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Cooperatively Managed Rural Panamanian Fish Ponds:
The Integrated Approach

L.L. Lovshin, N.B. Schwartz, V.G. de Castillo, C.R. Engle, and U.L. Hatch'

INTRODUCTION

A N EMERGING VIEW of development is that the governments
of developing nations must satisfy basic human needs as well as fos-
ter economic growth. Improved nutrition is prominent among these
needs, particularly since average annual increases in food produc-
tion world-wide (1.6 percent from 1970 to 1979) have not always kept
up with demographic growth. Even when food production and de-
mography are in balance, food supplies may be unevenly distrib-
uted, the tendency being to favor urban populations over rural ones.
Thus, many planners are especially concerned with the food needs
of rural groups in developing nations, and in this context there is in-
creasing interest in the application of rural freshwater fish culture
technology as one of several ways to help meet the needs of these
groups.

In Latin America, interest in rural freshwater fish culture has
grown rapidly. Governments actively promote construction of family,
community, and commercial fish ponds to improve nutritional and
economic well-being among rural groups. In many places, disillu-
sionment replaced early enthusiasm when initial research and pilot
study successes were not duplicated on a larger scale. Reasons for
the lack of success range from technical to political and are varied
and complex. There are no simple explanations for failure, but in
many cases a principal cause has been inadequate numbers of seed
fish to stock grow-out ponds.

People in countries with no history of fish culture need govern-
ment assistance to make their ponds technically and economically
viable. Thus, hatcheries are built and research and pilot studies car-
ried out, often with the financial and technical assistance of donor
nations. Initial results are usually quite promising, and policy mak-
ers promote the construction of grow-out ponds through private
bank loans or government subsidies. Government institutions pro-
duce the seed and transport them to grow-out ponds where they are
sold or donated to growers. This approach works well at first. As
word of the nutritional and economic benefits of the program
spreads, more ponds are constructed, but the early momentum may
be difficult to sustain as the amount of seed needed to stock increas-
ing numbers of widely dispersed ponds increases. Eventually, the
government is unable to meet the seed needs of growers, and then
expansion ceases or the program slowly fails.

1Professor of Fisheries and Allied Aquacultures, Auburn University;
Professor of Anthropology, University of Delaware; Direccion Nacional
de Acuicultra, M.I.D.A., Santiago de Veraquas, Panama; Assistant Pro-
fessor of Economics, Auburn University-Montgomery; and Assistant Pro-
fessor of Agricultural Economics and Rural Sociology, Auburn University;
respectively.

A government may be unable to supply sufficient seed stock to
producers for several reasons.

1. Frequent changes in government policy and/or administrators,
and political instability which make rural areas unsafe.

2. Economic constraints which prevent hatchery installation, ex-
pansion, and/or acquisition of additional staff and vehicles for trans-
porting fish seed.

3. Inadequately trained and poorly paid hatchery personnel who
lack the knowledge and dedication needed to intensify seed produc-
tion.

In the private sector, commercial seed producers are often slow to
respond to the need for more seed for the following reasons.

1. The technology required to reproduce the species selected for
small-scale rural fish ponds is too demanding for inexperienced cul-
turists. Only the government or large, well-financed growers with
trained biologists and adequate spawning facilities can reproduce
the fish.

2. Even when the species selected for culture is easily repro-
duced, planning which fails to anticipate economic and political con-
straints results in a limited capacity to produce adequate numbers
of seed stock.

The project under discussion was designed to cope with these and
related problems.

PROJECT BACKGROUND

The rural fish culture program in Panama was initiated in 1976.
At that time, the political philosophy of the country supported a
communal approach to nutritional problems. Grow-out ponds were
constructed with government financial and technical assistance. Ti-
lapias were selected as the principal culture species, and all-male
hybrids of Tilapia nilotica x T. hornorumn and T. mossambica x T.
hornorum were produced in a government hatchery and transported
to the grow-out ponds. Common carp (Cyprinus carpio), bighead
carp (Aristichthys nobilis), and silver carp (Hypopthalmnichthys mol-
itrix) were also stocked to increase fish production. Initial efforts to
culture fish with a commercial ration proved unsatisfactory The
high cost of the ration required that the fish be sold at a price beyond
the means of rural consumers. Since the major goal was to improve
nutrition, a way to lower the cost of the cultured fish had to be
found. Thus, the Panamanian government began to focus on an in-
tegrated strategy: combining fish ponds with gardens and livestock
production. The use of locally produced animal manures to fertilize
grow-out ponds proved successful in terms of fish harvests. Early
success stimulated program expansion and soon about 200 family
and community ponds of 100-10,000 square meters were in opera-



tion in a tri-province area. The need for hybrid tilapia fingerlings
grew rapidly, and a shortage of seed developed. The complex tech-
nology and pond installations needed to produce the hybrid seed
barred the inexperienced rural grower from producing his own
seed.

Then, in 1980, the United States Agency for International Devel-
opment (USAID) granted the Government of Panama (GOP)
$1,142,000 to carry out a 4-year, pilot fish culture program. The main
goals of the program were:

1. To teach organized groups of poor rural people to manage the
integrated systems by themselves. Within 24 months, they would
have to learn to produce their own seed fish, fatten, harvest, and
either consume or market their products, and meet recurrent costs
with no more than modest government extension support. The goal
was self-sufficiency

2. To focus on integrated production activities. The ponds are a
nucleus around which other enterprises-livestock production, gar-
dening, silviculture-develop. Each operation should enhance the
efficiency and value of the others. None stand alone.

3. To have multiple benefits for the rural poor. The program
should improve their nutrition, provide them with some additional
income, and inhibit some of them from migrating to urban areas for
economic reasons.

4. To design a simple, practical technology that is compatible with
microenvironmental and local community conditions. If anything,
the technology is intended to upgrade microecologies by improving
soils and by fomenting reforestation.

Twenty-two communities in a five-province area were selected for
the pilot study. Prerequisites for inclusion were:

1. A source of good quality, gravity-flow water of sufficient quan-
tity to permit year-round maintenance of pond water levels.

2. Soils that permit no more than minimum water loss to infiltra-
tion.

3. Sites with topographical features that permit pond construe-
tion at reasonable cost.

4. All-weather road access to pond sites (with one exception).
5. Community interest in the project which was determined at or-

ganizational meetings with community groups and also by willing-
ness of these groups to cooperate with project personnel.

In addition to the "pilot" communities, 10 "control" communities
(i.e., settlements without ponds) and 10 "traditional" communities
(i.e., settlements with pre-project ponds that usually lack animal
and garden components) were selected for purposes of nutritional
and sociological study

The project was administered by the National Directorate of
Aquaculture (DINAAC) of the Ministry of Agriculture and Live-
stock Production (MIDA). Technical, economic, nutritional, and so-
ciological studies, to be carried out over a 2.5-year period, were to
measure project impact on the pilot communities. The major em-
pirical results of these studies are reported in the following chap-
ters. For the most part, pilot study recommendations, final analytic
conclusions, and synthesis of technical, economic, nutritional, and
sociological studies are not reported here. The emphasis is on em-
pirical findings, and these other matters are left for subsequent dis-
cussion, [(4) Chapter 3].

Map of Panama with shaded areas defining project borders.



Chapter I
Technical Evaluation

L. L. Lovshin

STRATEGY
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FIG. 1. Cooperatively managed 2,700 M
2 four-pond module located in

Cascajal, Codle. This duck-fish-vegetable project provides food to
11 families.

POND MANAGEMENT

Two-Pond Module
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SPAWNING-NURSERY
POND

T niltica
mates and
temate adults.

Stocking rate
Females 1 3 ml
Males 1 9mr

GROW-OUT POND

T nidotica mates arid teolales ot 6
cm to 10 cm -a pieoatst C main
aquense

Initial stocking rate
Tilapia 1 to2 im
Predator 1 to 2 5 m

Ratio o1 mates to females: Ratio ot tilaplas to predator
1 mate tor each 3 temaies 5 titapias for each predator

Harvest:
Time -alter 4 months
Type -partial
Size ot fingerinog

6 to 10 cm

Harvest:
Time -atter 4 to 6 months
Type -partial or Iotal

Restocking
Partial harvest -stock 5 tilapias of
6-10 cm for each 4 tilapias har-
vesied. C. managuense wilt repro-
ouce in the pond and does not re-
quire restocking.
Total harvest -equal to the initial
stocking rate

FIG. 2. Two-pond moduie.
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T nilotica male and female
adults.

Stocking rate:
Females = 1/3 m2

Males = 1/9 m2

Ratio of males to females:
1 male for each 3 females

Harvest:
Time - 2 to 3 months
Type - total
Size of fingerling - 3 to 6 cm

T nilotica mixed sex fingerlings of 3 cm to
6 cm.

Stocking rate:
Tilapias = 10/m 2

Harvest:
Time - 3 to 4 months
Type - total
Size of fingerling - 8 to 12 cm

Restocking:
All fingerlings remaining in
the pond must be eliminated
before restocking.

Restocking:
All fingerlings and fry remaining
in the pond must be eliminated
before restocking with adults.

NURSERY POND

FIG. 3. Three-pond module.

munity while the males are retained for further growth. After all the
nursery pond fingerlings have been sexed, the pond is dried, pre-
pared, and restocked with small fingerlings from the spawning
pond. Well managed spawning and nursery ponds will permit three
cycles (harvests) per year.

The grow-out pond is initially stocked with male tilapias and
carps at the rate described for the two-pond module. The grow-out
pond is partially harvested 4 to 6 months after stocking and res-
tocked with male T. nilotica taken from the nursery pond. The nurs-
ery pond is also used to hold Chinese carp seed produced in the gov-
ernment fish hatchery for restocking the grow-out pond. The
management steps carried out in a 3-pond module are shown in fig-
ure 3.

Four-Pond Module

This module consists of spawning, nursery, prestocking, and
grow-out ponds, figure 4. The procedure used to produce small and
large tilapia fingerlings in the spawning and nursery ponds is similar
to that of the three-pond module. Male tilapia fingerlings can be
stocked directly into the grow-out pond or held in the prestocking
pond until needed. Holding the male tilapias in a prestocking pond
permits a second manual sexing to reduce the number of females in-
advertently included with the males. The prestocking pond also
serves as a Chinese carp holding pond. Stocking rates, partial har-

vests, and restocking of the grow-out pond are performed as in the
other modules. Figure 4 depicts the steps used by a community to
produce male T. nilotica seed, stock, and harvest a four-pond,
grow-out system.

LIVESTOCK

All pond modules were associated with animal husbandry activi-
ties. The organic wastes were washed daily into all ponds to increase
water fertility Projects with pigs, chickens, ducks, and cattle were
tested to determine the effects of the manure on fish production.

Materials such as cement, galvanized zinc sheets, wire, and ce-
ment blocks to build the animal enclosures and storehouses were
subsidized by the government and were included in pond construc-
tion costs. Each community provided local building materials, such
as sand, gravel, and wood poles, and the labor to build the facilities.
Animal shelters were located to permit water to flow through the en-
closures and transport wastes to the ponds. Most grow-out ponds
received either a prestocking application of chicken manure, 2,000
kilograms per hectare, or 12-24-12 (N,P,0, K,0), 60 kilograms per
hectare, in addition to the livestock manure.

Pigs

Ten pond projects were associated with hogs. The pig sties en-
closed 30 square meters with cement floors, wire enclosures, and

SPAWNING POND

Tniticamale and female
adults

Stocking rate:
Females = 1/3m 2

Males = 1/9 m2

Ratio of males to females:
1 male for each 3 females

Harvest:
Time - 2 to 3 months
Type - total
Size of fingerling - 3 to 6 cm

Restocking:
All fingerlings and fry remaining
in the pond must be eliminated
before restocking with adults.

NURSERY POND PRESTOCKING POND GROW-OUT POND

T niotica mixed sex finger- Tnilotica males (storage) T nilotica males

Stocking rate:
Tilapia= 10/m 2

Harvest:
Time - 3 to 4 months
Type - partial or total
Size of fingerling-8 to 12 cm

Restocking:
All fingerlings remaining
in the pond must be elimi-
nated before restocking with
adults.

Stocking rate:
Tilapia = 5/m2

Harvest:
Time - when males are

needed in the
grow-out pond

Type - partial or total
F

Restocking:
Partial-5 male tilapias for

every 4 harvested
Total - same as initial stocking

rate

Stocking rate:
Tilapia = 1 to 2/m 2

Harvest:
Time - 4 to 6 months
Type - partial or total
Size- 17 to 22 cm

Restocking:
Partial harvest - 5 male tilapias for
each 4 male tilapias harvested.
Total harvest - equal to the initial
stocking rate.

FIG. 4. Four-pond module.

SPAWNING POND GROW-OUT POND

T nilotica males

Stocking rate:
Tilapias = 1 to 2/m 2

Harvest:
Time - 4 to 6 months
Type - partial or total
Size - 17 to 22 cm

Restocking:
Partial harvest - 5 male
tilapias for each 4 male
tilapias harvested
Total harvest - equal to the
initial stocking rate.
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galvanized zinc sheet roofs. The sties were divided so that two lots
of pigs could be raised simultaneously. Lots were introduced about
2 months apart so that the sty always contained pigs. The staggered
fattening cycle facilitates marketing and the fish pond never lacks
manure. The sties were built to hold 30 pigs, but were initially
stocked with 20 pigs. This stocking rate was the equivalent of 64-101
pigs per hectare of water, table 1. The piglets, Yorkshire x Landrace
hybrids, were purchased from private producers and fattened on
commercial rations bought in large cities. The pigs were fed a grow-
ers ration daily for the first 11/2 months and then a fattening ration to
slaughter size at approximately 5 percent of their body weight. The
community was encouraged to plant forage crops, manioc, corn, ba-
nanas, or other crops to supplement the commercial ration and lower
feed costs. Pigs were fattened over a 100- to 120-day period and mar-
keted locally or transported to a slaughter house. Transportation of
piglets, ration, and fattened pigs is by public, private, and govern-
ment transportation. Project members provide daily maintenance
and simple prophylatic health care. The government provides vet-
erinarian service.

Chickens

Three communities with existing chicken fattening projects were
selected. They contain between 5,000 and 10,000 birds and the
manure produced was greater than required for the fish ponds and
gardens. Chicken manure, mixed with litter, was bagged and stored
after each fattening cycle. The manure was then applied weekly to
the fish ponds at rates from 500 to 1,000 kilograms per hectare.
Chicks were bought from government and private producers. Com-
mercial chicken feed was purchased from a private supplier who de-
livered the ration to the growers for a modest transportation fee. The
60-day-old chickens were sold alive, on-the-farm to a private pro-
cesser who cleaned, froze, and marketed them.

Ducks

Two communities raised Peking ducks. The ducks were placed on
the grow-out ponds at a rate equivalent to one duck every 10.4
square meters and 12.5 square meters of pond surface. Two-week-
old ducklings were purchased from a commercial producer. The

ducks were fed a commercial chicken ration placed in feeders lo-
cated on floating pond rafts. The ducks were restricted within a
fence, allowing them access to specific pond areas. The duck corral
was divided in half so that two lots of ducks could be raised. When
one lot was ready for market, a second lot remained, providing man-
ure to the ponds. The ducks were ready for harvest in approximately
11 weeks of fattening, processed by project members, and trans-
ported to freezing facilities. The government provided transport of
ration and also ducks to markets.

Cattle

Four communities with existing extensive cattle or dairy cow
projects and fenced pastures used liquid cattle manure to fertilize
their fish ponds. A cement-floored cattle corral was built near the
pond modules. The corral was positioned so that the water used to
fill the ponds passed through the corral before reaching the ponds.
Cattle or dairy cows were corraled in the evening, 3 to 7 days per
week. Each morning the cattle were released to pasture. The wastes
deposited during the night were washed into the fish ponds in a liq-
uid form. Although the correct number of adult animals per hectare
of water is unknown, community groups were advised to use one
cow per 100-200 square meters of pond area. One project was able
to supplement its cattle manure production by collecting and trans-
porting manure from a nearby dairy farm. The experienced Pana-
manian cattle rancher needs little help in reproducing, fattening,
and marketing his animals. The grass-fed cattle do not receive a
commercial ration.

Cattle and Chicken Manure

Three projects started with cattle but, because of technical or so-
cial problems, were unable to continue solely with cattle. The com-
munities started supplementing the periodic applications of cattle
manure with chicken manure at the rate of 200-500 kilograms per
hectare per week. Chicken manure was purchased locally or do-
nated by the government. Irregular doses of liquid cattle manure
were applied as detailed for cattle only ponds.

TABLE 1. RELATIONSHIP OF LIVESTOCK To TOTAL FISH PRODUCTION

Livestock Module, no. Grow-out Prestocking Culture Type of Animals Fish Fish Average
pr yield vield yieldLivestock of ponds pond area fertilization period harvest hetare heet day her/vr he /vr.

hectr etare/day hectare/vr. hectare/vr.
11m" Days No. kg kg kg

Pigs
Chumical......... . 3 1,980 C.M.' 552 Total 101 3.5 1,288
Guavabito ........ 4 2,072 C.M. 642 Total 96 7.7 2,821
Mata Palo ........ 2 2,450 C.M. 629 Total 82 7.4 2,693 2,197
Montana ......... . 4 3,219 688 Total 64 5.9 2,161
La Penita......... . 2 2,260 C.M. 587 Total 88 5.5 2,022

Ducks
La Arena ......... . 2 1,845 249 Total 962 9.9 3,613 3,460
Cascajal .......... 4 2,500 C.M. 484 Total 800 9.1 3,306

Chickens
Los Higos ........ 3 3,823 C.M. 781 Partial 5.6 2,027
Majarilla ......... . 4 3,010 C.M. 482 Total 8.3 3,031 2,329
San Jose .......... 3 12,400 C.M. 652 Total 5.3 1,928

Cattle
Espavecito ........ 3 4,051 N-P-K" 538 Total 3.3 1,205
La Miel .......... 3 2,534 N-P-K 755 Total 59 5.2 1,893 1,727
Remedios ........ 3 4,118 N-P-K 581 Partial 5.7 2,084

Cattle + Chickens
Bavano........... . 4 3,966 N-P-K 727 Partial 2.6 960
Pedregoso ........ 2 1,805 C.M. 536 Total 5.4 1,955 1,171
Las Trancas ........ 2 3,029 551 Total 1.6 597

1. Chicken manure.
2. 12-24-12 (N, P,05, K,0).
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FIG, 5. A partial harvest of tilapia and carps is evenly distributed
amongst the 14 families participating in the agroaquaculture project
located in Mata Palo, Veraguas.
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TABLE 3. PRODUCTION, AVERAGE WEIGHT, AND PERCENT OF TOTAL FISH YIELD FOR SPECIES CULTURED IN EACH LIVESTOCK GROUP

Performance measure Pigs Ducks Livestock- Cattle Cattle + chicken Average
by species chickens

Tilapia
Average yield (790-2,550) 1  (1,461-2,107) 1  (1,203-1,715) 1  (929-1,120) 1  (311-1,019) 1

Kg/ha/yr ................ 1,584 1,784 1,400 1,023 682 1,295
(79-185) (141-146) (147-250) (90-209) (81-240)

Average weight, g ....... 133 144 191 168 147 154
Avg. percent of total (59.0-91.0) (49.0-66.0) (57.0-63.0) (47.0-77.0) (52.0-74.0)
Yield .................. 71.0 53.7 59.7 61.0 60.3 61.1

Common carp
Average yield (86-134) (266-399) (36-172) (9-69) (33-221)
Kg/ha/yr ................ 150 333 93 32 104 142

(244-1, 165) (556-624) (391-488) (303-1,733) (393-815)
Average weight, g ....... 582 590 448 852 545 601
Avg. percent of total (3.0-16.0) (6.0-12.0) (2.0-8.0) (1.0-3.0) (6.0-12.0)
Yield ................ .. 7.4 10.0 4.0 1.7 8.7 6.4

Silver and bighead carps
Average yield (103-814) (710-917) (672-1,216) (269-1,074) (21-597)
Kg/ha/yr ................ 442 814 866 698 346 712

(381-793) (363-750) (318-797) (325-418) (369-439)
Average weight, g ....... 598 557 613 384 408 520
Avg. percent of total (4.0-30.0) (22.0-45.0) (33.0-41.0) (22.0-50.0) (22.0-38.0)
Yield .................. 21.6 36.3 36.3 37.3 31.0 32.5

'Range of values.

TABLE 4. FISH YIELD COMPARISON BETWEEN Two-POND AND THREE-
AND FOUR-POND MODULES

Two-pond module Three and four-pond
Performance measure mixed sex tilapia with a modules

predator all-male tilapia

Average tilapia yield,
kg/ha/yr ............ 1,052 1,371

Average tilapia
weight, g........... 136 163

Total fish yield,
kg/ha/yr ........... 1,864 2,064

WEATHER

Average monthly rainfall data were collected in Divisa, Panama,
for a 5-year period, 1977-81, and the drought years of 1982 and 1983
are presented in table 2. One millimeter of rainfall was recorded
over a 165-day period from November 11, 1982, to April 28, 1983.
The 6-month period from November 1, 1982, to April 30, 1983, was
the driest in the last 75 years. As a result, 8 of 16 projects analyzed
in this chapter were seriously affected by a lack of water. Two proj-
ects dried completely and six had their spawning and nursery ponds
dry up.

Two conclusions may be drawn from this situation:
1. Despite technical problems, people maintained an interest in

their ponds.
2. The technology can withstand severe environmental pressures.

WATER QUALITY

Pond water quality was measured in each community with a Hach
kit. Readings for pH values ranged from 6.5 to 7.5, with an average
reading of 7.2. Total alkalinity ranged between 10 and 150 milli-
grams per liter, an average of 68, and hardness ranged between 0
and 103 milligrams per liter, an average of 51. Water quality was not
considered a constraint on fish production except in Chumical, table
1, where the pH was 7.0, total alkalinity was 10 milligrams per liter,
and hardness was 0. Pond water and soil in Chumical were recently
limed to improve water quality. Lime was not applied in any other
projects.

No fish mortalities due to low dissolved oxygen caused by excess
manure were recorded.

FISH PRODUCTION

Average fish production for all projects was equivalent to 2,177 kil-
ograms per hectare per year, table 2. Integration with ducks re-
sulted in the largest average fish production, followed by fish pro-
duction with chickens, pigs, cattle, and cattle plus chickens, table 2.

Highest average tilapia production also was obtained with ducks,
followed by pigs and chickens. Reduced tilapia production occurred
with cattle and cattle plus chickens. Average tilapia production for
all livestock treatments was 1,295 kilograms per hectare per year,;
table 3. Average tilapia harvest weight for all livestock treatments
was 154 grams. The size of tilapia harvested depended on commu-
nity desire and net mesh size used. Some project members were sat-
isfied with fish of 50 to 100 grams, while others wanted fish of 200
grams, table 3. An average of 61 percent of the total fish production
from all livestock treatments was comprised of tilapia.

Average common carp and silver and bighead carp production for
all livestock treatments was 142 and 712 kilograms per hectare per
year, respectively. Common carp had an average harvest weight of
601 grams, while silver and bighead carps averaged 520 grams.
Common carp and silver and bighead carps averaged 6 percent and
32 percent, respectively, of the average total weight harvested. A
summary of fish production results are presented in tables 2 and 3.

The guapote tigre effectively controlled tilapia density and con-
sisted of 0.6-2.8 percent of the total catch by weight (17 kilograms
per hectare per year). Many small guapote were confused with and
reported as tilapia.

The average fish production obtained from the two-pond modules
using mixed-sex T. nilotica with a predator and three- and four-
pond modules stocked with male tilapia is given in table 4. A small
difference was observed in average tilapia and total fish production
in the two systems.

Survival of stocked fish was hard to determine because partial
harvests left an undetermined number of fish in some ponds. How-
ever, eight totally drained grow-out ponds allowed an estimate of
fish survival. An average of 72 percent of the stocked tilapias were
harvested, while an average of 57 percent and 53 percent of the
stocked common carp and silver and bighead carps were recovered.
Low survival appears to be related to the small size of stocked fish,
1 to 3 grams, and unregistered harvesting by project participants
and non-participants. Demand for Divisa hatchery fish seed is high.
Thus, fish seed are stocked below ideal size, resulting in high mor-
tality due to handling during transport and insect predation after
stocking.
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FIG. 6. Pastured cattle are herded into a corrat each afternoon in El
Pedregoso, Veraguas. Manure deposited at night is washed into the
pond to increase pond fertility and fish yield.
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FIG. 7 Typical pigsty constructed of cement, wire, wood poles, and
zinc sheets located on the bank of a pond module in Mata Palo, Ver-
aguas. Unemployed boys and women commonly provide daily care
to the pigs and fish.
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FIG. 8. Up to 800 ducks per hectare can be inten:
fish harvests of 3,500 kg ha ,yr. as is seen in thit
pond in Cascal, Ccde.

xxiii (iitlii utt lix BM)- ill LI ci ls iix itl oIit S,200t ill lottit xxiit

it II iliI. ( pict liii f(ilit n c Ii ~ I fli it tt t t' i tIlt. I i l i f tI I i t I lt )(

1 xxi tu Iliiw ,i i (' ) ( )iti I iiii il x ( itui s\\ if thIu\ it i o f x I I II(( it tx x I,) IxI.I

I I. ~ ' I t iai Itt lx xx 11 tt i tIjI I t tut I is i x ) I It Ii tu xi if I( I Ill iic - - 11 . xx11( i x
hut a-Iiulil lilii ilt xx oc siitititi l it thu I xic, t ii b t tw tiltuli i x iii

ltiitoxtiuuixtx pro itit 1ltItI w Itit o () tl ()l I o-1 o'\c,

f' viw ofagr w o t ItI I at( ititutthi litf It p] oetil e I II) iii i tuIu uIf to tIoi xso, t tI ii I ll)ai \



TECHNOLOGY TRANSFER

Extension

An attempt was made to determine the average number of days
extensionists spent in each project. During the time that participant
groups were being organized and construction completed, extension
activities were intense. Thereafter, extension assistance was slowly
reduced as project members became more experienced and as new
projects demanded attention. After the first year of operation, ex-
tension effort was reduced to three visits per month, about 12 hours,
and involved routine pond checks, harvesting, attending group
meetings, transporting feed and animals, processing loan applica-
tions, and giving seminars.

An average of about 261 hours was spent by extensionists in proj-
ect communities during the first year. Over two-thirds of this time
was spent in group organization and construction of pond and animal
facilities. The quantity and quality of extension assistance varied
greatly, depending on the number of projects each extensionist ser-
viced and the distance and accessibility of each project from head-
quarters. For example, the extensionist in charge of Eastern Chiri-
qui attends only 3 projects, four extensionists assist 17 projects in
Herrera, two attend 81 ponds in Codcle, two oversee 11 projects in
Los Santos, and six assist 182 ponds in Veraguas. While extension
efforts were mainly directed toward the AID financed projects, ex-
clusive attention was not possible because other pond operators
needed assistance. Technical capacity of extension workers was ad-
equate. Dedication and interest were excellent. The number of ex-
tensionists was not a major limiting factor except in Veraguas Prov-
ince.

Transportation of extensionists to the field was the principal con-
straint on effectiveness of the extension program. Nevertheless, the
authors feel that technical aspects of the extension effort during the
2.5-year pilot phase were adequate. As demand for fish projects in-
creased, the extensionists' work load became greater and less time
could be spent with each project. Transportation limitations placed
additional strains on them. Interest in rural, integrated aquaculture
was growing, but the technical transfer support base remained sta-
ble. The necessity of an adequate extension program cannot be over
emphasized. Working with the most needy and inexperienced seg-
ment of the rural population requires time and patience. Expansion
of rural agroaquaculture must coincide with the growth of the tech-
nical support services (extension).

Initially, the AID supported project groups selected members to
be trained at Divisa. Demand for training increased rapidly and the
program was expanded to non-AID supported communities. Mem-
bers of 70 communities participated in fish culture training pro-
grams. Courses also were offered to personnel, including extension-
ists, from other government agencies interested in promoting
agroaquaculture. The training component was highly effective and
should be continued and even strengthened.

CONSTRAINTS ON SELF-SUFFICIENCY

There are many factors that affect the ability of a community to
attain self-sufficiency. Two principal constraints, transportation and
credit, have been discussed. A third constraint, group size, war-
rants mention. Many projects have too many participants to provide
each an adequate amount of fish per harvest. Approximately 2 kil-
ograms per week, about 104 kilograms per year, would allow a fam-
ily of five to eat fish twice a week. Based on the average fish pro-
duction obtained to date, 2,177 kilograms per hectare per year,
approximately 484 square meters of pond space would be needed to
provide each participant with 104 kilograms per year. If fish pro-
duction is increased to 3,000 kilograms per hectare per year through
improved management, then 350 square meters of pond area would
suffice. Thus, at least 350 square meters of grow-out area should be
allotted per participant. At this time, most projects have only 100-
200 square meters of pond per participant. Where topography does
not permit at least 350 square meters of grow-out pond per partic-
ipant, the number of project members should be limited to conform
to the pond area available. Too many members for the amount of fish
harvested can produce social pressures that cause the project to fail.

CONCLUSIONS

In summary, projects have been well-received by participants.
Groups have organized and generally followed instructions of the ex-
tensionists. In general, the participants have learned to manage
their agroaquaculture projects. However, several more years are
needed to determine if agroaquaculture projects can generate
enough social, economic, and nutritional benefits to become self-
sustaining operations in rural Panama. Project groups also need
more time to improve their operational efficiency. Finally, more time
is needed to determine if these groups can operate with minimal
Government of Panama logistical support.
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Chapter 11
Nutritional Monitoring and Evaluation

V.G. deCastillo
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FIG. 1. A typical member household in the mountains of impover-
ished El Pedregoso, Veraguas.
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structures as the pilot communities and are located in the same
provinces, i.e. three are in Veraguas, and so on.

From each of the three groups, an attempt was made to survey a
maximum of 40 randomly selected families, and at least 50 percent
of the participant and non-participant populations in the fish pond
project communities. It was not possible to achieve this goal in all
the communities. Information on domestic diet, anthropometry, and
household budgets was gathered in 30 communities, from the prov-
inces of Veraguas, Cocle, Herrera, and Los Santos. Data were col-
lected using a package of seven questionnaires. The 24-hour recall
method combined with food weight and measurement was utilized
for the dietetic survey. Equipment used consisted of measuring
cups, 500-gram balances (Hanson brand, with 2-grams sensitivity),
waxed paper, and aluminum wrap. For the anthropometric survey,
infant meters ('infantometros'), meter sticks, and scales were uti-
lized.

The surveying team consisted of seven DINAAC staff members.
All of them received survey and measurement training and three
pilot tests were run in order to standardize anthropometric mea-
surement techniques. The study sample consisted of 839 families
with a total of 3,667 members.

Processing

The Latin American Food Composition Table, Tabla de Compo-
sicion de Alimentos Latinoamericana, was utilized to evaluate the
diet (1) and the standards recommended by the OPS were used to
evaluate weight and height as related to age. The data were pro-
cessed in the Computing Center of the INCAP located in Guate-
mala.

Analysis

Analysis was done at the family and community levels to deter-
mine the magnitude and statistical significance of differences ob-
served between participant and non-participant families, and be-
tween pilot and control communities. Traditional communities will
be compared only to pilot and control communities in the Province
of Veraguas because of socioeconomic, nutritional, and geographic
differences among provinces and because there are few traditional
ponds outside Veraguas. Garden data were insufficient between 1981
and 1983 for analysis and are not included here. The analysis pre-
sented here represents a baseline for future evaluations.

RESULTS

ANTHROPOMETRY

Table 1 presents the nutritional condition of children under 5
years of age, according to weight and height measurements. There
are no significant differences between participant and non-partici-
pant families, nor between children in pilot and control communi-
ties.

Diet

Dietary information at the family level and for most nutritionally
vulnerable groups (mothers and pre-school children) appears in ta-
bles 2 and 3, respectively.

No significant observable differences in average protein adequacy
between the groups studied were found. There were differences in
caloric adequacy between pilot and control communities. Table 3
shows significant differences in the percentage of families with ad-
equacies below 75 percent. In pilot communities, a greater propor-
tion of non-participating families have caloric and protein adequacy
levels below 75 perceit (45.0 percent and 20.8 percent, respec-
tively) than participating families, 35.1 percent and 13.2 per-
cent,respectively. Also, a greater proportion of pilot community
families have caloric adequacy levels below 75 percent (40.7 per-
cent) than control communities (32.6 percent).

TABLE 1. RESULTS OF THE ANTHROPOMETRIC SURVEY-JULY/AUGUST 1985,
PILOT AND CONTROL COMMUNITIES

Pilot

Participating Non- Average
participating

Number .............. 73 91
% < -2S.D. H/A.... 17.8 14.3 15.9
% < -2 S.D. W/A..... 8.2 4.4 6.1
% < -2 S.D. W/H ..... 2.7 1.1 1.8

Pilot Control Average

Number .............. 164 137
% <-2 S.D. H/A' ...... 15.9 22.6 18.9
% <-25S.D. W/A2 ..... 6.1 10.9 8.3
% < -2 S.D. W/H/ 3 

.... 1.8 2.9 2.3

'Percent of children under 5 years of age with height below two times the
standard deviation for their age.2Percent of children under 5 years of age with weight below two times the
standard deviation for their age.3Percent of children under 5 years of age with weight below two times the
standard deviation for their height.

TABLE 2. RESULTS OF THE DIETETIC SURVEY-JULY/AUGUST 1983,
PILOT COMMUNITIES

Diet Participating Non- Average
participating

Families

Number .............. 114 149
% < 75% caloric
adequacy ............ 35.1 45.0* 40.7

% < 75% protein
adequacy ............ 13.2 20.8* 17.5

X t S.D. caloric
adequacy ............ 89.2 + 27.7 84.6 + 31.8 86.8 + 30.2

X + S.D. protein
adequacy ............ 121.0 + 42.4 115.7 - 49.7 118.0 _ 46.6

X t S.D. iron adequacy 88.2 _ 47.5 77.1 _ 42.7* 81.9 + 45.1
X -_t S.D. retinol

adequacy ............ 14.1 + 16.7 13.7 + 14.8 13.8 + 15.6
X + S.D. riboflavin
adequacy ............ 59.3 _ 33.5 59.7 + 39.9 59.5 ± 37.2

Mothers
Number .............. 42 56
% < 75% caloric
adequacy ............ 35.7 42.9 39.8

% < 75% protein
adequacy ............ 23.8 26.8 25.5

X ± S.D. caloric
adequacy ............ 90.2 _ 33.2 82.4 + 28.9 85.7 ± 30.9

X + S.D. protein
adequacy ............ 112.8 + 49.0 103.3 _ 42.0 107.4 ±45.2

X ± S.D. iron adequacy 45.2 - 21.6 40.7 _ 16.0 42.6 + 18.6
X + S.D. retinol
adequacy ............ 16.2 + 26.3 10.4 _ 13.9 12.9 + 20.2

X ± S.D. riboflavin
adequacy ............ 59.1 ± 50.2 46.8 + 26.4 52.1 _ 38.7

Children
Number.............. 54 75
% < 75% caloric
adequacy ............ . 63.0 50.7* 55.8

% < 75% protein
adequacy ............ .. 9.3 26.7** 19.4X + S.D. ealnrie
adequacy............ 76.0 -_ 32.9 80.0 + 30.6 78.3 + 31.5

X + S.D. protein
adequacy ............ 121.3 + 51.8 121.2 + 56.2 121.2 + 56.2

X + S.D. iron adequacy 64.1 + 28.3 69.8 + 39.3 67.4 + 35.4X _ S.D. retinol

adequacy ............ 37.2 + 45.8 53.5 + 77.0 46.7 + 66.0
X + S.D. riboflavin

adequacy ............ 78.7 + 83.2 84.9 + 83.8 82.3 + 83.2
•P < 0.05

**P < 0.01
All groups surveyed had higher protein intake adequacy values

than caloric adequacy values, figure 2. Furthermore, even though
mean protein intake values are adequate, 15 to 17 percent of the fam-
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FIG. 2. About 70 men, women, and children are obtaining additional
protefn from thefr communally managed pig-fish project fn Mata
Palo, Veraguas. Happy partici pants display their harvest of tilapia
and carp.
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TABLE 5. KINDS OF FISH CONSUMED AND SOURCES
1, 

JUNE/AUGUST 1983, PILOT COMMUNITIES

Participating Sources of fish 3  Non-participating Sources f fish 3

Kind of fish N = 117 1 4 5 6 N = 117 1 2 3 4 5 6
No.' %' No. % No. % No. % No. % No. % No. % No. % No. % No. % No. % No. %

Tilapia. ................... 96 82.1 96 82.1 47 40.2 11 9.4 19 16.2 8 6.8 9 77
Carp ..................... 87 75.0 87 75.0 34 29.1 9 7.7 17 14.5 5 4.3 3 2.6
Snapper .................. 20 17.1 10 8.5 2 1.7 8 6.8 29 24.8 1 .9 3 2.6 17 14.5 8 5.8
Corvina .................. 17 14.5 12 10.3 1 .9 4 3.4 20 17.1 6 5.1
Spanish mackerel .......... 15 12.8 9 7.7 1 .9 5 4.3 18 15.4 1 .9 10 8.5 7 5.0
Cojinua .................. 9 7.7 5 4.3 4 3.4 5 4.3 5 4.3
Revoltura................. 5 4.3 2 1.7 2 1.7 1 .9 8 7.0 1 0.9 1 .9 6 5.2 1 .9
Yellowtail ................. 3 2.6 2 1.7 1 .9 5 4.3 3 2.6 2 1.7
Mullet ................... 7 6.0 2 1.7 4 3.4 1 .9 2 1.7 2 1.7
Snook .................... 3 2.6 3 2.6 2 1.7 1 .9 1 .9

1,2Number and % of participating or non-participating families that reported obtention of each kind of fish in the 60 days prior to the survey.
31: Own crop; 2: Gift; 3: Purchased from neighbor; 4: Ambulant truck; 5: Community store; 6: Store in another place.

TABLE 6. KINDS OF FISH CONSUMED AND SOURCES, JULY/AUGUST 1983, PILOT AND CONTROL COMMUNITIES

Pilot Sources of fish3  Control Sources of fish
Kind offish N = 117 1 2 3 4 5 6 N = 117 1 3 4 5 6

No.1 %2 No. % No. % No. % No. % No. % No. % No. %2 No. % No. % No. % No. % No. %

Tilapia........... . 143 61.1 107 45.7 19 8.1 8 3.4 9 3.8
Carp............ 121 51.9 96 41.2 17 7.3 5 2.1 3 1.3
Snapper ......... .49 20.9 1 .4 3 1.3 27 11.5 2 .9 16 6.8 54 35.3 1 0.7 44 28.8 9 5.9
Corvina .......... 37 15.8 26 11.1 1 .4 10 4.3 43 28.3 35 23.0 8 5.3
Spanish mackerel 33 14.1 1 .4 19 8.1 1 .4 12 5.1 49 32.2 35 23.0 1 .7 13 8.6
Cojinua............14 6.0 10 4.3 4 1.7 15 9.8 3 2.0 8 5.2 1 .7 3 2.0
Revoltura ........ 13 5.6 3 1.3 8 3.4 2 .9 9 5.9 2 1.3 7 4.6
Yellowtail ........ 8 4.4 5 2.1 3 1.3 14 9.2 8 5.3 1 .7 5 3.3
Mullet........... 9 3.8 2 .9 6 2.6 1 .4 7 4.6 6 3.9 1 .7
Snook........... 5 2.1 4 1.7 1 .4 1 .7 1 0.7

,2Number and % of participating or non-participating families that reported obtention of each kind of fish in the 60 days prior to the survey.
:1: Own crop; 2: Gift; 3: Purchased from neighbor; 4: Ambulant truck; 5: Community store; 6: Store in another place.
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TABLE 7. SOCIOECONOMIC CHARACTERISTICS, JULY/AUGUST 1983, PILOT
COMMUNITIES

Socioeconomic Participating Non-participating
characteristics N = 128 N = 161

Age of the family/household
head...................... 47.6 _ 12.3 49.2 _ 14.1

Years of education of head..... 3.3 + 3.3 2.4 2.2**
Years of living in the
community ................ 37.3 ± 16.7 37.2 + 19.6

Family composition .......... 5.2 ± 2.6 4.6 + 2.6*
Hectares per capita .......... 5.6 _ 20.6 4.2 _ 24.4
Total income per year
per capita (Balboas) ......... .370.6 _ 741.0 266.4 + 823.0

Total expenditures per year
per capita (Balboas) .......... 413.2 + 402.6 423.6 ± 665.6

Number of bedrooms per
capita..................... 0.5 _ 0.4 0.5 ± 0.4

Percent of families involved in
complementary nourish-
ment programs ............. . 52.3 43.5

Drinking water consumption . 54.7 64.4
Adequate sewage disposal,
percent .................... .. 76.6 74.5

Inadequate roofs, percent ..... 19.5 16.8
Inadequate walls, percent..... 26.4 23.9

*P < 0.05
**P < 0.01

TABLE 8. SOCIOECONOMIC CHARACTERISTICS, JULY/AUGUST 1983, PILOT
AND CONTROL COMMUNITIES

Socioeconomic Pilot Control
characteristics N = 128 N = 161

Age of the family/household
head. ..................... 48.5 + 13.4 48.2 - 14.7

Years of education of head..... 2.8 ± 2.8 2.8 _ 2.6
Years living in the community 37.2 ± 18.3 38.8 ± 19.2
Family composition .......... 4.8 _ 2.6 4.5 + 2.3
Hectares per capita .......... 4.8 + 22.7 3.2 ± 8.0
Total income per year
per capita (Balboas) ......... 312.6 _ 788.1 390.5 + 682.1

Total expenditures per year
per capita (Balboas) ......... 419.0 _ 563.6 427.8 ± 376.6

Number of bedrooms per
capita ..................... . 0.5 ± 0.4 0.5 ± 0.4

Percent of families involved in
complementary nourish-
ment programs .............. 47.4 32.8***

Drinking water consumption . 60.1 84.2***
Adequate sewage disposal,

percent ................... . 75.4 86.4***
Inadequate roofs, percent ..... 17.9 9.8*
Inadequate walls, percent..... 25.0 15.0**

*P < 0.05
**P < 0.01

***P < 0.005

control communities or participating and non-participating families.
However, two differences did occur: (1) participating families

spent a significantly larger sum on electricity, medical attention,
soap, transportation, and parties than the non-participating fami-
lies; and (2) families in control communities spent a significantly
larger sum on electricity and medical attention than families in pilot
communities, tables 7 and 8.

FOOD PRICES

No differences between participating and non-participating fam-
ilies were found in the prices paid for regular staple foods. Appar-
ently both groups buy their food at the same stores. People in control
communities pay more for fresh meat and milk and less for rice than
people in pilot communities. These differences, however, are small
(less than 3 percent). The statistically significant difference found
was due to low variation rather than a great difference in actual cost.

Participating families pay significantly less than non-participating
families for fish, and the expenditure for fish per family is also
smaller. Consistent with this, the price of fish and the domestic ex-
penditure for them in pilot communities are significantly lower than
in control communities, table 9.

TABLE 9. AVERAGE COST (BALBOAS) PER KILOGRAM OF FISH AND
EXPENDITURE PER FAMILY, JULY/AUGUST 1983,

PILOT AND CONTROL COMMUNITIES

Participating Non Pilot Control
N = 100 participating N = 213 N= 130N = 103

0.84 ± 1.41 +
Per kg of fish .... 0.33 ± 0.46 0.64*** 0.57 ± 0.62 0.44***

Expenditure 1.98 _
per family ..... 0.88 ± 1.28 1.23 ± 1.10* 1.03 ± 1.21 1.17**

*P < 0.05
***P < 0.005

TRADITIONAL COMMUNITIES

The differences found between pilot and traditional colmmunities
in Veraguas were similar to those found between pilot and control
communities in the global study. The only detected differences oc-
curred in the frequency of selected food consumption, i.e., tradi-
tional communities consume more red meats and fish than control
and pilot communities. However, it was noted that only 5 percent of
families from traditional communities get fish from ponds. In addi-
tion, socioeconomic comparisons between control and traditional
communities in Veraguas demonstrated that traditional communi-
ties enjoy better sanitation and a greater involvement in comple-
mentary food programs.

DISCUSSION

No differences were detected in the nutritional condition, lmea-
sured anthropometrically, of children under 5 years of age, table 10.
These results were expected since nutritional problems are affected
by diverse factors such as environmental and sanitary conditions,
nutrition and health habits, and morbidity. Research under con-
trolled conditions also shows that it takes a long time for anthropo-
metry (as a nutritional indicator) to be affected by intervention.
None of the projects in this study had been in operation long enough
to affect anthropometry. Moreover, there was an appreciable amount
of pond group membership change during the course of the study,
i.e., some original members dropped out, non-members became
members, etc., table 11.

Nevertheless, it is interesting to note that the pilot project is
reaching the neediest communities. As shown in table 12, the intake
of calories and protein in pilot communities is below that reported
for the whole country, and less than in the control communities.
When the same analysis is done at the level of children under 5 years
of age, the situation is even worse.

Diet is better in participating than in non-participating families.
It may be that participating families were better off before the proj-
ect began, or that project benefits are manifesting themselves. Al-
though the educational level of family heads and family composition
differ, no other significant socioeconomic differences were detected
between participating and non-participating families. Apparently,
there were no significant socioeconomic differences other than the
two noted between participating and non-participating families be-
fore the beginning of the project. We cannot yet assert that the dif-
ference in diet between participating and non-participating families
was an effect of the aquaculture project, but the absence of differ-
ences in most of the socioeconomic variables supports this possibil-
ity.

Families in pilot communities had a caloric intake inferior to that
17



of families in control communities. Because of the parallel link be-
tween calories and protein, it was expected that protein intake
would also be inferior. However, there was no difference in protein
consumption between pilot and control communities, perhaps dem-
onstrating an effect of the freshwater fish culture project. An addi-
tional positive impact of the program may occur as pond-linked gar-
dens contribute to participating family diets.

The monthly frequency of fish consumption is significantly higher
in participating families than in non-participating ones. Moreover, a
fairly high percentage of the families from pilot communities get
their fish from the ponds. This suggests that the pilot program ben-
efits all the families in the communities in which they have been
constructed and not only those labeled as participating.

Participating families are spending more than others for goods

TABLE 10. NUTRITIONAL CHARACTERISTICS OF PILOT AND CONTROL COMMUNITIES, SECOND SURVEY, JULY/AUGUST 1983

Malnutrition in children under 5 X Adequacy/type of diet

Communities No. of Percent of children under 2 Families Mothers Children
families No. times S.D.

Height/ Weight/ Weight/ Calories Protein Calories Protein Calories Protein
age height age

Los Santos Province
Las Trancas (P)1 . . . . . . . . . . . . . . . . . . .  24 12 104.1 143.2 99.7 127.9 91.2 167.6
Rio Hondo (C) .................... 25 9 - - 108.7 150.0 82.7 126.3 74.6 150.2
LaMiel(P) ....................... 33 28 14.8 87.5 126.5 90.6 119.0 91.6 135.6
El Munoz (C)...................... 41 9 12.5 87.2 121.9 90.4 123.6 83.6 140.8
Bayano(P)........................ 28 11 9.1 102.6 148.6 86.1 127.3 76.2 129.4
Valle Rico (C) ..................... . 24 5 - 20.0 108.2 145.5 120.5 147.5 76.8 144.0

Herrera Province
Los Higos(P) ..................... 37 17 11.8 5.9 91.3 108.2 98.0 108.7 73.5 121.8
Pedernal (C)...................... 39 13 - 92.5 126.4 74.8 115.4 59.4 99.7
Guayabito (P) ..................... 36 24 8.3 4.2 85.8 110.4 89.6 108.1 75.7 115.3
Las Guabas (C) .................... 34 25 29.1 12.5 87.2 116.5 70.5 95.6 79.9 132.4
LaArena(P)...................... 32 18 31.3 31.3 89.8 112.9 83.7 97.6 79.7 110.4
Calabacito (C) ..................... . 26 14 14.3 14.3 14.3 97.0 128.0 74.2 91.4 86.3 131.4

Cocle Province
Chumical (P)...................... 21 21 9.5 - - 70.1 103.8 66.5 88.4 69.8 103.8
Salado (C)........................ 14 15 25.0 - 8.3 67.2 101.5 44.6 49.2 58.8 86.8

Veraguas Province
LaMontana(P).................... 32 17 25.0 12.5 16.3 61.6 90.0 82.5 111.0 71.7 115.8
Llano Grande (C) .................. 22 27 57.7 - 23.1 84.3 110.0 82.8 103.7 62.1 92.6
Espavacito(P)..................... 26 18 33.3 5.6 85.8 116.7 81.2 95.0 75.4 109.0
LaArena(C)...................... 19 20 10.5 5.6 5.6 92.6 111.4 78.4 89.0 87.6 120.2
Mata Palo (P) ..................... 17 2 - 100.0 100.0 96.0 122.1 49.0 61.4 66.1 106.0
Pereque (C)....................... 21 7 28.6 14.3 96.5 116.6 90.3 125.4 104.8 151.8
TOTAL......................... 555 312 18.9 2.3 8.3 89.6 120.9 82.8 105.8 77.6 120.8

'(P) = pilot; (C) control.

TABLE 11. SOCIOECONOMIC CHARACTERISTICS OF PILOT AND CONTROL COMMUNITIES, SECOND SURVEY, JULY/AUGUST 1983

Family data Family head Projects
Communities Hectares Income per Family Age Years of Months fish Lb./mo./ Participating

year (Balboas) composition Age education harvested family families

Los Santos Province
Las Trancas (P)' ................ 10.7 1,287 3.9 50.6 4.4 4 9 15
Rio Hondo (C) ................. 18.9 1,665 3.8 53.6 3.8
La Miel(P) .................... 34.2 1,221 4.9 49.0 3.2 11 6 29
El Munoz (C)................... 5.1 1,165 4.3 50.3 2.5
Bayano(P)..................... 20.4 1,777 4.1 46.1 3.8 10 6 20
Valle Rico (C).................. .33.1 2,326 3.9 48.1 4.3
Herrera Province
Los Higos (P) .................. 1.3 1,080 4.4 48.2 2.1 11 12 19
Pedernal (C)................... 4.8 968 3.6 47.7 2.5
Guayabito(P) .................. 8.3 617 4.9 48.5 1.9 4 12 21
Las Guabas (C)................. 7.5 711 4.9 48.4 1.4
La Arena (P)................... 10.6 1,034 5.1 46.6 2.9 6 9 19
Calabacito (C).................. 10.6 1,366 4.3 45.3
Cocle Province
Chumical(P)................... 5.3 1,056 6.4 49.2 4.4 5 4 16
Salado (C) ..................... 7.2 1,074 5.6 49.3 3.3

Veraguas Province
LaMontana(P)................. 6.0 365 5.5 51.9 1.8 9 10 21
Llano Grande (C) ............... . 16.9 525 6.0 43.3 2.7
Espavacito(P).................. 4.5 783 5.5 42.9 2.5 5 4 32
LaArena(C)................... 3.6 1,202 4.9 45.7 3.2
Mata Palo (P) .................. 21.6 201 3.8 54.4 2.1 6 10 10
Pereque (C).....................15.0 1,019 4.8 48.8 3.0
TOTALS...................... 12.8 1,343 4.7 48.4 2.8

'(P) = pilot; (C) = control.
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TABLE 12. AVERAGE ADEQUACY LEVELS AND PERCENT FAMILIES BELOW 75
PERCENT ADEQUACY IN CALORIES AND PROTEINS

Calories Protein
Percent Percent

Sfamilies familiesFamilies below 75 X below 75adequacy percent percent
adequacy adequacy

Participating ....... 89.7 35.1 121.0 13.2
Non-participating... 84.6 45.0 115.7 20.8
Pilot .............. 86.8 40.7 118.0 17.5
Control ........... 92.7 32.6 124.2 15.3
National

(1980)' ........... 95.0 28.0 153.0 9.3
'Results from the National Nutritional Survey conducted in July 1980 (4).

and services (e.g., soap and medical attention) which do not belong
in the category of highest priority needs. This suggests that they
have a more flexible budget than non-participating families. Further
research is necessary to find out if this is a consequence of the in-
tegrated aquaculture project.

The impact of traditional ponds in the Province of Veraguas is dif-
ficult to evaluate, especially because of the high percentage of fam-
ilies that have been favored with complementary food programs.
However, a low percentage of families obtain fish from ponds. This
suggests that the few differences found between community types
may be due to causes other than the integrated fish pond programs.
This may reflect the low fish yields per family within traditional
communities. Thus, it may be useful to upgrade traditional ponds,
i.e., add animal-garden components to them, train participants at
Divisa, etc., (see Chapter I) to improve fish production.

CONCLUSIONS

1. The freshwater fish culture program has led to increased fish
consumption. People in communities with pilot projects eat more
fish and spend less money for this food item than people in com-
munities where there are no ponds. Thus, this program reduces the
cost of animal protein and increases its availability for the rural poor.
This is quite important given the inadequate dietary and income
levels of many rural inhabitants of Central Panama.

2. The program positively affects the diets of all families living in

communities where it functions, not only those of participating fam-
ilies.

3. The program has benefited some of the neediest communities
in which caloric and protein intakes were below the national aver-
age.

4. In addition to affecting caloric and protein intake, the program
may have a positive effect on family budgets. Further evaluations
are necessary to confirm this.

5. Fish is well accepted and in great demand in the different com-
munities.

6. The impact of the program on the growth of children under 5
years of age could not be determined within the time frame of the
study. The ponds will have to be in operation at least several more
years before impact on growth can be measured.

7. The methodology developed for this evaluation permitted an
adequate collection, tabulation, and analysis of data. These data
represent a base-line for future evaluations. This study also helped
develop a simplified low-cost methodology for conducting future
evaluations.
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Chapter Ill
Socioeconomic Considerations

N.B. Schwartz
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FIG. 1. Men, women, and children are assisted by DINAAC extension-
ists in partial harvesting their grow-out pond in Mata Palo. Veraguas.



repaid on time. Although PGs were to become as self-sufficient in
securing loans as in technical management of modules 2 years after
the project began, some still depend on extension to deal with the
bank. This shortcoming is related to banking procedures, timidity
on the part of the poor farmers unfamiliar with banks (see Chapter
I), and the readiness of some extensionists to accept client depend-
ency Panamanian social relationships are often cast into paternal-
istic and patron-client molds, and both countrymen and extension-
ists alike readily accept the situation.

2. Several PCs lack access to inexpensive reliable public or private
transportation, and continue to depend on extension help to bring in
animal feed, take animals to market, and so on. So far, these PGs
have not earned enough to defray the cost of transport, and the gov-
ernment cannot afford permanent transportation subsidies. One of
the frustrating ironies of this problem is that it exists only with the
use of pigs and fowl fed commercial ration, both of which do a good
job fertilizing ponds in an association that is economically sound (see
reference 4 and Chapter IV). On the other hand, transport is no
problem at all with grass-fed cattle which do not require commercial
feed to be trucked in, and for which buyers travel to the community.
But cattle graze on poor pasture, and so do not fertilize the ponds as
well as pigs or fowl. Moreover, during the dry season, ranchers must
pasture their cattle further and further from pond sites, which in
turn creates coordination and social problems with respect to the as-
sociation between cattle and ponds.

Community Characteristics

Although community as such is but one element in an explanation
of differences in collective adoption and proficient use of a new tech-
nology (a wide range of extra-local factors, technical, administrative,
economic, and political are also important), community character-
istics, the center of attention here, remain critical, tables 1 and 2.

Certainly no two rural places in central Panama are identical, but
they do share some common features. Thus, none are "closed cor-
porate communities" and people look outside the community for
employment, patronage and secondary sources of support. Further-
more, even in the smallest hamlet there is considerable variation in
socioeconomic status as measured by annual family income, land
distribution, and cattle ownership, table 3. Voluntary organizations
and collective efforts tend to be short-lived. Countrymen more com-
monly participate in intermittent group activities (e.g., labor ex-
changes at critical moments in the agricultural cycle, sports teams,
and so on) rather than in those calling for continuous commitments
of time and labor, such as PG work. This is countered by the fact that
in Panama, as in much of Central America, community remains an
important principle of social organization (12) and commonly a ref-
erence group for its members (13). In addition, the government
channels services and projects through the community, typically as
an administrative-territorial unit as well as a social one. Country-
men identify with their community, see its welfare linked to their
own and, if conditions are right, will unite for the common good.

Most of the communities under review are small and composed of
interrelated families and ritual kinsmen (6). People live in indepen-
dent, patripotestal households. Individual legal ownership of or
usufruct right to land is an important economic and cultural value.
Most men, aided by wives and children, operate small farms, but
many are landless and destitute. The major, sometimes the sole,
source of cash income is sugarcane cutting. Generally, ranching set-
tlements are wealthier than farming ones, and the degree of socio-
economic inequality within them is much greater, table 3.

In Veraguas, Code, and Herrera, the most common type of off-
farm labor is in the sugarcane fields. In Los Santos and eastern
Chiriqui, countrymen work off-farm for large-scale commercial ag-
riculturalists and ranchers. Rural employment opportunities are
particularly scarce in Los Santos, a province with ever increasing la-

TABLE 1. COMMUNITY CHARACTERISTICS, 1983-841

Column Code
A-

B-

C-

D-
E-
F-
C-
H-I-

J-
K-
L-
M-
N-

0-

Approximate number of households in commnunity: direct code
Administrative level
1 - Hamlet 2 - Subcounty seat 3 - County seat
Province
1 - Cocl, 2 - Herrera 3 - Los Santos 4 - Veraguas
5 - Chiriqui
Potable water system: 1 - Yes 2 - No
Electricity: 1 - Yes 2 - No
Primary school: 1 - Yes 2 - No
Secondary school: 1 - Yes 2 - No
Health post: 1 - Yes 2 - No
Number of churches: direct code
Dance halls and/or saloons: 1 - Yes 2 - No
Number of stores: direct code
Large general merchandise store(s): 1 - Yes 2 - No
Hon. Representative (HR) resident in community: 1 - Yes 2 - No
Collective farm (asentamniento) in community:

1 - Yes 2 - No 3 - Other form of collective
Primary sources of employment for adult males:

1 - Agriculture and sugar cane field work
2 - Agriculture and other
3 - Ranching and agriculture
4 - Wage labor, office employment, and agriculture

Community
1. Guayabito
2. Pefiitas
3. Mata Palo
4. Montafiita
5. Chumical
6. Pedregoso
7. Remedios
8. San Jose
9. La Miel

10. Los Higos
11. La Arena
12. Espavacito
13. Bayano
14. Trancas

A B C DE F G HI
2 2
1 1
4 1
4 2
1 2
41
5 1
4 1
3 2
21
2 2
4 2
3 1
3 1

37
29
24
45
23
13

600
37
52
84
40
33
42
59

J K
2 1
2 2
2 0
2 1
2 1
2 1
19
2 2
2 3
1 21 1
2 1
1 7
1 4

L MN 0
2 2
2 2
2 2
2 2
1 2
23
1 1

2 1
1 2
21
1 2

2 1
1 2
1 2

2
2
2
2
2
2
1
2
1
2
2
2
1
1

'Communities listed in terms of overall PG technical performance, fron
best to worst, as of June 1984. Initial work on supplying San Jose with elec-
tricity was not completed by June 1984. Note that because of the number
of private and public vehicles in Los Santos and access to paved roads, the
functional distance between many communities and, e.g., health posts, is
not great. Communities 1-14 are pilot study settlements.

tifundia-minifundia dichotomies and outmigration (7). In fact, the
complexity of individual household strategies to juggle on- and off-
farm labor appears to be a major reason why countrymen often find
it difficult to sustain continuous collective activities.

Countrymen distinguish social esteem, wealth, and political
power or office as bases for deference and local leadership. In some
places power, wealth, and esteem are congruent, and in as many
others they are not. The poor both defer to and mistrust their rich
and/or politically powerful neighbors, which is perhaps an acknowl-
edgment of divergent interests. The mistrust is only partially offset
by patron-client relations.

Provincial histories differ in important ways, the sharpest con-
trasts being between Los Santos and Veraguas. Until about the mid-
dle of this century, Los Santos was characterized by medium-sized
land holdings, Hispanic cultural traditions, an egalitarian ideology,
and active opposition to central government. In contrast, Veraguas
has a history of latifundia and minifundia associated with ethnic
(Hispanic and Indian) differences. Although many Indians are now
almost indistinguishable from Hispanic countrymen, outward ser-
vility is a common social pose among them in certain situations, for
example in dealing with urban officials. Veraguas, neglected by cen-
tral government until 1968, is also one of the poorest provinces in
Panama.

With reference to this project, Santenos are quick to impose their
own ideas on extensionists and not at all ready to go along with proj-
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TABLE 2. COMMUNITY AND PILOT PROJECT GROUP CHARACTERISTICS

Column Code

A - Ability to meet transport needs
1-Very good 2-Good 3 - Fair 4-Poor 5 - Very poor

B - Road access
1 - Year round, with 2-wheel drive vehicle
2 - Year round, with 4-wheel drive vehicle
3 - Year round, 4-wheel drive vehicle, but wet season problems
4 -Year round, 4-wheel drive vehicle, but severe wet season

problems
5 - No year round access, road often impassable in wet season

C - Animal component
1I-Cattle 2 - Chickens 3- Pigs 4- Ducks and pigs 5 -
None

D - Project group leadership and/or presidency of PG based primarily
on:

0 - President not regarded as a community leader
1- Social esteem
2 - Political power and/or political office
3 - Wealth (which usually implies some measure of political

power)
4 - Derived from presidency of collective farm

E - Project Group membership, June 1984: direct code
F - Change in PG membership from June 1983- June 1984

1 - Decrease 2 - No change 3 - Increase 4 - Ponds aban-
doned

Community
1. Guayabito
2. Pefiitas
3. Mata Palo
4. Montanfito
5. Chumical
6. Pedregoso
7. Remedios
8. San Jos6e
9. La Miel

10. Los Higos
11. La Arena
12. Espavacito
13. Bayano
14. Las Trancas

Columns
15
14
12
21
8

14
8

23
17
14
15
33
14
3

ects they perceive as "imposed" from above. Many countrymen in
Veraguas, on the other hand, view extension personnel as potential
patrons and will agree to plans which subsequent experience shows
they did not fully understand. Yet, to judge from interviews, beneath
the overt deference there is much greater mistrust, even fear, of su-
perordinates here than in Los Santos. Negative experience with
prior development programs reinforces these attitudes, but at the
same time, countrymen (especially in Veraguas, Cocle, Chiriqui,
and Herrera) say that they must have government assistance to cope
with their most pressing economic needs for more food, more work,
and feeder roads.

The ambivalence is clearly seen in relations with Hon. Represen-

tatives (HRs), elected to represent sub-counties and their subordi-
nate hamlets. HRs have a community development fund at their dis-
posal, the use of which is subject to a great deal of criticism and talk
of corruption. Most HRs are not only politically powerful, but also
members of local economic elites. The poor are reluctant to chal-
lenge them openly, yet they are also skeptical about involvement in
their development plans. Because they fear that HRs (and/or
wealthy co-residents) will somehow capture project benefits, the
poor may avoid participation in a given project which then, by de-
fault, is indeed monopolized by HRs or local elites. Galjart (3) points
out that "A change agent from the outside is nearly always necessary
to start (development) things going" (word in parentheses added),
and in Panama this typically involves enlisting HR support. Yet, if
the HR is too closely identified with the change agent or the project,
this will qualify or dampen popular enthusiasm for "things." Much
of what is said of HRs also applies to other officials and wealthy peo-
ple in a community.

These comments, brief as they are, provide a context within
which reasons or differences in PG technical proficiency may be ex-
amined.

Differences in PG Proficiency

Three connected community factors in particular appear to exert
strong influences on PG proficiency: (1) the HR's role in the project
and in the community, (2) the identity of PG leaders, and (3) the de-
gree of intracommunity socioeconomic variation. As mentioned ear-
lier, project technology, internal rates of financial return, access to
transportation, extension skill, political climate, and history also af-
fect project success or failure, but the makeup of a community is the
influence that is the focus of attention in this chapter. Discussion of
the three influencing factors follow:

1. A "plain face" reading of tables 1 and 2 indicates that PGs are
more proficient when HRs are not resident in the community It
should be noted that in Chumical and Remedios, the HRs are at
odds with the PGs, in Remedios because the asentamniento effec-
tively owns the project and the HR regards collectives as commu-
nist. In the best traditional PGs, there are no resident HRs (5). Non-
resident HRs play different roles in the better PGs, ranging from
mild opposition and/or indifference to supportive (in Mata Palo and
Montanita). Non-resident HRs mildly opposed to a project uninten-
tionally foster local self-reliance. In contrast, in the less effective
PGs, there tends to be a resident HR who is active in the PG. Tran-
cas, the least effective PG, is a major exception. There, the resident
HR's negativism is related to the fact that the original (though skept-
ical) PG sponsor is an ex-HR and the major political opponent of the
incumbent.

Wealthy people in a community relate to PGs in a manner nearly
identical to that of the HRs. For example, in Bayano several affluent

TABLE 3. HOUSEHOLD INCOME AND LAND AND CATTLE OWNERSHIP IN PILOT COMMUNITIES, 1983

Community NHousehold income (balboas)2 Land ownership (hectares) Cattle ownership
Range Mean Median S.D. Range Mean Median S.D. Range Mean Median S.D.

1. Guayabito... 36 100-2,520 617 500 508 0-60 8.3 4.0 12.1 0-15 2.6 0.4 4.9
2. Pefiitas ...... 29 40-3,120 739 500 800 0-25 3.7 3.0 4.6 0-2 0.1 0.1 0.5
3. Mata Palo ... 17 0-864 201 150 203 0-84 21.6 15.0 23.2 0-10 1.6 0.4 3.2
4. Montafiita... 32 0-3,600 365 151 644 0-40 6.0 2.0 9.5 0-45 7.0 0.9 13.8
5. Chumical .... 21 40-6,000 1,056 200 1,759 0-20 5.3 3.0 5.8 0-2 0.1 0.1 0.5
6. Pedregoso... 11 120-1,200 378 288 339 0-30 4.6 1.0 8.6 0-7 0.9 0.5 2.5
7. Remedios ... 20 374-4,744 1,894 1,621 1,241 0-25 2.7 1.0 6.0 0 0.0 0.0 0.0
8. San Josd .... 37 100-3,500 832 400 892 0-80 5.3 1.0 14.1 0-21 3.4 1.5 5.8
9. La Miel ..... 33 0-5,280 1,221 800 1,291 0-300 34.2 2.0 65.7 0-2503 21.9 2.8 33.8

10. Los Higos ... 37 0-3,992 1,080 1,008 815 0-25 1.3 0.1 4.3 0-403 5.0 0.5 6.0
11. La Arena .... 32 100-6,000 1,034 600 1,282 0-70 10.6 5.0 13.9 0-40 6.9 5.0 9.4
12. Espavacito... 26 50-3,456 783 864 641 0-40 4.5 01 8.9 0-35 4.0 0.2 8.8
13. Bayano ...... 28 100-9,000 1,777 800 2,324 0-250 20.4 2.0 53.3 0-100 26.2 3.5 38.5
14. Las Trancas.. 26 250-9,000 1,287 650 1,820 0-110 10.7 2.0 22.9 0-90 17.5 2.0 29.0

'Each case represents one household.
'Calculated to nearest whole number.3Estimated.
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ranchers control the PG, and while they take some pride in having
the module in their community, they feel no need to optimize pro-
duction, treating the entire affair rather as if it were a social club.
That may be why poorer residents in Bayano have opted to not par-
ticipate. PGs work best when HRs and/or the wealthy are indifferent
to them or, if supportive, do not live in the community

Why this is so is relatively complicated. On the one hand, few
poor countrymen openly oppose resident HRs and economic elites,
but on the other hand, they are reluctant to join them in a common
undertaking. If a HR is actively and intensely opposed to a project,
few will participate in it. His approval, in contrast, does permit par-
ticipation, but his direct involvement with a project arouses suspi-
cion and discourages popular cooperation and genuine commitment.
Moreover, in such places a Guayabito, HRs and the wealthy consti-
tute a negative reference group for the poor, with the result that
(their perception of) mild opposition to something by the elite can
help mobilize support for it, although vigorous elite opposition in-
hibits participation among the poor.

HRs who actively aid a PG pose dependency problems. They can
recruit clients for a project, aid participants with transportation and
banking problems, and so on, but if the HR leaves the community
for any reason, project work is apt to deteriorate. Thus, in La Arena
people are enthusiastic about the module, but when the project HR
is absent, PG members find it difficult to mobilize labor for the proj-
ect precisely because they depend on the HR for this. Thus, PG pro-
ficiency in La Arena fluctuates a good deal. Again, La Miel initially
had an excellent PG led by an energetic, popular HR. When he took
up residence elsewhere, PG productivity declined, partly due to an
intra-group squabble which his presence had muted. So just as res-
ident HRs who aggressively oppose a project inhibit participation in
it, overly helpful resident HRs foster counterproductive dependency
among its members.

2. The leaders of the more effective PGs are men of solid repu-
tation for concern with community welfare. Ethnographic open-
ended interviews and survey data show that others name them as
people to turn to for advice (but they themselves seek out HRs and
the rich for political and economic aid). With one exception, all have
had prior committee and/or project experience. Most are religious,
but are not church lay officials. They are not wealthy, but usually
they are in the 3rd quartile of land owners, table 4. Most have the
average third grade formal education, but are most interested in and
better informed about the wider world than their peers.

When a project is placed on an agricultural cooperative, asenta-
miento, its president normally becomes PG president. The social es-
teem of the asentamiento president varies from place to place for
several reasons, e.g., how well the collective is doing, how land ten-
ure disputes with non-members have been handled, and so on. For
this reason, the position is not related to PG proficiency in any
straightforward way.

TABLE 4. PERCENTAGE OF LAND INHECTAREs
HELD BY POPULATION QUARTILES

QuartilesCommunity First Second Third Fourth

1.
2.
3.
4.
5.
6.
7.
8.
9.

10
11.
12.
13.
14.

Guayabito ............
Pefiitas...............
M ata Palo ............
Montafiita ............
Chumical............
Pedregoso ............
Remedios ............
San Jose ............
La Miel.............
Los Higos ............
La Arena .............
Espavacito ............
Bayano...............
Las Trancas...........

0
3.8
1.1
0
0
0
2.3
0
0
0
3.8
0
0.4

4.7
11.4
12.8

3.2
8.3
5.5
5.8
4.1

.4
0
9.4
0
0.7
3.6

22.4
26.7
26.4
14.4
27.5

7.3
5.8

10.7
11.4

0.0
19.8
9.2
3.2

13.7

72.9
58.1
59.8
82.4
64.2
873

86.0
85.2
88.3

100.0
67.0
90.8
96.1
82.4

Total

100.0
100.0
100.1
100.0
100.0
100.1
99.9

100.0
100.1
100.0
100.0
100.0
100.0
100.1

No matter how participatory or egalitarian a project group, some-
one must have or be given authority to move things along (1). Some-
one must organize work crews, make sure group decisions are im-
plemented, cope with free riders (a concern of many PG members),
and the like. Poor countrymen are most at ease with and most will-
ing to cooperate voluntarily with each other when led by a respected
peer, rather than by an outstandingly wealthy or powerful person.
Thus, PG leadership based primarily on social esteem is closely as-
sociated with capable group performance, table 2. These leaders are
best able to strike a needed balance between authority and equality
in collective enterprises.

3. Inequality varies from community to community. Although no
single measure may suffice to capture completely the difference,
land ownership in many "Third World" countries is "a fairly reliable
indicator of social and political power" (5) and socioeconomic status
within and across settlements. An examination of survey data on
land ownership, family income, and cattle ownership leads to the
tentative conclusion that in a general way (e.g., La Arena is an ex-
ception) less stratified communities have more proficient PGs, ta-
bles 3 and 5. This is consistent with some comparative studies of ru-
ral development (8,10), but contradicts others (2).

Apparently, near absolute equality (not an issue here) impedes
collective adoption of technology, and too much inequality has the
same effect. Unfortunately, there is no consensus about how much
is "too much," but in highly stratified communities elite and non
elite interests may diverge so greatly that the former undermine (9)
or monopolize (11) projects designed for the latter. Elites can legit-
imate and provide managerial expertise for a project, but they have
little need to optimize production, and in this sense undercut proj-
ect goals. Leadership is necessary, but effective leaders must share
the need for project benefits, in this case additional food and in-
come.

Tendler (14) reports that farmer groups perform better when they
are organized around concrete goals which require cooperation for
completion and involve a minimum of non-farm skills, conditions
generally satisfied in this instance. In addition, the groups should be
small, about 10 members, and composed of peers. Peer pressure can
sustain group cohesion and assure fulfillment of group obligations.
One may infer from this that group leaders must be regarded as
peers. In this project, the leaders of the better PGs have resources
(some land, social esteem), but they are not markedly wealthier, bet-
ter educated, or more powerful than the majority. They are the

TABLE 5. PROJECT GROUP TECHNICAL PROFICIENCY AND
LAND DISTRIBUTION'

Project group Coefficient of C-statistic
proficiency variation (land) rank order
rank order

1 1.46 5
2 1.24 3
3 1.07 1
4 1.58 6
5 1.09 2
6 1.87 77 2.22 11
8 2.66 13
9 1.92 8

10 3.31 14
11 1.31 4
12 1.98 9
13 2.61 12
14 2.14 10

'The coefficient of variation (C) is the ratio of standard deviation to mean;
the closer the ratio to 1.0, the less skewed the distribution of values for a
given sample (Koch and Link 1971). When group technical performance
and C for land ownership are rank ordered and compared, Spearman's rho
= .631 (df 12), t = 2.817, thus p < .02. Given the sample size and possible
distortions in survey data, the table does no more than suggest that the less
skewed land ownership in a settlement, the more proficient its project
group.
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countrymen's peers and so do not discourage effective popular
participation in a collective undertaking.

4. Other differences can also impede a project, e.g., occupational
diversity or diverging interests between members and non-mem-
bers of collective farms. In addition, to judge from what some people
in San Jose say, table 1, an abundance of projects can weaken com-
mitments to any one or all of them. There, the collective farm, the
government, and the Catholic Church all sponsor cooperative food
production activities, and this diffuses the help an individual can
give to any one of them. As one countryman put it, "There is so
much to help with that I am not a (formal) member of anything."

Esman and Uphoff (2) find that difficult terrain positively corre-
lates with task success in local organizations. The current study sup-
ports that conclusion, qualified by the requirement that groups
other than those working with cattle had to have year-round access
to urban places. Unlike easy access, moderately difficult access ap-
pears to be associated with relative PG success, table 2. Access is
probably also related to the number and type of services available in
a community.

As a general rule, the fewer the public and commercial services in
a community, the more technically self-sufficient and proficient its
PG, table 6. Settlements which lack electricity, potable water,
health posts, churches (which often serve as centers for cooperative
projects in rural Panama), saloons, and/or general merchandise
stores are better sites for this project than places with these facili-
ties. These are typically hamlets rather than sub-county seats. The
service-poor communities also tend to have middling to difficult
road access and are not highly stratified, all of which may throw
people back on their own resources and set the stage for successful
cooperative enterprises. If nothing else, a lack of large stores and
other facilities, combined with difficult access to them and an ab-
sence of competing programs, means that for want of alternatives
people can or must commit themselves to a given project.

TABLE 6. PROJECT GROUP PROFICIENCY AND SERVICES
IN PROJECT GROUP COMMUNITY'

Technical Number ofCommunity ranking services

Guayabito ............ 1 2
Penfiitas............... .2 3
M ata Palo ............ 3 2
M ontafiita ............ 4 2
Chumical............. 5 1Pedregoso ............ 6 3
Barrio ............ ... .. 7 3
San Jos6 .............. 8 7
La M iel .............. 9 4
Los Higos ............ 10 7
La Arena............. 11 4
Espavacito ............ 12 2
Bayano............... . 13 12
Las Trancas........... 14 10

'Data derived from table 1.
'Refers to the Barrio in Remedios in which the module is located. Re-

medios as a whole has 17 services.

CONCLUSION

The final test of project strategy, PG self-sufficiency, is still several
years off. Although the basic incentive for a household to participate
in a PG is a felt need to produce food, social organizational factors
and household characteristics affect project success. The project ap-
pears to appeal especially to relatively well-informed, somewhat
younger than average married men with large households. Although
they may not be poorer than others, they are at a stage in the do-
mestic cycle when they have not only the time and strength to risk

participation but the need to do so. They also have children who can
assist them in modular activities.

Households exist in communities, and several community level
factors affect project chances for success. PGs appear to work best
in the less complex structured communities. Organizational conm-
plexity related to such things as socioeconomic inequality, ranching,
and divisions between members and non-members of asentamien-
tos, appear to hinder PG performance. Relative socioeconomic
homogeneity fosters PG success. Effective PG leaders are socially
esteemed people who are neither so rich nor powerful that they can-
not be seen as peers by ordinary countrymen. Extensionists who
identify and cooperate with this type of leader enhance chances for
project success. PGs are also best served by mildly supportive to in-
different non-representatives who reside outside the community.
Given the countrymen's past experience with government spon-
sored projects, however, little will avail unless GOP and DINAAC
maintain their commitment to the project.
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Chapter IV
Economic Evaluation

C.R. Engle' and Upton Hatch
In 1980, the United States Agency for International Development

initiated a project designed to develop a simple fish culture system
emphasizing farmer self-sufficiency in fish seed production for either
home consumption or sale (12). The basic human need among the
target population was a source of low-cost animal protein. A second-
ary consideration was the desire for increased cash income. In order
to minimize production costs and to maximize benefits to the com-
munity, fish ponds were integrated with other types of livestock and
agricultural enterprises (17). Budget and rate-of-return analyses are
used to estimate returns for the various production combinations.
These analyses are based on primary and secondary production
data.

The integrated approach has been attempted and documented in
several locales (16). Feasibility analyses have been undertaken for in-
tegrated aquaculture systems with pigs (2,11,22), with ducks (22),
and with livestock and fowl (6). Appropriate fertilizing rates for
aquaculture systems have been investigated in Israel (10) and in
China (8). The economic potential of small-scale integrated systems
has been studied in Thailand (3). In addition, an effort has been
made to make research more responsive to farmer needs. This
"farming systems research" approach has been applied in Panama
to assist in the transfer of pesticide and fertilizer technologies (13)
and has potential in the development of integrated agro-aquaculture
(15).

BUDGET ANALYSIS
The impact of integrating livestock with fish enterprises is ana-

lyzed by first budgeting each activity separately and then in asso-
ciation. In the case offish, investment and production costs were es-
timated for fish alone by estimating the cost of collecting and
transporting different types of manure to the fish pond. Investment
and production costs were also budgeted for cattle, hog, chicken,
and duck enterprises alone. Budgets were then prepared for the fish-
cattle, fish-chicken, fish-duck, and fish-hog combinations.

In addition to providing information on the profitabilities of the
enterprises independently and in association with each other, this
analysis provides the basis for calculating the respective cost of an-
imal protein production.

1 Funded by Interamerican Development Bank-Contract IDB-BNP-
MIDA-No. 98IC-PN.

The following data were collected directly from the projects: pond
construction costs; hog, duck, and cattle corral construction costs;
fish, hog, and duck production costs; and marketing costs and prices
for fish, hogs, and ducks. Investment, production, and marketing
costs for cattle and chicken were obtained through secondary data of
the Department of Livestock Production within the Agriculture
Development Ministry (14).

The average pond size and cost of the projects were used in all
analyses. This eliminated variation caused by varying pond con-
struction costs for larger and smaller ponds. Management of the live-
stock systems is detailed in Chapter I.

It is important to note some inherent variation among the projects.
The chicken and cattle enterprises were already established prior to
construction of fish ponds. These were viable economic units minde-
pendent of fish culture. While both were commercial undertakings,
chickens were managed intensively whereas cattle were managed on
an extensive, open range level of management. On the other hand,
the hog and duck enterprises were initiated with the fish ponds; they
were designed to accommodate fish production. Both ducks and
hogs were managed on a semi-commercial scale, but the lack of ex-
perience with these animals, the lack of established market chan-
nels, and access to inputs introduces a bias in comparing ducks and
hogs to the more traditional cattle and chicken enterprises.

FISH ALONE
The fish production system is described in detail in Chapter I.

The following analysis is based on the 3-pond module, figure 1.

Capital Investment
Data were collected on expenses incurred during construction of

the modules. These data include costs of PVC pipe, materials and
transportation of equipment and materials. Earth-moving costs
were charged at B/. 40.00 per tractor-hour.2 Only new projects are
included in capital investment analysis. Improved projects are not
included because grow-out ponds existed before project interven-
tion.

The average total area of water surface for the projects was 4,191
square meters, table 1. The average total cost of pond construction
was B/. 2,970.05 with an average total cost of B/. 0.70/m2 for total
pond area and B/. 1.12/m2 for grow-out pond area. The average labor

2 B/. = Balboa, the Panamanian currency. 1 Balboa U.S. $1.00.

TABLE 1. CONSTRUCTION COSTS AND SURFACE AREA OF A.I.D. MODULAR PONDS BY PROJECT

Total Grow-out Costs

Location area area Construction Earth Labor @ Transportation Total
m

2  m2 materiales moving B/. 4.00 per B/. B/.
B/ B/. man-day

Cascajal ........ . 3,690 2,500 626.12 1,400 112.50 400 2,538.62
Chumical....... 2,580 1,980 957.65 1,800 184.50 350 3,292.15
Pedregoso ...... 2,205 1,805 329.47 1,404 92.50 350 2,175.97
Los Higos ...... 3,969 3,423 610.33 2,040 136.50 250 3,036.83
Guayabito ...... 3,350 2,071 514.29 2,475 142.50 250 3,381.79
Espavecito ...... 4,802 4,051 526.91 2,655 168.00 400 3,749.91
Remedios ...... 16,675 4,118 564.72 2,940 219.00 300 4,023.72
Bayano......... . 4,890 3,966 511.00 1,800 140.00 400 2,851.00
La Miel ........ 3,314 2,655 727.93 1,920 105.00 300 3,052.93
Montafiita ...... 3,940 3,128 754.30 2,160 120.00 300 3,334.30
La Arena ....... 2,075 1,845 712.36 1,040 99.00 300 2,151.36
Majarilla ....... 9,209 3,010 542.05 3,400 127.50 200 4,269.55
Mata Palo ...... 2,808 2,450 234.57 1,755 204.75 300 2,494.32
Las Trancas ..... 3,317 3,029 564.63 1,600 120.00 400 2,684.63
El Barrero ...... 2,180 1,900 544.35 1,760 106.00 200 2,610.35
La Pitaloza ..... 2,000 1,478 664.44 1,600 100.00 500 2,864.44
Mogollon 2,604 2,000 730.05 2,240 136.50 400 3,306.55
Las Fuentes .... 4,310 3,570 621.50 1,908 126.12 100 2,753.62
Pino del Cobre. . 1,700 1,500 560.70 1,020 126.12 150 1,856.82
Total........... . 79,627 50,479 11,297.37 36,717 2,566.49 5,850 56,430.86
Average' ....... 4,191 2,657 594.60 1,932 135.08 308 2,970.05

'Average cost/m 2: Total = B/. 0.71; Grow-out = B/. 1.12/.
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FIG. 1. A three-pond module located in Tole, Chiriqui. This church
sponsored project raises fish,ducks, pigs, chickens, rabbits, and
vegetables to provide for their school. Students learn the principles
of agroaquaculture by caring for the animals and garden.

x , \\ ItB 1.'35 )t, ( -, i I xi i \ i I(,((, I it I 't i if I I (w 1 1 1, i1 1

iiiatcrIia.il cost13 J I (4 ) I60 This I xt it(' 11c 1 ci a x I c I c i\ ('1 (.11tW I
tfixt'iil it(, iof 20) cars, \NliIcjl iixiiifx ill all cilciald]clc( iittiIi oft

B/. 29.T:3. Iatifl dix in", iciltiiifci 50f lciict oi tiii total cost, a
Iiir 26i pe't cent, iiitciijaix Ii iiccii [111 iii'i t ificcicahl " l (c (']itt

l'rtlilci iill(, costsf xxr ti '. f. 2 pelci iic ticl'. I iitii ilti ill-
cos~tS\ xcr icitci dcci ill o[(li hii' iti I xcldi i iii ticd ci ilt'iii ci fl topt
soil, pilic cxcix tiii li fiX lc(i'i ciii cliff clii xc fcccli c riitii

A ciiitlti loc~k xtiiiii' xliic( 12-15 xcfiiti c iiic'tcix tica c\ Xis (il-

ci icgc total costf wxas 13, 1-I8.4:3 \\ itc ft'e costcof itiatci iaix a\i 21

diii' Xlt'( was cx iti iitt' tic ice 2ff0 cai xi cliic' I c tx ii i all aloii

ticpi t'iitioii cliii(, of' I 513 . .
hI'it iccaiacitict'it of' theolc' ictc S\ xfcict icqtfcicc'x a xc'iitc i lial

xt'xtii lc' ie'rprociiiticnc cliii xcix, aloof 1)1 tc'tiiiii oo fiiil cc tic
assist xxiti (iii' tcotail Ilr~ti o'f tiic'I-\ -ic cit ficiild lit flic' liiit
liti xc'xts a 12ff icict cull 1i s ix itili/ici \ 5ff6o sccifxttc f6 ct dcci

xx itic 12 ili cit li ccli xl \\ c' l c liicicot Ic Ic tiih xii 1c cclxl po dccl tc
fillixc tic' ftctal lii xctt oclf hIfIttciwg pocid. t~ tli cc t'xx .\
t'ciiiillc'it itliclc's cliip ccc'tx, lic s awlf cud 'tic ofi ict icuis tcc hlucd
ixih Iii c(cix\ ccitt xociijici. Iis c'iiccccix asi total ccit o' B,3
:360f.5ff xc itic ani iutiil tltcrcc tiic i& cKi1. h6tf2, faclc 2.

Thet citll ci xx xtc'iii ofi 1ixic prfli tilccicci ilcix cc ic c fo11-1 cilaia
xcc'c prioduictionic. ( ox cc thait tilt I lllw i siii pi cciiilix, iiitci c'tcd ill
tciixx cult dccci lidi cxt flic( aiii xix ci ll(iIiIcc )1il.(' filLific xcii] tili

lxiii 2. lxI\I V xi C os [i cxix tiK iii icii c ili (dcccxx m c ii \cc - 2,f5-, cic

I ct (Cocxt/ ccit
B/. Qucclit tct itc rxitixll

Pi'idic/
Vali cccIlix tctt3
Ltic fills

I ilixfcii tai l
xcii tct ii

Soiti ago hi' du

\ic cci

I iticiticci ci
xciiie

(;ill lct

i)it) ict
fcc' bl.
Nit pc lix
osI cci a

1tt itiii/xtioi k
iliac

Tota

cciii cit, xcod ccii] cci

5f fit. 6i tf dciip 1/2-iii,

120 f t. ]oit-' S ft. (cep,
3il. icixl

icl t rc

'Suf 'k ii iii lf 1liii (11 c'tf Icx l(if 1i 1, 163/h3 thafl t thlt flitict a ix t d.
I ((( iiilxii cxiii ictitici ti t tfi iSt itiiiiittxtiii- ff ti tut xt'1t'cfc'ti tutu t~wolt't'ititxa l i tlc ix rcccii atc xcmn"tcIi lctict ftl(it c ix too c1(ii c i ticiti

ccii :. A'\'x \ c f ci t1C s I OF St c1 1) i'is, ic u i) 1ci to;\\ ic I" I IIIIi c l F sI I' Pli n Itict I 1iti\

ificlil )i'xi ript ciii Ulcit (coxt/ciccit.
IV

Cot iix xcc
Bit

icix ccit

5
c cd

icc ccciii ii ca i)
I\ix~ idc cai fi
Tri lt xii i ft iii
Sciktoii t

/I i tii-i
ii ci~aii ccct

xix cc x itcigiat

122-1-12 tiff kl!/ia)

ft f22
ft02 ff

24.00f

17.125

2 ftc
7 0f

24.0ff
:4. 1ff

9. 12

1352 29. fit

A cc cilic iccic cxc tt is iS illicttlix
Tlw lacii ci c lil it~ ft 0ft 1i li iii o Ilitcit'iict anii dicstrlcute lcccgcuuicix ofi 2 incici iii xizec'

iSokc t flu' c ifitixitt if 15ffha the fl\ cxag ci tc ikiiw dci i fit ficci ci
'Sfict krci at flu c ii aucitIitt 1,50lcia ftea ~ic'icgc xtci t4 clixci l ccc li' 1ictt t

iTtt1
1

acicci xc xi ii ccicii illcitg loodit itiilcicx aucid giccxx)Il uhf ds kiiii cx N1 ill-' of ci .ti 9 iic lfCrtitticil at tif6t0 l

I i'ci cipt ciii

fi ictoicifluci

ttal

t

cII

CAIi

1.932.00f
595,00tff

3ff',iff
2 'uS35

:364. 7ft

192.00tt

125.ff0

15.f0t
3.1ff

7 5ff

ft.f2

125.00f

15.00f

22.5ff
:3ff05ff

0 11

2, 0t0
.00ff

. 00f f

fi. itt

13 62S. 00

'5. 62

15ff
6. 0it

I .50
fif. ff2

1ft ft



first year. Broodstock are then selected from the first grow-out har-
vests to stock in the brood ponds. Future broodstock are obtained
from the grow-out pond. The initial investment in tilapia stock is
B/. 6780, table 2.

Production Costs
The pond is stocked with tilapia as the principal species in poly-

culture with common carp, and the bighead and silver carp hybrid.
The carp seed is purchased at the beginning of each production
cycle at a cost of one cent per inch. With an average stocking size of
2 inches, each carp seed costs B/. 0.02, table 3. The average trans-
portation cost is B/. 24.00 per trip.

The fish production cycle varied greatly between projects. The
actual cycles were averaged to obtain the 18-month cycles utilized in
the analysis. The first partial harvest was done with gill nets at ap-
proximately 4 months after stocking the pond. Thereafter, the grow-
out ponds were harvested monthly Annual costs were determined
by multiplying the total costs per cycle by 12 and dividing by 18.

At the onset of each production cycle, the pond was fertilized
once with an inorganic fertilizer to stimulate the rapid development
of natural food organisms in the pond. The fertilizer applied was 12-
24-12 at a rate of 60 kilograms per hectare for each 18-month pro-
duction cycle.

Labor
In order to analyze the relative profitability of the fish production

component alone, the value of the labor necessary to collect the
manure and apply it to the pond was estimated. This analysis as-
sumes that the livestock enterprise already exists on the farm but is
not associated directly with the fish production unit.

Hog manure had the highest collection costs, B/. 182.48, table 4.
Ducks and chicken manure costs were identical, B/. 136.88, with
cattle manure costs being the lowest, B/. 117.00. Cattle manure was
collected only three times per week, whereas the other manures
were collected daily.

The majority of the labor utilized in the modules was provided by
the group that managed the project. Data on labor were recorded
only during the construction phase, and production labor was esti-
mated.

In the 2-pond system, total annual labor was estimated to be 51.5
man-hours, table 5, for fish production alone. In the 3-pond system,
the labor is almost tripled because of sex identification to select

males. In the 4-pond system, labor is greater yet for the double sex-
ing. The second separation of sexes is less time consuming because
a large percentage of males are selected in the first procedure.

Labor values were averaged to obtain a standardized value to
compare the different types of livestock-fish associations. The low
number of pond replicates precludes more rigorous analysis.

Yield and Return

Fish production data from the livestock-fish associations were uti-
lized in the fish only budgets. The manure charged to the budgets
was equivalent to the quantities of manure produced by the animals
actually on the ponds in order to utilize that fish production data.
Fish production was calculated in units of kilograms per hectare per
year in order to compare the different types of livestock-fish asso-
ciations. The highest fish production, 3,460 kilograms per hectare
per year was obtained in the duck-fish association. The lowest fish
production, 1,727 kilograms per hectare per year, was produced in
the cattle-fish association, while the hog-fish association produced
2,197 kilograms per hectare per year of fish. The chicken-fish asso-
ciation resulted in fish production of 2,329 kilograms per hectare.

The value of the fish produced was estimated to be B/. 0.40 per
pound. 3 This is the actual sales price of the fish in the communities.

Fish produced with duck manure resulted in net returns to cap-
ital, land, and management of B/. 529.10, table 6. This was followed
by B/. 264.42 with chicken manure, B/. 188.19 with hog manure and
B/. 143.78 with cattle manure.

3The unit of measure in Panama is the pound. For ease of understanding
and comparison, prices per pound are not converted to prices per kilogram.

TABLE 4. YEARLY QUANTITY AND VALUE OF MANURE COLLECTION, TRANS-
PORTATION, AND APPLICATION (FISH PRODUCTION ALONE)

Animal Hours daily Hours Man-days' Value of man- Total value,
yearly day, B/. B/.

Hogs ...... 1.00 365.00 45.62 4.00 182.48
Cattle ..... 1.50 234.002 29.25 4.00 117.00
Ducks ..... .75 273.75 34.22 4.00 136.88
Chickens .. .75 273.75 34.22 4.00 136.88
'A man-day is equivalent to 8 hours.
2Cattle manure is collected only 3 days per week.

TABLE 5. YEARLY VALUE OF LABOR UTILIZED IN FISH PRODUCTION BY NUMBER OF PONDS IN SYSTEM

Man-hoursMan-hours Value of Total
System Brood Nursery Pre-grow-out Grow-out' Man-days man-dav, Total

Stocking Harvest Harvest and Harvest and Partial Total Total B/. cost, B/.
sexing sexing harvest harvest

Two ponds
Per cycle... 0.5 6 2 20
Yearly ..... . 1.5 18 18.67 2  13.33 51.5 6.44 4.00 25.76

Three ponds
Per cycle ... .5 6 32 2 20
Yearly ..... 1.5 18 96 18.67 13.33 147.5 18.44 4.00 73.76

Four ponds
Per cycle ... .5 6 32 12 2 20
Yearly ..... 1.5 18 96 36 18.67 13.33 183.5 22.94 4.00 91.76

'18-month cycle.
'Partial harvests are initiated the fourth month after stocking for 14 months, at which time grow-out pond is totally harvested-12 [(2.14) +18] = 18.67.

TABLE 6. ANNUAL NET RETURNS TO CAPITAL, LAND AND MANAGEMENT FOR FISH PRODUCTION ALONE FERTILIZED

WITH DIFFERENT MANURES (GROW-OUT AREA = 2,657 m
2)

Fish Sales price Gross Annual Variable costs Total Net returns to
Manure production, fish, returns annual capital, land, and

source p kg B/hcosts, Seed, B/. Manure, B/. Total, B/. costs, B/. management, B/.source kg B/./kg B!. B/.

Hogs ............. 583.74 0.88 513.69 114.01 29.01 182.48 211.48 325.50 188.19
Cattle..............458.86 .88 403.80 114.01 29.01 117.00 146.01 260.02 143.78
Ducks ............ 919.32 .88 809.00 114.01 29.01 136.88 165.89 279.90 529.10
Chickens .......... 618.55 .88 544.32 114.01 29.01 136.88 165.89 279.90 264.43
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HOGS ALONE

Capital Investment

Pigsties were constructed with concrete floors, pig wire, and a
zinc roof with an average total cost of B/. 662.00, table 7. With an
estimated useful life of 10 years, the annual depreciation is B/.
66.21. A block storage shed (12-15 square meters) was also con-
structed to store feed and equipment at a total cost of B/. 364.70.
With an estimated useful life of 20 years, the annual depreciation is
B/. 18.24.

Hog production requires several additional tools, such as picks (2
years useful life), shovels (2 years useful life), and a wheelbarrow (5
years useful life), to construct the pigsty. Total equipment cost is
B/. 133.10 with an annual depreciation of B/. 35.05.

Production Costs

Hog production costs were analyzed based on a production unit of
20 animals. This was the average number of animals per average
project size. Feeder pigs were purchased at an average weight of 30
pounds and an average price of B/. 1.205 per pound. Each feeder pig
cost approximately B/. 36.15, table 8.

The feeding regime varied greatly by project. Some projects fed
starter, grower, and fattening rations, while other projects fed only
grower and fattening rations. To standardize the analysis, the quan-
tities of feed were weighted according to the different prices to ob-
tain a weighted average of the feed price. This is the price applied
in the analysis.

Theoretically, a hog production cycle is 120 days with 3 possible
cycles per year. Nevertheless, the average hog production cycle was
1.5 per year. This slow turnover was due to logistical problems of

transportation and loan agreements. Per cycle production costs are
multiplied by 1.5 to obtain annual costs.

Net returns to capital, land and management were B/. 175.70.

CATTLE ALONE
Capital Investment

The cattle corrals cost, on the average, B/. 381.00, table 9. The
estimated useful life was 5 years with an annual depreciation of
B/. 76.22.

Cattle production also requires additional fencing and, in many
instances, re-establishment of pasture. Total investment costs are
B/. 1,520.11 with an annual depreciation of B/. 164.02, table 9.

Production Costs
In the modular projects associated with cattle, the cattle enter-

prise was already established. For this reason, the only economic
data collected were the construction and labor costs for the corral
and collection of manure. The data included in the analysis are sec-
ondary and were obtained from the Departamento de Produccion
Pecuaria of MIDA.

The analysis is based on a production unit of 20 head of cattle.
This was the average number of cattle corraled at night to collect
manure. Table 10 details the production costs.

The income from cattle production is based on a survival of 95
percent, an average weight of 900 pounds per head of cattle, and a
price of B/. 0.40 per pound, table 10. Net returns to capital, land and
management were B/. 791.90.

DUCKS ALONE

Capital Investment
The ducks were corraled in a way that provided free access to part

of the pond. The duck corrals cost an average of B/. 540.30, table 11.

TABLE 7. INVESTMENT COSTS FOR HOG PRODUCTION (UNIT OF 20 FEEDER PIGS)

Item Description Unit Cost/unit, Quantity Total cost, iUseul depAnnualItem Description Unit B/.Quantity B/. life, depreciation,
years B/.

Pigsty
Materials pig wire, concrete total 662.12 1 662.12 10 66.21

floor, zinc roof
Equipment

Buckets c/u 3.00 2 6.00 1 6.00
Storage shed materials total 364.70 1 364.70 20 18.24
Shovels c/u 6.65 2 13.30 2 6.65
Picks c/u 9.40 2 18.80 2 9.40
Wheelbarrow c/u 95.00 1 95.00 5 19.00

Total 1,159.92 125.50

TABLE 8. ANNUAL COSTS AND RETURNS FOR HOG PRODUCTION (UNIT OF 20 HOGs, 1.5 CYCLES PER YEAR)

Item Description Unit Cost/unit, B/. Quantity Total cost, B/.

Returns
Hogs Average weight of 115.9 lb., average price hog 119.50 29.41 3,513.30

B/. 1.031/lb.

Costs
Fixed

Annual Depreciation 125.50
Variable
Feeder pigs Average weight of 30 lb. average price of hog 36.15 30 1,084.50

B/. 1.205/lb.
Feed Grower and fattening cwt. 12.50 135 1,687.50
Medication hog 2.01 30 60.30
Transportation For animals and feed total 193.50
Taxes Slaughtering and municipal hog 4.42 30 132.60
Insurance hog 2.00 30 60.00
Interest (9%) 58.20

Total annual costs 3,337.60
Annual net returns to capital, land, and management 175.70

'Projects averaged 2 percent mortality of hogs.
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The useful life was estimated to be 5 years with an annual depre-
ciation of B/. 108.06.

Ducks were the only livestock alternative that was marketed in a
processed form. Hogs, chickens, and cattle were all marketed live.
Duck processing required an investment in equipment that in-
cluded a 55-gallon barrel for boiling water to clean the ducks, tweez-
ers for plucking, and a cooler for transporting processed ducks. Total
cost was B/. 645.30 with an annual depreciation of B/. 122.56, table
11.

Production Costs
The projects associated with ducks had an average of 150 ducks

per project. This is the production unit utilized in the analysis.
Processing and marketing costs were B/. 272.66 per year, or B/.

0.21 per duck, table 12. Stocking costs were only B/. 276.00 and
feed costs were B/. 1,162.20. These costs are the actual costs re-
corded in the projects.

Duck production was 566.3 pounds per unit of 150 ducks. Mor-
tality was 3.2 percent and average weight was 3.9 pounds per

cleaned duck. The theoretical production cycle is 11 weeks. How-
ever, the projects achieved only two cycles per year. Net returns to
capital, land and management were negative, B/. -345.90.

CHICKENS
Capital Investment

Chicken production units were already functioning when the
modules were built. Investment costs were estimated for a unit of
2,000 chickens. The projects with chickens had several units of this
size and always had extra manure. Capital investment included con-
struction of the chicken house, well drilling, pump installation, re-
serve tanks, labor, feeders and waterers. Total investment cost was
B/. 6,341.70 with annual depreciation of B/. 698.17, table 13.

Production Costs

Chicken production costs were estimated from secondary data
obtained from the Department of Livestock Production. Theoreti-

TABLE 9. INVESTMENT COSTS FOR CATTLE PRODUCTION (UNIT OF 20 STOCKERS)

Annual
Item Description Unit Cost/unit, B/. Quantity Total cost, B/. Useful sife, depreciation,years B/.

Fences (3 km)1

Live stakes c/u 0.25 1,200 300.00
Barbed wire roll 31.25 12 375.00 5 75.00
Staples 50-pound box box 32.00 2 64.00 5 12.80
Transportation" total 20.00
Subtotal 759.00 87.80

Corral total 381.00 5 76.22
Pasture improvement

Seed cwt. 6.00 60 360.00
Transportation total 20.00
Subtotal 380.00

Total 1,520.11 164.02

'The majority of the farms and fences established. These costs are fence improvements.
'The farm is assumed to be 30 km from source of supply.
'Average construction costs in the projects.

TABLE 10. ANNUAL COSTS AND RETURNS FOR CATTLE PRODUCTION (UNIT OF 20 STOCKERS)

Item Description Unit Cost/unit, B/. Quantity Total cost, B/.

Returns
Stockers pound 0.40 17,1001 6,840.00

Costs
Fixed

Annual depreciation 164.02
Variable

Stocker calves c/u 250.00 20 5,000.00
Deparasitization total 100.00
Mineralized salt cwt. 14.90 3.2 54.08
Urea gal. .25 400 100.00
Insurance head 7.50 20 150.00
Transportation head 12.00 40 480.00
Subtotal 5,884.08

Total annual costs 6,048.10
Annual net returns to capital, land, and management 791.90

'Market weight averaged 900 pounds per stocker. Mortality was estimated at 5 percent.

TABLE 11. INVESTMENT COSTS OF DUCK PRODUCTION (UNIT OF 150 DUCKS)

Annual
Item Description Unit Cost/unit, B/. Quantity Total cost, B/. Useful sife, depreciation,years B/.

Corral
Materials total 540.30 1 540.30 5 108.06

Marketing
Drum 55-gallon c/u 10.00 2 20.00 4 5.00
Tweezers total 10.00 1 10.00 5 2.00
Cooler c/u 75.00 1 75.00 10 7.50

Total 645.30 122.56
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TABLE 15. ANNUAL COSTS AND RETURNS FOR HOG-FISH PRODUCTION

Item Total value or cost, B/. Annual depreciation, B/.

Annual returns
Fish ............... 513.69
Hogs............... 3,513.30
Total annual returns 4,026.99

Fixed costs
Pond............... 2,835.00 29.75
Storage shed ........ 364.70 18.24
Broodstock .......... 67.80
Pigsty.............. 662.12 66.21
Equipment ......... 487.60 101.07
Subtotal............ 4,417.22 215.27

Variable costs
Fish seed ........... 22.73
Feeder pigs ......... 1,084.50
Fertilizer ........... 6.28
Feed............... 1,687.50
Medication ......... 60.30
Insurance ........... 60.00
Transportation ....... 193.50
Taxes .............. 132.60
Subtotal............ 3,247.41

Total annual costs ..... 3,462.68
Annual net returns to

capital, land, and
management ........ 564.31

TABLE 16. ANNUAL COSTS AND RETURNS FOR CHICKEN-FISH PRODUCTION

Item Total value or cost, B/. Annual depreciation, B/.

Annual returns
Fish ............... 544.32
Chicken............ 7,687.12
Total annual returns 8,231.44

Fixed costs
Ponds.............. 2,835.00 29.75
Storage shed ........ 364.70 18.24
Equipment ......... 730.50 167.02
Broodstock .......... 67.80 -
Chicken house ...... 3,871.50 387.17
Pump, well, tank .... 2,100.00 210.00

Subtotal ............ 9,969.70 812.18
Variable costs
Fish seed ........... 22.73
Chicks ............. 960.00
Fertilizer ........... 6.28
Animal health ....... 81.60
Feed............... 4,736.00
Transportation ....... 176.00
Maintenance ........ 177.21

Subtotal ............ 6,159.82
Total annual costs ..... 6,972.00
Annual net returns to

capital, land, and
management ........ 1,259.44

DucK-FISH ASSOCIATION

The cash investment was B/. 4,273.30 with annual depreciation of
B/. 236.57, table 18. The total annual costs are B/. 2,119.86, table 18.
Net returns to capital, land, and management are B/. 320.08.

Summary of Budget Analysis

Budget analysis indicates the general profitability of a productive
activity by comparing the average costs and returns in a given year.
Comparing the different alternatives considered, the "chick-fish" al-
ternative yielded the highest net return to capital, land and man-
agement, B/. 1,259.44, table 20. The least profitable was fish raised
alone with cattle manure, B/. 143.78. Only one activity, duck pro-
duction alone, was not profitable.

TABLE 17. ANNUAL COSTS AND RETURNS FOR CATTLE-FISH PRODUCTION

Item Total value or cost, B/. Annual depreciation, B/.

Annual returns
Fish ............... 403.80
Cattle.............. 6,840.00
Total annual returns 7,243.80

Fixed costs
Ponds.............. 2,825.00 29.75
Storage shed ........ 364.70 18.24
Equipment ......... 360.50 66.02
Broodstock .......... 67.80
Corral.............. 381.11 76.22
Fencing............ 759.00 87.80
Pasture improvement 380.00
Subtotal............ 5,148.11 278.03

Variable costs
Fish seed ........... 22.73
Fertilizer ........... 6.28
Stockers ............ 5,000.00
Supplemental feed... 254.08
Insurance........... . 150.00
Transportation ....... 480.00
Subtotal............ 5,913.09

Total annual costs ..... 6,191.12
Annual net returns to

capital, land, and
management ........ 1,052.68

TABLE 18. ANNUAL COSTS AND RETURNS FOR DUCK-FISH PRODUCTION

Item Total value or cost, B/. Annual depreciation, B/.

Annual returns
Fish ............... 809.00
Ducks.............. 1,630.94
Total annual returns 2,439.94

Fixed costs
Ponds.............. 2,835.00 29.75
Storage shed ........ 364.70 18.24
Equipment ......... 465.50 80.52
Broodstock .......... 67.80
Corral .............. 540.30 108.06
Subtotal ............ . 4,273.30 236.57

Variable costs
Fish seed ........... 22.73
Ducklings .......... 276.00
Fertilizer ........... 6.28
Feed............... 1,162.20
Marketing .......... 272.66
Transportation ....... 109.72
Interest ............ 33.70
Subtotal............ 1,823.29

Total annual costs ..... 2,119.86
Annual net returns to

capital, land, and
management ........ 320.08

Production Costs Per Pound of Meat Produced

Given that the initial goal of the project was to produce animal
protein at a low cost, the production costs of the different types of
meat produced were calculated for the alternatives considered. The
quantity of meat produced in each integrated system was added to
the fish production (all in live weight) and this number divided into
the total annual cost for each respective system.

The costs per pound of meat varied between B/. 0.14 per pound
of fish (with duck manure) to B/. 1.75 per pound of duck meat, table
19. Fish meat produced without animal integration was always
cheaper than the other meats considered. Integrating the livestock
operations with fish lowered the cost per pound of meat in every
case. For example, pork production alone had a production cost of
B/. 0.98 per pound but when fish were integrated with hogs, the cost
dropped to B/. 0.74 per pound.
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TABLE 19. PER POUND PRODUCTION COSTS OF ANIMAL PROTEIN
(LIVE WEIGHT)

Alternative Annual produc- Live weight of Cot per pound
tion costs, B/. animals, lb. meat produced,

B/./lb.

1. Fish alone ..... 27990 2,022.50 0.14
(duck manure)

2. Fish alone .....
(chicken 279.90 1,360.81 .21
manure)

3. Fish alone..... 325.50 1,284.23 .25
(hog manure)

4. Fish-cattle ..... 685.67
Fish 6,191.12 17,100.00
Cattle
Total 17,785.67 .35

5. Cattle......... 6,048.10 17,100.00 .35
6. Fish alone ..... 26002 685.67 .38

(cattle manure)
7. Fish-chickens 1)360.81

Fish 6,983.21 14)50.00
Chickens 504.00
Total 15,864.81 .44

8. Chicken....... 6,840.29 14,504.00 .47
9. Fish-ducks .....

Fish 2,119.86 2,022.50
Ducks 1,132.60
Total 3,155.10 .67

10. Fish-hogs ...... 1284.23
Fish 3,462.68 1,4.46
Hogs 407.46
Total 4,691.69 .74

11. Hogs.......... 3,337.60 3,407.46 .98
12. Duck.......... 1,976.84 1,132.60 1.75

TABLE 20. SUMMARY OF NET RETURNS TO CAPITAL, LAND,
AND MANAGEMENT

Alternative Net returns to capital, land, and
management, B/.

1. Fish-chicken...................1,259.44
2. Fish-cattle.....................1,052.68
3. Chicken....................... 858.14
4. Cattle......................... 791.90
5. Fish-hogs...................... 564.31
6. Fish alone (duck manure) ........ 529.10
7. Fish-ducks..................... 320.08
8. Fish alone (chicken manure) ...... 264.42
9. Fish alone (hog manure) ......... 188.19

10. H ogs......................... 175.70
11. Fish alone (cattle manure) ....... 143.78
12. Ducks........................ -345.90

Rate of Return Analysis

The internal rate of return is a useful tool for analyzing the effi-
ciency of capital use in different projects throughout the respective
lives of the projects. Traditional economic analysis focuses on effi-
ciency or income maximization for project selection (20). An addi-
tional unit of consumption will give the poor man more additional
utility in society's eyes than it would to the rich man (5). Project
evaluation calls for making adjustments in the calculations of eco-
nomic profitability on the basis of income distribution considerations
and effects of project on government income and savings. With
these, a social profitability criterion is derived(4).

In the absence of sufficient data to assess the social profitability of
the project, financial rates of return were estimated to provide some
indications of the efficiency of resource use. For lack of complete
data, however, these rates of return cannot be interpreted as con-
clusive.

Rates of return were estimated for the four different types of fish-
livestock associations as well as both the fish and livestock compo-
nents in isolation. Interest on working capital was charged at the 9

percent level charged by the Agricultural Development Bank of
Panama in the project.

Tables 21-24 present the stream of incremental net benefits for a
20-year period for the four combinations, analyzing the fish enter-
prise independently of the whole. Tables 25-28 present an overall
analysis that includes costs and returns for both fish and livestock
enterprises. Tables 29-32 present annual benefits for the livestock
components in isolation.

In the first year, the first 6 months are devoted to construction.
The fish and other animals are stocked on July 1. The only income
the first year is from two partial harvests of fish (November and De-
cember) and one cycle each of ducks and chickens. Hogs and cattle
would not be marketed until the second year.

The first total harvest of fish is December of the second year. Two
harvests of hogs, ducks, and chickens and one of cattle are achieved
the second year. The feed for each cycle of hogs, ducks, and chickens
is purchased at one time to economize on transportation and is
stored in the storage shed

Labor is provided by the community, so it is not a cash expense of
the project. Rather, the returns are returns to the management who
also provide the labor. Financial rates of return are calculated with
and without operator's labor, to assess both the situation from the
farmer's perspective and the efficiency of labor utilization.

The allocation of labor between fish culture and the husbandry ac-
tivities is presented in tables 29-30. Because of the symbiotic nature
of the integrated activities, a clear delineation of labor used by ac-
tivity is difficult. However, the data presented represent best esti-
mates and are supported by a description of and accounting of all
labor activities attributed to each animal combination, table 33.

Daily pond maintenance and water control, pond harvest and fin-
gerling production, andpond maintenance and drainage per pro-
duction cycle involve the same labor activities for each animal com-
bination. Differences in labor allocation among the combinations
arise as a result of pond fertilization activities. More effort was
needed to fertilize with cattle manure because of the time required
to corral the animals and clean the enclosures. Chickens demand
less time because manure was bagged at the end of each fattening
cycle, stored, and then applied once a week. Hog manure was ap-
plied to the ponds daily when the sties were cleaned. No time was
spent fertilizing duck ponds since the ducks were located on the
pond and dropped their wastes directly into the water. Annual dif-
ferences result from the 18-month production cycle.

Cash flows are calculated using the accounting convention of al-
locating all entries on the last day of the period. Incremental work-
ing capital is included in the financial analyses to make expenditures
during the period. The incremental residual value is the increased
value of the land assuming the module will keep 75 percent of its
new value with included maintenance.

The labor used in the project is generally an underemployed re-
source, thus its real social value is less than wage rates prevalent in
the country Adult male participants have seasonal employment op-
portunities in sugar harvesting and other farm labor. Much of the la-
bor used in the project is done by young males and females who have
limited employment opportunities. Thus, the opportunity cost of la-
bor was estimated at B/. 2.15 per day (17).

SUMMARY OF RATES OF RETURN

A summary of the rates of return derived for the alternative ani-
mal combinations is presented in table 35. For each combination,
the system is self-sustaining because returns cover variable costs.

The fish-duck systems achieved the highest rates of return (23
percent) for the fish only alternative, table 35. Fish production was
considerably higher with ducks than with the other livestock alter-
natives. The analysis, however, assumes a ready market for the
ducks which does not currently exist in Panama.

Fish-chicken systems obtained the second-best results of any of

the combinations. The financial return of 14 percent, table 35, is
above the 12 percent cutoff rate for capital established by the Plan-
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above the 12 percent cutoff rate for capital established by the Plan-
ning Ministry in Panama. Efficient resource use is indicated by the
high economic returns that provide significant incentive for partic-
ipation.

The fish-hog system analyzing fish alone yielded a rate of return
of 13 percent, also above the accepted 12 percent cutoff rate. The
low profitability of raising hogs in Panama decreases the rate of re-
turn to 6 percent in the overall analysis.

The fish-cattle systems had the lowest rates of return with 9 per-
cent for fish analyzed separately. This lower rate of return is consis-
tent with the lower fish yields obtained with cattle manure.

Analysis of the system as a whole yielded lower rates of return
than the fish enterprises analyzed separately for each livestock al-
ternative. The rates of return were: 10 percent for the fish-chicken
enterprise, 6 percent for the fish-hogs enterprise, 8 percent for the
fish-ducks enterprise, and 2 percent for the fish-cattle enterprise.
The change in rates of return indicates that fish have higher returns
than the livestock alternatives considered in these areas.

The lowest rates of return were those of the livestock component
in isolation. Chickens alone had a rate of return of 5 percent, hogs
alone-6 percent, and cattle-4 percent. Ducks alone had regative
returns for each year so that the rate of return could not be calcu-
lated.

DISCUSSION

Direct comparisons of the different alternatives would lead to
biased conclusions. Chickens were the only enterprise managed on
a commercial scale. The only valid comparison would be to look at
free-ranging chickens or chickens housed in a cage directly over the
ponds.

Internal rates of return cannot be used to rank projects (9). The
rate of return should be compared only to the cutoff rate to decide
whether to accept or reject the project. The higher rate of return for
chickens does not mean that chickens should always be selected over
hogs, but rather that both chickens and hogs are viable if their rates
of return are above the accepted opportunity cost of capital.

The fish-chicken systems yielded the highest net returns and ac-
ceptable rates of return. Chicken manure is easy to handle and store
and the animals are raised in a confined area. The chicken opera-
tions were already in existence; fish culture provided a productive
use of the chicken manure and water for an irrigated garden. The
success of this combination indicates probable success of integrated
systems for small commercial poultry operations.

The results with hogs were less conclusive. Hogs, independently
of fish, are marginally profitable in Panama. This system puts par-
ticular strains on traditional farmers in the form of additional credit
and transport requirements. Whereas the chicken processors pro-
vided these services to chicken producers, the farmers with hogs
had no comparable service. Traditional farmers are not accustomed
to banking operations and bank personnel are not accustomed to
dealing with traditional farmers. Even with favorable credit terms,
traditional farmers' risk aversion and the possibility of default make
this system difficult for farmers in remote areas.

Farmers with good access to transportation could work with hogs,
but the hogs should be stocked at least at 100 per hectare (as com-
pared to the current use of 75 per hectare). Hopkins et al. (11)
achieved highest fish yields at 103 hogs per hectare and highest net
returns at 100 hogs per hectare. This ensures sufficient pond fertility
and utilizes more efficiently the capital investment in the pigsty and
water control structures (7).

The rate of return for the fish-duck combination was high. This
analysis, however, assumes a value for duck meat. If the ducks are
neither sold nor consumed, they would have little or no value as a
source of meat. In this case, they would then be viewed as a cost to
fish culture. The Panamanian diet, except for Oriental populations,
does not generally include duck. Thus, duck in traditional commu-
nities may have a low value. Marketing ducks to restaurants in Pan-
ama City would require a large consistent production far in excess
of production capabilities in these communities. Chicken proces-
sors would be the most likely distributors of duck, but such distri-
bution would require minimum shipments that would be beyond
the capability of small producers. These current marketing con-
straints make intensive duck-fish combinations unfeasible under the
present conditions in Panama. However, if other countries have a de-
veloped market outlet for duck meat, this combination would be fea-
sible. For farmers whose families would consume a certain quantity
of intensively raised ducks per year, it would still be advisable to
stock a small number on the ponds in addition to other livestock for
home consumption.

The rate of return for the cattle projects, although below the es-
tablished cutoff rate for capital investments in Panama, demon-
strated that the rate of return is increased by integrating fish pro-
duction with cattle. The fertilizing quality of unprocessed cow
manure as an organic fertilizer for aquaculture is lower than that of
hog, chicken, and duck manure (8,10). In this project, the cattle en-
terprises required corraling dispersed herds. The labor effort and
logistics involved may have led to the lower level of pond fertilization
and fish production. However, in isolated communities with poor
road access and an established cattle herd, fertilizing fish ponds with
cattle manure is the only available method to intensify fish produc-
tion. This analysis indicates that farmers with cattle would achieve
higher rates of return by combining fish production with cattle op-
erations.

Fish-cattle exceed the 12 percent mark if the price of fish is B/.
0.60 per pound. Other fish prices for lower-quality fish transported
from the coast range from B/. 0.35 to B/. 1.00 per pound in the re-
gion.

The rate of return of the fish enterprises alone is highly sensitive
to changes in the price of fish. A B/. 0.10 increase in price produced
an almost doubling of the rate of return in most cases.

The addition of a value for operator's labor in the rate of return
analysis causes a considerable drop in the rates of return. The labor
intensity of daily fertilization and animal care, when handled in the
classical manner, is a significant cost in a small-scale project. Sub-
sistence or near-subsistence farmers, however, do not generally
make decisions on their distribution of family labor in the classical
economic fashion. Evidence in the Philippines shows that fishpen
culture in the Laguna de Baye is not feasible if operator's labor is
included (19). Yet, these operators are making money and expanding
businesses, and new operators are entering the industry. "Peasant
families will work unimaginably hard and long for the smallest in-
crements in production. They will continue to work long after a pru-
dent capitalist would move on" (18). Clearly, economics has not yet
developed an adequate theory or tool to determine the value of an
operator's labor in a near-subsistence context.

In all cases, the fish enterprise considered alone yielded a higher
rate of return than the overall rate. This indicates that it is worth-
while and feasible to integrate fish culture with these livestock al-
ternatives.
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TABLE 21. FLOW OF INCREMENTAL NET BENEFITS FOR FISH-CHICKEN MODULE, FISH ONLY

Fiaca tmYear Year Year Year Year Year Year Year Year
Fnnaltm1 2 3 4 5 6 7 8 9

Fixed Costs
Pond' .......................... $2,835.00 $0.00
Storage Shed..................... 364.70 0.00
Equipment ....................... 360.50 6.00
Broodstock'....................... 67.80 0.00
Subtotal......................... 3, 628. 00 6.00
Contingency (10%)................. 362.80 0.60

Subtotal .......................... $3,990.80 $6.60

$0.00
0.00
6.00
0.00
6.00
0.60

$6.60

$0.00 $0.00 $0.00
0.00 0.00 0.00
6.00 6.00 220.50
0.00 0.00 0.00
6.00 6.00 220.50
0.60 0.60 22.05

$6.60 $6.60 242.55

$0.00
0.00
6.00
0.00
6.00
0.60

$6.60

Variable Costs
Fish Seed'........................ $34.10 $0.00 $34.10 $34.10 $0.00 $34.10 $34.10
Fertilizer .......... '*................* * 9.42 0.00 9.42 9.42 0.00 9.42 9.42
Interest Working Cap............... 3.92 0.00 3.92 3.92 0.00 3.92 3.92

Subtotal ........................... $47.44 $0.00 $47.44 $47.44 0.00 $47.44 $47.44

$0.00 $0.00
0.00 0.00
6.00 131.00
0.00 0.00
6.00 131.00
0.60 13.10

$6.60 $144.10

$0.00 $34.10
0.00 9.42
0.00 3.92

$0.00 $47.44

Total Cost ......................... $4,038.24 $6.60 $54.04 $54.04 $6.60 $289.99 $54.04 $6.60 $ 19 1.5
Gross Returns ...................... $116.64 $769.80 $564.56 $564.56 $846.84 $564.56 $564.56 $846.84 $564.56

Net Returns To Capital, Land, and
Management (Without Operator's
Labor)......................... ($3,921.60) $763.20 $510.52 $510.52 $840.24 $274.57 $510.52 $840.24 $373.0

Operator's Labor .................... $103.20 $233.28 $290.25 $290.25 $233.28 $290.25 $290.25 $233.28 $290.251
Net Returns to Capital and Land ... ($4,024.80) $529.92 $220.27 $220.27 $606.96 ($15.68) $220.27 $606.96 $82.77

'Includes transport.

TABLE 22. FLOW OF INCREMENTAL NET BENEFITS FOR FISH-HOcS MODULE, FISH ONLY

Fiaca tmYear Year Year Year Year Year Year Year Year
Fnniltm1 2 3 4 5 6 7 8 9

Fixed Costs
Pond' .......................... $2,835.00 $0.00 $0.00 $0.00
Storage Shed...................... 364.70 0.00 0.00 0.00
Equipment ....................... 360.50 6.00 6.00 6.00
Broodstock'....................... 67.80 0.00 0.00 0.00
Subtotal......................... 3,628.00 6.00 6.00 6.00
Contingency (10%)................. 362.80 0.60 0.60 0.60

Subtotal .......................... $3,990.80 $6.60 $6.60 $6.60

Variable Costs
Fish Seed'........................ $34.10 $0.00 $34.10 $34.10
Fertilizer.......................... 9.42 0.00 9.42 9.42
Interest Working Cap............... 3.92 0.00 3.92 3.92

Subtotal ........................... $47.44 $0.00 $47.44 $47.44

$0.00 $0.00 $0.00 $0.00 $0.00
0.00 $0.00 0.00 0.00 0.00
6.00 220.50 6.00 6.00 131.00
0.00 $0.00 0.00 0.00 0.00
6.00 220.50 6.00 6.00 131.00
0.60 22.05 0.60 0.60 13.10

$6.60 $242.50 $6.60 $6.60 $144.10

$0.00 $34.10 $0.00 $34.10
0.00 9.42 $34.10 0.00 9.42
0.00 3.92 9.42 0.00 3.92

$0.00 $47.44 $47.44 $0.00 $47.44

Total Cost ......................... $4,038.24 $6.60 $54.04 $54.04 $6.60 $289.99 $54.04 $6.60 $191.54
Gross Returns ...................... $110.08 $726.48 $532.80 $532.80 $799.20 $532.80 $532.80 $799.20 $532.8

Net Returns To Capital, Land, and
Management (Without Operator's
Labor)........................($3,928.16) $719.88 $478.76 $478.76 $792.60 $242.81 $478.76 $792.60 $341.26

Operator's Labor.................... $95.68 $217.15 $261.22 $277.35 $201.02 $277.35 $261.22 $217.15 $261.22
Net Returns to Capital and Land ... ($4,023.84) $502.73 $217.54 $201.41 $591.58 ($34.54) $217.54 $575.45 $80.04

'Includes transport.
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Year Year Year Year Year Year Year Year Year Year Year Residual
10 11 12 13 14 15 16 17 18 19 20 value

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $1,932.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6.00 235.50 6.00 6.00 6.00 6.00 220.50 131.00 6.00 6.00 6.00 60.25
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 67.80
6.00 235.50 6.00 6.00 6.00 6.00 220.50 131.00 6.00 6.00 6.00 0.00
0.60 23.55 0.60 0.60 0.60 0.60 22.05 13.10 0.60 0.60 0.60 0.00

$6.60 259.05 $6.60 $6.60 $6.60 $6.60 $242.55 $144.10 $6.60 $6.60 $6.60 $0.00

$34.10 $0.00 $34.10 $34.10 $0.00 $34.10 $34.10 $0.00 $34.10 $34.10 $0.00 $0.00
9.42 0.00 9.42 9.42 0.00 9.42 9.42 0.00 9.42 9.42 0.00 0.00
3.92 0.00 3.92 3.92 0.00 3.92 3.92 0.00 3.92 3.92 0.00 0.00

$47.44 $0.00 $47.44 $47.44 $0.00 $47.44 $47.44 $0.00 $47.44 $47.44 $0.00 $0.00

$54.04 $259.05 $54.04 $54.04 $6.60 $54.04 $289.99 $144.10 $54.04 $54.04 $6.60 $0.00
564.56 $846.84 $564.56 $564.56 $846.84 $564.56 $564.56 $846.84 $564.56 $564.56 $2,906.89 $0.00

$510.52 $587.79 $510.52 $510.52 $840.24 $510.52 $274.57 $702.74 $510.52 $510.52 $2,900.29 $0.00

$290.25 $233.28 $290.25 $290.25 $233.28 $290.25 $290.25 $233.28 $290.25 $290.25 $233.28 $0.00
$220.27 $354.51 $220.27 $220.27 $606.96 $220.27 ($15.68) $469.46 $220.27 $220.27 $2,667.01 $0.00

Year Year Year Year Year Year Year Year Year Year Year Residual
10 11 12 13 14 15 16 17 18 19 20 value

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $1,932.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6.00 235.50 6.00 6.00 6.00 6.00 220.50 131.00 6.00 6.00 6.00 60.25
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 67.80
6.00 235.50 6.00 6.00 6.00 6.00 220.50 131.00 6.00 6.00 6.00 0.00
0.60 23.55 0.60 0.60 0.60 0.60 22.05 13.10 0.60 0.60 0.60 0.00
$6.60 $259.05 $6.60 $6.60 $6.60 $6.60 $242.55 $144.10 $6.60 $6.60 $6.60 $0.00

$34.10 $0.00 $34.10 $34.10 $0.00 $34.10 $34.10 $0.00 $34.10 $34.10 $0.00 $0.00
9.42 0.00 9.42 9.42 0.00 9.42 9.42 0.00 9.42 9.42 0.00 0.00
3.92 0.00 3.92 3.92 0.00 3.92 3.92 0.00 3.92 3.92 0.00 0.00

$47.44 $0.00 $47.44 $47.44 $0.00 $47.44 $47.44 $0.00 $47.44 $47.44 $0.00 $0.00

$54.04 $259.05 $54.04 $54.04 $6.60 $54.04 $289.99 $144.10 $54.04 $54.04 $6.60 $0.00
$532.80 $1,258.56 $839.04 $839.04 $1,258.56 $839.04 $839.04 $1,258.56 $839.04 $839.04 $3,318.61 $0.00

$478.76 $999.51 $785.00 $785.01 $1,251.96 $785.00 $549.05 $1,114.46 $785.00 $785.00 $3,312.01 $0.00

$277.35 $184.90 $245.10 $245.10 $184.90 $245.10 $245.10 $184.90 $245.10 $245.10 $184.90 $0.00
$201.41 $814.61 $539.90 $539.91 $1,067.06 $539.90 $303.95 $929.56 $539.90 $539.90 $3,127.11 $0.00
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TABLE 23. FLOW OF INCREMENTAL NET BENEFITS FOR FISH-DUCK MODULE, FISH ONLY

Fiaca tmYear Year Year Year Year Year Year Year Year
Fnnaitm1 2 3 4 5 6 7 8 9

Fixed Costs
Pond' .......................... $2,835.00 $0.00 $0.00
Storage Shed...................... 364.70 0.00 0.00
Equipmient ....................... 360.50 6.00 6.00
Broodstock'....................... 67.80 0.00 0.00
Subtotal......................... 3,628.00 6.00 6.00
Contingency (10%)................. 362.80 0.60 0.60

Subtotal .......................... $3,990.80 $6.60 $6.60

$0.00
0.00
6.00
0.00
6.00
0.60

$6.60

Variable Costs
Fish Seed'........................ $34.10 $0.00 $34.10 $34.10
Fertilizer......................... 9.42 0.00 9.42 9.42
Interest Working Cap............... 3.92 0.00 3.92 3.92

Subtotal ........................... $47.44 $0.00 $47.44 $47.44

$0.00 $0.00 $0.00
0.00 0.00 0.00
6.00 220.50 6.00
0.00 0.00 0.00
6.00 220.50 6.00
0.60 22.05 0.60

$6.60 $242.55 $6.60

$0.00 $34.10 $34.10
0.00 9.42 9.42
0.00 3.92 3.92

$0.00 $47.44 $47.44

$0.00 $0.00
0.00 0.00
6.00 131.00
0.00 0.00
6.00 131.00
0.60 13.10

$6.60 $144.10

$0.00 $34.10
0.00 9.42
0.00 3.92

$0.00 $47.44

Total Cost ......................... $4,038.24 $6.60 $54.04 $54.04 $6.60 $289.99 $54.04 $6.60 $191.54.
Gross Returns ...................... $173.36 $1,144.20 $839.04 $839.04 $1,258.56 $839.04 $839.04 $1,258.56 $839.0

Net Returns To Capital, Land, and
Management (Without Operator's
Labor) .......................... (3,864.88) $1,137.60 $785.00 $785.00 $1,251.96 $549.05 $785.00 $1,251.96 $6471.50r

Operator's Labor.................... $79.55 $184.90 $245.10 $245.10 $184.90 $245.10 $245.10 $184.90 $245.10
Net Returns to Capital and Land ... ($3,944.43) $952.70 $539.90 $539.90 $1,067.06 $303.95 $539.90 $1,067.06 $402.4

'Includes transport.

TABLE 24. FLOW OF INCREMENTAL NET BENEFITS FOR FISH-CA-rLE MODULE, FISH ONLY

Fiaca tmYear Year Year Year Year Year Year Year Year
Fnnaitm1 2 3 4 5 6 7 8 9

Fixed Costs
Pond' .......................... $2,835.00 $0.00 $0.00 $0.00
Storage Shed...................... 364.70 0.00 0.00 0.00
Equipment ....................... 360.50 6.00 6.00 6.00
Broodstoek'....................... 67.80 0.00 0.00 0.00
Subtotal......................... 3,628.00 6.00 6.00 6.00
Contingency (10%)................. 362.80 0.60 0.60 0.60

Subtotal .......................... $3,990.80 $6.60 $6.60 $6.60

Variable Costs
Fish Seed'........................ $34.10 $0.00 $34.10 $34.10
Fertilizer......................... 9.42 0.00 9.42 9.42
Interest Working Cap............... 3.92 0.00 3.92 3.92

Subtotal ........................... $47.44 $0.00 $47.44 $47.44

$0.00 $0.00 $0.00 $0.00 $0.00
0.00 0.00 0.00 0.00 0.00
6.00 220.50 6.00 6.00 131.00
0.00 0.00 0.00 0.00 0.00
6.00 220.50 6.00 6.00 131.00
0.60 22.05 0.60 0.60 13.10

$6.60 $242.55 $6.60 $6.60 $144.10

$0.00 $34.10 $34.10 $0.00 $34.10
0.00 9.42 9.42 0.00 9.42
0.00 3.92 3.92 0.00 3.92

$0.00 $47.44 $47.44 $0.00 $47.44

Total Cost ......................... $4,038.24 $6.60 $54.04 $54.04 $6.60 $289.99 $54.04 $6.60 $191.54
Gross Returns....................... $86.53 $570.96 $418.72 $418.72 $628.08 $418.72 $418.72 $628.08 $418.72

Net Returns To Capital, Land, and
Management (Without Operator's
Labor)........................($3,951.71) $564.36 $364.68 $364.68 $621.48 $128.73 $364.68 $621.48 $227.18

Operator's Labor .................... $131.15 $288.10 $339.70 $339.70 $288.10 $339.70 $339.70 $288.10 $339.7
Net Returns to Capital and Land ... ($4,082.86) $276.26 $24.98 $24.98 $333.38 ($210.97) $24.98 $333.38 ($112.52

'Includes transport.
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Year Year Year Year Year Year Year Year Year Year Year Residual
10 11 12 13 14 15 16 17 18 19 20 value

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $1,932.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6.00 235.50 6.00 6.00 6.00 6.00 220.50 131.00 6.00 6.00 6.00 60.25
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 67.80
6.00 235.50 6.00 6.00 6.00 6.00 220.50 131.00 6.00 6.00 6.00 0.00
0.60 23.55 0.60 0.60 0.60 0.60 22.05 13.10 0.60 0.60 0.60 0.00
$6.60 $259.05 $6.60 $6.60 $6.60 $6.60 $242.55 $144.10 $6.60 $6.60 $6.60 $0.00

$34.10 $0.00 $34.10 $34.10 $0.00 $34.10 $34.10 $0.00 $34.10 $34.10 $0.00 $0.00
9.42 0.00 9.42 9.42 0.00 9.42 9.42 0.00 9.42 9.42 0.00 0.00
3.92 0.00 3.92 3.92 0.00 3.92 3.92 0.00 3.92 3.92 0.00

$47.44 $0.00 $47.44 $47.44 $0.00 $47.44 $47.44 $0.00 $47.44 $47.44 $0.00 $0.00

$54.04 $259.05 $54.04 $54.04 $6.60 $54.04 $289.99 $144.10 $54.04 $54.04 $6.60 $0.00
$839.04 $799.20 $532.80 $532.80 $799.20 $632.80 $532.80 $799.20 $532.80 $532.80 $2,859.25 $0.00

$785.00 $540.15 $478.76 $478.76 $792.60 $478.76 $242.81 $655.10 $478.76 $478.76 $2,852.65 $0.00

$245.10 $201.02 $277.35 $261.22 $217.15 $261.22 $277.35 $201.02 $277.35 $261.22 $217.15 $0.00
$539.90 $339.13 $201.41 $217.54 $575.45 $217.54 ($34.54) $454.08 $201.41 $217.54 $2,635.50 $0.00

Year Year Year Year Year Year Year Year Year Year Year Residual
10 11 12 13 14 15 16 17 18 19 20 value

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $1,932.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6.00 235.50 6.00 6.00 6.00 6.00 220.50 131.00 6.00 6.00 6.00 60.25
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 67.80
6.00 235.50 6.00 6.00 6.00 6.00 220.50 131.00 6.00 6.00 6.00 0.00
0.60 23.55 0.60 0.60 0.60 0.60 22.05 13.10 0.60 0.60 0.60 0.00

$6.60 $259.05 $6.60 $6.60 $6.60 $6.60 $242.55 $144.10 $6.60 $6.60 $6.60 $0.00

$34.10 $0.00 $34.10 $34.10 $0.00 $34.10 $34.10 $0.00 $34.10 $34.10 $0.00 $0.00
9.42 0.00 9.42 9.42 0.00 9.42 9.42 0.00 9.42 9.42 0.00 0.00
3.92 0.00 3.92 3.92 0.00 3.92 3.92 0.00 3.92 3.92 0.00 0.00

$47.44 $0.00 $47.44 $47.44 $0.00 $47.44 $47.44 $0.00 $47.44 $47.44 $0.00 $0.00

$54.04 $259.05 $54.04 $54.04 $6.60 $54.04 $289.99 $144.10 $54.04 $54.04 $6.60 $0.00
$418.72 $628.08 $418.72 $418.72 $628.08 $418.72 $418.72 $628.08 $418.72 $418.72 $2,688.13 $0.00

$364.68 $369.03 $364.68 $364.68 $621.48 $364.68 $128.73 $483.98 $364.68 $364.68 $2,681.53 $0.00

$339.70 $288.10 $339.70 $339.70 $288.10 $339.70 $339.70 $288.10 $339.70 $339.70 $288.10 $0.00
$24.98 $80.93 $24.98 $24.98 $333.38 $24.98 ($210.97) $195.88 $24.98 $24.98 $2,393.43 $0.00
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TABLE 25. FLOW OF INCREMENTAL NET BENEFITS FOR FISH-CHICKEN MODULE

Financial item Year Year Year Year Year Year Year Year Year
1 2 3 4 5 6 7 8 9

Fixed Costs
Pond' ........................... $2,835.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
Storage Shed ..................... . 364.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Equipment........................ -730.50 6.00 96.00 6.00 96.00 500.50 96.00 6.00 221.00
Chicken House ................... 3,871.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Broodstock' ...................... 67.80 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pumps, Tanks .................... 2,100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Subtotal ......................... 9,969.70 6.00 96.00 6.00 96.00 500.50 96.00 6.00 221.00
Contingency (10%) ................ 996.97 0.60 9.60 0.60 9.60 50.05 9.60 0.60 22.10

Subtotal .......................... $10,966.67 $6.60 $105.60 $6.60 $105.60 $550.55 $105.60 $6.60 $243.10

Variable Costs
Fish Seed' ....................... $34.10 $0.00 $34.10 $34.10 $0.00 $34.10 $34.10 $0.00 $34.10
Chicks ........................... 480.00 960.00 960.00 960.00 960.00 960.00 960.00 960.00 960.00
Fertilizer ........................ 9.42 0.00 9.42 9.42 0.00 9.42 9.42 0.00 9.42
Feed ............................ 2,368.00 4,735.00 4,735.00 4,735.00 4,735.00 4,735.00 4,735.00 4,735.00 4,735.00
Vaccinations ...................... 40.80 81.60 81.60 81.60 81.60 81.60 81.60 81.60 81.60
Transportation .................... 88.00 176.00 176.00 176.00 176.00 176.00 176.00 176.00 176.00
Sanitation ........................ 83.00 166.00 166.00 166.00 166.00 166.00 166.00 166.00 166.00
Maintenance ..................... . 11.21 11.21 11.21 11.21 11.21 11.21 11.21 11.21 11.21
Interest Working Cap .............. 280.31 551.68 555.60 555.60 551.68 555.60 555.60 551.68 555.60

Subtotal ........................... $3,394.84 $6,681.49 $6,728.93 $6,728.93 $6,681.49 $6,728.93 $6,728.93 $6,681.49 $6,728.93

Total Cost......................... $14,361.51 $6,688.09 $6,834.53 $6,735.53 $6,787.09 $7,279.48 $6,834.53 $6,688.09 $6,972.03
Gross Returns ...................... $3,960.20 $8,456.92 $8,251.68 $8,251.68 $8,533.96 $8,251.68 $8,251.68 $8,533.96 $8,251.68

Net Returns To Capital, Land, and
Management (Without Operator's
Labor).......................... ($10,401.31) $1,768.83 $1,417.15 $1,516.15 $1,746.87 $972.20 $1,417.15 $1,845.87 $1,279.65

Operator's Labor
Fish............................. $103.20 $233.28 $290.25 $290.25 $233.28 $290.25 $290.25 $233.28 $290.25
Chickens ........................ $785.00 $1,570.00 $1,570.00 $1,570.00 $1,570.00 $1,570.00 $1,570.00 $1,570.00 $1,570.00

Net Returns to Capital and Land ...... ($11,289.51) ($34.45) ($443.10) ($344.10) ($56.41) ($888.05) ($443.10) $42.59 ($580.60)

'Includes transport.

TABLE 26. FLOW OF INCREMENTAL NET BENEFITS FOR FISH-HOG MODULE

Financial item Year Year Year Year Year Year Year Year Year
1 2 3 4 5 6 7 8 9

Fixed Costs
Pond' .......................... $2,835.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
Storage Shed ..................... . 364.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Equipment....................... 487.60 6.00 6.00 6.00 6.00 220.50 6.00 6.00 131.00
Pigsty ........................... . 662.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Broodstock' ...................... 67.80 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Subtotal ......................... 4,417.22 6.00 6.00 6.00 6.00 220.50 6.00 6.00 131.00
Contingency (10%) ................ 441.72 0.60 0.60 0.60 0.60 22.05 0.60 0.60 13.10

Subtotal .......................... $4,858.94 $6.60 $6.60 $6.60 $6.60 $242.55 $6.60 $6.60 $144.10

Variable Costs
Fish Seed' ....................... $34.10 $0.00 $34.10 $34.10 $0.00 $34.10 $34.10 $0.00 $34.10
Feeder Pigs ...................... 723.00 1,446.00 723.00 1,446.00 723.00 1,446.00 723.00 1,446.00 723.00
Fertilizer ........................ 9.42 0.00 9.42 9.42 0.00 9.42 9.42 0.00 9.42
Feed ............................ 1,125.00 2,250.00 1,125.00 2,250.00 1,125.00 2,250.00 1,125.00 2,250.00 1,125.00
Medications ...................... 30.15 60.30 60.30 60.30 60.60 60.30 60.30 60.30 60.30
Crop Insurance ................... . 40.00 80.00 40.00 80.00 40.00 80.00 40.00 80.00 40.00
Transportation .................... 65.00 250.00 125.00 250.00 125.00 250.00 125.00 250.00 125.00
Interest Working Cap.............. .182.40 367.77 190.51 371.68 186.60 371.68 190.51 367.77 190.51
Taxes. ........................... . 0.00 176.80 88.40 176.80 88.40 176.80 88.40 176.80 88.40

Subtotal ........................... $2,209.07 $4,630.87 $2,395.73 $4,678.30 $2,348.30 $4,678.30 $2,395.73 $4,630.87 $2,395.73

Total Cost.......................... $7,068.01 $4,637.47 $2,402.33 $4,684.90 $2,354.90 $4,920.85 $2,402.33 $4,637.47 $2,539.83
Gross Returns ...................... $110.88 $5,416.21 $2,878.86 $5,221.06 $3,147.19 $5,221.00 $2,878.86 $5,489.39 $2,878.86

Net Returns To Capital, Land And
Management (Without Operator's
Labor)........................... ($6,957.13) $778.74 $476.53 $536.16 $792.29 $300.15 $476.53 $851.92 $339.03

Operator's Labor
Fish............................. $95.68 $217.15 $261.22 $277.35 $201.02 $277.35 $261.22 $217.15 $261.22
Hogs ............................ $16.00 $32.00 $16.00 $32.00 $16.00 $32.00 $16.00 $32.00 $16.00

Net Returns To Capital and Land ...... ($7,068.81) $529.59 $199.31 $226.81 $575.27 ($9.20) $199.31 $602.77 $61.81

'Includes transport.
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Year Year Year Year Year Year Year Year Year Year Year Residual
10 11 12 13 14 15 16 17 18 19 20 value

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $1,932.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6.00 605.50 6.00 96.00 6.00 96.00 500.50 221.00 6.00 96.00 6.00 62.50
0.00 3,871.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 67.80
0.00 2,100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6.00 6,577.20 6.00 96.00 6.00 96.00 500.50 221.00 6.00 96.00 6.00 0.00
0.60 657.72 0.60 9.60 0.60 9.60 50.05 22.10 0.60 9.60 0.60 0.00

$6.60 $7,234.92 $6.60 $105.60 $6.60 $105.60 $550.55 $243.10 $6.60 $105.60 $6.60 $0.00

$34.10 $0.00 $34.10 $34.10 $0.00 $34.10 $34.10 $0.00 $34.10 $34.10 $0.00 $0.00
960.00 960.00 960.00 960.00 960.00 960.00 960.00 960.00 960.00 960.00 960.00 $0.00

9.42 0.00 9.42 9.42 0.00 9.42 9.42 0.00 9.42 9.42 0.00 0.00
4,735.00 4,735.00 4,735.00 4,735.00 4,735.00 4,735.00 4,735.00 4,735.00 4,735.00 4,735.00 4,735.00 0.00

81.60 81.60 81.60 81.60 81.60 81.60 81.60 81.60 81.60 81.60 81.60 0.00
176.00 176.00 176.00 176.00 176.00 176.00 176.00 176.00 176.00 176.00 176.00 0.00
166.00 166.00 166.00 166.00 166.00 166.00 166.00 166.00 166.00 166.00 166.00 0.00

11.21 11.21 11.21 11.21 11.21 11.21 11.21 11.21 11.21 11.21 11.21 0.00
555.60 551.68 555.60 555.60 551.68 555.60 555.60 551.68 555.60 555.60 551.68 0.00

$6,728.93 $6,681.49 $6,728.93 $6,728.93 $6,681.49 $6,728.93 $6,728.93 $6,681.49 $6,728.93 $6,728.93 $6,681.49 $0.00

$6,735.53 $13,916.41 $6,735.53 $6,834.53 $6,688.09 $6,834.53 $7,279.48 $6,924.59 $6,735.53 $6,834.53 $6,688.09 $0.00
$8,251.68 $8,533.96 $8,251.68 $8,251.68 $8,533.96 $8,251.68 $8,251.68 $8,533.96 $8,251.68 $8,251.68 $10,596.26 $0.00

$1,516.15 ($5,382.45) $1,516.15 $1,417.15 $1,845.87 $1,417.15 $972.20 $1,609.37 $1,516.15 $1,417.15 $3,908.17 $0.00

$290.25 $233.28 $290.25 $290.25 $233.28 $290.25 $290.25 $233.28 $290.25 $290.25 $233.28 $0.00
$1,570.00 $1,570.00 $1,570.00 $1,570.00 $1,570.00 $1,570.00 $1,570.00 $1,570.00 $1,570.00 $1,570.00 $1,570.00 $0.00
($344.10) ($7,185.73) ($344.10) ($443.10) $42.59 ($443.10) ($888.05) ($193.91) ($344.10) ($443.10) $2,104.89 $0.00

Year Year Year Year Year Year Year Year Year Year Year Residual
10 11 12 13 14 15 16 17 18 19 20 value

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $1,932.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6.00 362.60 6.00 6.00 6.00 6.00 220.50 131.00 6.00 6.00 6.00 62.50
0.00 662.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 67.80
6.00 1,024.72 6.00 6.00 6.00 6.00 220.50 131.00 6.00 6.00 6.00 0.00
0.60 102.47 0.60 0.60 0.60 0.60 22.05 13.10 0.60 0.60 0.60 0.00

$6.60 $1,127.19 $6.60 $6.60 $6.60 $6.60 $242.55 $144.10 $6.60 $6.60 $6.60 $0.00

$34.10 $0.00 $34.10 $34.10 $0.00 $34.10 $34.10 $0.00 $34.10 $34.10 $0.00 $0.00
1,446.00 723.00 1,446.00 723.00 1,446.00 723.00 1,446.00 723.00 1,446.00 723.00 1,446.00 557.25

9.42 0.00 9.42 9.42 0.00 9.42 9.42 0.00 9.42 9.42 0.00 0.00
2,250.00 1,125.00 2,250.00 1,125.00 2,250.00 1,125.00 2,250.00 1,125.00 2,250.00 1,125.00 2,250.00 877.50

60.30 60.30 60.30 60.30 60.30 60.30 60.30 60.30 60.30 60.30 60.30 0.00
80.00 40.00 80.00 40.00 80.00 40.00 80.00 40.00 80.00 40.00 80.00 0.00
250.00 125.00 250.00 125.00 250.00 125.00 250.00 125.00 250.00 125.00 250.00 0.00
371.68 186.60 371.68 190.51 367.77 190.51 371.68 186.60 371.68 190.51 367.77 0.00
176.80 88.40 176.80 88.40 176.80 88.40 176.80 88.40 176.80 88.40 176.80

$4,678.30 $2,348.30 $4,678.30 $2,395.73 $4,630.87 $2,395.73 $4,678.30 $2,348.30 $4,678.30 $2,395.73 $4,630.87 $0.00

$4,684.90 $3,475.49 $4,684.90 $2,402.33 $4,637.47 $2,402.33 $4,920.85 $2,492.40 $4,684.90 $2,402.33 $4,637.47 $0.00
$5,221.06 $3,147.19 $5,221.06 $2878.86 $5,489.39 $2,878.86 $5,221.06 $3,147.19 $5,221.06 $2,878.86 $8,986.44 $0.00

$536.16 ($328.30) $536.16 $476.53 $851.92 $476.53 $300.21 $654.79 $536.16 $476.53 $4,348.97 $0.00

$277.35 $201.02 $277.35 $261.22 $217.15 $261.22 $277.35 $201.02 $277.35 $261.22 $217.15 $0.00
$32.00 $16.00 $32.00 $16.00 $32.00 $16.00 $32.00 $16.00 $32.00 $16.00 $32.00 $0.00

$226.81 ($545.32) $226.81 $199.31 $602.77 $199.31 ($9.14) $437.77 $226.81 $199.31 $4,099.82 $0.00
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TABLE 27. FLOW OF INCREMENTAL NET BENEFITS FOR FiSH-DUCK MODULE

Fiaca tmYear Year Year Year Year Year Year Year Year
Fiiniltm1 2 3 4 5 6 7 8 9

Fixed Costs
Pond' .......................... $2,835. 00
Storage Shed...................... 364.70
Equipment ....................... 465.50
Corral ........................... 540.30
Broodstoek'....................... 67.80
Subtotal......................... 4,273.30
Contingency (10%)................. 427.33

Subtotal .......................... $4,700.63

$0.00
0.00
6.00
0.00
0.00
6.00
0.60

$6.60

$0.00
0.00
6.00
0.00
0.00
6.00
0.60

$6.60

$0.00 $0.00 $0.00
0.00 0.00 0.00
6.00 26.00 230.50
0.00 0.00 540.30
0.00 0.00 0.00
6.00 26.00 770.80
0.60 2.60 77.08

$6.60 $28.60 $847.88

$0.00
0.00
6.00
0.00
0.00
6.00
0.60

$6.60

$0.00 $0.00
0.00 0.00
6.00 151.00
0.00 0.00
0.00 0.00
6.00 151.00
0.60 15.10

$6.60 $166.10

Variable Costs
Fish Seed'........................ $34.10 $0.00 $34.10 $34.10 $0.00 $34.10 $34.10 $0.00 $34.10
Ducklings'........................ 148.50 297.00 297.00 297.00 297.00 297.00 297.00 297.00 297.00
Fertilizer......................... 9.42 0.00 9.42 9.42 0.00 9.42 9.42 0.00 9.42
Feed' ........................... 600.60 1,201.20 1, 201.20 1,201.20 1, 201.20 1,201.20 1,201.20 1,201.20 1,201.20
Marketing........................ 161.19 322.38 322.38 322.38 322.38 322.38 322.38 322.38 322.38
Interest Working Cap............... 85.84 163.8.5 167.77 167.77 163.85 167.77 167.77 163.85 167.77

Subtotal .......................... $1,039.65 $1,984.43 $2,031.87 $2,031.87 $1,984.43 $2,031.87 $2,031.87 $1,984.43 $2,031.87

Total Cost ......................... $5,740.28 $1,991.03 $2,038.47 $2,038.47 $2,013.03 $2,879.75 $2,038.47 $1,991.03 $2,197.9
Cross Return ....................... $988.83 $2,775.14 $2,469.98 $2,469.98 $2,889.50 $2,469.98 $2,469.98 $2,889.50 $2,469.9

Net Returns to Capital, Land, And
Management (Without Operator's
Labor)......................... ($4,751.45) $784.11 $431.51 $431.51 $876.47 ($409.77) $431.51 $898.47 $272.01

Operator's Labor
Fish ............................. $79.55 $184.90 $245.10 $245.10 $184.90 $245.10 $245.10 $184.90 $245.10
Ducks........................... $229.00 $444.00 $444.00 $444.00 $444.00 $444.00 $444.00 $444.00 $444.00

Net Returns to Capital and Land ... ($5,060.00) $155.21 ($257.59) ($257.59) $247.57 ($1,098.87) ($257.59) $269.57 ($417.09

'Includes transport.

TABLE 28. FLOW OF INCREMENTAL NET BENEFITS FOR FISH-CATTLE MODULE

Fiaca tmYear Year Year Year Year Year Year Year Year
Fiacaien1 2 3 4 5 6 7 8 9

Fixed Costs
Pond'........................... $2,835.00J $0.00
Storage Shed...................... 364.70 0.00
Equipment....................... 360.50 6.00
Corral........................... 381.11 0.00
Broodstock'....................... 67.80 0.00
Fence Improvement................ 759.00 0.00
Pasture Re-estab................... 380.00 0.00
Subtotal ......................... 5,148.11 6.00
Contingency (10%)................. 514.81 0.60

Subtotal........................... $5,662.92 $6.60

$0.00
0.00
6.00
0.00
0.00
0.00
0.00
6.00
0.60

$6.60

$0.00
0.00
6.00
0.00
0.00
0.00
0.00
6.00
0.60

$6.60

$0.00 $0.00
0.00 0.00
6.00 220.50
0.00 381.11
0.00 0.00
0.00 459.00
0.00 0.00
6.00 1, 060.61
0.60 106.06

$6.60 $1,166.67

$0.00
6.00
0.00
0.00
0.00
0.00

6.00
0.60

$6.60

$0.00 $0.00
0.00 0.00
6.00 131.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
6.00 131.00
0.60 13.10

$6.60 $144.10

Variable Costs
Fish Seed'........................ $34.10 $0.00 $34.10 $34.10 $0.00 $34.10 $34.10 $0.00 $34.10
Stockers......................... $5,000.00 $5,000.00 $5,000.00 $5,000.00 $5,000.00 $5,000.00 $5,000.00 $5,000.00 $5,000.00
Fertilizer.......................... 9.42 0.00 9.42 9.42 0.00 9.42 9.42 0.00 9.42
Feed ............................ 254.08 254.08 254.08 254.08 254.08 254.08 254.08 254.08 254.0B
Crop Insurance.................... 150.00 150.00 150.00 150.00 150.00 150.00 150.00 150.00 150.00
Transportation.................... 240.00 480.00 480.00 480.00 480.00 480.00 480.00 480.00 480.00
Interest Working Cap............... 511.88 529.57 533.48 533.48 529.57 533.48 533.48 529.57 533.48

Subtotal........................... $6,199.48 $6,413.65 $6,461.08 $6,461.08 $6,413.65 $6,461.08 $6,461.08 $6,413.65 $6,461.08

Total Costs ........................ $11,862.41 $6,420.25 $6,467.68 $6,467.68 $6,420.25 $7,627.76 $6,467.68 $6,420.25 $6,605.18
Gross Returns....................... $86.53 $7,410.96 $7,258.72 $7,258.72 $7,468.08 $7,258.72 $7,258.72 $7,468.08 $7,258.72

Net Returns to Capital, Land And
Management (Without Operator's
Labor)......................... ($11,775.88) $990.71 $791.04 $791.04 $1,047.83 ($369.04) $791.04 $1,047.83 $653.54

Operator's Labor .................... $131.15 $288.10 $339.70 $339.70 $288.10 $339.70 $339.70 $288.10 $339.70
Net Returns to Capital and Land ... ($11,907.03) $702.61 $451.34 $451.34 $759.73 ($708.74) $451.34 $759.73 $313.84

'Includes transport.
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Year Year Year Year Year Year Year Year Year Year Year Residual
10 11 12 13 14 15 16 17 18 19 20 value

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $1,932.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6.00 320.50 6.00 26.00 6.00 6.00 230.50 145.00 6.00 6.00 6.00 62.50
0.00 540.30 0.00 0.00 0.00 0.00 540.30 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 67.80
6.00 860.80 6.00 26.00 6.00 6.00 770.80 145.00 6.00 6.00 6.00 0.00
0.60 86.08 0.60 2.60 0.60 0.60 77.08 14.50 0.60 0.60 0.60 0.00

$6.60 $946.88 $6.60 $28.60 $6.60 $6.60 $847.88 $159.50 $6.60 $6.60 $6.60 $0.00

$34.10 $0.00 $34.10 $34.10 $0.00 $34.10 $34.10 $0.00 $34.10 $34.10 $0.00 $0.00
297.00 297.00 297.00 297.00 297.00 297.00 297.00 297.00 297.00 297.00 297.00 0.00

9.42 0.00 9.42 9.42 0.00 9.42 9.42 0.00 9.42 9.42 0.00 0.00
1,201.20 1,201.20 1,201.20 1,201.20 1,201.20 1,201.20 1,201.20 1,201.20 1,201.20 1,201.20 1,201.20 0.00
322.38 322.38 322.38 322.38 322.38 322.38 322.38 322.38 322.38 322.38 322.38 0.00
167.77 163.85 167.77 167.77 163.85 167.77 167.77 163.85 167.77 167.77 163.85

$2,031.87 $1,984.43 $2,031.87 $2,031.87 $1,984.43 $ ,031.87 $2,031.87 $1,984.43 $2,031.87 $2,031.87 $1,984.43 $0.00

$2,038.47 $2,931.31 $2,038.47 $2,060.47 $1,991.03 $2,038.47 $2,879.75 $2,143.93 $2,038.47 $2,038.47 $1,991.03 $0.00
$2,469.98 $2,889.50 $2,469.98 $2,469.98 $2,889.50 $2,469.98 $2,469.98 $2,889.50 $2,469.98 $2,469.98 $4,951.80 $0.00

$431.51 ($41.81) $431.51 $409.51 $898.47 $431.51 ($409.77) $745.57 $431.51 $431.51 $2,960.77 $0.00

$245.10 $184.90 $245.10 $245.10 $184.90 $245.10 $245.10 $184.90 $245.10 $245.10 $184.90 $0.00
$444.00 $444.00 $444.00 $444.00 $444.00 $444.00 $444.00 $444.00 $444.00 $444.00 $444.00 $0.00

($257.59) ($670.71) ($257.59) ($279.59) $269.57 ($257.59) ($1,098.87) $116.67 ($257.59) ($257.59) $2,331.87 $0.00

Year Year Year Year Year Year Year Year Year Year Year Residual
10 11 12 13 14 15 16 17 18 19 20 value

$0.00 $0.00 $0.00
0.00 0.00 0.00
6.00 235.50 6.00
0.00 381.11 0.00
0.00 0.00 0.00
0.00 459.00 0.00
0.00 0.00 0.00
6.00 1,075.61 6.00
0.60 107.56 0.60

$6.60 $1,183.17 $6.60

$0.00
0.00
6.00
0.00
0.00
0.00
0.00
6.00
0.60

$6.60

$0.00
0.00
6.00
0.00
0.00
0.00
0.00
6.00
0.60

$6.60

$0.00 $0.00 $0.00
0.00 0.00 0.00
6.00 220.50 131.00
0.00 381.11 0.00
0.00 0.00 0.00
0.00 459.00 0.00
0.00 0.00 0.00
6.00 1,060.61 131.00
0.60 106.06 13.10

$6.60 $1,166.67 $144.10

$0.00
0.00
6.00
0.00
0.00
0.00
0.00
6.00
0.60

$6.60

$0.00
0.00
6.00
0.00
0.00
0.00
0.00
6.00
0.60

$6.60

$0.00 $1,932.00
0.00 0.00
6.00 62.50
0.00 0.00
0.00 67.80
0.00 0.00
0.00 285.00
6.00 0.00
0.60 0.00

$6.60 $2,347.30

$34.10 $0.00 $34.10 $34.10 $0.00 $34.10 $34.10 $0.00 $34.10 $34.10 $0.00 $0.00
5,000.00 5,000.00 5,000.00 5,000.00 5,000.00 5,000.00 5,000.00 5,000.00 5,000.00 5,000.00 5,000.00 0.00

9.42 0.00 9.42 9.42 0.00 9.42 9.42 0.00 9.42 9.42 0.00 0.00
254.08 254.08 254.08 254.08 254.08 254.08 254.08 254.08 254.08 254.08 254.08 0.00
150.00 150.00 150.00 150.00 150.00 150.00 150.00 150.00 150.00 150.00 150.00 0.00
480.00 480.00 480.00 480.00 480.00 480.00 480.00 480.00 480.00 480.00 480.00 0.00
533.48 529.57 533.48 533.48 529.57 533.48 533.48 529.57 533.48 533.48 529.57 0.00

$6,461.08 $6,413.65 $6,461.08 $6,461.08 $6,413.65 $6,461.08 $6,461.08 $6,413.65 $6,461.08 $6,461.08 $6,413.65 $0.00

$6,467.68 $7,596.82 $6,467.68 $6,467.68 $6,420.25 $6,467.68 $7,627.76 $6,557.75 $6,467.68 $6,467.68 $6,420.25 $0.00
$7,258.72 $7,468.08 $7,258.72 $7,258.72 $7,468.08 $7,258.72 $7,258.72 $7,468.08 $7,258.72 $7,258.72 $9,815.38 $0.00

$791.04 ($128.74) $791.04 $791.04 $1,047.83 $791.04 ($369.04) $910.33 $791.04 $791.04 $3,395.13 $0.00

$339.70 $288.10 $339.70 $339.70 $288.10 $339.70 $339.70 $288.10 $339.70 $339.70 $288.10 $0.00
$451.34 ($416.84) $451.34 $451.34 $759.73 $451.34 ($708.74) $622.23 $451.34 $451.34 $3,107.03 $0.00
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TABLE 29. FLOW OF INCREMENTAL NET BENEFITS FOR CHICKEN ENTERPRISE

Financial item Year Year Year Year Year Year Year Year Year
1 2 3 4 5 6 7 8 9

Fixed Costs
Storage Shed ..................... . $364.70 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
Equipment....................... . 370.00 6.00 96.00 6.00 96.00 286.00 96.00
Chicken House ................... 3,871.70 0.00 0.00 0.00 0.00 0.00 0.00
Pumps, Tanks .................... 2,100.00 0.00 0.00 0.00 0.00 0.00 0.00
Subtotal ......................... 6,706.40 6.00 96.00 6.00 96.00 286.00 96.00
Contingency (10%) ................ 670.64 0.60 9.60 0.60 9.60 28.60 9.60

Subtotal ........................... $7,377.04 $6.60 $105.60 $6.60 $105.60 $314.60 $105.60

$0.00 $0.00
6.00 96.00
0.00 0.00
0.00 0.00
6.00 96.00
0.60 9.60

$6.60 $105.60

Variable Costs
Chicks .......................... $480.00 $960.00 $960.00 $960.00 $960.00 $960.00 $960.00 $960.00 $960.00
Feed ............................ 2,368.00 4,735.00 4,735.00 4,735.00 4,735.00 4,735.00 4,735.00 4,735.00 4,735.00
Vaccinations ...................... 40.80 81.60 81.60 81.60 81.60 81.60 81.60 81.60 81.60
Transportation .................... 88.00 176.00 176.00 176.00 176.00 176.00 176.00 176.00 176.00
Sanitation ........................ 83.00 166.00 166.00 166.00 166.00 166.00 166.00 166.00 166.00
Maintenance ..................... . 11.21 11.21 11.21 11.21 11.21 11.21 11.21 11.21 11.21
Interest Working Cap. 276.39 551.68 551.68 551.68 551.68 551.68 551.68 551.68 551.68

Total ............................ $3,347.40 $6,681.49 $6,681.49 $6,681.49 $6,681.49 $6,681.49 $6,681.49 $6,681.49 $6,681.49

Subtotal Cost...................... $10,724.44 $6,688.09 $6,787.09 $6,688.09 $6,787.09 $6,996.09 $6,787.09 $6,688.09 $6,787.09
Gross Returns ...................... $3,843.56 $7,687.12 $7,687.12 $7,687.12 $7,687.12 $7,687.12 $7,687.12 $7,687.12 $7,687.12

Net Returns To Capital, Land And
Management (Without Operator's
Labor).......................... ($6,880.88) $999.03 $900.03 $999.03 $900.03 $691.03 $900.03 $999.03 $900.03

Operator's Labor
Chickens ........................ $785.00 $1,570.00 $1,570.00 $1,570.00 $1,570.00 $1,570.00 $1,570.00 $1,570.00 $1,570.00

Net Returns to Capital and Land ...... ($7,665.88) ($570.97) ($669.97) ($570.97) ($669.97) (878.97) ($669.97) ($570.97) ($669.97)

TABLE 30. FLOW OF INCREMENTAL NET BENEFITS FOR HOG ENTERPRISE

Financial item Year Year Year Year Year Year Year Year Year
1 2 3 4 5 6 7 8 9

Fixed Costs
Storage Shed ..................... $364.70 $0.00 $0.00
Equipment....................... 127.10 6.00 6.00
Pigsty ........................... 662.12 0.00 0.00
Subtotal ......................... 1,153.92 6.00 6.00
Contingency (10%) ................ 115.39 0.60 0.60

Subtotal ......................... . $1,269.31 $6.60 $6.60

$0.00 $0.00 $0.00 $0.00
6.00 6.00 6.00 6.00
0.00 0.00 0.00 0.00
6.00 6.00 6.00 6.00
0.60 0.60 0.60 0.60

$6.60 $6.60 $6.60 $6.60

$0.00 $0.00
6.00 6.00
0.00 0.00
6.00 6.00
0.60 0.60

$6.60 $6.60

Variable Costs
Feeder Pigs ...................... $723.00 $1,446.00 $723.00 $1,446.00 $723.00 $1,446.00 $723.00 $1,446.00 $723.00
Feed ............................ 1,125.00 2,250.00 1,125.00 2,250.00 1,125.00 2,250.00 1,125.00 2,250.00 1,125.00
Medications ...................... 30.15 60.30 60.30 60.30 60.30 60.30 60.30 60.30 60.30
Crop Insurance ................... . 40.00 80.00 40.00 80.00 40.00 80.00 40.00 80.00 40.00
Transportation .................... 65.00 250.00 125.00 250.00 125.00 250.00 125.00 250.00 125.00
Interest Working Cap .............. 178.48 367.77 186.60 367.77 186.60 367.77 186.60 367.77 186.60
Taxes. ............................ 0.00 176.80 88.40 176.80 88.40 176.80 88.40 176.80 88.40

Subtotal .......................... $2,161.63 $4,630.87 $2,348.30 $4,630.87 $2,348.30 $4,630.87 $2,348.30 $4,630.87 $2,348.30

Total Cost......................... $3,430.95 $4,637.47 $2,354.90 $4,637.47 $2,354.90 $4,637.47 $2,354.90 $4,637.47 $2,354.90
Gross Returns ...................... $0.00 $4,684.40 $2,342.20 $4,684.40 $2,342.20 $4,684.40 $2,342.20 $4,684.40 $2,342.20

Net Returns To Capital, Land And
Management (Without Operator's
Labor)........................... ($3,430.95) $46.93 ($12.70) $46.93 ($12.70) $46.93 ($12.70) $46.93 ($12.70)

Operator's Labor
Hogs ............................ $16.00 $32.00 $16.00 $32.00 $16.00 $32.00 $16.00 $32.00 $16.00

Net Returns to Capital and Land ...... ($3,446.95) $14.93 ($28.70) $14.93 ($28.70) $14.93 ($28.70) $14.93 ($28.70)
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Year Year Year Year Year Year Year Year Year Year Year Residual
10 11 12 13 14 15 16 17 18 19 20 value

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
6.00 376.00 6.00 96.00 6.00 96.00 286.00 96.00 6.00 96.00 6.00 2.25
0.00 3, 871.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 2,100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6.00 6,347.70 6.00 96.00 6.00 96.00 286.00 96.00 6.00 96.00 6.00 2.25
0.60 634.77 0.60 9.60 0.60 9.60 28.60 9.60 0.60 9.60 0.60 0.23

$6.60 $6,982.47 $6.60 $105.60 $6.60 $105.60 $314.60 $105.60 $6.60 $105.60 $6.60 $2.48

$960.00 $960.00 $960.00 $960.00 $960.00 $960.00 $960.00 $960.00 $960.00 $960.00 $960.00 $0.00
$4,735.00 4,735.00 4,735.00 4,735.00 4,735.00 4,735.00 4,735.00 4,735.00 4,735.00 4,735.00 4,735.00 0.00

81.60 81.60 81.60 81.60 81.60 81.60 81.60 81.60 81.60 81.60 81.60 0.00
176.00 176.00 176.00 176.00 176.00 176.00 176.00 176.00 176.00 176.00 176.00 0.00
166.00 166.00 166.00 166.00 166.00 166.00 166.00 166.00 166.00 166.00 166.00 0.00

11.21 11.21 11.21 11.21 11.21 11.21 11.21 11.21 11.21 11.21 11.21 0.00
551.68 551.68 551.68 551.68 551.68 551.68 551.68 551.68 551.68 551.68 551.68 0.00

$6,681.49 $6,681.49 $6,681.49 $6,681.49 $6,681.49 $6,681.49 $6,681.49 $6,681.49 $6,681.49 $6,681.49 $6,681.49 $0.00

$6,688.09 $13,663.96 $6,688.09 $6,787.09 $6,688.09 $6,787.09 $6,996.09 $6,787.09 $6,688.09 $6,787.09 $6,688.09 $0.00
$7,687.12 $7,687.12 $7,687.12 $7,687.12 $7,687.12 $7,687.12 $7,687.12 $7,687.12 $7,687.12 $7,687.12 $7,689.60 $0.00

$999.03 ($5,976.84) $999.03 $900.03 $999.03 $900.03 $691.03 $900.03 $999.03 $900.03 $1,001.50 $0.00

$1,570.00 $1,570.00 $1,570.00 $1,570.00 $1,570.00 $1,570.00 $1,570.00 $1,570.00 $1,570.00 $1,570.00 $1,570.00 $0.00
($570.97) ($7,546.84) ($570.97) (669.97) ($570.97) ($669.97) ($878.97) ($669.97) ($570.97) ($669.97) ($568.50) $0.00

Year Year Year Year Year Year Year Year Year Year Year Residual
10 11 12 13 14 15 16 17 18 19 20 value

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
6.00 127.10 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 2.25
0.00 662.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6.00 789.22 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 2.25
0.60 78.92 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.00
$6.60 $868.14 $6.60 $6.60 $6.60 $6.60 $6.60 $6.60 $6.60 $6.60 $6.60 $2.25

$1,446.00 $723.00 $1,446.00 $723.00 $1,446.00 $723.00 $1,446.00 $723.00 $1,44600 $723.00 $1,446.00 $557.25
2,250.00 1,125.00 2,250.00 1,125.00 2,250.00 1,125.00 2,250.00 1,125.00 2,250.00 1,125.00 2,250.00 877.50

60.30 60.30 60.30 60.30 60.30 60.30 60.30 60.30 60.30 60.30 60.30 0.00
80.00 40.00 80.00 40.00 80.00 40.00 80.00 40.00 80.00 40.00 80.00 0.00

250.00 125.00 250.00 125.00 250.00 125.00 250.00 125.00 250.00 125.00 250.00 0.00
367.77 186.60 367.77 186.60 367.77 186.60 367.77 186.60 367.77 186.60 367.77 0.00
176.80 88.40 176.80 88.40 176.80 88.40 176.80 88.40 176.80 88.40 176.80 0.00

$4,630.87 $2,348.30 $4,630.87 $2,348.30 $4,630.87 $2,348.30 $4,630.87 $2,348.30 $4,630.87 $2,348.30 $4,630.87 $1,434.75

$4,637.47 $3,216.44 $4,637.47 $2,354.90 $4,637.47 $2,354.90 $4,637.47 $2,354.90 $4,637.47 $2,354.90 $4,637.47 $0.00
$4,684.40 $2,342.20 $4,684.40 f$2,342.20 $4,684.40 $2,342.20 $4,684.40 $2,342.20 $4,684.40 $2,342.20 $6,121.40 $0.00

$46.93 ($874.24) $46.93 ($12.70) $46.93 ($12.70) $46.93 ($12.70) $46.93 ($12.70) $1,483.93 $0.00

$32.00 $16.00 $32.00 $16.00 $32.00 $16.00 $32.00 $16.00 $32.00 $16.00 $32.00 $0.00
$14.93 ($890.24) $14.93 ($28.70) $14.93 ($28.70) $14.93 ($28.70) $14.93 ($28.70) $1,451.93 $0.00

43



TABLE 31. FLOW OF INCREMENTAL NET BENEFITS FOR DUCK ENTERPRISE

Financial item Year Year Year Year Year Year Year Year Year
1 2 3 4 5 6 7 8 9

Fixed Costs
Storage Shed ..................... $364.70
Equipment ....................... 105.00
Corral ........................... 540.30
Subtotal......................... 1,010.00
Contingency (10%)................. 101.00

Subtotal .......................... $1,111.00

$0.00
6.00
0.00
6.00
0.60

$6.60

$0.00
6.00
0.00
6.00
0.60

$6.60

$0.00
6.00
0.00
6.00
0.60

$6.60

$0.00 $0.00
26.00 16.00
0.00 540.30

26.00 556.30
2.60 55.63

$28.60 $611.93

Variable Costs
Ducklings' ....................... $148.50 $297.00 $297.00 $297.00 $297.00 $297.00 $297.00 $297.00 $297.00
Feed'............................ 600.60 1,201.20 1,201.20 1, 201.20 1,201.20 1,201.20 1,201.20 1,201.20 1, 201.2
Marketing........................ 161.19 322.38 322.38 322.38 322.38 322.38 322.38 322.38 3 22.3
Interest Working Cap............... 81.93 163.85 163.85 163.85 163.85 163.85 163.85 163.85 163.8

Subtotal ........................... $992.22 $1,984.43 $1,984.43 $1,984.43 $1,984.43 $1,984.43 $1,984.43 $1,984.43 $1,984.43

Total Cost ......................... $2,103.22 $1,991.03 $1,991.03 $1,991.03 $2,013.03 $2,596.36 $1,991.03 $1,991.03 $2,013.03
Cross Returns ...................... $815.47 $1,630.94 $1,630.94 $1,630.94 $1,630.94 $1,630.94 $1,630.94 $1,630.94 $1,630.94

Net Returns to Capital, Land And
Management (Without Operator's
Labor)......................... ($1,287.75) ($360.09) ($360.09) ($360.09) ($382.09) ($965.42) ($360.09) ($360.09) ($382.09

Operator's Labor
Ducks........................... $229.00 $444.00 $444.00 $444.00 $444.00 $444.00 $444.00 $444.00 $444.00

Net Returns to Capital and Land ... ($1,516.75) ($804.09) ($804.09) ($804.09) ($826.09) ($1,409.42) ($804.09) ($804.09) ($826.(9

'Includes transport.

TABLE 32. FLOW OF INCREMENTAL NET BENEFITS FOR CATF[LE ENTERPRISE.

Fiaca tmYear Year Year Year Year Year Year Year Year
Fnniitm1 2 3 4 5 6 7 8 9

Fixed Costs
Storage Shed ..................... $364.70
Equipment........................ 6.00
Corral ........................... 381.11
Fence Improvement............... 759.00
Pasture Re-estab.................. 380.00
Subtotal.........................1,890.81
Contingency (10%)................. 189.08

Subtotal .......................... $2,079.89

$0.00
6.00
0.00
0.00
0.00
6.00
0.60

$6.60

$0.00
6.00
0.00
0.00
0.00
6.00
0.60

$6.60

$0.00
6.00
0.00
0.00
0.00
6.00
0.60

$6.60

$0.00 $0.00
6.00 6.00
0.00 381.11
0.00 459.00
0.00 0.00
6.00 846.11
0.60 84.61

$6.60 $930.72

Variable Costs
Stockers ........................ $5,000.00 $5,000.00 $5,000.00 $5,000.00 $5,000.00 $5,000.00 $5,000.00 $5,000.00 $5,000.00
Feed ............................ 254.08 254.08 254.08 254.08 254.08 254.08 254.08 254.08 254.08
Crop Insurance.................... 150.00 150.00 150.00 150.00 150.00 150.00 150.00 150.00 150.00
Transportation ..................... 240.00 480.00 480.00 480.00 480.00 480.00 480.00 480.00 480.00
Interest Working Cap.............. 507.97 529.57 529.57 529.57 529.57 529.57 529.57 529.57 5 29.157

Subtotal .......................... $6,152.05 $6,413.65 $6,413.65 $6,413.65 $6,413.65 $6,413.65 $6,413.65 $6,413.65 $6,413.65

Total Costs ........................ $8,231.94 $6,420.25 $6,420.25 $6,420.25 $6,420.25 $7,344.37 $6,420.25 $6,420.25 $6,420.25
Cross Returns....................... $0.00 $6,840.00 $6,840.00 $6,840.00 $6,840.00 $6,840.00 $6,840.00 $6,840.00 $6,840.00

Net Returns to Capital, Land And
Management (Without Operator's
Labor)........................($8,231.94) $419.75 $419.75 $419.75 $419.75 ($504.37) $419.75 $419.75 $419.75

Operator's Labor.................... $96.00 $192.00 $192.00 $192.00 $192.00 $192.00 $192.00 $192.00 $192.00
Net Returns to Capital And Land ... ($8,327.94) $227.75 $227.75 $227.75 $227.75 ($696.37) $227.75 $227.75 $227.75
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$0.00
6.00
0.00
6.00
0.60

$6.60

$0.00
6.00
0.00
6.00
0.60

$6.60

$0.00
26.00

0.00
26.00

2.60
$28.60

$0.00
6.00
0.00
0.00
0.00
6.00
0.60

$6.60

$0.00
6.00
0.00
0.00
0.00
6.00
0.60

$6.60

$0.00
6.00
0.00
0.00
0.00
6.00
0.60

$6.60



Year Year Year Year Year Year Year Year Year Year Year Residual
10 11 12 13 14 15 16 17 18 19 20 value

$0.00 $0.00
6.00 91.00
0.00 540.30
6.00 631.30
0.60 63.13

$6.60 $694.43

$0.00 $0.00
6.00 26.00
0.00 0.00
6.00 26.00
0.60 2.60

$6.60 $28.60

$0.00
6.00
0.00
6.00
0.60

$6.60

$0.00 $0.00 $0.00
6.00 16.00 20.00
0.00 540.30 0.00
6.00 556.30 20.00
0.60 55.63 2.00

$6.60 $611.93 $22.00

$297.00 $297.00 $297.00 $297.00 $297.00 $297.00 $297.00 $297.00 $297.00 $297.00 $297.00
1,201.20 1,201.20 1,201.20 1,201.20 1,201.20 1,201.20 1,201.20 1,201.20 1,201.20 1,201.20 1,201.20

322.38 322.38 322.38 322.38 322.38 322.38 322.38 322.38 322.38 322.38 322.38
163.85 163.85 163.85 163.85 163.85 163.85 163.85 163.85 163.85 163.85 163.85

$1,984.43 $1,984.43 $1,984.43 $1,984.43 $1,984.43 $1,984.43 $1,984.43 $1,984.43 $1,984.43 $1,984.43 $1,984.43

$1,991.03 $2678.86 $1,991.03 $2,013.03 $1,991.03 $1,991.03 $2,596.36 $2,006.43 $1,991.03 $1,991.03 $1,991.03
$1,630.94 $1,630.94 $1,630.94 $1,630.94 $1,630.94 $1,630.94 $1,630.94 $1,630.94 $1,630.94 $1,630.94 $1,635.67

($360.09) ($1,047.92) ($360.09) ($382.09) ($360.09) ($360.09) ($965.42) ($375.49) ($360.09) ($360.09) ($355.37)

$0.00
2.25
0.00
2.25
0.23

$2.48

$0.00
0.00
0.00
0.00
$0.00

$0.00
$0.00

$0.00

$444.00 $444.00 $444.00 $444.00 $444.00 $444.00 $444.00 $444.00 $444.00 $444.00 $444.00 $0.00
($804.09) ($1,491.92) ($804.09) ($826.09) ($804.09) ($804.09) ($1,409.42) ($819.49) ($804.09) ($804.09) ($799.37) $0.00

Year Year Year Year Year Year Year Year Year Year Year Residual
10 11 12 13 14 15 16 17 18 19 20 value

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 0.00 0.00
0.00 381.11 0.00 0.00 0.00 0.00 381.11 0.00 0.00 0.00 0.00 0.00
0.00 459.00 0.00 0.00 0.00 0.00 459.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 285.00
6.00 846.11 6.00 6.00 6.00 6.00 846.11 6.00 6.00 6.00 6.00 285.00
0.60 84.61 0.60 0.60 0.60 0.60 84.61 0.60 0.60 0.60 0.60 0.00

$6.60 $930.72 $6.60 $6.60 $6.60 $6.60 $930.72 $6.60 $6.60 $6.60 $6.60 $285.00

$5,000.00 $5,000.00 $5,000.00 $5,000.00 $5,000.00 $5,000.00 $5,000.00 $5,000.00 $5,000.00 $5,000.00 $5,000.00 $0.00
254.08 254.08 254.08 254.08 254.08 254.08 254.08 254.08 254.08 254.08 254.08 0.00
150.00 150.00 150.00 150.00 150.00 150.00 150.00 150.00 150.00 150.00 150.00 0.00
480.00 480.00 480.00 480.00 480.00 480.00 480.00 480.00 480.00 480.00 480.00 0.00
529.57 529.57 529.57 529.57 529.57 529.57 529.57 529.57 529.57 529.57 529.57 0.00

$6,413.65 $6,413.65 $6,413.65 $6,413.65 $6,413.65 $6,413.65 $6,413.65 $6,413.65 $6,413.65 $6,413.65 $6,413.65 $0.00

$6,420.25 $7,344.37 $6,420.25 $6,420.25 $6,420.25 $6,420.25 $7,344.37 $6,420.25 $6,420.25 $6,420.25 $6,420.25 $0.00
$6,840.00 $6,840.00 $6,840.00 $6,840.00 $6,840.00 $6,840.00 $6,840.00 $6,840.00 $6,840.00 $6,840.00 $7,125.00 $0.00

$419.75 ($504.37) $419.75 $419.75 $419.75 $419.75 ($504.37) $419.75 $419.75 $419.75 $704.75 $0.00

$192.00 $192.00 $192.00 $192.00 $192.00 $192.00 $192.00 $192.00 $192.00 $192.00 $192.00 $0.00
$227.75 (696.37) $227.75 $227.75 $227.75 $227.75 ($696.37) $227.75 $227.75 $227.75 $512.75 $0.00
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$0.00
6.00
0.00
6.00
0.60

$6.60

$0.00
6.00
0.00
6.00
0.60

$6.60

$0.00
6.00
0.00
6.00
0.60

$6.60



TABLE 33. DESCRIPTrION OF OPERATOR'S LABOR

Activity Year Time

A. Da'ly pond main- 1 1.5 hr./day for 6 months (produc-
nance and tion begins Julyl1)

water control
2,5,8,11,etc. 1. 5 hr. /day for 12 months
3,4),6,7,9,10, etc. 1. 5 hr/day for 11 months (1 month

duwn time)

B. Pond harvest and 1 1.5 man-days/month for 2 months
fingerling pro-
duction

2,5,8,11,etc. 1. 5 man-days/month for 12 months
3,4,6, 7, 9,10, etc. 1. 5 man-days/month for 8 months

C. Pond maintenance 3,4,6,7,9,10,etc. 40 man-days
per cycle of pro-
duction

D. Pond fertilization 1 Hogs: 1/2 hr. /day for 4 months (1
hog cycle)

Cattle: 2 hr. /day; 4 days/week for 6
months

Chickens: 1/2 hr. /day for 6 months
Ducks: 0

Even years flogs: 1/2 hr/day for 8 months (2
hog cycles)

Odd years Hogs: 1/2 hr. /day for 4 months (1
hog cycle)

2,5,8,11, etc. Cattle: 2 hr./day; 4 days/week for
12 months

Chickens: 1/2 hr./day for 12
months

3),4,6,7,9,10, etc. Cattle: 2 hr/day; 4 days/week for
11 months

Chickens: 2 hr/day; 4 days/week
for 11 months

E. Ducks
production 1-20 6.5 man-days/year

processing 1 100 man-days (1 cycle)
2-20 200 man-days (2 cycles)

E Chickens 1 2 persons full-time (6 months)
2-20 2 persons full-time (12 months)

C. Hogs Odd years 1/2 hr. /day for 4 months
Even years 1/2 hr. /day for 8 months

TABLE 35. RATES OF RETURN

Without With
Alternative operator's labor operator's labor

B!. 0.40/lb.' B!. 0.60/lb. B!. 0. 40/lb. B/. 0. 60/lb.

Fish only
Fish-chicken 14 24 6 16
Fish-bogs 13 22 6 15
Fish-ducks 23 38 17 31
Fish-cattle 9 16 -1 7

Integrated
Fish-chicken 10 14 -23 -15
Fish-hogs 6 11 1 7
Fish-ducks 8 20 -12 3
Fish-cattle 2 5 -2 1

Livestock only
Chickens 5 neg. returns
Hogs -6 -7
Ducks neg. returns neg. returns
Cattle -4 -10

'Cost of fish/lb.

TABLE 34. VALUE OF OPERATOR'S LABOR BY YEAR AND ENTERPRISE

Year Hogs 1__ Chickens $ Cattle $ Ducks
Man-days $' Man-days $ Man-days $ Man-days

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

'$2.15 per man-day.

44.5
101
121.5
129

93.5
129
121.5
101
121.5
129

93.5
129
121.5
101
121.5
129

93.5
129
121.5
101

95.68
217.15
261.22
277.35
201.02
277.35
261.22
217.15
261.22
277.35
201.02
277.35
261.22
217.15
261.22
277.35
201.02
277.35
261.22
217.15

48
108.5
135
135
108.5
135
135
108.5
135
135
108.5
135
135
108.5
135
135
108.5
135
135
108.5

103.20
233.28
290.25
290.25
233.28
290.25
290.25
233.28
290.25
290.25
233.28
290.25
290.25
233.28
290. 25
290.25
233.28
290.25
290.25
233.28

61
134
158
158
134
158
158
134
158
158
134
158
158
134
158
158
134
158
158
134

131.15
288.10
399.70
339.70
288.10
339.70
339.70
288.10
339.70
339.70
288.10
339.70
339.70
288.10
339.70
339.70
228.10
399.70
399.70
288.10

37
86

114
114
86

114
114
86b

114
114
86

114
114

86
114
114

86
114
114

86

79.55
184.90
245.10
245.10
184.90
245.10
245.10
14.90

245.10
245.10
184.90
245.10
245.10
184.90
245.10
245.10
184.90
245.10
245.10
184.90
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SUMMARY AND CONCLUSIONS

The economics of agro-aquaculture systems is complex. Sufficient
data do not exist to draw a firm conclusion on the projects. One or
two years of production data are highly subject to vagaries of the
weather, learning curves, and political events. The data from this
project, howeve;r, do provide some important indications.

Of the animal protein alternatives considered, four of the five
least-cost sources involved fish production. Values ranged from B/.
0.14 to B/. 0.25 per pound for the three least-cost fish alternatives to
B/. 1.75 per pound for duck meat. Integration of fish production
with other types of livestock production consistently lowered the
cost per pound of animal protein produced. In the case of hogs, for
example, pork production alone had a production cost of B/. 0.98 per
pound but when fish were integrated with hogs, the cost dropped to
B/. 0.74 per pound.

The budget analyses indicate that integrated systems in impov-
erished rural areas are economically viable for the farmer. The
chicken-fish alternative yielded highest net returns. Integration of

fish culture with other livestock enterprises increased net returns in
every instance.

The rates of return for the fish-chicken, fish-hog, and fish-duck
combinations, analyzing the fish enterprise in isolation, are above
the 12 percent cutoff rate established as the opportunity cost of cap-
ital by the Planning Ministry in Panama.

Project data serve to provide guidelines for expansion of agro-
aquaculture in Panama. All of the combinations are profitable, yet
some combinations will be more profitable under certain conditions
than under others.

Benefits following from the irrigated gardens (for which data were
not available) are not included in this analysis and have the potential
of greatly improving the efficiency and profitability of the integrated
approach. Within the water supply developed for the animal and ag-
riculture enterprises, irrigated gardens can be added at a minimal
expense. This additional use of the facility will also improve the ef-
ficiency and profitability of the fish culture component because
some portion of the fixed costs would be allocated to the garden.
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