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ABSTRACT

An estimate of the carrying capacity is made for an area of
rainforest in Bahia Drake on the Osa Penninsula, Puntarenas Province,
Costa Rica for a human population supported on a technology which is
primarily shifting agriculture, but which also includes some cash croppinge.
Colonists had been arriving from 1946 to the 1963 survey date in an
exponentially increasing rate. If 1963 trends continue, all land
would be cleared in 1977, at which time the population density would
be 45.6 persons/kmzuof usegble land., Of the shifting agriculture
sector, 71.5% of the land is fallow while 28.5% is farmed. Fallowing
time is estimated at a minimum of six years. Regressions and projections
are developed for all crops and for the total area of cleared land.
Considering the nature of the data, the regressions-used in the
projection of the total cleared area appear reasonably reliable within
their ranges (alphas are 0.0000 and R2 values are 0.86 for the number
of families and 0.58 for the cleared area predictions). Regressions
for the individual crops, however, explain little of the variance
despite high significance levels attained. Assumptions of the carrying
capacity model are discussed and suggestions for further improvements

are made.
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I.) INTRODUCTION:

The present study attempts to project land use trends in a rainforest
area of the Osa Penninsula in Southwestern Costa Rica with a mind to
improving on an estimate of the carrying capacity of the area for
human populations supported on a primarily shifting agriculture
technologye. ' - S : '

My original study of the carrying éapacity (Fearnside, 1973) includes
descriptions of the location and terrain of the study area, and the
four regions into which I divided the total area: Rincon, Playa Blanca,
Sirena, and Drake. A brief table of population and area information
for the four regions is included here as Appendix IX.

The farmers in the area are not shifting agriculturalists in cultural
background, but rather are colonists who have immigrated to the aea from
other parts of Costa Rica or from Nicaragua in recent years., Costa Rican
census reports classed the area as "uninhabited"™ in the 1930's (Waibel, 1939
the oldest family now in the area claims to have arrived in 1927, and the
oldest family in Drake, the most populous region, arrived in 1946.
Newcomers to slash-and=burn agriculture such as these can be expected
to have land use patterns differing greatly from patterns of older cultures
which have ceveloped their techniques through generations of cultural
evolution, The increasing prominance of colonization of rainforest
areas throughout Latin America makes this a particularly timely area
of study (cf. Jorgenson, 1972),

There are two principal uses to which land use projection information
might be put: (1) in refining the estimates of the marrying capacity,
and (2) in providing the basis for subsequent:studies of the changes to
be expected as a result of increased population pressure. The first
of these uses could be of special importance were I.P.C,A.,, the
Costa Rican Government agency responsible for colonists, to take an
interest in regulating immigration to the area.

A representative definition of carrying capacity from the shifting
agriculture literature is that of Allan (1949):

The maximum number of persons that can be supported
in perpetuity on an area, with a given technology
and set of consumptive habits, without causing
environmental degredatione

Carrying capacity determinations for shifting agriculture systems

in the literature are generally of two types: those where the population
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is assumed to be at or over the carrying capacity, and those in which
the population is presumed to be below the carrying capacity at the
time of the study. Where the carrying capacity has been exdeeded, some
" indication of ei%hpr inadequate food production or environmental degred-
ation can be found and linked to a population level which can be taken.
as a maximum possible level for the carrying capacity. Examples of
this type include Hunter's (1966) study in Ghana where outmigration as
indicated by changed sex ratiossgave an indication of when the arrying
capacity had been reached, and Vermeer's (1970) classic study in
Nigeria where a shortened fallow period indicated that the carrying
capacity had been exceeded,

In cawes where the population is assumed to be below the carrying
capacity‘the calculations are made by estimating the production of
certain crops, the fallow and farmed times, and the area of land
available for the population. Variations of this approach have been
used by Carneiro (1966) and by myself (Fearnside, 1973), among others.

The assumptions used in making this kind of before-the-fact
prediction of what the carrying capacity will be are dangerous indeed;
worse still, these assumptions are usually not clearly recognized
and stated: by authors in the field, as has been aptly pointed out by
Street (1969). The assumptions used by me ik my original set of
carrying capacity estimates for the Osa Penninsula are listed in
Appendix I,

There is some evidence that each of these assumptions may not
be warrented; this is also presented in Appendix I, together with
potential checks and remedies for these assumptions,

The present study deals with msumptions 14 and 15 in the Appendix I
list: that there is no effedt on the proportion of land allotted to
each crop from changes in the size of each family ad that there is
no effect from changes in the numbers of families in each age class.

It ishoped that these two assumptions could be reduced to the less-
restrictive one that the proportions of each crop stay the sme

within each age group as the carrying capacity is approached. Projections
are made on the assumptions that: (1) arrival of new families follow

1963 trends, {2) no families leave the area, and (3) land clearing rates
follow 1963 trends.

It should be noted, however, that the finite amount of lmd available
in the area necessitates that the 1963 arrival and land clearing trends

cannot long continue, If a future survey of the Drake farmers were to

reveal deviations from the projections of this study, the present study
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would be of value in highlighting the dhanges., Barring evidence to
the contrary, detiations from these trends could best be explained as
results of population pressure,

IXY.) METHODS AND MATERIALS:

The data for the study was obtained partly from interviews which
I conducted as part of a study entitled "An Estimate of the Carrying
Capacity of the Osa Eenninsula for Human Populations Supported on a
Shifting Agriculture Technology," (Fearniide, 1973), which was done
under the sponsorship of the Organization for Tropical Studies,
San Jose, Costa Rica in August, 1972, The balance of thedata comes
from a survey conducted in 1963 by Osa Productos Forestales, the
Iumber company which owns the land. I am endebted to Yscar Breilly,
chief engineer for the Company in Rincon, for allowing me access
to this invaluable source of information,

A description of the methods used in collecting the cata can be

found in the original papere

IIX.) DATA AND RESULTS:

The data and results are presented as tables and graphs in the
following appendices:
Appendix II: table of regression equations develaped for Drake
Appendix IIXI: explanation of abbreviations
Appendix IV.. table of 1lmd use from 1963 Osa Productos Forestales

survey
Appendix V: plots.of the numbers and logarithms of the numbers of
f&milies arriving in Drake i¥s. the year of arival
Appendix VI: Projection of the number of families arriving in
Drake to 1982
Appendix VII: projection of the total cleared hectares in
Drake to 1982
Appendix VIII: projection of hectares and proportions of each

crop to 1982 for observations made in Drake in February

IVe) DISCUSSION:

A.) PROBLEMS WITH THEIATA:

The original carrying capacity estimates were made for the entire

Eastern side of the Osa Penninsula. In the present study the four
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regions into which the study area had been subdivided were compared

before pooling the data for an estimate Hr the entire area. The large
differences in land-use patterns between the areas were immediately
apparente. The data presented in Appendix IV shows this clearly. Most
striking was the relatively low reliance in pasturing in Drake as compared,
for example, to Sirena, My own observations in “incon and Sirena also
confirmed the presence of great differences between areas. 1% was therefore
decided to restrict the analysis to the cases from the Drake area,

reducing the sample size from 143 to 99,

The sample size was also reduced somewhat by the presence of missing
data. Missing informéition is indicated in Appendix IV by the symbol
"-0,0", Depending on which pieces of information are considered, sample
sizes range from 72 to 94,

A further problem was gpparent from the presence of observations from
different times of year. Strong correlations were found between the
month of the observation and numbers of hectares of the wrious non-~perennial
crbps such as rice, beans, and maize, together with the total number
of hectares of "occupied" (farmed) land and the number of hectares
fallow., Apparently, land was recorded as fallow if the observation
was taken between the harvewting and planting times for a particular
crop. The majority of the observations had been taken either in February
or October., For non-perennial crops the informition from February and
®ctober was analyzed separately, and observations from other months were
not considered, This reduced the sample size for regressions involving
these awops to 46 for February and 37 for @ctober,

Be) CHOOSING THE REGRESSION MODEL:

Stepwise regression revealed both the number of years of occupancy
and the number of persons in a family as significant predictors of the
total hectares of cleared land when the significance levels of added!
variables was held at 0,20 and deleted wriables at 0.25., The multilinear
regression equation including both years of occupancy and number of
persons (Egn. 3 in Appendix II) explains a greater proportion of the
variance in the data than does the corresponding simple linear regression
equation using only the number of years of occupancy as a predictor-
(Egqne. 2 in Appendix II). The standard error is slightly raised by the
inclusion of a second variable, and the two-variable equation does have

a smaller sample size and a lower value for the F-statistic. Iniiboth
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cases the significance attained is phenomenal at 0.0000.

It would appear from the greater proportion of variance explained
by the multilinear eguation (0.89 vs. 0.58), that the two-variable
equation should be used to predict the land clearing, However, a problem
is encountered in trying to predict values for the second variable:
the number of persons per ffamily. One would expect the family sime to
follow some sort of guadratic trend, increasing at first and then
leveling off with age. A quadratic eguation for predicting the number
of persons in a family from the years of occupancy (egn. 4 in Appendix II)
is significant only at the 0,3 level, To make matters worse, the
multiple correlation coefficient (R2) is a miniscule 0.03,

The best fit for the 74 data points was actually obtained from a fifth
order polynomial! This was rejected immediately as a biadogical absurdity,
however, as it results in negative family sizes after a few years,

In view of the difficulty of predicting family size from the years
of occupancy, it was decided to revert to the somewhat less désireable
simple linear regression model for making the projections. These
projections could undoubtedly be improved upon in the future by the

addition of more variables.

C.) RELIABILITY OF THE REGRESSION EQUATIONS:

The number of families arriving in Drake from 1946 to 1962 follows
a near-perflect logarithmic curve., This is plotted in Aggeﬁdix vV, and
is described by Equation I in Appendix II. The high (0.86) R™ and
F-statistic values and the low standard error and significance make
this a very convincing relation indeed. The sample size of only 14 is
not as large as one would like, but is the best possible under the
circumdtances.,

The regression used for predicting the total area of land cleared
from the years of occupancy (Egqn. 2 in Appendix II) is not as convincing
as might have been hpped./Ogttggspﬁuﬁisgdﬁlstatistic value and a 0.0000
significance level, as well as a low standard error - a critically import-
and factor in narrowing the width of the tolerance band around the
regression line. ©On the other hand, it explains only 58% of the
variance in the datae.

Most of the remaining 15 regression equations shown in Appendix II
show a common problem: they have microscopic values of R2 despite their

high significance., Of these only five explain more than 30% of the

variance in the data (R 0,30) = the hectares of bananas from the
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years of occupancy, and the total "occupied" (farmed) land and total
fallow land from the years of occupancy for both February and Cctober
observations, Such small values for R2 indicate a high variability
in the data and mean that very little faith can be placed in the
resulting predictions., The high significance values obtained are
probably an artifact of the sample size,

Even ignoring the tenuous nature of many of the regression equations,
extreme care must be taken in extrapolating these into the future, as
there is no guarantee that the relations will not change outside the

range of the regression.

D.) THE MEANING OF THE REGRESSICNS:

If one can ignore the multitude of reasons for distrudting the
regression equations outlined in the previous section and in the 1list
of assumptions in Appendix I, the regression equations and the projections
made from them have important implications for the future of the area.
The projected total hectares of land cleared shown both braphically and
in tabular form in Appendix VII indicates the total area of 21809 hectares

of potentially useable land in Drake will be cleared sometime in 1977,
at which time the population density would be 45,6 persons/km2 of useable

land using the observed 1963 average family size of 6,213 persons,

| This cannot actually be considered a value for the arrying capacity

| for reasons explained under assumption 20 in Appendix I, among others,
but nevertheless it agrees well with the estimates of 35.5 persons/km2
and 57.9 persons/km2 obrained for the Drake area using the original
study for consumption-=-yield data and present land use respectively.
This is also in agreement with such classic estjmates in the literature
as Carneiro's (1956) estimate of 38 persons/km2 for an Indian population
carrying capacity in Brazil. Comparisons with published estimates for
other areas has limited value, however, as estimates wry depending on
the calculation method used, the assumptions, and the fertility of the
area from as low as 10 persons/km2 (Hance, 1968 & Linton 1961-62) to
several hundred persons/kmzv(Hunter, 1966 & Vermeer, 1970).

In any case, be the projections accurate in detail or not, they
indicate convincingly that the area will fill to and beyond its carrying
capacity within the next few years, if it hasn't reached that elusive
number already. Since the changes that occur as a population approaches
its carrying capacity are critically important, this area is ideally
suited as a site for studying these changes,
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The finding that the number of new families arriving in Drake is
growing at e exponential rate implies that the proportions of the total
population in each age class remains constant., As long as this exponentiaf
rates holds, there is no need ® include an allowance for the wrying numbers
of persons in families in each age class, as this would not alter the
predicted land use behavior of the population as a whole., This finding
lends credence to the assumption that no such changes occur (assumption
no. 15 in Appendix I). This would nolongerhold, however, were the
trends up to 1963 not to continue into the future,

The proportions of land allotted to each crop shown in Appendix VIII

have important implicatiions. The proportions for observations taken in
-February are probably most meaningful, as all of the major crops are being
grown at this time of year. In February 55.2% of the total amount of

land that has been cleared is fallow while 44.8% is farmed, Of the
farmed portion, 5.6% is in rice, 4.6% in beans, 39.4% in maize, 7.2%

in cacao, 30.8% in bananas, 8,7% in pasture and 2.9% in other crops.

Of the farmed portion, 49,6% is allotted to non-perennial crops, while
50.4% is allotted to perennial cropse. Of the total cleared area this
represents 22.2% in non-perennial crops and 22{6% in perennial aopse.

If the area under perennial crops is excluded from the analysis, as
seems most reasonable in evaluating the $iifting agriculture sector of
the system, the ratio reduces to 71.5% fallow to 28.5% farmed land.

This places the system on the borderline of wnat is called '"shifting
cultivation.” Were 30% to be fairmed, for example, it would place it
in the category of "semi-permanent cultivation" of Nye and Greenfield (1962).

The 71.5% fallow to 28.5% farmed ratio has important implications
for the @fllowing time. If the farmed 4ime én this land is two years, as
it was for the farmers inteviewed in the bottomland area of Sirena, then
this approximately 3:1 ratio would indicate a fallow period on the order
of six years were the individual families not continuing to expand their
holdings by clearing new land for non-perennial dops. Since they
apparently are continuing to clear more land for this purpose, the six-
year value would represent a minimum, and the actual fallow time would
probably-be longer than this, This is somewhat more realistic than
the three-year fallow period the interviewed Sirena farmers claimed to
have used, but it is praobably still far shorter than the 10 - 20 year
fallows common in long-standing shifting agriculture-based rainforest
cultures (Ruthenberg, 1971).



Page 8

E.) ON CHOOSING A VALUE FOR ALPHA:

In choosing a minimum acceptable level of reliability for'a“predictioﬁ
such as this, one must consider the use to which the prediction will be
put, and the consequences of making a faulty prediction, If the prediction
of carrying capacity were to be used by the Costa Rican Government
agency responsible for colonists in setting policies which would effect,
say, the number of families immigrating to the area, the consequences
would be immediate and quickly felt, Were the arrying capacity to be
overestimated for such a purpose, the results would probably include
a lowering of the already minimal standard of living of the people,
erosion and other degredation of the environment in the f armed aea, and
increasing problems of squatters spilling over into areas which the
Government may wish to protect from agriculture, such as the adjacent
National Forest, The consequences of underestimating the arrying capacity
in such a situation would probably include the potential for allowing
the gradual raising of the standard of living of the peoplle already
present in the area. This would also force the prospective immigrant
to remain in some other part of the country, where he would most likely
have a ®mewhat lower individual standard of 1living, but on the plus side
would probably cause less environmental degredation than he would as
a slash-and-burn farmer where the carrying capacity had been exceeded,

Since the consequences of overestimating the carrying capacity are
severe, especially when compared with the oonseqguences of underestimating
it, any government planners using such estimates should take care to
set policies which would result in population levels sufficiently below
the carrying capacity figure to fall outside of a tclerance interval
which has a (1 - &A)% probability of including the actual carrying capacitye.
The target set by the planner would, of course,, have its own tolerance
interval; the population figure taken as the target by the planner should
be sufficiently low that these two intervals do not overlape.

An additional possible use of the projections is in future esoteric
studies of the ¢dhanges in land use practices that accompany the reaching
and passing of the arrying capacity. To the extent that the consequences
of error in such studies are less severe, larger values of alpha should

be used,

F.) WHAT CCMES NEXT:

As indicated in the "potential checks and remedies" column in

Appendix I, many additional things could be done to improve on the
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estimate, Some of these include: an assessment of environmental
degredation through completion of the analysis on the soil s amples
already collected and the collection of others, especially in Drakeyg
more interviews to provide information for a correction for the input
from hunting and gathering, as well as information on the means and
variances of the yields from fields of various ages and on various
land-quality classes, plus better information on fallowing times.
Such a survey could also check for density dependent effects (as in
assumptions 11, 12, & 13 of Appendix I). A new survey of arrival
trends would allow assumptions 14" and 15 to be altered, as had been
planned in the present study., Further manipulations of the present
model could easily produce a variety of scenarios with dfferent
assumptions about the immigration rate; the most obvious and easiest
of these would be to assume no further immigration after a given cte
and project the subsequent changes in land use. More sorhistocated models
of carrying capacity allowing for changes in the technology and the
standard of living, among other things, are needed, as well as the

incorporation of critically important stochastic terms,

Ve) CONCLUSIONS ::

The following conclusions can be made for the Drake Region from

the present study:

l.) All conclusions are extremely tenuous due to the low proportion
of the variance in the data explained by most of the regression equations
developed.

2.) The usefulness of the conclusions is further limited by the
long and aoippling list of assumptions which must be made about the systen.

3.) PFurther caution is necessary due to the inherent weakness
of projections made by extrapolation beyond the range of the &ata in hand.

4,) Given the continuation of 1963 trends aad other assumptions, all
farmable land in the Drake Region should be cleared in 1977.

5.) Given the continuation of 1963 trends gnd other assumptions,
the population density should be 45.6 persons/km~ in 1977 at the time
when all land is clearede.

6..) Given the continuation of 1963 trends a&ad other assumptions,
. the proportions of families in each age class will remain constant.

7.) Given the continuation of 1963 trends and other assumptions,
the proportion of land allotted to each crop should remain constant.
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8.) Considering only the portion of land either fallow or being
farmed with non-perennial cropsy the fallow land in February represents
71.5% , and land farmed in non-perennial crops represents 28,5%.

9.) Given the two-year farmed time used in Sirena applies to Drake,
this corresponds to a fallowing period of at least six years,

10.,) Suggestions are made for further improvements on the aarrying
capacity estimate.
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ONS OF THE CARRYING CAPACITY ESTIMATE

ASSUMPTION

REASONS FOR POTENTIAL CHECKS
DOUBT AND REMEDIES

I.) no error in a.)
observations

Ce)

2.) no environmental a.)
degredation from
present fallowing
schedule,

Coe

3,) Input from hunting
and gathering does
not affect the
carrying capacity

Sguatters might Aerial surveys could
be motivated to help greatly in checking
misrepresent the biases such as these.
sdége of holdings

to representatives

of the Ilmdowner,

In a few cases where

the Iamber company

surveyed holéings,

wide discrepancies

with the claims of

farmers were found.

Interviewed farmers

often contradict

themselves,

FPallowing times are Soil samples were taken
much shorter than in in fields of varying
most rainforest shift-ages and in adjacent
ing agriculture-based undisturbed rainforest
cultures which have at the arms I examined
had longer to equili- in Rihcon and Sirena.
brate with the envir- The Ccs ta Rican agri-
onment. cultural agency wirich
The fallowing cycle promised to analyze

has not had time to the samples has not

run long enough for yet supplied the results,
obvious degredation however, The results of
effects tol® observed.these analyses, and

In other parts of the the collection of more
wapld with similar samples, would permit
climates, faldowing assessment of degredation
cycles of this length

result in severe

degrgdation,

Amazon Indlan

tribes are often
considered to be
limited by game
rather than crep
production, However,
here one would expect
somewhat less &fect
as the dultural tie
to hunting is 1less.

Informa tion on the amount
and kinds of game eaten
was collected in my
interviews in Rincon

and Sirena. The sample
size is small, and the
variance great, however.
If this could be accur-
ately quantifidd, a
correction could then be
made by adding tb the
required land per capita
the amount that would be



APPENDIX I, CONTINUED:

Y g e e e e P S P T S B = = — — e - -——— e s Yt > G B S s e i S T s S T  ton Tn Po B T o — T ———

ASSUMPTION REASCHS FOR POTENTIAL CHECKS

DOUBT AND REMEDIES
3.) continued needed to grow bananas

which would be £d! to
pigs to compensate for
the reduced game from
hunting at the carrying
capacitye.

4.) Consumption habits )
will remain the *
same as the carrying
capacity 1is
approached.

One would expect "lux- An adjustment for changing
ury" items to be elim- consumption habits could
inated as land becomes be added to the carrying
limiting. capacity model.

b.) At the same time,

increased ease of ©

trade co#fild result in

new consumption habits.

The skyrocketing busi-

ness of the recently-

opened Rio Claro

Pulparla in Sirena ;35

testamony to this. -

5.) Farming technology Many cultures have been An adjustment for changing
will remain the same observed to change technology should be
as the carrying their farming tech- added o the carrying
capacity is approached nology in response to capacity model.
population pressure.
This is described
in Boserup (1965).

6.) No reduction in Poorer land generally Some correction was made
yield occurs as produces lower: for this in distinguishinc
more marginal yields, and can be between "hills" and
Iand is put into expecteé& to be "bottomland™ in the
production. exploited last. original carrying capacity

estimate, A fuller
breakdown and more
observations are needed.

74) No increases in Environmental..deg- Again, a fuller breakdown
environmental deg- redation on marginal of land quality is needed.
redation occur as land has often been
more marginal land observed in other

is put into production places,

8.) No change in fallow This is often not No relation between popul-
and farmed times the case ation densities and fallow=.
occurs as population (cf. Vermeer, 1970). ing was found in the four
pressure mounts, regions {see Appendix IX).

However, some of thEFreas

have few families, four
areas are not enough, and
the effect may only be
present at higher densities,
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ASSUMPTION REASONS FOR

DOUBT

FOTENTIAL CHECKS
AND REMEDIES

It would seem reas
able to empect a 1
fallow to be neces
if environmental d
ation is to k& avoi

9.) No change chonge

in fallow and
farmed time occurs:
in more marginal
land not yet in
production.

Some correction has been made
for this in the original
estimate in the distinction
egred- between '"hills" and "bottom-
ded. land? The sample size is
small, a finer breakdown of
land qualities is needed,
and informtion is needed
specific to the Drake area.

on-
onger
sary

10.) No density depen- a.) This is often not . s . .
dent changes in the case, as has ?zgntlf;cgtlontof ngbiEll'
crop yields occur been pointed out 1€S ol 1nsec out reaxs
(from increased by Janzen (1970 & 73).gnder dlfferen? co?dltlons
pests, etc.) b.) Insects were prevent- li gn area crying tor

ing the cultivation  StHdYe
of beans in the low-
lands at Sirena.

11.) No effect on the Different crops were Again, a finer breakdown
proportion of land observed in the "hills" of data by land-quality
allotted to each and "bottomland™ in class is needed.
cropg occurs from Sirena.
putting more marg-
inal land into
production.

12.) No effect is shown Farmers often mention Predictions of this would
on the proportion difficulty @€ getting be tenuous and hard to
of land allotted cash crops to market, separate from other factors,
to each @op from A lxrger population unfortunately.
greater ease of d b xpected +
marketing cash coul € eéxpecteg to
Crops. Iure the Puntarenas-

based "lancha" to
stop more often,

13,) No effect on the One would expect an More study in this area is
proportion of land increase in staarch needed. The population
allotted to each crops as population density information in
crop from increasing pressure mounts. Appendix IX, unfortunately,

population density is inadequate, as explained
is shown, under assumption no. 8.
14.) No effect on the ©One might expect See text.

proportion of lad
allotted to each
crop occurs from
changes in the
size of each
familya

larger families to
be able to grow
more labor-inten-
sive crops.
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REASONS FOR
DOUBT

POTENTIAL CHECKS
AND REMEDIES

15.) No effect on the
proportion of
land allotted
each aop occurs
due to changes in
the numbers of
families in each
age class,

l6.) The standard of

living at the time

of the 1963 survey
is the one on which

a carrying capacity

estimate should be

based.

All of the land in
the area not class-
ed as "swamps,
beaches and Rivers"
should be devoted
to agriculture,

17.)

18,) The carrying
capacity is a
constant value
and does not
change through

time.

19.) An adequate estim-
ate of the carrying
capacity is obtain-
ed from the mean
values of land
holdings, fallow
times, yields,

etc.

One might expect
newly-arrived famiilies
to concentrate on
subsistence craéps, and
older ones to produce
more cash cropse.

The Costa Rican Govern-
ment may well have goals
for raising the standard

of living above this
level.

&.) Some additional
land not in this
category may be
unsuitable for
farming,

It may be desire-
able to bar agré-
culture from some
of the land incl-
uded in the study
area, Part of a
National Forest
is in the area,

There are many changes
which could alter the
carrying capacity,
including violation

of the assumptions

on consumption habits,
standard of 1living,
technological change,
and degredation,

The importance of a
reserve food supply
which the farmeft can
tap in a bad year,
such as the reserve

of game in the forest,
may be critical in
making the present
s¥y¥tem viable,

See text.

Scenarios could be
constructed assuming
various standards of
liVingo

Scenarios could be
constructed assuming
agriculture is barred

from eeetain areas, and/or
certain additional proport-
dons are unsuitable for
farminge.

In additdon to the allowances

suggested under assumptions
2,4,5,&16 , all such
effectw should be incorp-
orated into a dynamic
model of carrying capacitye.

Allowance must be made for
the variance in crop yields
and probabilities of
failure. The compensating
reserves and '"surplus"
production in "normal" years
must be incorporated as a
part of the estimate. A
stochastic model for
carrying capacity mmst
be developed.
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ASSUMPTION

REASONS FOR
DOUBT

POTENTIAL CHECKS
AND REMEDIES

20.) The "present land use" method,
which iis analagous to calling
"darrying Sapacity" the 45,6
persons/km~ figure for the
population density at the time
that all useable land is pro-
jected to be cleared, assumes
that the individual f amilies
are not expanding their holding
for planting with annual cropse.
The supply of fallow lmnd is
sufficientl o maintain the
population without drawing on
a supplement of new, previously
unused land.

a. ) Interviewed
farmers were
clearing more
land for
cultivation
yearlye

b.) High
land-clearing
rates were
observed in
the 1963
survey data.

Figures from this
method could only

be converted to
meaningful carrying
capacity values (given
the other assumptions)
if a corréction were
made ©r the equivalent
input of the new land.

It should be noted that the regressiors and projections have statistical

assumptions in addition to these bio
discussedl in the text,

logical ones,

Some of these are
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APFENDIX II : TABLE OF REGRESSION EQUATIONS DEVELOPED FOR IRAKE

EQN. DESCRIPTION EQUATION N R§ F STD, SIGNIF&

NO. FRROR ICANCE

DEMOGRAPHIC INFORMATION AND ILAND CLEARING:

1.) Number of families arriving (Y) "ror. Log Y = =400.51 +0,20559 X 1L 0.85822 72.636  0.L5079 00,0000
from the yerr of arrival (X). e

24) Total hectares of cleared land (Y) Y = 2,2L03 X ok 0,5795 128,17 0.19789 0,0000
frem the number of years of
occupancy (X)

3.) Total hectares cleared (Y) from = 1,8063 Xl-» 0679296 X2 71 0.,8851 784258  0,55226 00,0000
the years of cccupancy (X;) and
the number of persons in the
family (X,)

L) Number of perscns in a family (Y)
from the number of years of Y = 5.L8gh+ C.2h82L X 7L 0,03275 3,208  3,206) 0,3007
occupancy (X) - 0,0067187 X2

PERENNTAL CROPS:

5.) Hectares of pasture (Y) from
the no, of years of occupancy (Xl) Y 2 0.,07009 X, + 0,03038 X5 69 0, 0655 Le?383 0,09177 0,0185
and the number of persons in the
family (X,)

6.) Hectares of pasture {¥)mfrom the Y = 0,090913 X 91 0,050k L.7%h6 0,0416 0,0315
number of years of occupa ncy (X)

Te) Hectares of bananas (Y) from the -

,. number of years of occupancy (X) ¥ 2 0.32206 X 91 043907 57.697 0.075L 0.00®
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APPENDIX II, CONTINGED:

et T et oy it e s e e i

et e S e e ot S i P U S i et et e

EGN. DESCRIPTION EGUATION N Rg F STD. SIGNIFICANCE

NO. PR

FBRENNIAL CROPS, CONTINULD:

8.) Hectares of cacao (Y) from
the number of years of Y = 0,07532 X 91 003907 18.152 0,075h 0,0001
occupancy (X)

9¢) Hecteres of other crops (Y)
from the number of years of Y = 0,030655 X 91 0,12L9 12,847 0.,0085 00,0005
occupancy (&)

NON=PFRENNIAL CROPS FROM OBSERVATIONS IN FEBRUARY:

10.) Hecteres of rice (Y) from
the number of vears of Y = 0,05817 X U6 000981 L5559 0,0276 0,0383
occupancy (X)

11.3 Hectares of beans (Y) from
the number of years of Y = 0,047725 X L6 0,1921 10,70 0,01k6 0,0021
occupa ncy (X)

12.) Hectares of maize (Y) from
the number of years of Y = ¢,)10%6 X L6 0.2L08 1L.268 0,1088 0,0021
occupancy (X)

13,) Total hectarew of "occupied"
(farmed) land (Y) from the Y = 1.0L43 X 6 045396 52,732 0,1438 0,0000
number of yesrs of occupancy (X)

14.) Hectares fallow (Y) from the Y = 1.28L9 X L6 0.3837 28,018 0,24275 0,0000

number of years of occupancy (X)
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APPENDIX TII, CONTINUED:

BN, CESCRIPTION ECUATION N R2 F STD. SIGNIFTICANCE
NC, ERAOR
NON-FERENNIAL CROPS FROM OBSERVATHONS IN OCTOBIR:
1¢.) Hectares of rice (Y) from
the number of years of Y = 0.,042368 X 37 0elhli9 601009  0.01715 04018k
occupancy (&)
16,) Hectares of maize (Y) from
the number of years of Y = 0,15188 X 37 0.1413  B5.92L5  .062L 0,0200
occupancy (X)
17.) Total hectares of "occupied”
(farmed) land (Y) from the Y = 0,7L368 X 37 0.1273 26,861 0.113L9 3,000C
number of years of occupancy (X)
1€.) Hectares of fallow land (Y) )
from the mmber of vears Y = 1,3270 X 37 0.Li29L 27,089 0425196 0,0000

of occupa ncy (X)
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APPENDXX III:x EXPLANATION OF ABBREVIATIONS

The following abbreviations are used in the tables and graphs in
Appendices IV - IX;

Region: refers to the four regions into which the tot,1l study
area was divided; 1 = Rincon, 2 = Drake, 3 = Playa Blanca,
4 = Sigena,

Family: refers to the family identification number from the
1963 Osa Productés Forestales surveye.

Persons : Refers to the number of persons listed in the the
1963 survey; if only one person was listed this was
treated as a missing value.

Yrsocc: the number of years the family has occupied the site

Riceha: the number of hectares of rice

Beanha: the numbe#-of hectares of beans

Maizeha: the number of hectares of maize

Cacaocha: the number of hectares of cacao

Bananaha: the number of hectares of bananas

pastureh: the number of hectares of pasture

otherha: the number of hectares of other crops. <This is mostly

fruit, but also includes some manioc, pineapple, sugarcane,

and other crops.
Totalocc: the total hectares of "occupied" (ie. farmed) 1md
Fallowha: the total hectares of ffallow land
Totclears the total hectares of land ever cleared.
Monthobs: The month in which the observation was taken
Arrival: the year in which the family arrived.
Ricehpc: hectares per capita of rice
Beanhpc: hectares per capita of beans
maizehpc: hectares per capita of maige
cacaohpc: hectares per capita of cacao
Bananhpc: hectares per capita of bananas
Pasthpc: hectares per capita of pasture
Otherhpc: hectares per capita of other crops
CUcchpe: Hectares per capita of "occupied" (farmed) land
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APPENDIX III, CONTINUED:

fallohpc: hectares per capita of fallow land
Clearhpc: hectares per capita of cleared land
clehpcpy: hectares of land cleared per capita per year of occupancy
Ricepropz: Fhe proportion of the "occupied" farmed) land planted

in rice
Beanprop: proportion 6f the occupied (farmed) land in beans
Maizepro: proportion of the "occupied'" (farmed) land in maigze
Cacaopro: proportion of the "occup®ed" (farmed) land in cacao
Bananapr: proportion of the "occupied" (farmed) land in bananas
Pastprop: propoartion of the "occupied" ?farmed) land in pasture
Otherpro: proportion of the "occupied" (farmed) land planted in

other craps
Fallowpt: the praportion of the total cleared area which was fallow.
Predarr= the predicted number of families arriving in a given year
Familarr: the actual number of families which arrived in a given year.,
Familpre: the number of families present in the region in a given year
Logfamar: the natural logarithm of the number of families arri ving

in a given year.

Logfampr: the natural ladgarithm of the number of families present
vin a given year.,

missing values are indicated by the symbeol "=0,0".
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APPENDIX Vs PLOTS OF FAMILIES ARRIVING IN DRAKE vs. YEAR OF ARRIVAL
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APPENDIX VI= PROJECTION OF THE NUMBER OF FAMILIES ARRIVING IN DRAKE TO 1982
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APPENDIX VI, CONTINUED
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PROJECTION OF TOTAL CLEARED HECTARES IN DRAKE TO
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AFPENDIX VIIT PROJECTION OF HECTARES AND PROPORTIONS OF
EACH CROP TO 1982 FOR OBSERVATIONS MALE IN DRAKE IN FEBRUARY
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CAPPENDIX IX: SUMMARY OF POPULATION AND AREA INFCRMATION

Page 32

FOR THE FCUR

REGIONS OF THE OSA PENNINSULA:

REGION ESTIMATER TOTAL
1963 LAND
POPULATION AREA
OF PARMERS (hects)
Rincon 27 16835
Playa -
Blanca 231 4148
Sirena 37 22809
Bahia
Drake 615 21880
TOTAL 9210 65672

USEABLE PERSONS
LAND PER KMZ
AREA USEABLE
(hects) LAND
(1963)
16599 0.1627
4025 5.7471
20587 01797
21809 2.8249
63020 1,5898
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