CHANGES IN THE FOREST COVER OF COSTA RICA THROUGH HISTORY'/____

R .M. KEOCGH*

En el presente estudio se investigan los cambios que ccurricron ¢t la coberfura
Jorestal de Costa Rica, desde la iniciacion de lu colonizacion espartola e el siglo XV
lasta el presente. Se licieron los cdleulos por medio de un modelo matemdtico sobre el
periodo 19431977 v se hicieron estimaciones acerca de periodos anteriores, Se pre-
sentun los resultados en forma de cuadro, Se cxaminan brevemente los efectos y la

reaccion a la deforestacion,

Introduction

he piesent paper endesvours (o quantify the

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 1943 1977 s fairly well docu-
mented in the literature, and muthematical 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-
feous position in that much had been written and
recorded about the country when most deforesta-
tion took place and it shonld be possible to refine
these estimates with a closer study of the existing
mformation,

Before 1 800
Costa Rica may be divided for convenience into

four: the Pacific Coastal Plains: the Caribbean Low-
lands (including the plains of San Carlos and’ Sara-

————
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piqui), and the Central Chain of mountains or Cpr-
dilleras, and a depression within the mountains
known as the Central Valley. The I tter is not a valley
in the true sense of the word, but r: ther it is made up
of several vaileys. The River Reven azon drains the
castern portion of this depression an i the Rio Gran-
de Tidrcoles drains the western part.

Spanish coionizers arrived in the diy Pacific norl.h
western lowlands in the carly 16th century, but it
was not until tie 1560s that they managed to
pencetrate the Central Valley. Here, where the climutc.
is milder, they located Cartago, the principal city of
the province in 1563, The population was concen-
trated in and around this area throughout colonial
times.

In the absence of man’s interference almost the
whole suiface area of the country would be under
some form of forest cover with the exception of open
water surlaces, lava outflows and the ‘paramo’ or
the cover ¢ vegetation above the tree line. Accord-
ing to Sylvander (i3) the follo\ying are non-forest
arcas, other than puaramo, given' in percentage of
total surface area of the country in 197 7:

Swamp without forest cover 1.9%

Water 0.5%

Other types 0.5%
29%

Found mostly at elevations 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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3.57% results aud it is assumed here that this figure
remiained more or iess constant throughout history.

Man had innabited Costa Rica long before tie
coming of the Spani-" and had disturbed the natural
vegetation in many ways. He probably had much
effect on most or all Middle American vegetation at
some time {16). However, the area 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 Y .

The total popul:}\ion'of the country fell from
about 27 000 at the outset of the colonial period
to an all time low of 15 500 w.ound (1 611 (Figure
1). Thereafter it began to increase and reached
52000 or thereabouts by 1 800 (2).

It is nuteral to presume that forest clearance
accelerated when the colony was first established
and when the two cultures. indian, and Spanish
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Fig. 1.
Gen. Est. (3) and Costa Rica (2).

Population of Costa Riva 1522-1977, Based on. Dir.

with their influx ef cattle, were competing for the
cleared arcas. As the population decreased it is likely
that the total area of fand cleared remained stable or

even decreased.

Forest expansion would have occurred anywhere
there were abandoned areas 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 outset of the colony to the
present day,

It is ditficult to be more specific about the period
pre-1 800. After 1 800. and espeially after indepen-
dence in 1 821, the picture of torest clearance is
somewhat less hazy. More reliuble data is available
from 1943 to the present and it is proposed to

examine this interval first.

The period 19431977

A considerable amount of data exists for this time.
In 1943 the U.S. Department of Agriculture prod-
uced a report on the forest resources of Costa Rier,
National agricultural census were carried ot in 1950,
12551963 and 1973 and these include data relating
to forest cover. Forest cover maps were produced
for 1961 and 1977. Tosi (14) studied the forest
resources of the country with special emphasis on
the years 1930 1o 1973 and Perez and Protti (9) made
a survey of the forest sector during the period 1930 -
1977. The Central Bank of Costa Rica have alw

produced refevant data.

As techniques improved through the period. fand
use patterns and their arcas were determined with
greater accuracy: aerial photography has been applied
inc.easingly since the 1940s and Sylvander (13) made
use of sateHite images.

In this paper three broad land use categories are
recognis. d: agriculture. forestry and other. 1 two of
these categories are known for any poinl in time.
the third may be deducted by subtraction from the
total surface area of the country (some 31 100 km*)
Land devoted to agriculture includes pastoral land.
and land under permanent and temporary crops like
coffee, cacao. bananas, cotton, maize. beans, cte.
In addition, fallow land. scrub land (charral) and
savanna are included in this group.

The definition of forest in the literature is not
compatible in all cases where forest cover has been
estimated or measured: for example arcas with trees
under five metres tall whose crowns cover less than
50%  of the ground are excluded from tne forest
category by Sylvander (13), but may have heen
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accounted for by other workers. Nevertheless, the
definitions should be sufficiently close, as they stand,
to reflect adequately the pattern of deforestation
through the period.

In the previous section the assumption was made
that the area of non-forest surfaces, other thon those
created by mian, was about 3.5%. This makes up the
bulk of the category denominated ‘other’, but to
this must be added the urban arcas, including the
communications network. Sylvander (13) estimated
an urban area of 0.6% for 1977, with an error of
estimate of 63% . This is a very large error for a
very small surface area. In order to account for
this category through the period it was presumed
constant at 0.6% . For other periods, the urban arca
is assumed to be insignificant and no attempt is made
to estimate it.

Figures for the area of agriculture or torest land or
both were taken from Sylvander (13). Tosi (14),
Cepal ¢t al. (1). the Forest Cover Map of 1961 (5)
and U.S. Department of Agriculture (15). Data that
were not the original work of the authors were based
on the agricultural ceasus or information from the
Central Bank. Some adjustinents were necessary in
order to separate the data into the categories outlined
above. Nine estimates of the total area occupied by
forest resulted ane observation for cach of the years:
1977, 1975, 1973, 1971, 1963, 196!, 1955, 19590
and 1943, An cqual number of observations were
available representing the percentage fand under agri-
culture for the same years.

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

1) Ye= a+hX+cX?
where Ye = estimate of cover category. as percent
of the total land surface area of Costa

i

Rica.®
X = Yeur (1977 is year 0; 1970 is year 1;
and X ascends for other years prior to
1976)
a = intereept
bandc = regression coefficients

* The dependant variable was expressed as a pereentage
rather than a transtformed value, Transtormation wis not
necessary, mainly hecause most of the original data lay
between 30 and 70% .

The least squares method was used to estimate the
equation fer cach category and the results are as
follows:

2)  Ye = 41.71 +1.5243(X) - 0.0147 (X?)
where Ye = percentage of Costa Rica covered by
forest
X = asincquation (1)

I

3)  Ye= 5417 1.5243 (X) + 0.0147 (X?)
where Ye = percentage of agricultural land
X = asinequation (1)

These equations fit the observations very weil
(the coefficient of determination (R?) in both cases
is 0.99. However, because of the natme of these
models, it would be extremely, risky to extrapolate
them.

liquation (2) suggests that the percentage forest
cover in Costa Rica in 1943 was 70.54%and in 1977
41.71%, thus the overall rate of deforestation in the
period was about 52 000 hectares per year. The
equation points to an ever-increasing speed of forest
clearance. However, there is certain evidence to sug-
gest that the rate may have reached a maximum of
70 000 hectares and has begun to subside somewhat
(1),

The year 1 900

During the period 1943--1977 the population
increased from 687 000 to 2 044 000 (3) and ac-
cording to equation (3), the total arca devoted to
agriculture rose from 9 881 km? in 1943 to
27 681 km? in 1977. From these sources, the agri-
cultural arca in ha/capita  was calcu'zted for the
years 1977, 1943 and every five years from 1950
to 1970 inclusive. A straight line regression was fitted
by the least squares method to the figures and the
following equation was produced:

4)  Ye = 1.34 +0.0041 (X)

where Ye = is an estimate of agricultural land in
ha/head of populdfion
X = year, as in equation (1)

Lquation (4) shows a tendency for the ratio of
agricultural land per head to decrease slightly from
1943, which suggests a more cfficient use of land
through time. The assumption is made here that this
process had bheen going on through the present
century, If so, equation (4) indicate~ that the ratio
would have been 1 656 hafhead of population for
I 900 (X = 77). In tnat year, Costa Rica had a
population of 303 760 (2), and thercfore an esti-
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mated agricultural land areq of 5030 km? or 9.8¢ of
the country. The result agrees with an estimate made
by Tosi (14) iu thot less ihan 10%  oi the national
territory would have been under agriculture, Besjdes
this, 3.5% was in the category ‘other’ and therefore
the forest cover was about 86.7%.

Although the conclusion dppears reasonable, such
a caleulation must be treated with caution because of
lengthy extrapolation of cquation (4) and a more
detailed study is necessary to refine the estimates,
However, agriculture in 1900 was not very difteremt
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 deforestatio. rate of Gver
12 000 ha/yeur between 1900 and 1943, less than a
Quarter that of the period 1943- 1977 as estimated
hy equation (2).

The year 1 800

Less than 10% of Costa Rica was divided into
private property at the beginning of the X[\ century
and although no agricultural census exists for this
time it is possible to limit the area on the basis of
information of larnd 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 Jand during
the colonial period or national land after indepen-
dence), which was practicaily all under forest (Figure
5

The five regions of the private property ares were
not all cleared of forest at the beginning of the XIX
century; the regiyn of cacao prodiiction (region I)on
the east coast would have heen 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 areq
of about 350 km? ¢, the west of region 2 in the

Central Valley (region 4), where forests were
of about 350 kin? to the west of region 2 in the
Central Vialley (region 4), where forests were

probably as extensive as grazing land,

If it is assumed, then, thot all of region 2 and half
of region 4 were cleared of forest, this could result in
a cleared ares of abouyt 1.5%of the cothtry,

Region S in the north west was possible greater
than 3 660 km? in extent, where Ivestock were
raised in large haciendas. Extensive grazing was
Practiced and much of the Zone was wnder forest:
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Land usein Costa Rjca C. 1800. Based on Hall (4).

were

thought to have been man-induced at some point in

the past,

It is difficult to be precise
land under forest in region 3
XX century. In 1977 the
18% as estimated from: Min,
1961 it was about 34%
Geog. Nac. (5).
over 30 km?

about the proportion of
at the beginning of the
forest cover here was about
Agr. Gan. (8) and in
as estimated from Instit.
This indicates a forest cut back of
per year. It was assumied 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

the

rate of felling at
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 lp?

have been added,

of forest would
bringing the to*al areq covered, in

1800. to about 71% of the region. The rate of de-

forestation in the XX
exceeded 6.7 kin?
and so it

century  would

is difficult to he more

per year. but may have be
precise than to

not have
en less

assume the forest cover was between 53 and 71% in

18CO; in other words, the

open arca lay between

29 and 47% of (e region or 2.0 and 3 4% of Costa

Rica.

In summary. in 1800 there was
cultural® arey of between 3.5 and 4.9%
(mean of 4.7 ) and a forest
and 93.0% .
deforestation of Jess than 3 000 ha
4 quarter that of the period 1900

a cleared ‘agri-
of the country
cover of between 91.6
This would suggest an annual rate of
per year, about
- 1943, Further,

most of the clearance woulg have taken place after
1850. This may be deduced from the proportion of
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claims for “tierras baldias’ before and after 1850 in
the Naticnal Archives, the growth in population
(Figure 1) and the pattern of colonization of new
areas by the expanding population (11 ).

Summary 1 500 - 2 000

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

If the destruction of the forest resouree wis to
continue unlibited at the present rate. then Costa
Rica would be without forests by the end of the first
quarter of the XXI century.

This enormous rute of removal is not accompanied
by a parallel utilisation oi the timber, Much of the
wood is burnt or left to rot on the ground and most
of the land eventually passes 1o grazing. The explo-
sion of the grex vnder grazing, especially since 1950,
has - contributed largely to the destruction of the
country’s forests and is seen as a source of quick
monetary return but may be a long term fiasco (10,
12,14).

Discussion
The dramatic decrease in the area of natural vege-

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

Table 1. Pattern of land use in Costa Rica from the conquest
to the present day, in percentage of the total surface
arca of the country,

Bas Qm__—::_—t:::_—::;:z—v-;‘:
Land Use Catcgory
Year Agriculture  Forest* Other
Early 16th

century 20 94.5 3.5
1800 4.2 923 3.5
1900 9.8 86.7 3.5
1943 19.4 76.5 4.1
1960 32.5 634 4.
1977 54.2 41.7 4.1

Includes natural forest orly; the extent of planted forest
is insignificant.

1800

1940

1950

1961

Fig. 3. Forest cover of Costa Rica for sclected years, based
on Hall (4), ycar 1800, and Perez and Protti (9),
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side effects on the environment. Frosion of unstable
soils, particularly on sloping ground has increased; the
stabilizing effect of the forest on watershed has been
decreased and an appalling destruction of wildife,
wildlife habitats and flora has taken place. This has
caured concern among conservationists and poli-
ticians,

The Government of Costa Rica has taken steps to
control the indiscriminate felling of trees. A forest
law wus passed in 1969 to protect and use rationally
the natural forest fesources of the country (6). A
reforestation law caime into effect in 1977 (7) that
encourages, through incentives, landowner; to 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. It is too svon to comment
on the long term effects of these measures but it is
encouraging to see hat steps are being taken in the
right direction.

The next 30 years will be crucial for the natural
forest resource of Costa Rica: whatever will be
preserved wiil be preserved in this period and so it
would be helpful 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 ieces-
sury.

Summary

An attempt is made to trace the changes that took
place in the iorest cover of Costa Rica, from the
coming of the Spanish in the 16th century o 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 table. Effects of and reaction to the rate of
deforestation are examined briefly.
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