CHANGES IN THE FOREST COVER OF COSTA RICA THROUGH HISTORY!/

R M KEOGH=*

En el presente estudio se investigan los cambios que ocurrieron en la cobertura
Jorestal de Costa Rica, desde la iniciacion de la colonizacion espaiiola en el siglo XVI
hasta el presente. Se hicieron los cdlculos por medio de un modelo matemdtico sobre ¢l
periodo 19431977 v se hicieron estimaciones acerca de periodos enteriores, Se pre-
sentan los resultados en forma de cuadro. Se examinan brevemente los efectos y la

reaccion a la deforestacion.

Introduction

he present paper endeavours to quantily the
T disturbance of the forest cover of Costa Rica by

human activity throughout history, or since the
conquest of the territory by Spain in the 16th
century. The period 19431977 is fairly well docu-
mented in the literature, and mathematical models
have been applied in the article to reflect the land use
patterns during this time. Estimates are made for the
period pre-1943 and these depend on certain assump-
tions which are outlined. Costa Rica is in an advanta-
geous position in that much had been written and
recorded sbout the country when most deforesta-
tion took place and it should be possibie to refine
these estimates with a closer study of the existing
information

Before 1 800

Costa Rica may be divided for convenience info
four: the Pacific Coastal Plains; the Caribbean Eow-
fands (including the plasins ol San Curlos and Sara-
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piqui), anrd the Central Chain of mountains or Cor-
dilleras, and a depression within the mountains
known as the Central Valley. The latter is not a vatley
in the Lrue sense of the word, but rather it is made up
of several valieys. The River Reventazon drains the
eastern portion of this depression and the Rio Gran-
de Tdrcoles drains the western part.

Spanish colonizers arrived in the dry Pacific north
western lTowlands in the early 161h century, but it
was not until the 1560s that they managed to
penetrate the Central Valley Here, where the climate
is milder, they located Cartago, the principal city of
the province in 1563 The population was concen-
trated v oand around this area throughou! colonial
times

In the absence of man’s interference almost the
whole surface arca of the country  would be under
some form of forest cover with the exception of open
water surfaces, fuva outflows and the ‘paramo’ or
the cover of vegetstion above the {ree line Accord-
ing 1o Sylvander (13) the following are non-forest
areas, other thun puramo, given in percentage of
total surface arca of the country in 1977:

Swamp without forest cover b 9%
Water 0 5%
Other types 05%

2.9%

Found mostly at clevations above 3 000 m, para-
mo constitutes about 0.6% of the country; when
added to the above. a non-forest area of about
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35% results and it is assumed here that this {igure
remained more or less constant throughout history

Man had inhabited Costa Rica long before the
coming of the Spanish and had disturbed the aatural

vegetation in many ways. He probably had much
effect on most or all Middie American vegetation at
some time (16) However, the aren cleared of forest
cover in Costa Rica when the Spanish arrived, is
thought to have been very small Tosi (14} estimates
that this would not have been more than 2%

The total population of the country fell from
about 27 000 at the cutset of the colonial period
to an all time low of 15 500 around (1 611 {Figure
1) Thersafter it began to increase and reuched
52 000 or thereabouts by 1 800 (2}

It is ratural to presume that forest clearance
accelerated when the colony was first established
and when the two cultures, Indian. and Spanish
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with their influx of cattle were competing for the
cleared areas. As the population decreased it is likely
that the total area of land cleared remained stable or

even decreased

Forest expansion would have oceurred anywhere
there were abandoned areus in which natural re-

generation was not hampered. So the first quarter of

the 17th century may have seen the greatest extent
of forest cover since the outsel of the colony to the

present day

It is difficuit to be more specitic about the perjod
pre-1 800 After | 800. and especially aiter indepen-
dence in 1 821, the picture ol forest clearance is
somewhal less hazy More relinble data is availuble
from 1943 to the present and it is proposed to
cxamine this interval first

The period 19431977

A vonsiderable amount of dats exists for this time
In 1943 the US Department of Agricultwre prod-
uced a repoert on the forest resources of Costa Rica
Nationu! agricultural census were carried ot i 1950,
1935, 1963 and 1973 and these include daty relating
to forest cover Forest cover maps were produced
for 1961 und 1977 Tosi (14) studied the forest
resources of the country with special emphasis on
the years 1930 10 1973 und Perez and Protti (9} made
a survey of the forest sector during the period 1950
1977 The Central Bank of Costu Rics have also

produced relevant data

As technigues improved through the period. land
use patterns and their arcas were determined with
greater aceusacy: aerial pholography has been applied
increasingly since the 1940s and Sylvander (13) made
use of satellite images

In this paper three broad land use culegories are
recognised: agriculture, forestry and other 1l two of
these categories are known for any point in lime,
the third may be deducted by subtraction from the
total surface arca of the countsy (some S1 100 km*}
Land devoted to agricudture includes pastoral Tand.

and lund under permanent and temporary crops like
colfee, cacao, bananas cotion maize. beans. etc.
In asddition. fallow land. scrub land (charnal) and

savanna are included in this group

The definition of forest iy the literature is not
compatible in ull cases where forest caver has been
estimated or measured: [or example arcas with trees
under five metres tall whose crowns cover less than
30% of the giound are excluded from the forest
category by Sylvander (13), but may have been
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accounted for by other workers Neveriheless, the
definitions should be sufficiently close, as they stand,
to reflect adequatety the pattern of deforestation
through the pericd

In the previous section the assumption was made
that the area of non-forest surfaces. oiher than those
created by man, was about 3.5%  This makes up the
bulk of the category denominated “other’, but {o
this must be added the urban areas, including the
communications network  Sylvander (13) estimated
an urban area of 0.6% for 1977, with an error of
estimate of 3% This is a very lorge ervor for a
very small surfuce area In order 1o account for
this category through the period it was presumed
constant a1 0 6%  For other periods, the urban areas
is assumed to be insignificant and no attempt is made
to estimale it

Figures {or the urea of agriculture or forest land or
both were taken from Sylvander (13}, Tosi (14).
Cepal et al (1) the Forest Cover Map of 1961 (5)
and US Department of Agriculture (15) Data that
were not the originat work of the authors were based
on the agricultural census or information from the
Centrai Bank Some adiustments were necessary in
order to sepurate the data into the categories outlined
above Nise estimates of the total area occupied by
forest resulied one observation for each of the years:
1977, 1975, 1973, 1971, 1963, 1961, 1955, 1950
and 1943 An equal number of observalions were
available representing the percentage land under agri-
culture for the same years

A polynominal cquation was fitted to the nine
abservations in cach category. The equation type is:

1} Ye = a+bhX+ceX?

where Ye = estimate of cover calegory. as percent
of the total land surface area of Costa
Rica *

X = Yeur (1977 is year 0, 1976 is year 1.
and X ascends for other years prior 10

1976)
a = intercept
band ¢ = repression coeflicients

* The dependant variable wuas expressed as a percentage
rather than a transtormed value. Transformation was not
necessary, madaly becavse most of the original date Jay
between 30 and 70%

The leasi squares method was used to estimate the
equation for each calegory and the results are as
[ollows:

2y Ye = 4] 71415243 (X}~ 0.0147 (X))
where Ye = perceniage ol Costa Rica covered by
forest
X = asinequation (1)

3 Ye= 541715243 (X) +00i47 (X?)
where Ye = percentage of agricultural fand
X as in equation {1}

These equations {it the observations very well
{the coeflicient of determination {(R?®) in both cases
is 099 However, because of the nature of these
models, it would be extremely risky fo extrapolate
them .

Equition (2) suggests that the percentage forest
cover in Costa Rica in 1943 was 76 54%and in 1977
41.71% . thus the overall rate of deforestation in the
period was about 52 GO0 hectares per year The
equation points 1o an ever-increasing speed of forest
clearance. Mowever, there is certain evidence to sug-
gest that the rate may have reached a maximum of
70 000 hectares and has begun to subside sormewlat
(13)

The year 1 900

Puring the period 1943-1977 the population
increased from 687 000 1o 2 044 000 {3} and ac-
cording (o equation (3), the total ares devoted to
agricuifure rose from 9 881 km? in 1943 to
27 681 km?® in 1977, From these sources, the agri-
cultural area in ha/capita  was calenfated for the
years 1977, 1943 uand every five years from 1930
to 1970 inclusive A straight line regression was fitted
by the least squares method to the figures and the
fotlowing equation wus produced:

i

4} Ye 1 34 +0.0041 (X)

i

where Ye = is un estimate of agriculturat land in
hafhead of population

X year. as in equation {1}

Equation {4) shows a tendency for the ratio of
agricuitural jand per head to decrease slightly from
1943, which suggests a more elficient use of land
through time. The assumption is made here that this
process had been going on through the present
century . If so, equation (4) indicates that the ratio
would have been | 656 hafhiead of population for
I 900 (X = 77} In that year, Costa Rica had a
population ol 303 760 (2), and therefore an esti-
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mated agricultural land area of 5 030 km? or 9.8% of
the country. The result agrees with an estimate made
by Tosi (14) in that less than 10% of thé national
territory would have been under agriculture. Besides
this, 3.5% was in the category ‘other’ and therefore
the forest cover was about 86.7%.

Although the conclusion appears reasonable, such
a calculation must be treated with caution because of
lengthy extrapolation of equation (4) and a more
detailed study is necessary to refine the estimates.
However, agriculture in 1900 was not very different
from that practised at the beginning of the period
1943—-1977, nor would the rural/urban population
balance have changed greatly, so that the estimated
agricultural area may be, if in error, exaggerated. The
result suggests an overall deforestation rate of over
12 000 ha/year between 1900 and 1943, less than a
quarter that of the period 1943—1977 as estimated
by equation (2).

The year 1 800

Less than 10% of Costa Rica was divided into
private property at the beginning of the XIX century
and although no agricultural census exists for this
time it is possible to limit the area on the basis of
information of land transactions in the records (4).
This area is divided by Hall (4), into five regions, each
containing a different land use pattern. The rest of
Costa Rica was ‘tierra baldia’ (crown land during
the colonial period or national land after indepen-
dence), which was practically all under forest (Figure
2).

The five regions of the private property area were
not all cleared of forest at the beginning of the XIX
century; the region of cacao production (region 1) on
the east coast would have been heavily forested as
well as the area that had been bought by speculators
(region 3). In fact, outside the main population con-
centration, an area of about 600 km? (region 2),
and a zone of large haciendas (region 5), very little
land had been deforested. There was another area
of about 350 km? to the west of region 2 in the
Central Valley (region 4), where forests were
of about 350 km? to the west of region 2 in the
Central Valley (region 4), where forests were
probably as extensive as grazing land.

If it is assumed, then, that all of region 2 and half
of region 4 were cleared of forest, this could result in
a cleared area of about 1.5% of the country.

Region 5 in the north west was possible greater
than 3 660 km? in extent, where livestock were
raised in large haciendas. Extensive grazing was
practiced and much of the zone was under forest;

f
L1 5 Km o approx

Region
I Cacao
2 Intensive agriculture
3 Zone of speculation

4 Grazing and agriculture

5 Extensive grazing

Fig. 2. Land usein Costa Rica C. 1800. Based on Hall (4).

savannas were also present. The savannas were
thought to have been man-induced at some point in
the past.

It is difficult to be precise about the proportion of
land under forest in region S at the beginning of the
XIX century. In 1977 the forest cover here was about
18% as estimated from: Min. Agr. Gan. (8) and in
1961 it was about 34% as estimated from Instit.
Geog. Nac. (5). This indicates a forest cut back of
over 36 km? per year. It was assumed that removal
prior to 1961 was proportional to the national rate;
thus the area of forest in 1900 was calculated to
cover 53% of the region and the rate of felling at
the turn of the century was estimated to be about
6.7 km? per year. If this rate had continued through
the XIX century an extra 670 km? of forest would
have been added, bringing the total area covered, in
1800, to about 71% of the region. The rate of de-
forestation in the XIX century would not have
exceeded 6.7 km? per year, but may have been less
and so it is difficult to be more precise than to
assume the forest cover was between 53 and 71% in
1800; in other words, the open area lay between
29 and 47% of the region or 2.0 and 3.4% of Costa
Rica.

In summary, in 1800 there was a cleared ‘agri-
cultural’ area of between 3.5 and 4.9% of the country
(mean of 4.2% ) and a forest cover of between 91.6
and 93.0% . This would suggest 4n annual rate of
deforestation of less than 3 000 ha per year, about
a quarter that of the period 1900 - 1943. Further,
most of the clearance would have taken place after
1850. This may be deduced from the proportion of
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claims Tor “tierras baldias™ before and after 1850 in
the National Archives, the growth in population
(Figure 1) and the pattern of colonization of new
arcas by the expanding population {11}

Summary 1 500 — 2 000

Table T summarizes the probable pattern of land
use through time. while Figure 3 shows how the
forest cover was removed since 1800 By fuar the
greatest amount of deforestation took place in the
period 1943 - 1977 {or which most data are avail-
able In fact. more forest cover was removed in this
period than in the previous 400 years The estimates.
particulariy pre-1943 are tentative; it may be possible
to refine them with a more detailed study of existing
records but 1 doubt that the overall pattern would be
altered greatly

Il the destruction of the forest resource was to
continde unhibited at the present rate, then Costa
Rica would be without forests by the end of the [irst
quarter of the XXI century

This enormous rate of removal is not accompanied
by a paraile]l utilisation of the timber Much of he
wood is burnt or left to rot on the ground and mast
of the land eventually passes to grazing The explo-
ston of the area under grazing, especialiy since 1950,
has contributed largely to the destruction of the
country's forests and is seen as u source of quick
monetary reiurn but may be a long term fiasco (10,
12,14}

Discussion
The dramatic decrease in the area of natural vepe-

tation, especially in the last 40 years, has had many

Tuble 1. Pattern of land use in Costa Rica from the conquest
to the present day, in percentape of the tofal surface
area of the country.

Land Use Category

Year Agriculture  Forest* Other

Parly 16th

century 26 94 5 35
18406 42 923 35
1906 98 86 7 33
1943 194 76.5 4.1
1960 325 634 41
1977 542 417 4.1

* Includes natural forest only; the extent of planted forest

is insignificant.

1800

1940

1950

1861

1877

Fig 3 Forest cover of Costa Rica for selected years, based
on Hall {4}, year 1800, and Perez and Protti (%)
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side effects on the environment Erosion of unstable
soils, particularly on sioping ground has increased; the
stabilizing effect of the forest on watershed has been
decreased and an appalling destruction of wildlife,
wildlife habitats and flora has taken place This has
caused concern among conservationists and poli-
ticians,

The Government of Costa Rica has taken steps to
control the indiscriminate felling of trees. A forest
law was passed in 1969 to protect and use rationatly
the natural forest resources of the country (6) A
reforestation law came into effect in 1977 (7) that
encourages, through incentives, landowners 1o create
forests by planting National parks and forest reserves
have been set up all around the country to preserve
areas of scientific interest, and to protect flora and
fauna from extinction, and to promote rational
exploitation of the forest 1t is too soon o comment
on the long term effects of these measures but it is
encouraging to see that steps are being taken in the
right direction

The next 30 years will be crucisl for the natural
forest resource of Costa Rica, whatever will be
preserved will be preserved in this period and so it
would be helpfui to have continued surveys of the
forest cover undertaken These would help to assess
the success or otherwise of the government measures
and further corrective action could be taken if neces-
sary

Summary

An attempt is made to trace the changes that took
place in the forest cover of Costa Rica, from the
coming of the Spanish in the 16th century to the
present day. A mathematical model was compiled for
the period 1943 — 1977 and estimates were made for
periods prior to this. Results are summarised in the

form of a tabie Effects of and reaction to the rate of

deforestation are examined bricfiy.
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Resenia de libros

BULLOCK, Ay WOODINGS, R. B. eds The Fon-

tana biographical companion to modern thought
London. Fontana, 1983 867 p 5695 en rustics

Cuando el admirable Dictionmry of modern
thought, de Bullock y Stallybrass, apuarecié en 1977,
fue aciamado universalmente como una mini-encicio-
pedia de todos aquellos términes con que uno se tro-
picza er la esferu del pensamiento moderno, inter-
pretado en forma amplia; no sélo filosofia, arte y
ciencia, sino también pohitiva, sociologia, educacion,
religion vy cualguier otra cosa con e nos topamos
en nuestras lecturas y que no he sleanzado todavia
un sitial en s enciclopedias usuales Vocablos como
“tremendista™, euritmica”. “programacion lineal”,
“uligopolio”. “leorsa de s caja negra’, etc Las en-
tradas se relacionuban principelmente con abstraccio-
nes, instiluciones y conjuntos de conceptos 5i me re-
fiero u este primer libro es porque la gran acogida
guc tuve origingd este segundo volumen que lo com-
plementa También hay ¢l hecho de que creie haber
escrito wna resefia recomendiindelio, pero ahora veo
que sélo hice unos spuntes gue nunca compleié

Cuuando se elabord ef diccionario, los editores
tuvieron que aceplar que era imposible. por razones
de espacio, incluir entradas biogrdficas: se limitaron,
entonces, & poner sOlo nombres y fechas, con refe-
rengias o lus ideas y temas en lus que tuvieron in-
fluencia  Se decidid esperar, v si el diccionario tenia
éxito, se preparariz un volumen independiente, pero
complementario. gue presentariy lu informacion bio-
grifica, dificit de obtener, que cualquiera pueda
necesitar ul explorar ef pensgmiento moderno Por-
que nadie puede. por ejemplo, estudiar fisica moder-
na sin suber quienes {ueron Kamerlingh Onnes, Niels
Bolr. Heisenberg, Rutherford, Schrédinger, ¥ cudles
son las diferentes contribuciones que cllos han hecho;
0. para tomar un pufiade de nembres de la biologra,

{2), (3), (4). €8), 1945 and Vol. 18,(1),42),
{4).{7). 1946,

16, WAGNER, P L. Natural vegetstion of Middle
America  Handbook of Middle American
Indians. 1 Natural Environment and early
cultures: 1971 pp. 216-263

guienes  fueron  ilpen, Niko Tinbergen, Monod,
Cornfuorth, Krebs, Vavilov, Watson y Crick, v con cui-
les progresos esldn asocizdos  Es sorprendentemente
difivil obtener sespuestss satisfuctorius para lus figuras
e han destacado en dos ultimos veinte o treinta
afios en los cumpos del conocimiento que menos
publicidad reciben

Por “moderno” se quicre decir. en este caso, el
periodo desde 1900 hasta el presente Esto excluye
a casi todos los que murieron antes del siglo actual
Las excepeiones son up pequeio nimero de figuras
notables, tales come Marx, Babbage, Kirkegaard,
Mendel (el centenario de su muerte se cumple este
aito) quicnes, aungue sus fechas corresponden al siglo
diecinueve, sus logros se han aprovechado, o se han
reconocido en este siglo como contribuciones claves
at pensamicnto moderno

Ll trabzjo conjunto de los editores, consultores,
especialistus ¥ redactores, resultd en que unos 300
colaboradores eseribieron unas 200 entradas Pero la
mela fue producir algo mis que un Who's Who. Para
Hegar o la cifra finul de 1945 entradas, el factor deci-
sivo {ue el grado en que un individuo que trabaja en
un campo particular ha modificado la misma defini-
cion de su campo y su subsecuente desarrollo, y sigue
siendo una presencia que se debe Lener en cuents por
sus continuadores. También hay otro tipo de personas
que han tenido influencia en el munde moderno
Unos, la mayorda, por sus contribuciones a [a litera-
tura, religién, filosolia, las ciencias naturales y socia-
les, asy como a fa musica y las artes visuales Unos
pocos gozan de una existenciy simbdlica como re-
presentantes de un punto de vista o estilo de accion
distintivos. Esta existencia simbdlica es aun mds rele-
vante para los sctores, ya sea del teatro, cinema o sala
de conciertos, algunos de los cuales {Casals, Chaplin,
Marilyn Monroe) son ya feyendas

£l examen de este libro, que a ratos se vuelve fasci-
nante, nos deju la impresion de que va a ser dificil
mantener que ef siglo veinte ne ha alcanzado la ener-
gra creadora y el genio de las edudes que o han prece-
dido. También aparecen, al recorrer sus piginas, cler-
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tos femas generales que se catrecruzan en e} disefio
del pensamniento moderne Como ejemplos se pueden
sefialar el papel de paises de ta Comunidad britdnica.
como Australia, India, Pakistdn, como una fuente de
talentos subsecuentemente desarrollados en Inglate-
rra y los Estados Unidos; las interrelaciones entre
ideas cientificas particulares y las expresiones lite-
rarias y artisticas de conceptos sfines; la coincidencia
de fechas; y. algo que salta a la vista al pasar las hojas,
la extraordinaria contribucién de los cientificos, es-
critores y artistas, victimas de fu persecusion totali-
taria de Alemania, Austria, [talia, Polonia y Rusia,
antes y después de la segunda guerra mundial Apare-
cen as|{ los nombres de Einstein, Fermi, Severo
Ochoa, Freud, Casals, Kissinger. Rachmaninov, Stra-
vinski, Landowska, Max Reinhart, Wittgenstein, Mar-
cuse y muchos mds

El fibro tiene un indice clasificado en grandes
campos, en el que se puede apreciar que las entradas
mds numerosus pertenecen al de las artes (15 colum-
nas de nombres), dentro del cual predominan fa lite-
ratura (8 columnas) y las artes visuales (4) Le sigue
el campo del pensamiento y accion social (9 celum-
nas), en el que predomina el grupo politica y guerra
{4 columnas} En tercer lugar ocurre el campo de
la ciencia y tecnologia (8 columnas), en el que sobre-
salen las cienclas fisicas {3, 5 columnas) seguidas de
las biolégicas (2) Por ditimo, tenemos el campo de
las humanidades (5 columnas), dominado por ta his-
toria (5} y ia filosofia {2)

Espafia y Iz Amdrica hispana esédn representa-
das. Los nombres aparecen mds en la literatura (30)
vy pintura (7). Después aparecen aisladamente en
musica (Falla, Casals, Segovia), arquitectura (Gaudi),
filosofia (Ortega, Santayana), religidn (el tedlogo
Gustavo Gutiérrez, el autor de Teologia de la libera-
cién, Lima 1971}, politicos { Allende, Castro, Franco,
Guevara, los Perdn) y ciencias bioldgicas (Cajal,
Ochoa)

En literatura, poiitica y musica popular se encuen-
tran los personajes de menor edad, [o que no sorpren-
de, pues en estas actividades se alcanzan triunfos tem-
pranamente  Veamos algunos ejemplos. Entre los
protagonistas del “boom™ latinoamericano, hacen
su aparicidn literatos jovenes como Vargas Llosa
{nacido 1936), Fuenies {n 1928}, Garcia Midrquez
{n 1928). y otros menecs jovenes como Ruifo {n
1917}, Cortdzar {n 1914), Carpentier {(n. 1904) y
Asturias {n 1899) Lntre los midsicos populares teng-
mos los personajes mds jovenes: los Beatles {n. de
1940 a 1943}, los Rolling Stones (n de 1936 a
1944y, Jimi Hendrix {n 1942} y Bob Dylan (n
1941) Por ultimo. los politicos mds jovenes que
figuran son Qaddafi (n. 1942} v Wallesaz {n 1943}

Lu diversidad de actividades en las que csas per-
sonas han dejado su marca en este siglo hace gue su
examen se haga con interds y placer En qué otra
parte. por ejemplo. pueden cncontrarse en pdginas
vecinos al creador de una estilizacion lineal ritmica
distintiva (Modigliani). al pintor que llegd sl himite
de la pintura abstracta (Mondrian). &l que le dio su
nombre al impresionismo {Monet}, al padie de la
comunidad econdmica curopea (Monnet), a uno de
los principales arquitectos de la biologia molecular
{Monod}, al principal simbolo sexual femenino de
la posguerra (Marilyn Meonroe), a ta muier que revo-
luciond a la educacién infantil {(Montessori), y al
hombre que transformo la industria juponesa al
aplicar los transistores a productos baratos de con-
sumo. como :adios de bolsillo. televisores v cintas de
video (Morita) En resumen, Lord Bullock ha creado
auevamente un volumen que no tiene competidores
en los anaqueles de referencias
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