terms calculated
at discount rate r

In this way, the present value of benefits were estimated for each

livestock category. Total benefits of screwworm eradication involved

summing across the nine livestock categories.

Total Benefits From Screwworm Eradication

The 1984 present value of estimated total benefits from screwworm

eradication is the sum of each category's benefits in 1984 present value

terms. Table 12 shows the elements of each of the twelve estimates of

the 1984 present value of total benefits to Mexican livestock producers

from screwworm eradication that were used in this study.

Estimation of Benefit-Cost Ratios

The present value of total benefits livestock producers gained

from the elimination of the screwworm were divided by the total costs

of the Mexican-American screwworm eradication program to produce

benefit-cost ratios. For each estimate, the same discount rate was
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Table 12. Elements of Estimations of Total Benefits From Screwworm
Eradication

estimate
I

1

2

3

4

5 .

6

7

8

9

10

11

12

labor component
of each category's
decrease in VC

included

yes

yes

no

no

yes

yes

no

no

yes

yes

no

no

net increase in
producers TR from
cow-calf category

included

no

yes

no

yes

no

yes

no

yes

no

yes

no

no

discount rate
used to convert

benefits to 1984
present value

3%

3%

3%

3%

6%

6%

6%

6%

8.625%

8.625%

8.625%

8.625%

used for both annual benefits and annual costs to compute the present

values, Twelve benefit-cost ratios for the Mexican screwworm

eradication effort were thus calculated.

Expected Program Benefits - Infested Regions

A screwworm eradication campaign has been initiated in the Yucatan

Peninsula and proposed for Central America. Benefits which livestock
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producers in those two areas would be expected to experience from

eradication were estimated. Estimation of total benefits was based on

1984 livestock inventories, 1984 benefits per animal, and other known

variables. The benefits that livestock owners in the Yucatan Peninsula

and Central America would have experienced in 1984 from the absence of

the screwworm were considered to continue to perpetuity.

For both Central America and the Yucatan Peninsula, twelve

estimates of the benefits of eradication were calculated. Six of the

estimates utilized the decreased variable cost per expansion animal as

estimated for the eradicated area of Mexico, calculated both with and

without the labor component. The other six estimates were based on the

estimated extra variable cost caused by the screwworm per expansion

animal in the infested study zone 9, again calculated both with and

without the labor component. No estimation of potential benefits for

the two areas was made which included the net increase in the revenues

of cow-calf operations as estimated for the eradicated area of Mexico.

In each case the benefit per expansion animal in a category was

multiplied by the number of 1984 expansion animals in that category.

Then the benefits accruing to each category were summed to give the

total 1984 benefit. Table 13 shows the elements used in each of

the twelve estimates of the potential benefits to livestock producers

in the Yucatan Peninsula and Central America from screwworm

eradication.
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Table 13. Elements of the Estimations of the Potential Benefits to
Livestock Producers in the Yucatan Peninsula and Central America
From Screwworm Eradication

est
#

1

2

3

4

5

6

7

8

9

10

11

12

source of screwworm
eradication impact

eradicated area

eradicated area

infested area

infested area

eradicated area

eradicated area

infested area

infested area

eradicated area

eradicated area

infested area

infested area

labor included
in benefits

yes

no

yes

no

yes

no

yes

no

yes

no

yes

no

discount
rate

3%

3%

3%

3%

6%

6%

6%

6%

8.625%

8,625%

8.625%

8.625%

Each of the twelve estimates of eradication benefits for the

Yucatan Peninsula and Central America were converted to 1984 present

value terms by the present value formula:

(44) BENEFITar s TOTBEN84a (a«lf..f12) (see Table 13)

where:

BENEFITar s present value of potential benefits from 1984 to
perpetuity as calculated from estimation a using
discount rate r
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TOTBEN84a s estimations of the potential annual benefits of
eradication as given in Table 13

r « discount rate used (3%, 6%, 8.625%)

Summary

Thus, the impact of eradicating the screwworm was estimated in

physical terms and expanded to a monetary value. The monetary benefits

were calculated to a present value basis as were program costs to

evaluate economic implications. The physical impacts of eradication

and economic implications are discussed in separate chapters.
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CHAPTER V

PHYSICAL IMPLICATIONS OF SCREWWORM ERADICATION

The results reported herein are based on analysis of 2,004 producer

questionnaires from the eradicated zones in Mexico and 77

questionnaires from the infested region or 2,081 usable questionnaires

from a sample of 2,500. Cow-calf operations experienced the greatest

benefit from screwworm eradication. Producers surveyed in all nine

study zones owned a total of 90,203 beef cows. This represents about 1

percent of the 1984 inventory of beef cows reported in Mexico by the

U.S. Foreign Agricultural Service. This chapter focuses on the

physical impacts of the screwworm including; death losses, extra days

necessary to produce an animal for sale, weight losses, extra labor,

milk loss, and working time loss of infested work animals. Some of the

physical impacts, when converted to monetary terms by applying

appropriate cost or price data, constitute an important part of the

economic impact of the screwworm estimated in this study. The physical

impacts of the screwworm are first discussed on a per animal or

disaggregated basis. The total physical impact of the screwworm is

then examined separately for both the eradicated region, and infested

region.

Per Animal Impacts

A reduction in the milk output of dairy cows and milk goats was an
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important physical effect of the screwworm in Mexico. Dairy producers

in zones 1-8 reported that screwworm eradication had increased their

yearly milk production by 9,610 liters for every 1,000 dairy cows. In

zone 9, no loss of milk production due to screwworm infestation was

reported for 1984 by dairy cow owners. Producers in both the

eradicated and infested areas of Mexico indicated that the screwworm

had not affected the production of goat milk.

Work animals could sometimes not be used for a period of time

after they were infected by screwworms. Producers in the eradicated

area of Mexico reported that they had gained 598 annual hours of work

per 1,000 adult work animals as a result of those animals no longer

being infected by screwworms. In study zone 9, producers said that

they had lost 493 hours of working time per 1,000 adult work animals in

1984 due to screwworms. Work animals often are a principal power

source for lower income farmers and ranchers. The loss of the work of

those animals due to screwworm infestation could be detrimental to the

welfare of a family.

Table 14 presents several other annual physical benefits of

screwworm eradication in the eradicated area of Mexico; the decrease in

death losses, the decrease in the number of days necessary to produce

an animal for sale, the decrease in weight losses, and the decrease in

labor needed by producers. Each of those estimates is reported on the

basis of 1,000 expansion animals. For example, the decrease in death

loss for calves in the cow-calf category, 15.8, means that for every
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Table 14. Estimated Annual Physical Benefits From Screwworm
Eradication per 1,000 Expansion Animalsa in the Screwworm Free Region

ReductionReduction I n R e d u c t i o n I n R e d u c t i o n in
Livestock In Death Extra Feeding Weight Loss On Extra Labor
Category Loss (hd.) Days (Days) Sale Animals (kg) Days (Days)

Cow-Calf
Cows
Calves
Bulls

Stocker

Feeder

Dairy
Cows
Calves
Bulls

Sheep
Ewes
Lambs
Rams

Goats
Nannies
Kids
Billies

Swine
Sows
Pigs
Boars

Horses
Mares
Ponies
Stallions
Geldings

Draftb
Mules
Horses
Burros

2,522
4.8
15.8
0.6

1.3 63

.4 21

1,808
5.5
8.7
0.0

365
8.3
6.0
6.3

1,000
27.9
41.5
19.6

5,180
5.7

52.7
30.2

N/A
2.4
6.0
2.4
1.2

N/A
1.0
3.2

15.1

1,196 492

1,059 141

530 50

806 1,091

79 211

66 132

2,176 1,342

N/A 263

N/A 598

aFeTnale breeding animals except for stackers, feeders, horses, and
draft animals where expansion animals are adult animals,
bMale and female animals of all age groups,
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1,000 breeding cows 15.8 less calves died per year as a result of the

eradication of the screwworm. The estimates in Table 14 may be

interpreted as the annual physical benefits per 1,000 expansion

animals from the screwworm eradication effort in Mexico.

Table 14 indicates that the reduction in death losses of offspring

was larger than the reduction in death losses of adult males or adult

females in each livestock category except for sheep. The small size of

young animals makes them more likely to die from screwworm infestation

than adults. The greatest single reduction in death loss was for pigs

at 52.7 per 1,000 sows. Sows can have two litters of pigs per year so

screwworms had more opportunities to attack young pigs. The second

greatest reduction in death loss in the eradicated area was for kids at

41.5 per 1,000 nannies. Screwworm eradication had little effect on

death losses for stockers, feeders, mules and horses. However, even

infrequent death losses of animals could be particularly devastating to

poor farmers with small holdings of livestock.

Of all the categories, swine operations had the greatest reduction

in the number of days necessary to produce animals for sale, 5,180 per

1,000 sows. Cow-calf operations had the second greatest decrease in

production time, 2,522 days per 1,000 cows. No questions were included

in the survey instrument on the effects of screwworm eradication on the

time necessary to produce horses or draft animals.

The reduction in sale weight loss attributable to screwworm

eradication followed a pattern similar to the reduction in death loss.
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The greatest reduction in sale weight loss was for swine at 2,176

kilograms per 1,000 sows. That was followed by a decrease in beef lost

of 1,196 kilograms per 1,000 beef cows and 1,059 kilograms per 1,000

stockers. Feeder cattle and dairy cows also sustained large sale

weight losses.

The greatest reduction in labor needed for production in the

eradicated area was for the swine category at 1,342 days per 1,000

sows. The second greatest reduction in labor needed in the eradicated

area was for dairy farms. Screwworm eradication allowed dairy

producers to use 1,091 less days of labor per 1,000 dairy cows. Dairy

cows must be in good physical condition to produce well. Any pest such

as the screwworm that could weaken dairy cows would have to be

carefully guarded against. Such extra care is labor intensive and

could explain why the elimination of the screwworm decreased the need

for labor in dairy operations more than in other categories.

Table 15 shows physical impacts af the screwworm for the infested

region of Mexico, study zone 9. The impacts presented in Table 15 are

the actual physical impacts of the screwworm in 1984, per 1,000

expansion animals, as reported by producers in the states of Quintana

Roo, Campeche, and Yucatan. The data in Table 15 can be interpreted as

the annual physical benefits that would accrue to producers in the

infested area of Mexico if they no longer had to contend with the

screwworm.

For the infested region, death losses were greatest for pigs and
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Table 15. Estimated Annual Physical Impacts of the Screwworm
per 1,000 Expansion Anima1sa in the Screwworm Infested Area of Mexico
L i v e s t o c k D e a t h E x t r a FeedingWeight Loss O n E x t r a Labor
Category Loss (hd.) Days (Days) Sale Animals (kg) Days (Days)

Cow-Calf
Cows
Calves
Bulls

Stocker

Feeder

Dairy
Cows
Calves
Bulls

Sheep
Ewes
Lambs
Rams

Goats
Nannies
Kids
Billies

Swine
Sows
Pigs
Boars

Horses
Mares
Ponies
Stallions
Geldings

Draft0
Mules
Horses
Burros

3,995 2,330
1.2
9.9
0.1

.3 15 490

no data obtained in this category

0 0
0.0

10.3
0.0

678 251
5.4

105.4
2.7

0 0
0.0
83.3
0.0

9,600 605
0.0

400.0
0.0

N/A N/A
0.0
0.0
0.0
0.0

N/A N/A
0.0
4.6
0.0

98

85

414

42

250

261

400

493

aFemale breeding animals except for stockers, feeders, horses,
and draft animals where expansion animals are adult animals.
bMa!e and female animals of all age groups.
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second greatest for lambs. High numbers of extra production days

caused by the screwworm were reported for both the swine and cow-calf

categories. The loss of sale weight reported per 1,000 beef cows,

2,330 kilograms, was the greatest single loss of sale weight reported

for either the eradicated or infested area. The highest amount of

extra labor needed in the eradicated area was for work animals followed

by dairy cows.

Generally, the estimated physical impacts of the screwworm per 1,000

expansion animals were much greater for the eradicated zone than the

infested zone. Exceptions include death losses of lambs, kids, and

pigs. Sale weight losses for cow-calf and sheep operations were also

much larger in the infested zone than in the eradicated zone. A

comparison of the physical impacts of the screwworm in the eradicated

and infested areas of Mexico suggests that the impacts of the screwworm

on each region are unique. The difference in impacts is, in part, due

to the difference in cultural practices in the two regions. Intense

heat in the Yucatan Peninsula makes it necessary to pen cattle in that

region during the part of the day when temperatures are highest. The

daily rounding up of the cattle provides handlers a chance to observe

all of their animals. Early detection of screwworm infestation is thus

facilitated. In many areas of the eradicated region of Mexico cattle

are only periodically rounded up which makes it more difficult to

detect screwworm infested animals. This variance in impact between the

two regions implies that extrapolation from the impacts experienced in
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any particular region must be done with caution.

Total Regional Impacts

Table 16 gives the estimated total annual physical benefits

received from screwworm eradication for each livestock category in the

eradicated area of Mexico. The values in Table 16 were calculated by

multiplying the per expansion animal physical benefits of a category as

estimated from the eradicated area questionnaire by the total number of

expansion animals in that category in zones 1-8 in 1984. In this

study, the level of benefits experienced in 1984 was projected to

continue to perpetuity.

The data in Table 16 demonstrate that the livestock category with

the highest physical impact on a per animal basis is not necessarily

the most important on an aggregate basis. This is explained by the

diversity among livestock categories in the number of expansion

animals and total inventory.

In the eradicated area, kids, the offspring of goats, had the

greatest total reduction in death loss due to screwworm eradication;

192.6 thousand annually. The death loss reduction for calves in the

cow-calf category, 158.2 thousand, was the second highest annual

decrease in death losses due to screwworm eradication. Even though

pigs had the highest reduction in death loss per 1,000 expansion

animals, the relatively small number of sows in Mexico in 1984 caused

pigs to experience only the sixth highest reduction in total death loss
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Table 16. Total Annual Estimated Physical Benefits Received From
Screwworm Eradication in the Screwworm Free Area of Mexico

Reduction Reduction In Reduction In Reduction In
Livestock In Death Extra Feeding Weight Loss On Extra Labor
Category Loss (hd.) Days (Days) Sale Animals (kg) Days (Days)

Cow-Calf
Cows
Calves
Bulls

Stocker

Feeder

Dairy
Cows
Calves
Bulls

Sheep
Ewes
Lambs
Rams

Goats
Nannies
Kids
Billies

Swine
Sows
Pigs
Boars

Horses
Mares
Ponies
Stallions
Geldings

Draft*
Mules
Horses
Burros

25,245 11,971
48.1
158.2
6.0

5.2 251 4,197

2.1 110 2,742

3,041 1,356
9.3
14.6
0.0

1,338 288
30.4
22.0
23.1

4,640 306
129.5
192.6
91.0

4,495 1,888
4.9

45.3
26.2

N/A N/A
1.6
3.9
1.6
0.8

N/A . N/A
3.7
8.7
43.0

4,921

559

259

1,836

774

612

1,164

170

5,530

dMales and females of all ages.
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due to screwworm eradication.

The total reduction in days necessary to produce animals for sale

for cow-calf operations, 25.2 million per year, was the greatest across

all livestock categories. The cow-calf category had the largest number

of expansion animals and the second highest reduction per 1,000

expansion animals in the number of days necessary for production. The

goats category had the second highest reduction in the number of days

necessary to produce animals for sale, 4.6 million per year. Although

swine had the highest reduction in production time per 1,000 animals,

the relatively small number of sows meant that the swine category had

only the third highest decrease in the number of days necessary for

production.

The annual total reduction in sale weight loss for cow-calf

operations, 12.0 million kilograms, was more than twice as great as the

second highest total reduction, 4.2 million kilograms per year for

stockers. Feeder cattle had the third highest reduction in sale weight

loss, 2.7 million kilograms. Thus, screwworm eradication increased the

amount of beef placed on the market far more than any other type of

meat.

The highest reduction in labor needed for a livestock category was

for work animals, 5.5 million days annually. Cow-calf operations had

the second greatest benefit from eradication in the area of reduction

in labor. Their total reduction in extra days of labor for production,

4.9 million days per year, was more than twice as great as the third


