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Foreword 

Development is synonymous with quality of life, which in-
cludes and indeed demands environmental quality. The Tech-
nical Planning Secretariat has, since its inception, drafted 
development plans with this perspective in mind. Thus the 
Secretariat has been interested in learning of Paraguay's natural 
resource potential as well as the various ways in which these 
resources are and can be used and conserved. Development 
plans have always favored avoiding environmental degrada-
tion through sound natural resoui'ce policy. 

Conservation and preservation of our natural wealth guar-
antees future generations the possibility of producing goods in 
a comfortable, appropriate habitat. 

Environmental protection is the responsibility of all Para-
guayans, individually and collectively, and of all public and 
private institutions. Conservationist considerations should pre-
vail over secondary activities of such institutions. Thus envi-
ronmental protection implies the need to be aware of the 
importance of the environment and of its fundamental role in 
day-to-day life. Such awareness iskey if environmental quality
is to be safeguarded, 

This document has been drafted to satisfy adeeply felt need: 
to have before us a comprehensive study of environmental 
aspects of Paraguay, so as to be able to come to important 
conclusions and set forth proposals and recommendations in 
order to achieve conservation and preservation of the Para-
guayan environment. 

Federico Mandelburger 
Executive Secretary 

In this day and age, almost all count;ies recogrd7e that it is 
impossible to raise the standaid of living without rational use 
of natural resources and the environment. The Government of 
the United States, through the Agency for !ntemational De
velopment (AID), has developed the Environmental Profile to 
help countries design development plans based on sound nat
ural resource use. This, in turn, will assure adequate living 
conditions for today's populations and future generations. 

It is a great honor to note that during my tenure as Ambas
sador of the United States to Paraguay, the Environmental Pro
file of Paraguay was carried out. The study was done by the 
Technical Planning Secretariat, in cooperation with the Inter
national Institute for Environment and Development. 

I have had many opportunities to become familiar with Par
aguay's natural environment: the beautiful landscapes of the 
national parks, the forests, the pure air and the many rivers 
and streams. I have also noted the tremendous diversity of 
wildlife in this most beautiful country. Above all, out of a 
personal interest, I have been able to admire the abundance 
of splendid birds. Because of all these, I consider this Envi
ronmental Profile to have raised expectations of future achieve
ments. 

I hope that this document is not corsidered an end in itself, 
to be put on the shelves of a library and forgotten. Rather, it 
should be a beginning, a beginning that serves as a catalyst 
to further activities as part of the national effort to safeguard 
Paraguay's natural heritage. 

Arthur H. Davis 
Ambassador 
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Preface 

The Environmental Profile of Paraguay is part of a series of 
environmental profiles sponsored by the United States Agency
for International Development. The general outline of the study
was prepared in Paraguay by Mr. Dennis McCaffrey and Mrs. 
Diane W. Wood, both of the International Institute for Envi-
ronment and Development (lIED), and Mr. Gary Hartshorn of 
the Tropical Science Center of San Joso, Costa Rica. 

Analysis, synthesis, coordination of sector reports, and the
final draft were the responsibility of Sr. Gregorio Raidin (STP)
and Sr. Alberto Jimonez Ferrer (STP). 

Stylistic editing was the work of Sr. Hugo Oddone (STP),
while Sra. Carlota Rheineck de Mendez was in charge of all 
diagrams. 

The Spanish document prepared in Paraquay was translated 
into English by Mr. Charles Roberts ol Language Specialists
and Translators, Inc., Washington, D.C. 

Contractual arrangements for the profile were made by the
International Institute for Environment and Development, a
private non-profit organization, and the Technical Planning 
Secretariat (STP), of the Office of the President of the Republic 

of Paraguay. Bo'i institutions vorked together in preparing
and publishing this document. 

Other individuals and institut;ons contributed to thisproject.

The Profile staff would like to express its thanks for the help

and advice of Paul Fritz, Oscar Carballo, Ari6bulo Redes
 
aceres Cazenave,and Corina d c all of AID/Paraguay. Fur

thermore we wish to thank Abe PeFia, Weston Emery, and 
Blair Cooper, formerly of AID/Paraguay, for their valuable con
tribution in the initial stages of work on the Profile. Mr. Donald 
Bogue of the Social Development Center of Chicago provided 
useful advice on demographic matters. Guillermo Sosa of the
Technical Assistance Division of STP played an invaluable role 
throughout discussions relating to the Profile. Carlos A. Pusineri Scala, Director of the MuseuLm of the Casa de laIndependencia, contributed( with his usual competence the many!
tGmes lie was con,,ulted. Similarly, Luis Iturri, General Secre
tary of the same museum, deserves utmost recognition for his 
role. The Profile would not have been possible without the 
many contributions of time, information, ,iud materials of all
those interviewed by the staff. Their generous contribution is 
most appreciated. 
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Introduction 

Background 
Given the need to understand better all aspects related to 

the gradually but persistently changing environment, Para-
guay's Technical Planning Secretariat requested technical and 
economic assistance from the United States Agency for Inter-
national Development (USAID). One of USAID's objectives is 
to aid countries interested in studying their environments, 

As part of its commitment to promote development, USAID 
has carried out environmental profiles in Latin America and 
the Caribbean. These profiles vary in format, style, description 
of each country's conditions, and methodology. But each pro-
file constitutes a document on a given country's environment, 
points out the main features and problems, and recommends 
specific actions. 

Once the need for an environmental profile of Paraguay was 
agreed upon, the bases of such a study were set forth. 

Objectives 

The general objectives of this environmental profile of Par-
aguay are: 

- Describe the social, cultural, physical, and economic 
dimensions of the environment. 

- Describe the status of Paraguay's natural resource base. 
This description is intended to provide quantitative and 
qualitative data on natural resources and identify envi-
ronmental issues related to the use of Paraguay's human 
and natural resource base. 

--	 Analyze Paraguay's environmental problems: causes, ef-
fects, seriousness, interrelationships, and possible solu-
tions. 

- Evaluate the legal, institutional, and educational aspects 
of natural resource management and begin to study the 
role of government and educational institutions vis-a-vis 
the environment. 
Recommend a general course of action for opening up 
new opportunities and solving environmental problems. 
Promote specific projects that may arise in the course of 
this study. 
Involve Paraguayan professionals in drafting this profile, 
thereby giving them the opportunity to work in a coor
dinated fashion to solve Paraguay's environmental prob
lems. 

The following specific objectives have been set: 
-	 Gather and analyze existing data on the environment. 
--	 Provide an overview of the Paraguayan environment. 

Describe the current situation and trends as regards nat

ural resource use. 
- Stimulate debate, studies, and conclusions regarding the 

environment. 
- Establish asound basis for international financial insti

tutions and technical assistance agencies to take appro
priate action. 

-	 Set forth guidelines for the actions of Paraguayan insti
tutions. 

Methodologv 
The Technical Planning Secretariat and the International In

stitute for Environment and Development jointly worked out 
the theoretical framework and methodology that have been 
used in developing this Environmental Profile. The method
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ology was developed by a team of Paraguayan and interna-
tional experts, and covers all aspects of relevance to the 
environment. 

The study, which lasted 54 weeks, was carried out nation-
wide, with an intersectoral approach. 

Specialists who have been a part of the project were chosen 
by the office in charge of the Environmental Profile of Paraguay
based on their knowledge, pragmatism, and team spirit. A total 
of 31 specialists were contracted, '21 of them Paraguayans, 
and 10 from abroad. 

Paraguayan and non-Paraguayan consultants covered the 
20 specific areas or sectors into which work of the Profile was 
organized. In 1I areas, Paraguayan and international spe-
cialists worked together. 

Beginning by reviewing existing information, the specialists
double-checked this information and carried out personal in
terviews. Where necessary, sectoral information was comple
mented with field trips. 

The sector reports prepared by the specialists were into
grated, rendered mutually consistent, and summarized by the 
Profile's permanent technical staff, which was in charge of 
analyzing the documents. The technical staff also summarized 
the definitive conclusions relating to Paraguay's environmental 
outlook. 

Finally, the permanent technical staff identified possible ac
tions or ideas for projects that would be of interest to the entire 
nation (see Chapter III). 
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A modern basilica replaces an historic Church in 
Caacup6. 

Road in the Chaco. Photo courtesy National Forest Service. 

Lake Ypacarai. 
Jesuit ruins. 



Environmental Perspectives
 

The Outlook for the Year 2011 
How have society and the environment changed over the 

past generation? The year 2011 has been chosen as a point of 
reference for such an inquiry, for it will mark the bicentennial 
of Paraguayan indepcndence, clearly a milestone in the social,
political, and cultural development of Paraguay. 

The limited use of natural resources, which until 20 or 30 years ago had been in abundant supply, had not given rise to 
fears that such resources would be degraded or depleted. The 
few regulations regarding the use and possession of resources 
were aimed not at protecting them, but rather at avoidingconflictrs ameng resource users. However, economic growth, 
social mobility, modern communications technology, and ris-
ing expectations as regards the quality of life have led of late 
to a greater demand for and more widespread and itensive 
use of land and water resources and flora and fauna. The result 
has been a rapid decline in the availability and quality of such 
resources, 

As problems have arisen, both preventive and corrective 
measures have been taken. The 1967 Paraguayan Constitution 
charged the government with conserving natural resources, 
and regulating their use. This includes assuring adherence ,o 
international agreements, enacting legislation, and taking other 
appropriate measures. Thus, there is a legal basis for protecting
the environment. Nonetheless, studies regarding the applica-
tion of environmental and natural resource policy reveal cer-
tain contradictions that must be corrected if such guidelines 
are to be more effective. Furthermore, the institutions in charge
of this policy have certain weaknesses which undermine their 
ability to take effective action in those areas under their ju-is,
diction, 

Paraguay's objectives as outlined ip ,lvelopment plans-
such as domestic peace, social welf,,, and greater territorial 
unification-arr, based on a strategy ot ,ncreasing exports and 
fostering agro-industrial development and import substitution. 

Agriculture and forestry are defined as the bases of develop
ment. In(,,, ' development depends on the use of natural 
resources, and implies an increase in total cultivated lands a' 
the expense of forests, as well as the expanded use of water 
resources, grasslands, and other resources. 

Development objectives and strategies depend on several 
factors, including the potential of productive resources, and 
have provided for their conservation, preservation, andreclamation in the case of some evendegraded resources. The actions and projects necessary for the Success of this strategy and 
achievement of its objectives are based on a solid juridical
foundation with corresponding legal measures. 

In the future, the quality of the environment will depend on 
the same factors as today; the only difference will be in the 
magnitude of these factors. On the one hand, no doubt, the 
natural resource base will diminish considerably; some re
sourc. s may even be totally depleted. Also, population may
double in the next generation. Such population growth, along
with economic and social development, will no doubt lead 

to: 
a considerable increase in the urban population, and a 
decrease in rural population as a percentage of total pop
ulation; 
rapid industrialization; and, 

radndriad 
- a greater demand for services. 
Paraguayan development as it now stands, the natural re

source potential, and prevailing socio-economic policy all sug
gest that significant environmental changes will occur. The 
increasing exploitation of nature by man will lead to imbal
ances in the ecosystem and the environment, imbalances which 
are not yet of alarming proportions, but which will have ir
reversible consequences if current trends continue. 

The economy will continue to be based on the primary 
sector, complemented by agro-industry. The abundance of 
hydroelectirc energy may lead to significant innovations, such 
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as electric-powered public transportation, electric railways, area is 406,752 knr2 . It shares borders with Brazil, Argentina,
and perhaps the development of electricity-intensive indus- and Bolivia. 
tries. Paraguay's most noteworthy physical features are that it isStudies indicate that ;f today's trend; continue apace, Par- a land-h.cked country, and it has no mountains exceeding 800 
aguay's popuhlation in the year 201 1 wiii be approximately 6.7 m in elevation. Outlets to the sea are either by way of the
million, with more than 3.0 million in towns an(d cities. Paraguay, t'arani, and La Plata rivers (I ,60() kin); or overland, 

With such an increase in population, total Cultivated lands through Brazil (1,20(0 kn to the port of Paranagu,i). 
rmay come to 8 to 10 million 1i; there would be more than The oropraphic systern is male up (if the Los Altos, Car
13 million head of cat Tixmbering might continue at (urrent guaz6, Amnambay, andi Mbaracayi ranges. Jhe (aogra ('rsep)
levels, hat the product WOL ( I)ee of inferior quality as (om- arates the Paraguay and Paran,i river basins in the Eastern 
pared to today. The forests are already on the verge of deple- region.
tion; the potential for [rocton if Some tol)qua lity StIcTies The Paraguay River separates two markedly different envi
is reaching its limits. ronmental legions. The Western region (246,925 ki 2 ), also 

If the historic pace of deforestation and depredation contin- known as the Chaco, is an alluvial plain with level topography
UieS, the forests will not be able to fu;lfill their other functions-- Ihrouglout almost all of the rcgion. This region exl)eriences
such as providing prote( tion and serving as habitat for wildlife, seasonal fluctuat ions, ranging from extreme humidity to) ex
ma intaining a natural reserve, and providing for recreation- treme aridity; itS impermeable susoil renders a large area 
as effectively as in the past. alrng the Paraguay aid Pilcomayo rivers susceptible to flood-

Current tendencies will proI)bly not continue for another ing. 
twenty or thirnv years. Unless a number of limitatiors are over- Ihe Chlaco's population is 57,0()) .--- 1.7 'X01 Paraguay's to
conic, it will not he possible to (onibirie higher production tal-with a population density of 0.2 inhabitants per kn 2 .
levels with socio-ecoornic development and sound environ- Exlensive cattle raising is the niarni eCononic activity, though
mrental managenient. mixed arnming has .lsoi been developed in the Mennonite col

lhe issues of future dlevelorpment, natural resour e use, and onies in Ihe (entral part of the region.

environmental quality give rie to certain (Iuestior-: 
 The Eastern region is made till of part of the Paraguay and 

1 Will the urin/rural populatio( distribution )e as out- Plarani river basins. Itsare'a is 1.59,827 kill-', 39% (I Paraguay's
lined above, or will urbani/atio) (ccur at a faster rate? The total area. It has rolling topography. Ninety-eight percent (if
reach Of the comnmuni(ations Ilelia, farmers' difticult ac:ess all Paraguayans live in this region, the population density of 
to means of produ(tion, aid the random fluctuations in ag- which is 18.6 inhabitants per kri. MOst of the cOuntry's eco
ricultural prices and markets, as well as the riaturaIl attraction nomi( activity isbased in the Eastern region, the mram acti'ities
 
to the cities all suggest that urbanit,itior will be uuichi greater being agriculture and lumbering.

in the future. 
 Paragulay's climate has been defined as subtropical conli

2. Vill structural problems in the ,otlrntryside persist, es- nental. But there is disagreement as to whether the climate is 
pecially as regards land ind natural resource 1''e, or,will Ihey tropical or sulbtroipical. Average ',early precipitation varies from 
be overcome so as to give rural dwellers better opportuniities, 400 mm in the tar nrthwestern part of the Chat o to i ,800
simultaneously avoiding (lepre(lti(on and rressures presently im in the southeastern hart of the Easiern region.
affectirig rtural resoLures? Averge anrnual ter)eratures drop graduralIv as rne noves 

3. Will tlhrorugh knor\,, idge of the ;naturrl resolurce base friont north to south, from 25"C in Ba ia Negra to 21 OC in Pilar
be attained in the medium term, so I,, to tat ilitate land roan- ani En(aianaci6r. lTemperatures may rise above 38'( ini the 
agernenit and sustairr'ld d.1velO)plrr'.rt? (ha( o and .35T in the Eastern region; anti they may fall below 

4. Fit ally, will e(on,oiic developmert lea(d to incore lev- 0"C"anywhere, except in the far north. Thus, almost all of the 
(Is that would provide for the quality of life to whit Ihthe cOUnlry is sus(ceptible to frost. 
population aspires, without such dCevelopnrerit leading toi se- Clin.ti( conditions allow for production of riore than 45 
rious environnental degradation? vegetable species. I luwever, weather conditions are soime-Develolpmeniita would bring about improvement in times severe, reulIting in drolilhi, flooding, frosts, and otiier 
tire quality ( life and of the environment will only he solidly phenolen a which litfc'ct rot only production, but the CnIvi
grounded Iif it calls for the nleasureRld Use of natural re',(rces, roriment as well. 
minimizing environmental danrage. Ihis principle arises from Ileavy raiffall, whi; h may totl 80 to 120 rurn in just a few 
the fact that natural resourceS are finite and are tile patriniony hours, (auses signifi( ant sonil erosion, parti( ularly in areas Ouf 
of he sociely as a whole. '1he right of future gineratiumns ti acciciented toporgrahly.
make use Of natural re.,ources must be respectedl. Paraguay lies entirely wifhin the L-, I'lai river basinl, and 

includes tov major suh-lasins. Ilhe Paraguay river bIsin c(ov-
Natural Features of the ers all (ofthe Cha, o, arrd the vrstern LlI of Ft astern region, 

while the Paraii river hasii (overs the eisern l)art of Ihe
Enviromnent Eastern region. 

Ilhe Ch,;( (i's hyr)grapii( ntwk ik ;rrrle rip of waterwaysParaguay is silate'td between 5-,'t419' anid 62"38' west lo1m- whose flow is highly variable thrUgh(Milit the ye'ar. SuIch var' gitude and between 19"18 and 27' 0' soth latitude. It', total irtiorr is(lure to totpograjrhy, inierr nile k'ubsiuil, melling frIrom 
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the Andes, and precipitation. These characteristics, as well as
the xerophytic vegetation, vast marshlands, and very low ho-
man population account for the hunieroLIs and varied animal
species to be found in the Western legion. 

In the Eastern region the Paraguay River has seven tributar-
ies, which vary in length from 50 to 500 ki. Their basins 
range in area from 1,000 to 3 1,000 km'. The Paran4i Riverhas II tributaries along its western banks in Paraguayan ter-ritory. 

[he hydrographi,_ network also includes two lakes, Ypacarai
and YpoW, wlose basins make up two natural ecosystems,
though Lake Ypacarai's has been altered ever sin(e it has beenused as a recreational and sporting vacation Spot. Lake Ypoii's
ecosystem, however, still has an abundance of wild animals,
asn may become a biological reserve of oat importance to 

The Eastern region includes several sub-basins with lush
vegetation, ranging from low grasslands to forests, inc:luding
all strata of flora, and constituting distillt habitats and eco-
systemns. Due to characteristics such as the slope of their course,
and their flow and water quality, the rivers of this region have 
great )otential for a variety Of uses. These characteristics, together with climatic conditions, flora, and fauna, (Wonstittesystems that should be conserved and preserved so as to pre-
vent their complete rlestructionl. 

Nature has been generous with Paraguay, granting her Ihigh
quaI lity resources SUL(h as the soils, vegetation, rivers, and fauna,which have constituted environments used by the inhabitants 
of Paraguay even before Ihe Spaniards arrived. Thus, the orig-
inal abtundalce and rquality of the natural resource base, phus
the low intensity of its use, had until a few years ago sustained 
an image of a iasting environnent. 

Nonetheless, thc passage of time and thew growing pace o1 
econorric activities have steadily chipped away at this iaiige,
to the point that nowadays one finds highly con tr~ist inrigvironmental milieu. These range from the relatively overpo
pulated areas (Central area) where the natural 
resource basehas been depleted, to areas with no economic activity what-

soever. 
But there aie no longer any areas or ecosystems where
 
man's impact is not felt.
 

Nine National Parks have been established in order to pre-serve natural environments. They cover 11,200 kni, i.e. 2.8% 

of the country's total area. By region, these parks covei 4.5% 

of the Chaco and only 0. 13 "A,ot the Eastern region. (The 'ames, 
locations, and areas of these parks can be found in Chapter
VIII).
 

These natural reserves constitute particularly important eco-

systems, rnd are representative of Paraguay's different natural
milieu. There are al, o other such e( os stemrs which are noi
protected and should be p3reserved. The location of such hib-
itats is illustrated in map VIII-5. 

At least 10% of the total area 01tsuch eosystemlls should be
protected so as to preserve their natural ( haracleristics. This 
figure is linriply a general guideline, as de isions regarding 
areas to be covered b, (onservation progr,ms will he Isedon sevral factors, which will vary froni (ise to (asce. 

PIopulaiion growth and development demands have made 
more intensive use of naurial resources necessary. Migration,highway construction, cuitivation of new lands, construction 

of hydroelectric dams, and the development of new cities
111 using modern technology--have brought about profound
environmental changes. The niost evident effects of this pro
cess have been deforestaiion, erosion, emigration, pollution 
of the waterways, destruction of habilats, and the extinction 
or reduction in po)ulation of animal species. 

Populationi and EnvironmeInt 

There are few countries where the close link between pop
ulation andJ environment is as clear, and plays such a dynamic
role in a process of rapid change, as in Paraguay.

Paraguay is still basically rural and agricultural. Most of the
population interacts directly with the environment and thenatural resources which provide the materials used to produce
most goods. 

he population ismostly rural (58%) and young (52% under
20Y)i Fertli ty is high, while mortality is declining. -1hepop
ulation is very unevenly distributed (11.6 inhabitants/ikm" in
the Eastern region, 0.2 inhabitants/kn12 in the Western region);
and urbanization has been slow (58% rLral, 42% urban)." 

Graph II - 1
Relative Distribution (Per Cent) of the Population in 

Three Major Age Groups -. 1950, 1962, 1972, and 1982. 

AGE GROUPS 4,7 
, 4.7 

65andone, 

15 - 64 

- 14 4.0 

54.3 

3,- 51.2 

3.7 50,2 

52.5 

-_-_
41 .0 

-a.8 

- .4 
43.8 

=4 

Year 1950 1962 1972 1982 

Popula, 1326.452 1919103 2357955 3035.360 
Source 3ureau of Stlahstcs and Census Populalion Censuses for years 1950. 1962. 1972 

,,ed1992 

Some of the main fictors affecting Paraguay's demographic
features (e.g. size, econom ic activities, distribution, nobilily)
have been: 

Paraguay's gcographic position and natural features 
(omestic and foreign migraition; 

I/ 1982 t'opulaion ,ind ttju'.,ing (.esmus 
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Graph ii - 2 

Global Fertility Rate of Women Between the Ages of 15 

and 49, by Place of Residence 

1982 

Average Numbqr of Children per Woman 

.
 

4.... 

.	 .. 3 

~~slow 

NATIONAL TOTAL ASUNCION 

6,6 

. .oldings 

4.6 

.
3.371iii~iii~iii~iili~i17 

- the two interrtiona! wars Paraguay waged, from 1865 

to 1870, and from 1932 to 1935; ond, 

the iniplenientation ,of land reform and settlement proj
ects. 

Until about 1950, the population was concentrated in an 

area of sen te 20,000 ki in the Central area, with a population 
density of [-1 inhabih sis/kiti2 This contrasted with other areas, 

" whiere popLlationi density ranged from 0.2/kn to 26/kn. 

Traditional agriculture in the Central area, based on small 
and sharecropping or tenant farming has waned1, in 

part because the environment was poorly used and soil pro
ductivity was declining, and in part because modc.'ization irn 
agriculture is doing away with submarginal farms, forcing those 
farmers without reasonably profitable operations to nigrate to 
other areas.[espite large-scale iin\, iet;i tll in highway construction, 

..... .. 

.... 

OTHER URBAN RURAL 

Source: 	 Bureau ofStatistics andcensus. 1982 Census 
10 pencontsample 

Graph II - 3 

Global Fertility Rate for Women 20 to 49 Years Old in 

Permanent Union During Five Year Period 1947-1975, 

by Level of Education. 

Acerge Nmbe hildener Wman- oF 


8B.2 


EDUCATION 

73LEVEL 

5.-,"-

4."tAmong 
~changes 

S.....(a) 

. .family 

....( 
.. 

LESS THAN 3 TO 5 9 YEARS 7 YEARS 

3YEARS YF" OR MORE 
Source: Bureau ofStatistics and Census Table 5.4, p. 56. 
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ififfilfififffffffffffcom ni tn.,,
ssystems., and other publ>ic services, the West 
i177)7/];71171f77!iern region's populat ion (lecli ned between 1972 aid 1982. 

M oder tec hnolo g y : not v et be en a e to inc re a se it, a t

tractiw.enes. <rnd profitahility as compqaredI to other regions. 

Url)anitat~iion, oddly eno(ugh, has proceeded ,at a relatively 
pace as comltareol to othr dleveloping countries. The 

al)unrlance of nlatural reso(urces and access to) them seem 'o
have slowed migaion to the rities, especially Asuncin. 

No~nethleless, at p~resent urban gro)wthl is piMking upi in the 
tsunci6n area and in some ofI the horcleF areas as provincial 
capitals cone tite)their own. 

Concentration of populationl in ite Central area has, lcd to 
environmental conditions su(.a as: 

- excessive subdlivision of farms andl continuous us, of larios 
with no conservation measures, resulting ini their dlegra
dation; 

-- depletion of the area's natural resources; 

destruction of the natural habitat, with most of the animal 
wildlife b~ecoming, locally extinct; 

-- pollution of moitst of the waterways , thr'ough erosion anol
industrial efflents: 

-emigration from the 1920s to the 1950s, primlarily to 
Argentina; 

internal migration to settlement areas, beginning in the 
sixties. 

the main factors leadhing to population growth are 
in fertility, and mortality rates: 

Fertility. Fertility levels are very high in rural areas where 
farning prevails. In 1972, the average faniily had 8 

members or more.ii!!!!!!i!!!!i!i~ Th is apt)roachles maximum humarn reproi
 
... 	 .ductive capacity. Although fertility has iecliwned in tie couon

~trysidle as well as in thet cities, in 1977 rLural mothers had an 
2 ;;;.;;..;:;:average of 6.4 children each. /\stunCi()r's fertility rate is, ini 

contrast, less than 3.2 chiltren per mother, i.e. les than half 
the rate for rural areas. Fertility in other urlan areas is between 

these 	 two extremes. 
ortality. Living conitins in rural and border areas 

pos. serious healh prollenos, especially inoneonates ano chit
dren under 5, although moifrtality figures for Paragiay as a 
whole areasbelow average for Latin Anierica. Infant murtality 
was 28 percent greater in rofral than in r forareas As.,Ci' 



Table I- I
 
Spatial Distribution of the Population of Paraguay
 

Region 1962 

Population 
1. Eastern Region 1,744,974 
- Central Area") 517,955 
- Other areas 1,227,019 

2. Western Region 74,129 
- TOTAL (1 + 2) 1,819,103 
1. Urban 651,819 
2. Rural 1,167,284 

Source: Population and Housing Census, 1962; 1982 
"1Asunci6n and Central Province. 

1972. Since 1972 these rates have falen, but such urban/rural 
differences are thought to persist, due to disparities in healthservices and environmental conditions and practices. 

Table If-I illustrates the disproportionate regional and urban/
ural figures for population centers. 

Migration 

One of the main causes of migration is the difficulty in 
improving one's quality of life, which generally results from 
the legradation or scarcity of natural resources. Whenever agiven population migrates, whatever its destiny and livelihood,another cycle inithe process of environmental change isset inmotion 

International Migration 

Emigration to Argentina, where people saw a better chance 

to get ahead, has continued into the latter part of this century.
Some estimates indicate that by 1961 500,000 people had 
emigrated. Furthermore, in 1970, the Argentine census counted 
230,000 Paraguayan-hornl persons living in Argentina. Simi-
larly, Brazilian data showed a total of 18,000 Paraguayan ir-
rnis~rants. Over the past few decades, emigration from Paraguay
has sei ved as an escape valve for surplus labor, i.e. labor which 

the domestic market couild 
 not absorb. Economic growth in

the last 20 years together v.,ith
the land reform havre practically
ended emigration. 

Immigrants from neighboring countries, especially Brazil,
have tended to settle in rural areas or new settlements. Thus,
natural resource use has been more intensive. According to 
the 1982 census, there were 169,080 foreigners living in Par-
aguay, including 99,000 Brazilians and 44,000 Argentines.To date, emigration of Paraguayans abroad has outstripped
immigration of foreigners. 

The main migrations to Paraguay were: 
I. Europeans, who settled inthe province of ltapa begin-

ning in the 1920s. 
2. Mennonites, who settled in the Chaco as well as in Caa-

1982 
% Population % 

95.9 2,980,880 98.2 
28.5 950,710 31.3 
67.4 2,030,170 66.9 

4.1 54,480 1.8 
100.0 3,035,360 100.0 
35.8 1,298,880 42.8 
64.2 1,736,480 57.2 

guaz6i and San Pedro provinces in the Eastern region, begin
ning in 1926. 

3. Japanese and other Asians, most of whom reside in Itap~a, 
Paraguarf, and Alto Paranii provinces.

4. Brazilians, who have settled in the eastern part of the 
Eastern region, in the provinces of Arnambay, Canindey6, Alto 
Parani, and parts Of Caaguiaz6i and Itap6a.According to census data, 351400 foreigners immigrated 
to Paraguay between 1950 and 1982. 

Migration within Paraguay 

A rural-rural migratory flow has developed in Paraguay. Suchflows are uncommon elsewhere. After 1950, and especially
since the i900s, internal migration began, reaching its peak 
in Ihu 1970s. This migratory movement resulted from increas
ing difficulties inproductive activities, especi div agriculture;
 
it was facilitated by the land reform and setl ment programls,
highway construction, infrastructure for social "ervices, and 
other basic services. 

The government has encouraged a large migratory flow to
the Eastern region as part of its policy of promoting greater
territorial unification. Many migrants are from old settlements 
located within a 20) km radius of Asunci6n where lands had
been subject to intensive agriculture. In such settlements ex
cessive exploitation of arable lands and small holdings has
reduced agricultural employment. Furthermore, the Pananli riverbasin has attracted many people, as the harnessing of natural 
energy resources by hydroelectric facilities has given rise to 
new economic activities. ThisroeCss should Continue at least 
until the year 2000. 

The land reform has provided lands for migrants to the set
tlement areas. Thus, the enviro'iment is rapidly changing. Migration from the countryside to he cities has been altenuatedby migration to the agricultural settlement areas. Nonetheless, 
the suburbs of Asunci6n continue to grow rapidly, as people 
are still drawn to the capilal city. 

Demographic features and economic activities of the pop
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.. . .Chapter 


', "Reform 
A 

r ,o)Lilation 

-, ,To 
,.,",

, i  .,... : '.., 

___,",_h.:.''
, .similar 

I omeqtea/ ii m oma /0 o'n{.vth'met. 

ulaliorn reflc:t the wide variety of environmental Milieu. Ill 

other words, the environment helps,tti explain tileparticular 

diemcigraphic features Ot each ,1area.Sirnilarly, the relationship

between the ic{p~ilatiomi, naturalh re'sourt e. ,irid lie enviuse(, 


ronment appears to he improving. For e\ailple, there is a 

tendency for depleted agricultural areasir Ihe reclaimed, and
u~nde!ruse2d resciurces are ricvv being expicnitecl niiore effic ierntly, 

NrUl ,l(re.sth(,s( esr{bemnow being expoiteadresore, h(ofr
the Settlement,, prblem of uin Wittrl r es, then , 

isfar fri being ,,oclved. 


1helehiical t1l,1mirig S(rrhmiiat e,.,i it byinaes 1hF lie year

20(0, laraguny's lI}ptlati}n will rise to 5.4 million, i.e. it 

would alrin this I)uiLilatiir
J double in20 years. Inli orl}nratini 

increase into developmient while n taining the staiarl of 

living to whi(h nowidays aspire will reSult
}eoptle in sever 
pressures oilthe social ani eco system , arnmay lead}ni(i

to greater abuses and envirnrim(,ntafl dc'gracdatioln. Ihis can lie
 
avoided by appropriate pliniing, taking into aw(unlt the needs 

Oifiotli and its
the IpOpLullinOr idlitnt. 


Land Reform and Settlement 

The land reform and settleuiert programs begun in the early
1960s were based on the following: 

1. Social pres:ures inthe Central area, as a result Of pOp-
ulation growth, soil depletion, and degradation and depletion 
of other natural resources. 

2. The ab~undlan:e o}funricltivate, high curlity lands iinthe 
Eastern region, miiany of whi(li at the timne wer,,statc--iwneh 
lands
 
,3.The need toboo}st pr{ l{tion, most fe'asib~ly b~y inrs-
n.The nehlea(mfiutpluve ,nIst feasiblwhi(

ing thetotal area nif cuhivateh Linrids. 
4. The urgent need to (hange Ih stru( ture of land tenure 

and the size of faris. 

lie factors (halt 
land reform and settlement projects, whiicF have ihe following 
legal Iases: 

These were led thie governimen Ito op, for 

Law No. 022 (August 19, 196(0), on dle ,cti Setlleenlt 
arid Urbanization; 

law No. 002 (Acigust 27, 1960), on Subdividing Large 
Landholclings; 

Law No. 852 (MrarF 22, 19163), which e-tablislhed lhe 
InstitLute for Rurri \,Velfare; and, 

Law No. 854 (March 29, F,9(3), whi(h estalblishedI the 
Agraria n Stdtute. 

Paiaguay's 1967 Constitution refers to tileLand Reform in 
VI, 

/Article 128 states: I his Colnstitutio{n establishes the Land 
as oneiof the key factors for improving the standard 

of living in rural areas by effectively incorporating the rural 
inthe nation's ecolnoniic and social development. 

this end, fair systenis of property, Ild distribution and land 
tenure shli lie adopted, and credit arid teclnical and social 
extension services shall be provided for; cooperatives andI other 

organizatitns shallIle encouraged; and increased pro
I(ucticin, industrializatior of agricultural production, and ratiorialization of the market ,hall all he fostered, sc) as to allow 

the rural )tl)LlaltiOi 10 bett.r its c(OrnOnic situaticin, thereby
guaranteeing its freecdom and dignity, ,mncl national wellbeing, 
in general." 

Artic le 121 states: "'lie law shall establish the maxiiuril 
area of lard that can be owned iy a single inlividual or legaleniti 
ity. lhe relatilshipI between (i,(outiC ry's (Il[ area andits pojiulatic}n, tlie lands' natuI~ral qualities, and the needs arid 

advisable ieasures with respect tc) agriculture, lumbering, andindustry shall be taken intc acC:ouni inestablishing said liriits. 
Surplus lands shall he (onsidered excess land,, ,nI shall be 
sold under special terms and condlitions to le set by law, in 
the (ase Of ur.ultivated laniis need for agriculture, mir for 
founding or extending stable Stttlements or towns. The excess 
lands sh,ll Ie subject to prugrc,'ive laxaticin, ,vhihi shall con
tribute to their elirmination." 

'he land reforrus main goals ave ben f a social ad 
e a ure,a n( al ha v as f o ls 

to change the agrarian structure;
 
to cultivate better hands:
 

to redlirect' nnigrat{iry flo}ws; ,nic,
 

t( promote greater territorial unifi(alior. 

The ard reform and settlennent prograrils have conferred aFiarticcilar stleh of chet 'lopmerit on the eansteri section of the 
. eliy-five years after tis s was 


reimny rifislij,.tives hive henr afievei.
 
prer regin ii.,ty etcc eg u, 

Nonetheless, ire1( whichl this Iprtu'ss gave riseactivities tovemhaveroughl aluit significant environmental changes. These 
in(lude: 

I.Sel nint of nmreru than 0t0t0,00{ new areas,people in ill-,
h over 8.7 million ha. These area, wrt' tmninhalited in
 

v reier lBtwee nr19 (0and 198 1,6'0settlenienis w're
lirme,,. 


esthblished, and more than 12(,({0 Flots of lard were granted 
ti settlers. 
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2. Deforestation, estimated to have affected over one mil-

lion ha in 25 to 30 years time, 


3. The establishment of large, highly capitalized agricul-

tural enterprises, which have deforested vast areas. 


4. The eslablishment of 15 new districts, in which the pop-
ulation of the main town or city varies from 4,000 to 28,000. 

Hu~mminActivities 

ComImuniies, both subject and thethe object of the de-

velopment process, grow within the physical-biological com-

plex known as the environment. 


The environment is constantly changing; it changes over 

time and as a result of economic activity. As a result, man 

Must make an ever greater effort to achieve his goals. Envi-

ronnlental quality is directly related to the size, age distribu-

tion, spatial distribution, and lifestyle of the population. These

factors, in tuin, are a 
 functiornof the nature and intensity of 

the population's activities, which define their degree of development. In this context, 
 nature is both the habitat of all 

living beings and 
a fount of natural resources, 

All human activity involves th10use of some natural re-All hui avnol ctesvitthe us of so e n tu al e-cosources, whatever their form. Resource use l)rings about change,

which is reflected in the quantity and qiiality of a given re-

source. 
The effect of any such change may become the cause 

of yet another alteration of the environment: cause and effect 

interact. 


Ifman does riot adopt appropriate measures, his activities 

will have a negative impact on some aspect of the environ-
ment. The resource being used b~ecomes degraded. 

Following are the most significant activities affecting the 
environment. 

Roads and Highways 
Roadways have a grtaler impact on the environment than 

any other means ot trarsportation and communication. Other 
means of communication have indirect effects, and play animportant role in disseminating information related to the en-
vironment. 

Table II -

Highways have a direct impact on nature, both inbeing
built and by facilitating travel to previously isolated areas. 
I lighway construction in uninhabited areas has increased dur
irg the last 30 years; many people have moved from old settlements to new agricultural zones.

heevtio e ra an s s 
The evolution of the road and highway system over tie last
20 years is illustrated in Table 11-2. 

There are currently 5 1,000 km of roads and highways in 
Paraguay. Some 60'" of all highways were built in the last 25 
to 30 years, in the provinces of Caazapii, Caaguaz6i, Itap6a,
Alto Parani, Canindeyl, Concepci6n, San Pedro, and Amam
bay.
 

These provinces had, in large measure, been covered by 
forests; highway construction has made it possible to convert 
these lands to agriculture, establish population centers, and 
undertake a varieiy of economic and social activities that have 
changed Paraguayan geography. 

Primary Activities 

Primary activities are those most closely related to renewable 
natural resources. Indeed, they largely depend on the quality 
of such resources. Paraguay, which has been an agricultural

untry sinri ' tre -ColU rulia nl tin e s, had niot experiencedchanges nor signiicant'gradatiin (f the environment until
 
recent decades exe t in
certai n areas. the past 30 years have
 
witnessed intensification f agrin treand lumbering and,
 
tn, grdu transformation and O;,r of the environrent.a iou 


thus pollut 

Agriculture, lumbering, and hunting and fishing have taken 
distinct forms at different points inhistory:
 
Pre-Columbian Period 

The indigenous economy was based on extraction and gath
ering, as well as hunting and fishing. Subsistence agriculture 

with rudinentary tools, also practiced, had a negiigible impact
on environmental change and depredation of natural re
sources. 

Colonial Period 
Subsistence agriculture continued to prevail, while produc

tion of some export products gradually increased. The Spa,

2
 

Year 

1963 

1968 

1973 

1978 

1983 

aa.% 

Periodic Growth of the Highway Network by Category 

(In Kin) 

Graded Graveled Paved 

2,358.2 795.6 347.3 
4,756.9 724.1 687.3 
5,243.4 554.9 870.9 
7,817.5 510.8 1,323.4 

9,159.1 474.2 1,982.6 
7.0 -- 2.6 9.1 

% Paved 

10.0 

11.1 

13.1 

13.7 

17.0 

Total 

3,501.1 

6,168.3 

6,669.2 

9,651.7 

11,651.9 

6.2 

Source: Ministry of Public Works and Communications. Highway Department. 
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With the arrival of the first European settlers and later tie 
Mennonites, Jalanese, and others. the natural features of Ihe 
settlement areas changed. Also, during this period IParaguay-

I
.. ,.; ans began to ernigrate to Argentina (Iie to the la ' o O))or

. tunfity in the C-entral area. This emi-ration (ontinUe(( until the
• . ..,,;;::;] : , ,, """m i(I-2Oth (entuiry. 

.- - The activities descrihed above were mainly based in the 
Central area (Cordillera, C(uairi, and Central Provinces, anlI 
part of Paraguarf Province), the Plrovinc(e of ItaptCa, and arotJind 
some towns and cities far fromt Asunt i(n. 

AroLJn( 1950, tra(litional farms were grahdilaly tIrn'd over 
to fruit, vegetable, and milk )rodli(tionr espec( iallv ill the t
skirts Of Asonc i()n. Gradtha;y traditional (rpS sO( i a, s are, 

Osanioc, beans, mid others were repl i( et I- v.,vgetahult's,
Opening new roaays icorporates ne vand. into igncolturalIro- sugar ( ane', at m(]i)aslure lto milk ( ows. I I i, per i(1 als ) wit

dltitiot.fPhoto (;ourtey Diaroe Wood. nessel the growth of towns and (ities; estahlis irnent o va

cation area; est,illishiimient of several in(histries; I rise in the 

iards introducel soie( 110tal t,)ls, previously unknoxln, for Irie of land, due to illation nd Illi' in( rease( demand for 

agriculture. These irrclurl'd the hoe and t)lOws. Tley also ,-I land; higlhway, (()',hItrttion; anl installation of basi( iftri

trodtced theWuse of draft aninials, suc h as horses and Oxer , structure and(1tial servi( es (1(, trifcition, s.(hoilr, Ilalth 
centers, e(.). 

Independence The, most n(e'wrlhy trrin,irySe( tor i( tivities sin e the I ()th 
After independen(e from Spain, there were no (critUry, and whi(h Irave hai , profotnd iipact on tilt'signifi(ant ll

changes in primary protluction, excep(t under the rule of Pres- vironnieit nlii( turIl resr(c' Irrse, ire: 
ient Frarmcia and Iresident Carlos Antonio Lri)pez. Fra ncia's 
nile was ( hara(erize(l by a (losed econony, with no foreign Tannin Produclion 
tratde. I'ro(iucti(on was geared to doimestic dlemand, tihe main lr,I Igirlin mll(, late (iitury toQ(itr(h .,sIis 'in i I()Itl 

t)ro(tit:ts hieing foodstuffs, fibers, an( tola((. l)ro(luce tannin; iil the r1lit-2Oth (entury, i)ro(ILi( til (Irol)l)e(I
 

Under the government of Carl)s Antonio [ e)(./Ilte borders off. rowns grew tLI) .tinti Il1 th)rOe,ing indutistry, lUt tV
were opened, and P1araguay begall a Ierioid of intense trade, clinedl as falling procic tion led tormigratin.
 
exporting igricLltural and forest products. TihLIs primary pro- TanninlprodLution (r)vered a 35,00)() kn arr',r in tlh ealserr
 
riucticni picked up. This trenl continuedl under the goivernnlent Cha(o, with the main prrdtLI( tiorn (t't(es it UtiT'rt10 Sastre,
 
of Francisco Solano L(')Iez unlil the war against the Triple PuIerto tin,iscri, ,in(l Puerto Caa(lo, al! along tie l1argu,,y
 
Alliance (1865-I 870). River. I hest' p(' environmrentrl
arers rXlrtrien( profotunld 

After the war, whill wipied OLIt nIniCh of tile t)OLilation, (harges, is ile (ticirri(ilo was detrleled, and Il(, Original 
primary prodtictiorn fell sharply. The .tirvivors once again onk e(ctsystenil detlroyl. Some arrinral Sp(cies he(ame IMally
Li) SulbsiseIn(Ce agri iltUre, with few resotir(es and only ru- extir( t, while others experiern id a shatIrp decline il tlleir pop
tlinlerltary tools. This stige was Ove'rcrre sone tir(' later, and tulations. 
as the po)pulation grew, prOtlt( tiin tri(ked tt)again. Tie first V\'rr tirlilin i)rOl( ti air er11 popt 11,ulatiliron (,ue I, tire 

post-war governments took mal,,res regar(ling ,,ale of lanis, migrated: soivi' olhers tI tith'rs to work
,riial, the ( tis, ar( 

as a large part of FParagUay's territory was state-owned. The in igri(,ilture in the settlenrernt reas.
 
extensive dlenationali,ition of lan(Is 11,1(1 narleda irtia(tI rn 
the strLctLre Of lan( te'nure an(h tre nature of agrictire in Gathering and Production of Yerba Mate 
Paraguay today. Use of yerha rr,iti (Ilex parit'ihrienss) (lates Itmk tro tirt' 

At the beginning ot the 'Oti (ertury, stil)sisterce igri(tiure, irlnignritrs e( rrleIy (it tiii' Ir-('ltrrlrrian ira. DtUring the 
hunting and fishing continue, to prevail, with ,slow tut sternly colorni i Ir ril( liorr ir( r'(,1ser anl it ecdinle one OtiriI 
turn to commercial agriculture, which cc(eleratel with Ile m, ir ( )rigiirnllV, is tIr(' plrt nrturally o(irguay'-,'\l)rorf,. 
arrival (if European immigrants. ciirred ir) ,tnrl,bund e' ill I', Phmi,i river basin, y('rha mat was 

Gradually, in response to the growing opulaition mid lt' simply gath'redl. I ,rt, wheln itli(( ar' r i ,r-h (roll, it w,., 
ever more depleted soils, more lindts vere turned over to grown in large (lunrlili,s. 
agri(tilture. Soil depiletiun resultud from nlcirtinIuus use, er)- Yerba rrit(' j rrti tiorn di not i(,grmle nir otherwise have 
sion, an( excessive subdrivision of farms, whi( i were no,lunger , narkeid imltact onl the ,revironri(', or i, simply invIlved 
efficient. Sugar (ale was intrirltieil is a (ash (rop, witll 11.' har\esting ti l)1,rr1s; ,'gi'Itiorrlil rrhaveto' le(e bared. 
intention of producir g molasses and sugar. Mixed farming was 
legun, coirliring (tulltivtioru of (crotswith (utle-raising oir Lumhering 
fam ily farrms, [Um h ring l eg minr rulmniil tirns. ( )riginall ha'sel in IlIt 

Ltrnrbering expanteI, inl( as the forests were gradually felled, Cenlral ari, it was liler ii(oi( rnle in Ire ',ist. Ihis ex
secondary and isolated (island) forests began to atutrear as sources tractive inlstry involved ju! a few riuti ulrly ,aturhle slre
of firewood. cies. 
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As lumbering continued apace and the natural resource base 

of the forests diminished, production areas extended to include 

all of Paraguay's forer's. The selective and extractive nature 

of such exploitation has reduced potential for production to 

the point that many forests have lost some or all of their corn-

m ercial value. The situation has only grown w orse w ith the 

cxtension of the agricultural frontier, highway construction,
<rod th e spr ad s o co m un cat on hatno was
f o her for 

.nd the spread of other forms of communication that nowcover all Paraguay. Lumbering has altered the quality of the 

forests, waterways, soils, and fauna. 


Initially rustic methods were used in lumbering: the ax and 

machete were used to cut down the trees, animals were used 

for hauling with flatbed trailers and rafts, manual saws known 

as "tronzadoras" were used to cut the logs. Later, modern 

methods were incorporated: chainsaws were used for felling, 

tractors and trucks were used in transport, and power-driven 

saw mills were operated by steam engine, gasoline engine, or

hydroelectric power. Modernization, while increasing pro-

ductivity, has also led lumbering and deforestation to continue 

at a much fi'ster pace. 

Deforestation 
The clearing of 'orests, mostly in the eastern part of the 


Eastern region and to a lesser extent in the Chaco, 
 has taken 

place as a result mostly of primary sector production, and to 

a lesser degree as a result of other activities. 


The consequences of the extensive clearing of forests are: 
destruction of the natural habitat, erosion, change in the river 
basins and climatic change, and other as yet unevaluated ef-
fects. 

Economic development in general, and in particular agri-
cultural development, required the use of still more forest lands 
for agriculture. Between 1945 and 1976, the total forest area 
in the Eastern region was reduced from 68,364 km2 to 41,774
km2 ', i.e. from 34% to 26% of the egion's total area. 

Other studies indicate that from 1975 to 1979, 43,900 ha 
were deforested in the area under observation. This figure
yields an annual deforestation rate of 1.3%(.M) There has also 

I/ Technical Report of the FAO Project: PYtPAR/72/001
2/ S.F.H./JICA-1983 

~7 
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been deforestation in the Chaco, but it has not been studied. 
(See Chapter VIII.) 

Settlement programs have brought about apid population 
Sethl an tr gramsaseb ro u tio n espi in 

growth and a striking increase in production, especially in 
wit h u ye and oth er epeak s suchSettle t 


with highway construction and other large scale projects suchthe international bridge over the Paran iRiver, in Pte, Stroes
nrctadheyrolticamatAryadIapt.

sner city, and the hydroelectric lams at Acaray and Itaipi.
 
Use of deforested lands generally involves:
 

clearing and preparation with heavy machinery and burn
ing of plant overgrowth; 
cultivation with no basic soil conservation measures, such 
as contour plowing and terraces. Many areas have slopes 
greater than 5%, the limit above which measures must 
be taken against hydric erosion; 

- cultivation of the same species year after year; 
- working the land with heavy machinery; and, 
- use of chemical products, especially pesticides. 

Existing data are partial, and much of them are contradictory 
or unreliable. Thus it is impossible to come to precise con
clusions regarding the pace, location, and consequences of 
deforestation. 

As agriculture displaces forests over a large area, the biome, 
in which thousands of plant species interact, is destroyed in 
order to make way for cuLrvation of just a few species. Thus 
the physical-biological process which involves interaction of 
the soil-water-plant-animal complex with the climate is inter
rupted. When this break, or change, takes place, most re
sources tend to become degraded, as does the environment 
as a whole.
 

Cattle Raising 
Though the Spanish word "ganaderfa" covers animal hus

bandrv in general, it iscommonly understood to refer primarily
to caile raising. This reflects the key economic, social, cul
tural, and historic role cattle rai3ing has arid, according to all 
indications, will continue to have,in Paraguay. The Spanishfirst introduced cattle early in the colonial era. As the envi
ronment was particularly apt, cattle raising developed quickly. 

For the most part, cattle raising has not yet seriously altered the ecosystems in which it occurs. 
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Indeed, the herds were able to complete their life cycle and 
reproduce without man intervening, 

Cattle raising began around Asunci6n, and later spread to 
other parts of the country. As cattle are herbivores, the herds 
reproduced and expanded in the natural grasslands, which 
until then had been used for hunting. 

The introduction of bovines in the 161h century led to the 
widespread use of a technique which had until then not been 
used on a large scale, i.e. burning to clear grasslands and 
fields. Fire, which had previously been used in the grasslands 
in hunting, came to play a key role in the grassland flora: 
climax grasslands disappeared in many parts of the country. 

With the introduction of barbed wire in the 19th century, 
cattle could no longer roam as they pleased, but were limited 
to a given ecosystem and area. As a result, selective feeding 
and overgrazing led to changes in the vegetation which, to-
gether with the burning, contributed in some areas to the "dirty 

Except for :he tapir and the marsh deer, barbed wire has 
not contributed significantly to the decline of animal wildlife,though sonic of the higher o, ins, such as upland ricer, havenot beoefitted, and indeed may harned. ve 

ibis century, and particularly during the 1970s, there has 
been a large scale expansion of the total area used for cattle 
,aising at the expense of forest areas. Due to high beef prices, 
pastures sown with colonial grass have been developed on 
slashed and burned lands. These lands are highly productive, 
for the soils are fertile. The ranches, which benefit from loans, 
ate commercial. While colonial grass was cultivated in the 
Eastern region, other improved pasture lands were developed 
in the Western region. Herbicides are now used in both re
gions, not on an experimental basis but conimercially. 

Cattle raising currently covers 21.4 milon ha, with a total 
of 6.3 million head of cattle. There is an average of 3.4 ha 
per head of cattle, indicative (,f extensive cattle raising with 
low productivity, as reflected in the following figures: 

Branding rate 45% 

Weight at weaning 120 kg. 

Death rate .3-10% (depending on age) 

Culling 13% 

Finishing time 3-4 years 

Productivity 

of milk cows : 2 liters/day 

As cattle raising is mostly extensive, and thus is not highly 
capitalized but rathei depends largely on the availabilty of 
land, ranches have not been able to develop infrastructures or 
methods that would have a significant impact on the ecosys
tems in which the activity unfolds. 

Agriculture 

Agriculture is the most important activity from a socio-eco
nomi: standpoint: it is closely tied to the population, natural 
resources, and the environment. During Ihe last 25 to 30 years 
it has been one of the most dynamic sectors, as production 
has increased at a fast pace. It has also left its mark on the 
rural milieu, 

Agriculture generates 20% of the gross domestic product, 
involves 48% of the economically active population, and Sl)
ports a total of I.3 million people. Furthermore, it sUl plis 
flosi (f Paraguay's food products, raw materials, and over 

65% of her exports. AgriCulture currently covers some 5.0 
i,;ilion ha, of which 2.2 million are CuLtivatel. 

Most agriculture is based in the Eastern region. The main 
areas are lhe Central region, Itapua, and settlement areas in 
the north and east. Agriculture in the Western region is basel 
primarily in the Mennonite colonies and, to a lesser extent, 
the Benjamfn Acevwl area, both in the Central area. 

Agriculture, by its very nature, has infringed upon the en
vironnient; specific natural resources have been particularly 
affected. Originally such changes were gradual, and limited 
to specific areas. Later, with population growth, domestic mi
gration, highway construction, the settlement projects, and 
services provided to producers, the environmental impact has 
been more widespread and profound. All of these factors have
played a role in extending,agriculture, thereby provoking rapid 
degradation and depletion of natural resources, especially for
esl resources. 

Socio-e( onomic and environmental changes in the countryside have resulted ftorn the conm)ination of spread out family
farms, with some clusters, aid the rise of mechanized agri
culture, all compounded by the rapid growth of agriculture in 
recent years. 

Agriculture has expanded rapidly and changed its tructure 
over the past 25 to 30 years. Family farms, concentrated in 

as 

4 

.. 

. C4, 

Tobacco cultivation, which is highly labor-intensive, occurs on fer
tile soils. Photo Courtesy National Forest Service. 
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certain areas, today cover the entire Eastern region. Machinery
has led to : .v fi)rms of production, depending on the size of 
the farm: t:imily famis have a high labor/land ratio; large farms 
are often totally mechanized; and there are intermediate cases 
as well. Mechanized agriculture prevails on an estimated 40 
to 50%°, of total cultivated lands, and involves primarily soy 
and wheat production. 

The use of chemical fertilizers and pesticides is another in-
novation in Paraguayan agriculture. It isestimated that an av-
erage of 4 kg/ha of such chemical products are now used.
Though this figure is still low, it is on the rise and may have 
a more harmful effect on the environment. The situation will 
grow still worse if the boll weevil (Anthonornus grandis Boh),
which has already affected Brazil's crops, comes to Paraguay, 
.,s combatting this pest would require intensive use of chemical 
products. 

Erosion 
Erosion is one of the main causes of loss of soil fertility;

together with other factors, such as inappropriate cultivation 
methods, it has led to the degradation of soil. The texture and 
slopes of the soils, and the frequency and intensity of rains all 
contribute to erosion. 

Ninety rercent of cultivated lands are subject to erosion, 
especially hydric erosion; thus, measures should be taken to 
avoid fulther loss of soil fertility. There is little data as to landuse andl the impact of different use systems, ranging from slash 
and burn to management of crops and pastures, 

ha of a total 2,463,500 hla studied hard been affected by ero-
si on. 

Inseveral studies, erosion varied from 30 to 80%; 1,442,600 

There have been few studies on the causes of loss of soil 
fertility, which include erosion. Nonetheless, the qualitative
impact of erosion is clear. The most direct effect is to lower 
crop yield. Indeed, available data indicates that most crops 
show a tendency for productivity to fall off or, in the best of 
cases, to remain constant despite the use of fertilizers, improvements in cultivation methods, and the incorporation of 
more productive lands. 

The clearet case of the impact of erosion is in the Central 
area where, together with other factors, erosion has led to 
migration of much of the population, and to changes in soil 
use. Nonetheless, measures must be taken to avoid furtherlosses in the soil's natural quality. Such measures should rangefrom establishing regulations for soil ,use, to transfer of tech-

nology, and even 
watershed management, in order to reclaim
affected areas. 

Erosion isa link in the process of soil degradation. It is caused 

bv deforestation, inadequate soil management, and intense 

and frequent rains. Erosion, in turn, causes loss of soil fertility,

and affects the sources and stream flow of waterways. This 

can be observed in the Central area, where erosion has caused
pollution of streams. 

Urbanization 
Urbanization iiecessarily brings about environmental change,

-ird when certain norms are not followed in the urbanization 
process, it leads to pollution on a scale directly related to 
population size, degree of industrialization, and effectiveness 
of preventive and corrective measures. 

Paraguay's urban population has grown steadily, as indi
cated in the following data: 

Year Urban Population % 
1950 407,000 30.6 
1962 

1972 883,000 37.4 
1982 1,281,000 42.3 

These figures indicate a 3.8% annual increase in the urban 
population. Due to Paraguay's small population, slow urban
ization process, and the absence of large, polluting industria! 
facilities, urban environments have not been seriously harmed. 
Furthermore, lack of damage to urban settings results in part
from the lack of huge urban centers, as the population of most 

cities is undr 5,000. 

Asunci6n is the only city with over 400,000 inhabitants. Of 
the other 135 urban centers, 117 (87%) have less than 5,000
inhabitants, 10 have a population of 5,000 to 10,000, and 
only 8 cities have over 10,000 inhabitants. 

Nonetheless, city life has led to some pollution problems, 
the main ones being: 
Air pollution 

Which is a problem primarily in Asunci6n, though it has 
not reached a critical point. The problem is worse at certaintimes of day and in certain areas as the city has grown.

Exhaust fumes and disturbing noises and odors are the prin
cipal effects of busy traffic. Though there is no quantitativedata, it is estimated that at peak traffic hours in downtownAsunci6n pollution reaches 6,000 micrograms per hour per
cubic foot o' air of particles, and 2,000 micrograms per hour 
per cubic foot of air of sulphuric oxide. These levels far surpass
the generally accepted limit from the standpoint of health and 
aesthetic considerations. 

Municipal ordinances and other provisions regulate exhaust 
emissions, requiring, for example, proper adjustment of dieselmotors, especially those with deficient injection systems. Butsuch regulations should be enforced more effectively. Noise 
pollution from traffic has also become a nuisance during peak
traffic hours in downtown Asunci6n. 

Unpleasant odors are found in parts of Asuncion and othercities. In Asunci6n they geinerally come from tanneries, as none 
of the tannerif.j has effluent treatment systems. Such odors also come from waste and dumps in marginal urban areas. TheAsunci6n garbage collection system, which serves 65% of thepopulation, is estimated to dump some 360 tons of garbage
and 48 cubic meters of market wastes into Salamanca creek 
every day. The dump in Asunci6n's Barri, Obrero constitutes 
an unsanitary menace affecting some 30,000 people. 

Thlis situation is reproduced, albeit on a smaller scale dueto the smaller populations, in some of the larger cities with
garbage collection systems, such as Villarrica, Encarnaci6n, 
Caacup6, Pte. Stroessner, and others. 

Garbage that is not collected is usually left in waste lands 
or empty lots, burned, or dumped in streams or torrents that 
form on rainy days, giving rise to odors and smoke, and thus 
a pollution problem. 
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Waterways 

Other polluted resources include Asunci6n's waterways, such 
as Murica6, Ferreira, and Jaen creeks, among others. These 
streams had constituted small watersheds and ecosystems that 
have been destroyed by garbage, sewage, and effluents from 
the tanneries, all of which are (dumped into them. 

The sewage system serves 56% of Asunci6n's population, 
and carries domestic and industlial wastes to the Paraguay 
River in a part of the city where the river is polluted. This is 
a problem, as beaches are nearby. Nonetheless, aside from 
such areas, the river is not seriously polluted, (lire to its enor-MOUS Vlume.their 
inous volume. 

At present, five other cities have sewage facilities that serve 
a total of 45,000 peoph CORPOSANA, the institution in cha:rge 
of this service, plans t(, provide facilities for 175,000 persons 
by the year 2004. In most cases, such plans do not include 
treatment of the effluents, which will be disposed of in the 
Paraguay and Parand rivers and other waterways. 

Furthermore, there are pians to install treatment facilities 
known as settling ponds so that the effluents would be in a 
more acceptable state when clumped in waterways. These proj-
ects will serve the sewage systems of San Bernardino, Villar
rica, Coronel Oviedo, San Juan Bautista. San Ignacio, and 
Luque. 
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Caballero Park. 

Green Areas 

The cities' green areas are plazas and parks, which io general 
are smaller than 10,000 m' (one square block). Asunci6n has 
153 plazas, with a total area of 124 ha, the average area being 
8,100 m'. 

'he parks vary in area from 1,000 m' to a maximum of 

60,000 il. Eighty percent of the parks are smaller than 10,000 
m2 , accounting for 45" of the total area. 

he Caballero Park (17 ha) and the Botanical Garden/Zoo 
complex (450 ha) are the most important green areas, given 

expanse aid purposci. The Botanical Garden/Zoo com
plex has of late been neglected, especially its scientific and 

educational aspects, as areas of historic, educational, and sci
entific interest have increasingly been turned over to sports 
and recreation uses. There are several other green areas which, 
given their size and vegetation, have a positive impact on the 
urban microclimate. The main ones are: 

--	 the School of Physical Education (Ki 4 1/2), the Race

track, and the Higher Educatior, Institute, all three con
tiguous, thus (orming a significant open space; 

- the Carlos Antonio L6pez park; 

clubs with sports facilities; and, 
--	 the Lambarc' hill and its environs, which have been made 

into a park. 

The other parks and plazas no doubt play a very iniportant 
social role. However, due to their small size, their contribution 
to the urban environment is negligible. 

Urban centers have been modernizing rapidly, with instal
of running water, waste and storm sewers, paved streets, 

etc., all of which affect the environment and the quality of 
resources. Aniestimated 3.0 million people will be 

living in urban centers by the year 2000. This increase, to
gether with projected services and industrialization, will have 
a significant impact on the environment; but the .negative ef
fects can be neutralized with proper planning, adopting cor
rective measures for today's problems and preventive ones for 
the future. 

In recent years most of the municipalities have extended 
their respective urban radii, creating new neighborhoods and 
dividing them into lots. These measires have led to changes 
in economic activity, and have had a socio-economic and 
environmental impact. New urbanized areas on the periphery 
of cities have rendered the lands more valuable; but such areas 
lack adequate water and light services, paved roads, and other 
services. 

Urbanization means not only extending the area of a city, 
but also, especially in and around Asunci6n, new types of 
contruction, which have gradually led to the destruction of a 

of architectural styles that reflect historical periods of 
great importance in the Paraguayan environmental and socio

context. 

Monuments, and Historical Sites 

None of the indigenous groups that populated Paraguayan 
territory left significant architectural ruins. Nonetheless, there 
are many archeological and ethnographic materials and sam
pies in a variety of collections, of which the most important 
is clearly that of the Dr. Andr(s Barbero Ethnographic Mu
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),A& th'*Government Palace of Carlos Antonio L6pez, gen
')6 erally known as the Cabildo, built between 1847 and

1854; 

k, ,-the 

.. ," " I 

" f-the 
I 

', ,-

Some rich pieces from the FranciscanPeriod comtitute an innpor-
rant artistic ptrimony, 

seum. The museums's collection includes ceramic and lithic 
remains, and a range of ethno-historic and more recent ma-
terials from most of the ethnic groups that live or have lived 
in Paraguay. 

In recent years archeological research has gained impor-
tance and has attracted the attention of several archeologists
and institutions. This research has uncoverd natijral caves 
with remains from primitive cultures and cave inscriptions in 
the heights of Ybyturuz6 and Anambay, sites which should 
be protected. To this end, they should be made into national 
parks. 

Efforts have been made to conserve ant improve the most 
significant historical monuments and educationally and sci
entifically important points of interest. These include: 

- the Jesuit ruins at Jess and Trinidad, which date back to 
1634 and 1712, located sorrie 400 km from Asunci6n, 
in the Province of Itapha; 

- the Borb6n fortress, which dates from 1792 and isknown 
today as the Olimpo fortress, in the Province of Alto
Paraguay; 

- the San Carlos castle or fortress, built between 1803 and 
1806 on the banks of the Apa river in the Province of 
Concepci6n; 

-- Vapor-cu6, in the Caraguatay district some 100 km from 
Asunci6n, with remains of boats used in the war against 
the Triple Alliance; 
the ruins of Humait,, south of Pilar, Province of Nleem
bucO, 460 kn from Asunci6n: a church built in 1861,

then used as a fortress bv the Paraguayan army in the war
 
against the Triple Alliance; 


the church of Yaguar6n, 50 km frorn Asuri.i6n, which
 
dates from the latter part of the I8th century (I 750 to 

1780);
 
the Cathedral of Asunci6n, built Detween 1842 and 1849; 


-- the Church of the Incarnation, Asunci6n, built in 1893; 
Church of the 'Irinity, built in 1856; 

,..ndependence FlaIl and the Historic Way (I 772); 
the Government Palace (1861 -1867); 

-- the main railway station, inaugurated September 21, 1861;-the Pantheon of Heroes arid Oratory of the Virgin of theAssumption, built between 18033 and 1865, which was 
left unfinished at the time, and was finished in 1936; 

home of Gen. Bernardino Caballero (from the mid
19th century); 
L[a Rosada foundry (1U848-- 1;69), located in the Ybycuf 
district, 200 km from A\suci6n; and, 

- Cori hill, historical site where Marshal Francisco Solano 
L6pez was killed. 

There are several sites of social and environmental interest 
in and around Asunci6n in addition to those listed above, for 
the most part historic buildings or sites of interest because of 
past uses: residences of important persons, public institutions,churches, plazas, etc. Approximately 15 such monuments and 
historic site,; are believed to have been demolished or fallen 
into ruin in Asunci6n. 

Industry 
Industry accounts for 20 to 22% of Paraguay's total gross

domestic product; annual industrial growth has been on the
order of 7.0% in recent years. Despite this growth, the share 
of industry in GDP has remained constant, due to the tre
mendous dynamism of the primary sector, especially agricul
ture. 

..

.- , 

' " 

Effluent.s from an industrial plant. 

7 
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Most industries, by their nature, pollute the environment 
considerably. Nonetheless, due to their limited scale in Par-
aguay, the effects of such pollution did not become manifest 
until a few years ago. Nowadays, the effects or several indus-
tries a. clearly quite serious in several parts of the country. 

The food industry, the country's largest, accounts for 35% 
of industrial GDP. Textiles, the second industry, accounts for 
13%. Other branches of industry account for 3 to 5% each. 
These industries have not had a serious impact on the envi-
ronment because some of them, perhaps the most important 
ones, are located on the banks of voluminous rivers into which 
the pollutant by-products are dumped. The small size of most 
industrial facilities is another factor that has helped keep pol-
lUtion down. And finally, many such facilities are located in 
sparsely populated areas; this does not include those of the 
Central area, and some sugar mills. 

The industries that pollute most include meat-packing, veg., 
etable oil, and liquor and alcohol plants. (See Chapter VI). At 
present industry is working at 20 to 60% of capacity, which 
means that the estimated maximum pollution level would be 
1,884,450 population equivalents/day."' Industrial pollutants 
per plant vary from 1.5,200 to -100,000 pOllaion equivalents/ 
(lay. 

There are many family scale agro-industries which, as they 
are based in sparsely populated rural areas, do not pose a 
serious threat to the environment. 

Energy 


In 1982 Paraguay used a total of 1.7 riillion tons oil equiv-
alent (TOE), per capita consumption coming to 560 kilograms 
oil equivalent (KgOE). The world average is 1,500 KgOE, and 
the Latin American average 1,000 KgOE. Energy sources are: 
biomass, 66%; oil derivatives, 21%; and electricity, 13%. 

Energy consumption affects Ihe environment and ,he natural 
ecosystem. The extent of this impact depends on tile energy 
source, and the amount of energy produced. Following is a 
description of Paraguay's main sources of energy, and their 
relationship to the environment and the ecosystem. 

B~iomass 


Biomass is the main source of energy. Sixty three percent is 
used in its primary form, and 3% in secondary form. Firewood 
is the main primary resource, accounting for 58%; charcoal 
and alcohol are the main secondary resources, accounting for 
2.5% and 0.5%, respectively, of total energy supply. 

Firewood and charcoal produce only low levels of pollution, 
given that they are used in the horie, primarily in rural areas. 
Nonetheless, intensive use by industry, as for e~ample in the 

ACEPR b,,s ayfunacs, this par-e hamfu, toL,'l
ACE-PAR bl,,st furnaces, may be harmful, thour i iin tis ar-

ticular case treatment of exhausts and gasses is planned, so asto avoid air pluonin heAsunci6ii area where tepatis 
oad pollution the the plant 

Kilns, whether powered by firewood or steam, are not a 
source of pollution. 

While organic fuels are not yet a pollution problem, the 
process whereby they are produced does affect the environ-

I/	One popula'ion equivalent = 54 gran-. BOD.'dav (13OD:Biological 
Oxygen Denand). 

ment. In ind of itself, this process is not a serious problem. 
However, taking into account the clearing of forests for other 
purposes, it does contribute to tIledestruction of the ecosys
tem, destroying the habitat of wild animals and altering local 
and regional climate and vegetation. 

Such energy resources depend on forest resources; if the 
forests are not replenished by man, serious environmental 
problem. will arise. Scarcity of such energy will drive its price 
upwards. Some users will have priority access, ,nd domestic 
imbalances may arise once the Paraguayan naticnal iron and 
steel works (ACEPAR), which will use charcoal, begins op
erations. Its demand for this resource will rise above current 
total supply levels. 

Alcohol production deserves special attention. It is a sig
nifica.it source of pollution, as the mash from alcohol pro
cluction consumes dissolved oxygen when dumped in streams, 

thereby giving rise to unpleasant odors for a distance of several 
square kilometers below the processing plant. 

'Fle distillation of each cubic meter produces; 12 to 14 cubic 
meters of mash; a single cubic meter of mash can render 3,000 
cubic meters of water anoxic. In other terms, 12 to 14 liters 
of mash from a distillation pi int has the same biological oxygen 
demand as the daily urban wastes of 6 people 

Current alcohol production levels and the 1.2 million liters 
of waste waters currently produced have the potential to pol
lute 50.4 " 10' cubic meters of water. At present, alcohol 

production, especially at Paraguay's main distillery, located 
at Mauricio J.Troche, GuairA Province, involves dumping of 
wastes inthe Tebicuary-mf river, making it impossible for nearby 
cities such as Villarrica and Coronel Oviedo to be supplied 
with potable water. Pollution takes place on a smaller scale 
in the Caacupe waterways and Lake Ypacaraf, caused by ef
fluents from sugar cane processing plants that produce hard 
liquor. 

Given current trends, it is estimated that demand for alcoho! 
fuel for 1985 will come to 147,000 cubic meters. This would 
mean 2.0 million cubic meters of waste waters, with a potential 
to pollUte 6.t0 × I0" cubic meters of water. The effects would 
be particularly serious for fish life ail, the affected population;
there may also be other unforeseeable consequences. 

Oil Derivatives 
Oil derivatives covered 11% of the total deriand for energy 

in 1982. There is as yet no oil produced in Paraguay, but 
processing of oil derivatives has brought about environmental 
changes on a small scale. The maximum capacity, 7,500 bar
rels a day, is far below that of other refineries that de cause 
serious damage. The refinery, located along the Paraguay riverjust 10 km from the center of Villa Elisa, Central Province, 

jus 0 enter eis tral inereceives knimoil shiipnients. Oil aridoVother residues that spill into 
the river when the tankers are cleaned damage and pollute 
downstream river banks. This can be observed with the naked 
eye. 

Use of tetaetliyl lead to improve the octane rating of gas

oline, prohibited in countries with strict environmental regu
lations, is the most noteworthy pollution problem connected 
to oil use. Indeed, tetraethyl lead poliutes the environment 
wherever used, the lead components posing aparticular health 
hazard. 
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Hydroelectric energy,production involves less pollution than other IHtydro electric plants do not contaminate the environment but darnformn of energy production, construction causes significant phy.ical .nd(biological changes in the 
1'.)Vi'i) llent. 

Hydroelectric Energy species that become weeds. Such plant species, however, have 
In 1982 hydroelectric energy supplied 13% of Paraguay's to (late not been observed in Paraguay.energy needs. Production of hydroelectric energy has in- Ihe flooding caused by the dams also drives awaycreased at an annual average of 17.4% over the last 10 years, 

many
animal species, while others become locally extinct.
a much higher growth rate than other energy sources. The most dramatic aquatic effects of the dans are:
 

Due to its natural feature., Paraguay's Eastern region has a
tremendous hydroelectric capacity, ranging from small plants, 
 - change in the speed cf stream flow;with less than 10 KW/h capacity, to very large ones with ca- - accumulation of .edirnent; and,pacities ranging from 8 to I !l million KW/h. - change in the water's degree of turbidity.

With the Acaray power plant and ItaiptYs 12.6 million KW/ 
 The above phenomcna will ecome more pronounced onceh capacity projected for 1990, as well as the Yacyreti and the Yacyret6and Corpus dams are completed. Together withcapita energy reserves. Itaip6, they will constitute three large reservoirs that total 500km in length, destroying the pre.sent aquatic ecosystem and 
Hydroelectric energy productiOn involves less pollution than giving rise to new ones. Their impact on fish life will be manother forms of energy production. Ilowever, dam consiruction ifested in:
 

causes significant physi(land biologi(al c:harges 
 in the environment. Installation of hydroelectric facilities also has sig- 1.A halt in biological migratory movements of fish.nificant socio-econotnic onsequences. 2. The dammed rivers and their tributaries and lagoons will 
Approximately 200,000 ha have been directly affected by no longer serve as spawning grounds for several species.the Itaips, Yguaz6, apd Acaray darns. The eifects have been 3. Construction of dams may favor the proliferation of moreas follows: voracious, aggressive, and trash carnivrous fish species, to 
a. Social: Emigration of much of the local population. the detriment of species that are more valuable economically 
b. Economc: Lumbiering, agriculture, cattle raising, and 

and for sport.
Finally, the construction of electric power lines also affectso~ther rural activities have come to)a halt. the environment. In recent years over 1,000 km have been 

c. Biological: Installation of dams ang the Parani, Acaray, installed in a variety of ,re-s, including forests, natural grassand Ygauzcj rivers has brought about the destruction of natural lands, and cultivated zones. Furthermore, this syslem of disvegetation, primarily top quality forests. 
cipitation patterns is directly related 

The change in prc tribution and supply causes radiofrequency radiation, lowto the disappearance of frequency electromagnetic radiation, electric induction, andforests and the significant increase in surface evaporation from other effects on the environment. Its effects, however, haveair-water contact in the reservoir. As yet no studies have eval- not been studied, and no minimi:rn or maximum limits haveUated these changes; nonetheless, experiences elsewhere in- been set.dicate qualitative effects in this regard. Although the environmental impact of electricity lines is not 
This disequilibrium may be accompanied by parallel effects well-known and the negative effects go unnoticed, togethersuch as the proliferation of some animal species which serve with other phenomena, distribution of electricity contributesas disease vectors, as well as the appearance of some plant in a gradual fashion to the process of environmental change. 

29 



Areas of significant change 

1. 	Central area. 
Agriculture and mixed farming. 
Area: 20,000 km 2. 

2. Itapa area. 
Agrlculture and Forestry. Settlement by European 
and Oriental settlers beginning about 1920. 
Area: 10,000 km 2. 

3. 	Settlement areas. 
Settled by Paraguayan and Brazilian settlers, be
ginning in 1960 with the agrarian reform. 
Area: 87,000 km'. 

4. Flooded 	areas. 
Created by the !taip i, Acaray and Yquazt6 dams. 
Area: 200,000 ha. 

5. Tannin 	area. 
Begun toward the end of the last century and con
tinuing into the 1950s.
 
Area: 30,000 km 2.
 

6. 	Mennonite area. 
Settlement begun in 1926 - mixed farming and 
agroindustries. 
Area: 9,000 km 2. 

Note:
 
Areas are estimated.
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Asunci6n Cathedral. 

Guair1 Falls, which have disappeared under the reservoir behind ltaipi 
dam,
 



Toward an Environmental Conservation and
 
Preservation Policy 

The actions proposed in this chapter are of a general nature, 
and 	reflect concerns that arose in the course of investigating 
the current statuS of the environment. Implementation of these 
ideas will require more in-depth study, and application of suich 
research in the form of profiles or projects. lhe appropriate 
institutions should make decisions in accordance with the 
guidelines for each case, and guarantee the implementation 
of such decisions. 

Medirn-Term Actions 

Research into the status of natural resources ani the envi-
ronnient indicates the need for a cohesive pflicy regarding 
natural resource use, conservation, and preservation Given 
the coniplex nature of tle environment issue, which affects 
several sectors, environmental policy should he: 

- broad, ,o as to cover the whole range of issues entailed; 

flexible, so as to be consistent with the interests of both 
development and conservation; 

far-sighted, taking into account the timei needed to ia-

plement policy and achieve the stated objectives; 
normative, setting a framework for all activities related 
to use, reclanation, conservation, and preservation o: 
natural resources and the environmenlt; and, 

insitutional, with the appropriae hierarchical organi-

The following are reqLJired for d(efining and implementing 
this policy: 
revision of Leg n 

Legislation 
Sorrie contradictions and outdated provisions have been found 

in the laws on natural resource use and the environment. A 
study of current legislation is recommended so as to overconie 

these problens. The legislation should Ie updated and cor
rected; inconsistencies should be eliminated so as to avoid 
legal conflicts. The most inpiortant (locunients in need of up
dating are the Civil Code,' the Rural Code, the Agrarian Stat-
Ule, and others (laws, decrees, etc.). 

Strengthening Institutions 
Modern administrative techniques Ire, necessary for achiev

ing the objectives of natural resOurce and environmental pol
icy. 

The present administrative apparatus iceds to be improved 
and 	strengthened along the following lines: 

defining the respective institutional functions and attri
butes of all bodies whose work is relaled to natural re
source use and the environment; 
defining the 3tructure and nature of the institution in charge 

of natural resources and environmental planning and 
management (e.g., an Institute for Natural Resources); 
assuring that all levels and specialties are staffed by corn
l)etent l)ersonnel; and, 

allocating sufficent resources for all functions. 

Land Management 

Land management is needed to determine how different 
lands will be used, in accordance with the natural resource
base, so as to avoid environmental degradation and achieveniore balanced development from one area or region to the 

next. 
It is )articularly important to, define url)ar areas, or areas to 

be urbanized, rural spaces, areas to l)e prolected, and areas 
set aside for industry and basic services. These livisions will 
be set forth in more detail in each region and zone. 

I/ Currnrtly t)eing Qu(ie(I in (ongress for updtaring. 
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The objectives of land management are: 

- use natural resources rationally and preserve environ-
mental quality; 

- improve knowledge about problems related to the envi-
ronment; 

- help set priorities in dealing with difficulties; 
- quantify financial needs in more precise terms; and, 

reconcile development interets and conservation inter-
ests. ests.-

Implernentation of the above recluires the proper legal frame-work. 

Immediate Measures 

Ideally, muasures should be implemented in a defined con-
text. But in the absence of such a context, and while legal 
tools are being drafted and the respective institutions are being 
set up, the following,projects and measures can be undertaken: 

Data Center and Office for Evaluation of the 
Environment 

This office should gather information from different sources 
regarding all aspects of the environment. Such data should be 
processed and analyzed so as to determine related points and 
reach conclusions regarding the environment. 

Its main functions will be: 

systematically evaluate the environment in the country 
as a whole, and iby region, zone, or specific topic; 

- propose, where appropriate, environmental policy alter-
natives and decision-making methods; 

- g.romote plans, projects, and measures to solve environ-
mental problems; 

guide and coordinate the actions of public, private, and 
international institutions; 

- disseminate information gathered and conclusions reached 
in environmental studies; and,inenvbironmeal studi; aInstitution: 

-establish a data bank. 
Institution: Technical Planning Secretariat. (The specific officeis to be set un.) 

Soil Classification 

Most soil studies to date have been general and exploratory,
and have used different classification systems. Soil maps, at a 

-scale of 1:50,000, cover only 28,300 km , or 7.0 percent of 
the country. Most of these studies were carried out by con-
sultants for specific projects. 

In light of the above, the following measures are recom-
mended: 

- creation of a government office in charge of soil studies; 

- gathering and revision of existing data regarding soil clas-
sification, climate, vegetation, and other indicators for 
the taxonomic study of these resources; 

- design of a uniform system for classifying soils according 
to their uses; 

- passing legislation to adopt a national classification sys
tern; 

- drafting maps indicating soil use capacities for all Para
guay; 

- establishing norms for soil use according to potential, so 
as to avoid soil degradation, and for reclamation of soilsthat are already degraded; and, 
establishing a national soil conservation program.
salsigantoa si osrainporm
 

Institution: Ministry of Agriculture and 
 Livestock. (A specialized office should l)e created to cov'er this area.) 

Management of Wildlife and Natural Areas 
A total of 1,120,500 ha have been set aside as protected 

areas. Of these lands, 98.2% are found in the Western region, 
and 1.8% in the Eastern region. There are also other natural 
areas which, given their ecological features, must be protected 
so as to avoid their destruction or alteration. Appropriate man
agement of wildlife and natural areas requires measures to 
complement those taken to date. The train ones are: 

reinforcing the office in charge of administering parks,reserves, and wildlife, through appropriate organization 
with a hierarchical structure aid allocation of sufficient 
funds; 

- designing and implementing a system of national parks 
and reserve areas; 

-- updating legislation regarding wildlife management so as 
to avoid legal conflicts and establish specific norms for 
each area; 

- establishing and implementing regulations for hunting,
fishing, trapping, and marketing of products and by-prod
ucts of these activities; 
systematically undertaking public education campaigns 
on the importance of conserving Paraguay's biological
resources; and, 
promoting tourisi and scientific and recreational activ
ities so as to make better use of national parks. 

National Forest Service. 

National Biological Invenory and Museum ofNtoa ilgclIvnir n uemoNatural History 

This program has gotten ofl the ground, but has come up 
against serious limitations, anid is thus unable to operate as it
should. Compiling the inventory and building the museum are 
both extremely important for learning about Paraguay's bio
logical resources. They are key in terms of gathering the basic 
information for any effort to conserve plant and animal species. 

The following measures should be taken to assure proper 
development of this program: 

strengthen the office in charge of the program, defining 
its place within the institutional structure and its specific 
functions; 

- appropriate more resources to the program, and stream
line allocation of funds to cover expenditures; and, 
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- redefine the program so as to set the objectives, timelines, 
and expenditures needed to cover the entire country. 

All of these measures will allow for continuous follow-up 
and evaluation while tie program is underway. They will 
also facilitate refinancing. 

Ins'itution: National Forest Service. 

Paraguayan 	 Natural History Museum 
As there is no such national institution, the following mea-

sures are recommended: 

-- Establish a natural history museum, as, to (late, Paraguay 
has not had one. 
This museum, 	 which would be of high scientific and 
educational quality, would serve as a depository for geo-
logical, botanical, and zoological collections of interest 
to the university cormlmunity aid the public in general. It 
would serve (thenec's of research, teaching, tourism, 
recreation, et.--
The museum would relate to the zoo and botanical gar-
den, possibly as a dependency. 
The museum would include specimens, insofar as pos-
sible, representative of all Paraguay. In the future, or if 
regional or local museums are established, the national 
museun would serve as a central or reference museum. 

Institution: National University of Asunci6n. 

Forestry 

Forests constitute one of Paraguay's most important 
 re-

sources. Given current threats to the forests, several protective 
measures are proposed to assure they can continue to fulfill 
their various functions, 

The most important measures to be takcn are: 
designing and implementing a national forest systenl; 

carrying out and periodically publishIning a national forest 
resources inventory; 
develcping a forest management plan; 

--	 developing a reforestation plan with several purposes, 
including soil reclamation, supplying ACEPAR with char-
coal, and others; 
developing programs for transfer of forestry technology; 
strengthening the institution in charge of forest resources, 
assuring it has adequcII~e personnel and funding; in(], 
revising legislation regarding harvesting and marketing of 
forest products, legislating needed changes in accordance 
with present and future needs. 

Institution: National Forest Service. 

Rational Use of Toxic Substances 

To foster greater pub)lic awareness regarding the dangers 
toxic substances pose to the environment andl puI)lic health, 
measures already being laken should be ,lepped up and corn-
pleriiented with othiers so as to carry out this task more effec-
tively. Tile priority measures to be taken are: 

setting up a campaign to inform the public about the 
presence of toxic substances in the environment, and 
their possible COnsCu~eti( es; 
ensuring enforcement of existing regulations regarding 
use of chemical pr(,'Jicts, as well as those regarding in
portation, storage, and marketing of toxic substances; 

- revising and complenienting existing norms on impor
tation, slorage, and marketing of toxic substances; 

- setting up an educational campaign with outreach tofarmers, agricultural workers, and food processors re
garding appropriate use Of toxic substances, techniques 
to avoid health hazards, and measures to protect those 
who buy and sell agricultural products; 
establishing and implementing regulations regarding ad
vertising of products that contain toxic substances; and, 
strengthening the capacity of the appropriate institutions 
to carry out the proposed measures. 

Institutions: 	 Ministry of Public I lealh and Social Welfare. 
Ministry of Agricul ,.i-, and Livestock. 

Ministry of Industry and Commerce. 

Management of the Lake Ypacarai Basin 
The natural resoLrc(s in and around Lake Ypacarai, such as 

tile wa:er, soil, and tlora and fauna, have been significantly 
degraded in recent years. This drop in quality is lue to stepped 
up use of the 	lake for recreational purposes, an increase inindustry and agriculture in ithe lake's vicinity, and more means 
of transportation in the lake's watershed. 

Given the cological and social importance of tile lake and 
its watershed, nieasures must be taken to avoid further and 
irreversible damage. 

Due to the relatoioship among the resources aftected, and 
to be as eff(ctiV. as ps',ible, any plan must deal with Ioihl 
the lake and its watershed. Su 11a plan should include:
 

" regulations for establishnent and operation of industry;
 

land managenent ot the watershed to establish areas for 
urban development projects, recreation areas, and agri-
Culture; and to define those areas that should always havenatural vegetative cover and those that require forestation 
or reforestation, etc.; 
regulations regrirg 8arbage rd waste (isiosal in general; and,
 

regulatios regrdirg disposal of iidstrialeffluents.
 
Istittioni The inSt utin(s) in charge, costs, and financing
for the plan for mnagenient Of the lake and watershed need 
to be identified 	in order t im lemen the plan. 

Strengthening and Developing Private Entities 
Private non-profit organiz, tions working in conservalion ,ird 

natural resource ranagement, such a, PRONATURA, FUN-
DLAY, and MAI,, will be able to,play an inportant role once 
they have the appropriate organi/alional capacity. To this end 
they should be 	supIitn rt)ed. 

The thrust of thesw' organi/atiorns' work is research, educa
turn, and tiubli(ity relted to the (nvironrent. lhese groups 
Could conil)I1nIelt g o'rn 1,nt-sj nrsor p rograis as part of 
Paraguay's (onservtion policy. 
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For the most part, cattle raising has not yet seriously altered the ecosystems in which it occurs. 

23 

Private entities in charge of monitoring and guaranteeing i.e. interdisciplinary studies in the above-mentioned branches
environmental quality in their respective communities should oi' anthropology; it would ailso pursue the practical matters ofbe encouraged on a regioral basis, research, recovery, collection, and classification of relics of 

past cultures and the ethnographic manifestations of present-Urban Solid Waste Recycling Project day indigenous co;munities in Paraguay. These artifacts would 
Making use of domestic and industrial solid wastes in the be organized in permanent or traveiling exhibits.


Asunci6n area is the goal of one environmental project that is 
 This center would also play a key role in educating all Parlikely to be put into effect. aguayans to respect the need to recover, conserve, and pre-
Presently, more than 400 tons of garbage and other solid serve relics of cultural history and of Paraguayan society of all 

wastes are collected daily in Asunci6n. The current disposal epochs.
system, whereby garbage is dumped in layers into a natural Given this prriect's scientific and academic character, it
depre,sion, known as a sanitary land fill, has significant short- should be channelh:d through the National University. Indeed,
comings in both operalions and approach. this program may Le set up within the University's School of 

A recycling plant that at first would operate with simple Philosophy and Letters. Nonetheless, the Ministry of Education
reclamation processes, employing ernvironmental protection may organize its own Department of Study, Conservation,techniques such as solid waste management, would combine Preservation and Education of the Paraguayan historic ard 
the goals of physical removal and sanitary disposal. Other cultural environmnent. This might mean splitting functions, forbasic reclamation methods, such as recycling bottles and sirn- such an entity within the Ministry of Education could take
ilar economic stimuli at the neighborhood level, should be charge of museums and repositorie, while the University Louldstudied and implemented by the municipal governments, train specialists in the human sciences related to these pro-
Institution: Municipalities, especially Asunci6n. posed measures. 

In any event, the National University is not only capable,Urban Land Management but isclearly structured to play both roles simultaneously. This 
Cities, which constitute a man-made milieu, have not yet recommendation is intenoed to centralize rather than fragment

grown to alarming proportions. Asuncidn (population 400,000) actions to be taken. 
is the only Paraguayan city with population over 100,000. Institution: National L'nnver.;ity of Asurici6n. 

Despite the fact that environmental degradation in Asunci6n
 
as 
regards noises, vibrations, wastes, odors, !pollution, micro- National Environmental Education Program
chinatic discomfort, etc., has yet to reach worrisome levels, A nationwide educational program should be set up with
regulations and methods for protecting the urban environment the following objectives:

should lie adopted. 
 disseminate information as to the current status of the 

Urban land management, barely begun in the Asuncirn environment and the natural resource base; 
area, should move Ceyond enforcing ordinances and other
 
regulations: land management in both the cities and country-
 publicize the imiortant role of natural resources'

side should be dealt with by a national land management law. --- disserinate information on the causes, effects, i-
Yet, as there have been few experiences in this regard, regional terrelated aspects of environmental change; and, 

ard 

measures are recommended in the first stages. develop regular educational programs at all levels.
 
Towns and cities other than Asuncidn, dlespite their smaller In the program, 
 the word "education" should be broadly

populations, can and should also ensure their growth is con- understood as involving both formal and non-formal educasistent with environmental protection and especially with the tion: all possible communication media, including the mass
quality of life. miiedia, should be used, and the program should le geared to 

The proposed project woulId use available environmental the broadest possible audience, so that the community can 
protection techniques, studying their impact and economic increase its awarencss of society's niech for a clean environ
and legal implications, rnient. 
Institution: Institute for Urbn Developmenl. The program will also provide incentives to institutions re

lated to the environment.Archeological Studies Center Institution: Ministry of Education and Culture. 
The establishmnent of an archeological studies center should 

proceed immediately. Such arminstitution, which would be Preservation of Indigenous Cultures 
part of a larger, comprehensive scientific and educaticnal un- While establishment of a program to recover and conserve
dertakinig, would contribute to the conservation anre preser- historic cultural relics by setting up an archeology studies cen

ter is certainly important, ensuring the social and cultural cohe-Thus. archeological studies should be taught in the context sion of the indigen~ue peoples surviving in Paraguay today is
of a well-rounded anthropology program, covering physical, an even more pressing and fitting task.

social, and cultural anthropology, as well as archeological and Fortnately, there is already a national law in this regard,

pre-historic studies, and ethno-historic niuseurn studies. 
 the Statute on Indigenous ConmUnities. Article I sets forth as 

The objective of the proposed studies center would be to an obje(tive of the law "the social and cultural preservation 
train social scientists in the broad field of "human sciences,'" or the indigenous comninilies, protection of their heritage 
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and traditions, and improvement of their economic condi-
tions." Nonetheless, the specific measures and f-olicies forachieving such wide-ranging and just aspirations have yet tobe defined. 

Several parties, acting individually or as part of an institu-tion, are active in conservation c1(l(I preservation of in(igenous
cultures. These parties' diverse theoretical and practical ap-proaches to the issue of inter-ethnic contacts sometimes over-
lap and sometimes conflict, 

However, as immediate mcasures to guarantee a compre-
hensive, cohesive policy for conservation and preservation ofthe natural and socio-cultural environments are the issue at 
hand, such measures should be the responsibility of the Par-aguayan Institute for Indigenous Affairs (INDI), as it was set 

up for this purpose by the above-mentioned law (904/1981,
Statute on th, Indigenous Communities).

Indeed, INDI is the autonomous government entity set upto implement the law. Among its functions is the "coordina
tion, monitoring, and evaluation of activities for the benefit ofindigenous peoples in the public and private sectors," as well as "providing scientific, technical, legal, administrative, andeconomic assistance to the indigenous communities, alone or
in coordination with other institutions." 

INDI, it should Ie pointed out, not only has the legal authority to develop its own policies in this field, under the aegisof a specific law; it also has the option of coordinating all 
related activities. 
Institution: Paraguayan Institute for Indigenous Affairs (INDI). 
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Aspects 

Cu6 mines, Ybycuf National Park. Photo courtesy 
National Forest Service. 

Two architectural styles. 

Indigenous census takers compiling
data on distinct ethnic groups. 



Social Aspects 

Etluio-Historic and 
Anthropological Backgrom d of 
the Paraguay,-m Enviroinnent 


Pre-Hispanic Paraguay 

Socio-spatial Aspects 

In the early 16th century, present-day Paraguayan territory 
constituted two distinct ecological, social, and environmental 
milieu. The Paraguay River, running north to south, clearly
defined the borders for two socio-spatial and cultural regions,
which, moreover, were marked by sharp geographic and cli-
matic contrasts. This iswhat the Spaniards encountered when, 
in the course of their expansionist conquest ani settlement 
drive, they came to what istoday Paraguay. They firstsettled 

at the site that became Asunci6n, later moving into Paraguay's
Eastern region. 

The Western region or Chaco includes a vast plain, perhaps 
once a sea bed, which is semi-arid and is criss-crossed by 
forests. The area is characterized by its hot climate, scarcity
of water resources, low levels of precipitation-especially as 
one advances further to the northwest-and its periodic rises 
of rivers and streams, causing flooding and extensive spill-
overs, which drain with difficulty due to the heavy clay soils, 

Nature has been generous with low vegetation, grasslands, 
forests, arid palms. Native fauna are found in great abundance, 
turning the Chaco into an immense hunting ground for no-
madic peoples with agathering, hunting and fishing economy. 
The earliest written accounts testify to the presence in the 
Chaco of "very barbaric ....very bellicose nations that do 
not cultivate the land nor gather any seed fruits, for their sur-
vival, but who live from hunting and fishing." This description
is by Ruy Dfaz de Guzmin in his "Historia del Descubri-
miento, Conquista y Colonizaci6n del Rio de la Plata," 1612. 

Across the Paraguay River, to the east, one finds hurnd,
subtropical forests, fertile soils, and a more benign clinate 
with abundant rainfall and generous water resources, espe
cially as one approaches the Paran i river basin. 

The spatial and cultural dichotomy was thus marked in pre
conquest times, and was decisive in determining the location 
of the Spanish colonial settlements. In the Chaco were to be 
found several bellicose, rebellious, and hostile tribal groups,
with a hunting, fishing and gathering economy and, worst of 
all, a habitat un~uii-41 for the Spanish agricultural, urban, and 
artisan tiaditiuns. 

The prototypical form of social organization in the Para
guayan Chaco was that of nomadic tribal paleolithic clans that 
hunted, fished, and gathered. 1here were a few exceptional 
cases of rudimentary agriculture; this, he .vever, was carried 
out under subjugation to the aggressive, paleolithic hunters. 

Inthe Eastern region, and particularly in the area of Asunci6n
bay, the Spaniards did find neolithic cultivators with highlyproductive agriculture. Historian Ulrico Schmidl reports that 
"among the above-mentioned Carios or Guaranfes we find 
'Turkish wheat' or maize and mandiotfn, yarn, poropf manioc, 
pepiri manioc, peanuts, bocaja, and other foods, as well as 
fish and meat, deer, wild boar, ostrich, 'Indian sheep,' rabbits, 
hens, and geese, and other wild animals, not all of which can 
be described at this time. There is also divine abundance of 
honey, with which wine is mache; they also have a great deal 
of cotton" (Schmidl, 1567). 

Thus tie Paraguay River, since the pre-colonial period, and 
since the times of conquest and settlement, has marked the 
striking and rigorous spatial, social, cultural, and environ
mental boundary between the two great milieu which make 
up Paraguay. This situation has determined the ethno-historic 
processes of population distribution, conquest, and coloni
zation, as well as the configuration of Paraguay's towns and 
cities and the social organization of production and exploi
tation of natural resource,. 
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Producive Activities 
In pre-Columbian times, there were two pr(ductive modes: 

agricultura! and extractive. The extractive mo(le was (hara-.
terized by a completely utilitarian approa(h to the erviron
mcnt, with no production processes to speak of. Gathering,
hunting, and fishirg are typical extractie activities. Whiie 
such activities required a wide range of procedures which, in 
some instances, were quite complex, there was no produc tion 
in the sense of creating products. J here w.is only extraction 
of natural products, and dlrect consllt ion or (:9nSUmpltion 
with minimal pro essing. 

Extraction was the basis of most pre-lI span i( economies ill 
the Chaco. Virtually all of the pre-I lispanc groups hunted, 
fished, and gathered, but Without carryinrg outt actions that 
would lead to depredation of nature; they prrticed a rotation 
system in their natural resource use, allowin igir a more or 
less balanced renewal of these resour(es. Sonie indigenous 
peoples drove agricultural communities into serfdom, the ag
riculu iral goods prOdLuced coni1)le, tent ing the hasic ext riction-
based diet. 

The pre-t ispaniic agricultural cycle oif most intrcst in aia
lyzing Paraguay's production processes isGuara "agri( ulture, 
especially that of the Carios from the area that was to become 
Asunci6n. Their subsistence agriculture drew on tihe natural
fertility of the so i and used the slsh-and-burn method, sowing

oin the cleared lands. This form Of soil use is seen as a cause 
of the seni-nomadic nature of these groups, who often muved 
so as to continue the resource use cycle. This allowed for ati 
least partial renewal of resources. 

The Colonial Period 
The New Socio-Spatial Arrangement 

Tie arrival of the conquistadors in the region described above 
in the early 16th century-especially in the area where Asun
ci6n was established-signalled the beginning of colonization 
in Paraguay, the influx of a new population, and tile starting
point of a new model of resource use and environmental man-
agement, 

Soor, the deniography shifted to a prevalence of mestizos 

of mixed Spanish and Guarani Iackground. Nonetheless, the 

Carios of the Asunci6n area fought against contact with the 
Europeans. The Spaniards, however, Understood the impor-
tance of overconling tile opposition, ruling over these groups,
arid setting up stable settlements. Indeed, the conquisiadors'
advance from tile mouth of the La Plata River had grown dif-
ficult due to the inhospitable climate and the bellicosity aid 
aggressivity of most of the indigenous groups with which, up
till then, they had come into contact. Inlitial Guarani resistance 
was overcome after violent arid bloody confrontations. 

Two key aspects should be stressed. First, that the Cario-
guararifs resisted Spanish colonization trorn the beginning;
miscegenation between the Spaniards and the Guarais did
riot grow out of spontaneous friendship pacts. Rather, it was 
imposed by Ilie Spaniards on the Guaranifs. This relalionship
of the Spaniards and the indigenous peh)ples as oppressors and 
oppressed respectively, has from the outset deterniined the 
course of conquest aind colonization, involving new forns of 
production and environrmental use. 
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Independence House, one of the few extant testimonials to colonial 

architecture. 

Arid secondly, the Spaniards stressed tile importance of tile 
Asunci6n area "sith its land and people." There were lands 
already cultivated by small farriiers, agricultural goods which 
could be consunied, arid a , .)rk force subjugated by the "po
iical relative" system of Guarani social relations, which placed
tremendou. :niportance on the in-law relationship. This was 
seen as a means of broadening the extended family, with tile 
consequent advantages of defending tie clan and increasing 
productivity of the land through more male laborers. 

As miscegenation began, with marriages of conquerers and 
Guaranf woriien, the first colonial settlements arose in Para
guay, with Asunci6n as the acministrativ and population cen
ter. The need for production led to new forms of organizing
physical space, exploitation of natural resources, development
and adaptation of new technologies and, finally, a cultural 
resporise to the gamfut )f social needs. 
Productive Activities 

lhe rapid and stable settlement of tie Spaniards in Asunci6n,
miscegenation with the Guaranis, arid establishenit of tile 
colony's other early settlements gave rise to a gradual change
in production. 

Thi, Guaranis' ruclinentary tools were replaced by the Span
iards' modern tooIs: metal artifacts, axes, hoes, and later plows, 
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oxen, and other draft animals that were incorporated into what 
was clearly a more nodern, productive, aid diversified ag-
riculture in colonial Paraguay. New crolpl, such as garden Veg-
etables and fruits were introduced, and subsistence agriculture
slowly gave way toJsurplus production with storage and conmrner(e. Cattle were raisedI for the first tinle, a,'d their nieatce.Cattlenie raisnp,, dieed theo irt, aidheirlyzud

Came to comple ent the indigenous diet. 


At first production for subsistence and to supply one's own 
needs continued to prevail. But soon bread anrd beef were 
produced, cattle having been brought in during the 16th ten-
tury. Wine, wheat flour, starch arid native cotton wre also 
produced. The cotton wa.s spun and 'Novell in the colony itself;
it was used in the prodluction of Paraguay's first textiles. Mo-
lasse,; and, soon, hard lirluor and sugar were all produced
from sugar cane. Hides fi oni both cattle and wild anirn a:; were 

tanned and used in local production. Lumbering war beguii,

and carved woods, beams, races, 
and planks were produced

and used to rnariUtdlure axlesand 
 other parts for carts, Coaches, 

tfirriture, sugar mills, arid looms, 


In due time the Spanish learned of the infusive properties

of yerba mat6, and it was first planted for commercial pir-

poses. 'his 
 involved a transition froni natural plantations which 

had provided leaves Used in ceremonies by the indigenous 

peoples to production for a large market. 


Throughout almost the entire colonial period the economy 

was not 
based on money, but rather on barter and attributing

exchange values to consuner products, such as "wedges,"

cloth, and yerba mat& Nonetheless a growing surplus 
was 

produced, and several goods were increasingly produced for

export: Yerba mat(?, woods, hides, tobacco, ceramic recep-

tacles, and blankets were it1
among the goods carried to Santa 
F6 or Buenos Aires in Argentina and reshipped to other South 
American ports subordinated to the crown (e.g. 1 in'n,de
Lima, Portobelo), or to Spain itself, all depending on the le-

cisions of the Spanish colonial adnlinistration. 


Types of Settlements 

Among the key factors determining the nature of settlements 

and population centers, and the society-environmenl relation-

ship, were: the growing needs of production; the gradual emner-

gence of a stratified society; problems related to geo-political 

boundaries within the larger Spanish-American colonial con-

text; and other factors particular to the Paraguayan situation,

such as defense, navigation arid communication needs, and 

evangelization. 


What were the main types of settlements that arose from the 
above factors? 

Valleys and Rural Districts The rural districts that were prev-
alent in the area of Asunci6n (the present-day Provinces of 
Paraguarf and Cordillera) were based on Guarani agriculture,
which was adapted to the mestizo, or creole, Spanish-Para-
guayan models. The valleys and towns of Valenzuela, Piri-
bebuy, Barrero Grande, Arroyos y Esteros, PirayO, and Quiindy,
with their small farms devoted primarily to raising crops, and 
secondarily to mixed farming, all evolved through this process. 

This miodel expanided, covering the alove-rnentioned prov-
inces as well as Guairi, Central, and much of Caazap,, all of 
which make up what is today referred to as the "area of old 
settlements." This area coIistitutes the traditional smallholding
region of Paraguay. The age-old use of its soils, dating back 

to the pre-Hisparic era, use of the slash-and-burn method, 
plows with handles, and hoes, the failure to rotate crops, and 
other factors all led to soil depletion and fragnientation of 
landholdings. 
Prishes or Chap)aiflciet,: M st,rih s r 'ta l n ie: o the types of settlement ana-M Jsofh ty so eten nl n here were actually closely linked to other types as they
Lnufoled. Ihis ,vas the case with parishes and chaplaincies, 

which generally related ,losely to the valleys and districts de
scribed above. The ptarishes and chaplaincies grew out of the 
evangelizing mission that was piractically ornripresent in Span
ish colonization. Each seitlernent or town, whatever its nature, 
was usually dedicated to a r)atron saint or under the care of apriest. Whether the townspeople were Spaniards, Indians, or 
mestizos, whether there was a priest or not, the construction 
of a small chapel ix.parish church would always play a key
role in the town's social and cultural lite. 
Religious Missions: The situation was different in areas where 

settlement was clearl yorganized around religion and the evan
-gelicalmission of tile Catholic Church. Such was the Case 

south of the Tebicuary River, and north of the Paran<i River,
which came to be called the "Spanish missiun area," in con
trast to the Spanish colonial area. There, the Jesuit-run "mis
sionary" to'wns flourished. 
he Estaincias or Landed Estates Settlements based on live

sto k, established by the Spaniards ealy oin in the colonial 
period, gave way to Iural clusters and settlements organized
around these estates, which were known as estancias. At the 
estancias were toun(d poor rural workers, generally mestizos 
or Inldians, who rapidly assimilated *he various forms of pro
duction and Cultural patterns associated with rarching, in con
trast to the small farmers who only produced crops.

Ranching expaidd around Asunci6n, in San [orenzo del 
Ca' (I roln Asu i nina n oren del 

Camto ranfde---wvher thethelesuit missionaries owned vas. 
tracts of lands for cattle grazing--and in th- Yarigua- valley,later known as Paraiguar' 

The estancia vas the fir:mI production model to make exten
sive use of the land, as the cattle spread across the grazing
 
areas. Conflicts arose COntinualiy, the farming population pro
testing over the excessive damage the roaming animals wrought

oin their plots. Indeed, cattle-raising tended to expand along
side or at the expensW of cultivation of crops.

Indian Towns: The rigid social structure, involving the Span
iards, creoles, mestizos, Indians, and, later, blacks and mu
lattos, implied the need for spatial organization of the populationl
 
by social strata. Thus arose the Indian lowns inlwhich the
 
Spaniards,setcrcoles, and mestizos were at least in theory forbidd~en to foot, with the exception of pr~iests arid civil au
bite
 
thorities. 

Many of these towns were originally founded in the northern 
part of the Eastern region, in the present-day Province of Con
cepci6n, in the area of the Guarambar6 people. However, 
ravaging invasions by indigenous peoples from the Chaco 
obliged them to relocate to their present-day locations around 
Asunci6n UNemby, Guarambai(, Ypanr6, Tobati, AtyrA, and 
Altos). Others were founded later in more remote areas, such 
as ltap,, Bel6n, Yuty, and Caazapi. 
Fortresses and Garrisons: lhro-lghout the colonial period,
the Mbayi-guaycurties, the Payaguies, and other indigenous 
groups front the Paraguayan Chaco invaded the Eastern region, 
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even occupying much of the present-day Provinces of Con
cepci6n and San Pedro, and causing continual instability and 
unease in nearby settlements. 

Frequent and equally destructive incursions in the north were 
carried out by the Portuguese-led explorer and nestizo forces. 

Asunci6n was also raided by Chaco Indjans. Among the 
fortresses, garrisons, or "castles" as they were also called, built 
to protect Asunci6n were those at Tapui and San Idelfonso, 
approximately 10 and 30 ki, respectively, to the north of 
Asunci6n, and those at lIacurMbnhrand Lambar6, both less than 
30 krn to the south. 

Towards 1700, fortresses and garrisons were built under the 
policy of "defend by populating." 'To'wns such as Villeta, 30 
km south of Asunci6n, and San Agustin of Arecutacu i, 40 km 
to the north, were founded in this way. In Alto Paraguay, in 
the northernmost part of Paraguay, Fort Borb6n (today Fort 
Olirmpo) was founded; on the banks of the Apa river in the 
Province of Concepci6n, the San Carlos Castle was built; and 
to the northeast, the defensive outpost of Curuguaty was built 
to stop the Portuguese explorers' advances. 
SawrnilI-Yetha MaI6 Centers: Curuguaty was a combinatiorn 
of several types of settlement. Not only was it a rypical Spanish 
town; it was also a defensive military outpost, and a center of 
yerba mat, production. Indeed, a few settlements in eastern 
Paraguay, such as Curuguaty and Ygatimnf, served both as de
fensive oulposts and centers of yerba mat6 production and 
lumbering. During the colonial period both lumbering and 
yerba mr,t6 production began in the westernmost parts of the 
Parae:- basin. Other such settlements were CaaguazOi, San 
Estanislao, San loauin,Yh6, and Ajos (today Coronel Oviedo). 
Bla.:k-Mulatto Towns: Like the indigenous settleninents, the 
black-mulatto towns played a role in the spatial organization 
of the social structure. While colonial Paraguay did nol directly 
import slave labor of African origin, many such slaves were 
brought to Paraguay via the La Plata River. The colonial au-
thorities and the Francia Administration after independence 
had a policy of maintaining separate towns and settlements 
for the black and nulatto population, apart from day-to-day 
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Members of the Chulupi and Lengua tribes attending a course on 
organization of cooperatives in Yalve Sanga (Chaco). Photo courtesy 

c. Raidan. 

contact involved in domestic servitude and slave labor. Thus 
Aregu&i, Tabapy, and Emboscada, during the colonial period, 
and Tebeg6, in the province of Concepci6n in the north under 
the Francia government, were black and mulatto towns. In 
Emboscada, the black pO)uLlation also fulfilled the def'e,rsive 
duties assigned to everyone in the vicinity, whicli was linked 
to the Castle of San Agustin de Arecutacui. Later a group of 
blacks came to Paraguay with losO Gervasio Artigas, exiled 
from his native Urrurguay, and settled in the Laurel:y area, near 
San Lorenzo del Campo Grande. 
,panish -lorwns: Finally, among the models of the social
environmental rexus were the Spanish towns, which later be
came creole and mestizo towns. These were the original foci 
of the conqtuest and colonization of Paraguay, though they 
grew and declined witd th, ebb and flow of incursions by 
Portuguese expeditions and invasions of hostile Indians. 
Ihe first Spanish town in Paragry was Asunci6n. Asunci6n 

was the base for other ventures ot conqrrest and colonization 
to the north, south, and east, which met with varying degrees
of succress. These ranged from the remote settlements in the 
former region Of Guairi in the northleast, today the state of 
Parai in Brazil ()ntiveros, Ciulad Real, and Villarrica), to 
J(r'z de' laFrontera in the far north, beyond Apa; and, to the 
south, Co rierntes, Berniejo, Santa FO and Buenos Aires. Except 
for those cities that later fell under the jurisdiction of Buenos 
Aires and which still exist today, the alxrve settlements, all 
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founded in the 16th century, faded into history as a result of 
the Paraguayan colony's geo-political situation vis-a-vis Por-
tuguese pressures. 

Survival of Indigenous Peoples and CurrentSuvial o nin 

Situation 


How have the various indigenous groups from Paraguay
survived, and what is their social and political role in Paraguay
today? 

Of the indigenous groups that originally inhabited or oth-
erwise interacted with the environment of what is today Par-
aguay, 18 ethnic groups that belong to 5 linguistic families 
survive and live in the country. These groups play different 
roles in Paraguayan society. 

Map IV-1 describes tile surviving indigenous groups with 
respect to linguistic and ethnic groups, which correspond to 
variations in social-spatial configurations, and to attitudes and 
ties that mediate between the indigenous groups and Para-
guayan society. As regards attitudes, one studyfollowing results: a) those groups whO have turned 

yielded the 
inward, in 

a hostile and defensive postUre toward Paraguayan society; c)
those who seek contact; and, e) 1!iose who peacefully avoid 
all contact. Categories b) and d) are intermediate between a)
and c), and c) and e), respectively. (See Map IV-I.) 

Main Archeological Remaiirs in Paraguay 
None of tile indigenous peoples of Paraguay has left arche-

ological monuments. The peoples of the Chaco, nomadic pa-
leolithic peoples using :.tone or perishable materials such as 
bone and wood, and the neolithic peoples from the Eastern 
region, with rudimentary agriculture, withoit large villages nor 
lasting structures, have only left behind artifacts that should 
be located and systematically excavated. Unfortunately, Par-
aguay has no tradition of scientific archeological research; 
most of the scarce findings are from isolated or foreign re-
search, and end up in museums abroad. 

Significantly, however, the ,L 10 or 15 years have wit-

nessed advances in irrportant aspects of archeological re-

search. Also, most of the research that documents Paraguay's

ethnic history is ethnographic and ethnological. Breakthroughs

have been made by Paraguayans and foreigners whose re-

search, complementeci by historic documentation, has al-

lowed for a faithful rcconstruction of the pre-Hispanic era,

including a clear classif cation of Paraguayan indigenous groups

today, during the colonial period, arid during the pre-Hispanic 

era. 

Two major lines of archeological research have been de-

veloped recently. On the one hand, there has been research 

into the natural caves or shelters that have been found in 
different highland areas, in which artifacts of primitive human 
cultures and cave irscriptions have been found. The main 
findings have been ii the highlands of Amambay and Yvyty-
ruz6, at the Cerro Guaz6 and Tororo sites (Arnambay and 
Guairi Provinces respectively). Such research is generally pri-
vate, lacking suppolt from official scientific and cultural bod-
ies. The Cerro Gua7.i caves are an exceptional case, in which 
the Paraguayan Institute for Indigenous Affairs (INDI) and the 
private Paraguayn Society for the Protection of Nature 

1/ Based on an anthropological 'Judy by Chase Sardi, M. (1971) 

(PRONATURA) sponsored the research, with UNESCO sup
port. 

The second line of research has been pursued specifically 

in the area where the Itaipt hydroeleciric dam isbeing built,the province of Alto Parani. From 1975 to 1981 archeo
logical excavations and findings, financed by the binational 
(Paraguayan-Brazilian) ItaipLu project, recovered more than 
40,000 pre-historic stone and ceramic pieces, which are still 
being classified and catalogued, so as to later be placed in the 
Archeological and Ethnological Museum of the Paraguayan 
area of Itaip(, to be set up soon in Itaip(. 

Important vestiges of the colonial period have remained, 
some conserved in varying conditions, others beyond repair
and lost. Among those beyond restoration are several signifi
cant colonial buildings and historic spaces that have been 
demolished or altered by additions or changes in the spatial 
context. These actions, which alter the environment, are sig
nificant losses chalked up as a costly tribute to Paraguay's 
progress in public works. Furthermore, they testify to the urgent
need for legislation to conserve and preserve the social-spatial 
environment in a balanced and harmonious fashion. 

The most noteworthy remaining vestiges of the colonial pe
riod are the ruins of the Jesuit missionary settlements, which 
date back to the 17th and 18th centuries. Those at Trinidad 
and Jescs are the most interesting from an architectural stand
point. They are currently being restored after centuries of ne
glect. This effort is supported by several official and private 
bodies from Paraguay and elsewhere. 

In other missionary towns, such as San Ignacio and Santa 
Rosa, are found significant carved wooden pieces, noteworthy
churches, and other buildings of interest. Both towns have 
small museums. Most of the missionary towns have witnessed 
significant environmental change. 

In Asunci6n the Catholic Church's Monsignor Juan Sinfor
iano Bogarin Museum keeps valuable treasures of Jesuit and 
Franciscan missionary art, cultural manifestations of colonial 
religious life. Asunci6n also houses some old buildings in which 
Paraguay's social and political history unfolded, though none 
date back to before the late 18th century. The Casa de la 
Independenci.. (Independence House) is perhaps the oldest
 
which continues to serve in an official capacity today 
as a
 
museum of relics from the early independence period.


Asunci6n abounds with pieces from the two wars Paraguay

has waged as an independent nation: 2war 
with the Triple

Alliance, and the Chaco war. 
These relics, however, are not
 
sufficiently well organized nor permanently displayed; rather,
 
they are dispersed among several repositories. 

In general, Paraguay's landscape, both rural and urban, still 
has interesting vestiges that survive from the past. In the far
 
north 
are found relics, many of them restored, from the old 
San Carlo. garrison, mentioned above. Toward the extreme 
south the ruins of the old church of Humait6 rise up alongside
the banks of the Paraguay River. The ruins stand as a symbol 
of the bold defense of the plaza against the invasion of the
Triple Alliance. Relics of a assite known Vapor-cu6, near 
Caraguatay in the Province of Cordillera, have been collected. 
And not far from there, in the Province of Paraguarf, the ruins 
of an old iron foundry dating back to the governments ofCarlos 

and Francisco L6pez Solano have been restored. This site wasalso significant in the war with the Triple Alliance. 
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Table IV - 1 

Total Population and Average Annual Growth, 
According to the 1950, 1962, 1972, and 1982 Censuses 

Average
 

Annual 
Total Period Growth 

Year Population Covered 

1950 1,328,452 --- --

1962 1,819,103 1952-62 2.6 

1972 2,357,955 1962-72 2.7 

1982 3,026,165* 1972-82 2.5 

The 1981 1 l i,n(lluS (CensIs repojrted Paraguay's indigenous pp
., ulation at 38,703; this total is not included in the 1982 census. The, 

pIrevious cnsuses tendedf to eM IILL'the inldigIVlOIS people of Par-

Source: 	 Provisional figures from the 1982 Paraguayan Census. Bur
eau of Statistics and Census, Ministry of Finance. 

Jesuit ruins. 
1970-- 1982, annual population growth was 1.7% for Chile, 

Efforts to redesign the environment, generally registering more 1.4%, for Argentina, and 2.6% for l3razil. Ii
 
costs than benefits, have given rise !o paradoxes and useless
 
sacrifices. -!hus, the majestic Y;.guar6n church, an old Fran- Regional Population Distribution
 
ciscan missionary huilding, still stands, conslituting a wealth Population distribution is very uneven. On the one hand,

of architecture, woodwork, and depiction of sacred images; 97% of all Paraguayans live in the Eastern region, covering

while in Caacul5e, a traditional religious town that worships 
 40% Of the country (population density 19 persons/krn-). Oi
 
an old image of the Immaculate Conception, a pretentious the other hand, only 3% of the population lives in the Chaco,

basilica totally unrelated to the landscape nor the town's his- which covers 60% of the country, for a population density (-[

' . tol y ha,, replaced the old colonial church, which wats felled 0.2 persons/kn
in the fac o-fthe relentless forces of demolition. In the most populous area, Asunci6n and environs, popu2Churches, buildings, rmonuments, and other historic forms lation density is 3,908/km and 629/km2 respectively. The
 
of social interaction with the environment can be found across highest population density is in Central, Cordillera, Paraguarf,

Paraguay: in colonial Spanish villages once immersed in Par- and Guairi Provinces.
 
gUavan history, such as Concepci6n, San Pedro, Lurtue, Vil

larrica, and Pilar; in former indigneous towns, such as Altos, hroughotl history the population has tended to con( entrate 
Atyri, Ypan(!, Guarambar6, Nemby, Yuty, and Caazap,I; in in the Central area of the Eastern region, especially within a 
former black towns, such as Emboscada, Aregui, and Tavapy; 100 kilometer radius of Asunci6n. Indeed, almost 60% o)fIhe 
and in Asunci6n itself, which as Paraguay's capital is con- total population is found in this area. There has been a wave 
milled to respect for the historic and environmental legacy. of migration from the old settlement areas to the Asunci(6n area 
All of these require greater awareness of the need for preser- since the 19,10s. 
vation in the face of a pragmatic, utilitarian Outlook that, en- Two kinds of populatlion rl()venients caused demographic
visaging apparent material progress, has relentlessly sacrificed expansion in the ,astern zone. The first consisted of internal 
vestiges of past progress and Paraguay's historic, cultural, and migration from the south-(entral region, which reached its 
environmental heritage. These should henceforth le preserved peak in theI 1970s. This migration came especially from the 
as one of Paraguay's most valuable resources. Central area, where many families in the sniallholding areas 

were drawn east by the expanding agricultural frontier, high
A-k way 7 (between Coronel ()viedo aid Pte. Stroessner), andOlliverview of Parapiayan Society construction of the international bridge to Brazil and the Itaipti 

clam.
Demographic Features 	 Te second is immigration frorm abroad, espcially from Bra-

Population zil. Immigrants from Br'zil have been attracted by the avail-
Paraguay has a small population, totalling 3,026,165, the abilily, fertility, and low cost of land. That is, the fertile lands 

growth rate having fallen off slightly (luring the 1972-1982
 
census period. (See rable IV-I). Nonetheless, population growth I/ World Hank, "World Delvelopment RepJrt 1NI,1,"
Washington, I).C.,
is one of the highest among the Southern Cone countries. For May I191.. 
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of the Parani basin and the construction of the Itaipo clam 
have already had a considerable impact on demographic trends 
in Paraguay, especially as regards popLIlation distribution. Tile 
rapid growth of the "new settlement" area-which reached 
7.5% annually between 1972 and 1982, thereby increasing 
its share of total population from 21 e to 27%-is in part a 
reflection of the arrival of Brazilian settlers, especially along 
the banks of the Parani. 

UrbanO1 and Rural Population; Urban Structure 
From an ecologic and demographic standpoint, the urban-

ization proce:;s represents a transformation in the settlement 
pattern, w.h :greater concentration and a relative increase in 
the urban p'Oaulation. As a process of social change, urbani-
zation rcpius.,nts a change in individual and social behavior, 
a', new forms of organization emerge. 

Paraguay has one of the slowest rates of urbanization in 
Latin America. Urban population came to 34.6%, 37.4%, and 
42.3% of the total in 1950, 1972, and 1982 respectively, while 
for Latin America as a whole 64% of the population was urban 
by 1980. Thus, Paraguay's population is basically rural. 

Incontrast to the high degree of dispersion of the rural pop-
ulation across Paraguay, the urban population isconcentrated 
in the Asunci6n area,' 12 which in 1982 accounted for 26.2% 
of total population, and 62% of Paraguay's urban population, 
as compared to 24.6% and 65.6% respectively for 1972. Asun-
ci6n alone includes 15.1% of all Paraguayans, which remains 
nearly unchanged from the figure for 1972 (16.5%,). 

Analysis of the urban structure reveals significant concen-
tration of urban population around a single metropolitan area, 
and the relatively small size of all other cities. Since 1950 
Asunci6n has been the only city with population over 100,000.
There are only four cities with population over 50,000, all of
them in the metropolitan area. There are few intermediate 
sized cities. Those with population from 20,000 to 50,000 
have grown rapidly, in contrast to those with 10,000 to 20,000 
persons, which have not been so dynamic. 

Distribution by Sex13)  

There are slightly more men than women (the ratio of mento women is 101:100). In urban areas there are more women 
(94 men for every 100 women). In rural areas there are 107 
men for every 100 women. That is, the situation has reversed 
as compared to earlier decades. There are several factors that 
may explain why there are more men in rural areas, including
the increase in employment among women in the cities. Stud-
ies indicate that women have had a growing tendency to mi-
grate to medium-sized urban centers, and then to larger cities,
in search of jobs. This phenomenon is the main cause of the 
greater number of men in the countryside. 

I/ The Paraguayan censuses define the urban population as those who 
live in towns and cities, provincial capitals and mnunicipal seats, re-
gardless of size. 

21 The Asunci6n metropolitan area includes the Municpalities of Asun-
ci6n, San Lorenzo, Fernando de la Mora, San Antonio, Limpio, Lai-
bar6, Ludlue, Villa layes, Villa Elisa, and Nernby. 

3/ According to provisional 1982 figures. 

Immigration from 1950 to 1982 
The foreign population residing in Paraguay increased 65% 

from 1962 to 1972. Trends from 1950 to 1982 are illustrated 
in Table IV - 2. 

In the Eastern region, immigrants preferred the northeast 
from 1950 to 1972, particularly the Provinces of Amambay,
Caaguaz, and Alto Parani. Thus, this region's population rose 
from 8 to 15% of Paraguay's total between 1950 and 1972. 

Brazilians form the largest single contingent of immigrants 
today. In 1950 they represented only 1I%, in 1972, 43%, and 
in 1982, 58.3% of total immigrants. 'Fhe vast majority work 
in agriculture.

In 1950 European immigrants constituted approximately 45% 
of the total foreign population resident in Paraguay. Some 42% 
of them, in turn, were Mennonites. In 1982 Europeans rep
resented only 1.5% of all resident foreigners. 

In 1972, 30% of the inmigrant population of European or
igin resided in the province of Itaip(, where they founded 
settlements that are flourishing today. Japanese andI other ima
migrants are more spread out. 

Migration from Brazil and Argentina has been the most nu
merous due to proximity. In 1972 Brazilians and Argentines
represented 43% and 35%, respectively, of total resident for
eigners, and in 1982 58.3% and 26.0%, respectively.

Documents from the Bureau of Statistics and Census indicate 
that immigration between 1972 adi 1982 camne to over 5Y 
of the June 192 population. In absolute terms, the foreign
population was 150,000 in 1982, up from 81,000 in 1972, 
the 1972 figure representing only 3.4% of total population.
Today about 80% of all newly arriving foreigners are from 
Brazil. 

Emigration 
Until tle mid-20th century tile main causes of emigration 

were the weak economy, landlessness, political instability, the 

Table IV - 2 
Foreigners Living in Paraguay, according to the 1950, 

1962, 1972 and 1982 Census Reports 

Foreigners 
as % of 

Year Foreigners 
No. of 

Population 
Total 

Population 
Total 

1950 52,074 1,328,452 4.0 
1962 49,075 1,819,103 2.7 

1972 81,100 2,357,955 3.4 
1982 169,140 3,026,165* 5.6 

The 1981 Indigenous Census reported Paraguay's indigenous pop
ulation at 38,703; this total isnot included in the 1982 census. The 
previous censuses tended to exclude Paraguay's indigenous pop
ulation. 

Source: National Population and Housing Censuses - 1950, 1962, 
1972 and 1982, Bureau of Statistics and Census, Ministry of 
Finance. 
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search for better wages, cyclical economic crises, frequent 
stagnation of productive activities, and the fact that industry 
was only incipient. By 1961 some 500,000 persons had ema-
[grated. 

In the face of this striking demographic situation, one Must 
recognize that the populatiorn is always any country's most 
important form of capital. The population factor, with a sig-
nificani exodus in the last 30 years, is behind almost all prob-
lems affecting Paraguay on a nationwi(de scale. 

Any I)opulation program must place a high value on the life 
of man, in this case "Paraguayan man," so that lie can design 
and carry forth his own development and support a free nation, 
A study from several years back held that the Paraguayan is 
characterized more by his endurance than by his enterprising 

spirit. This was said to result from a variety of factors, rangingfrom the climate to the austere, conformist, and almost fatal-
istic concept of life, due perhaps to the fact that the bellicose 
situations Paraguayans have had to confront have not stimu-
lated creative activity. 

Today this concept is being overcome: the younger gener-
ations manifest a desire and capacity to improve their situation 
)oth as individuals and collectively. Paraguayans are today 

designing and carrying forth their own developmen1, with the 
support and stimulus of various government agencies, through 
a variety of programs the objective of which is to develop the 
ties between man anid his land, and reduce emigration. 

Settlement 

A thoroughgoing process of settlement and imrew ion has 
converted what had been virgin forests into agr lands: ' 
in part of the Eastern region. Furthermore, cc. of the 
ItaipO dam 14 km upstream from the city of Pie. itr'-ssner 
has led to significant settlement along the right bank of the 
Parani River. Economic opportunity has broadened the re-
gion's economic base, leading to greater economic integration
with the rest of Paraguay as well as with Brazil. As the lack 
of a transportation and cornmunications infrastructure had 
constituted i formilable obstacle to settlement inthe past, the 
highway network that has steadily expanded since 1950 has 
played an important role in settlement along the Paranii River. 

Rural-urban migration has not been as significant as rural-
rural migration in Paraguay, thanks to goverrnienil aclion, 
through the Institute for Rural Welfare's programs to resettle 
smallholders on lands suited for agriculture, as well as inareas 
with sufficient infrastructure to attract the rural workforce. Most 
internal nigration has been channelled to 630 agricultural 
settlenients ac,'oss the country; more than 8.0 million ha have 
been distributed. In 1980 alone the Institute for Rural Welfare 
incorporated another 500,000 ha as settlement lands. By 1980, 
100,000 land titles had been distributed through the land re-
form program. 

However, as hanrl pirices have risen, small farmers have in-
creasingly been uprooted from their traditional livelihood and 
habitat. Amidst rising land pri(es, Paraguayan settlers, many 
of whom have rlo titles, have been selling the rights of pos-
session to their plots. 

As settlement has conitiued, a niordern comunications 
infrastructure, rural electrification, and water supply have all 
penetrated the Paraguayan count rysidce. -he National Envi-
ronmental Sanitalion Service iscurrently installing potable water 

services for dispersed settlements and villages with Up to 150 
inhabitants. Rural housing has improved, as have large-scale 
programs to install latrines and i.ised stoves, which have L.ad 
a direct positive impact on food hygiene, and an indirect iii

pact on nutrition and health. Of the slightly more than 630 
settlements estalblished, about 60 have liecorne districts, with 
their respective urban centers; others breathed new life into 
declining (onLmunities, in an effort to incorporate them into 
Paraguay's developnlent process. 

The indigenous peoples have also benefitted from the land 
reform. The government has formed the Paraguayan Institute 
for Indigenous Affairs; 40 indigenous settlements covering 
157,605 ha have been set Lip through the Institute for Rural 
Welfare. 

The Lrban Milieu in the Greater Asunci6n Area 

Urban Growth 
Almost all of Paraguay's urbah, developlenl has taken place 

inthe municipality (f Asunci6n.
 
Table IV-3 provides an overview of I()pui
lation tren(ds in the 

metrolpolitan area, which as (t a 1980 coi .lius agreement 
has includedI I1municipal ites. Thus, the administrative struc
lure of the Asunci6n area has shittecd so as to confornm with 
Paraguay's developmuent nee(ds. 
The netropolitan area's pt)pulation has syrocketed. Be

tween 1972 and 1982, populalion grew by 105.3% in Lam
bar(-, 102% in San Lorenzo, 94. 1% in Mariano Roque Alon-,o,and 152% in Villa Elisa. If current trends continue, population
growth in the Asunci6n area over the next decade will be 
considerable. 

Asunci6n is the only urban center with over 400,000 in
habitants. Indeed, 45% of Paraguay's urban popLlatiori and 
most services are concentrated in the capilal city (table IV-4). 

lie area's physical geography manifests progressive disper
sion, with discontinuous nuclei of seriagricultural and seni
turban pockets found in the various municipalities around 
Asunci6n. 

According to lable IV-,1, Asunci6n and San Lorerzo are the 
only cities that enjoy all services. Electricity is satisfactory, 
except in Villa Elisa. The same cannot be said, however, of 
water supply, as some centers are barely covered. These in
elude Villa Elisa (2.2%), San Antonio (I 5%,), Villa Hayes, where 
water services are currently being installed, and San Lorenzo, 
with only 2"1," 
1he deficit is greater still when it comes to public plazas

and parks. In Asunci6n 70'% (fall plazas are either use(d for 
a variety of services or not pr(perly erjuipped. Only 30% are 
oulfitted for publi( use. 

Adequate mechanisms for Supervising settlerrerils inthe nie-
Iropolitian arei have yet to be found, despite the laws, decrees, 
and ordinances that are currentlly ineffect. These measures 
have not tprevented land speculation in the Asuric6n area from 
becomning a big business. 

C(nsruCtin (ifpublic buildings iniiareas ihat were formerly 
suburban ard are (urrently residenti,iI as provided for by Mu
nicipl Orrhinarie 633) is another coinsequence of tie dis
organize(d manner in which urban developmert has proceeded.
Exarniples inch de the Central B~ank, the Palace Of Justice, and 
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' . 7M'7," .,There is no shortage of plazas in Asunci6n.. ' '.' :,''-",i 	 nor in the met
ropolitan 	area as a whole. But they should be 	able to fLfill 

. . '"... "l'"":

/ ' 	

their specific social function; t0 this end the plazas should berefurbished or, in s one cases, proIvided with totally new equip-
Il
 , . • , 	 nent.
 

The AsurT 	 i6(city government has taken 111)on itself the task 
of conserving the city's greer areas. Ilis effort implies great
sacrifice and ex)enlditures that ae not at all profitable. None
theless, the cily is trying to at least guiaranhe the cleanliness, 
heauty, and plt life of these plazas. 

The current outlook for parks isoptimal. ASLIICi(')II has three 
-.. 	 main parks: Caballero, Carlos Antonio L61pez, and the Botan

ical Garden. The Botanical Garden has the greatest Iotential
for recreatioun and environmental conservation of any park
within the city limits. 

Work iscurrently' underway on thle NO (GuaztiNamioral Park,
along the highway to the International Airport. I will have avariety of 	aclivilies, and will he appropriately equi))ed. A 
park may also he established in the fields formerly occupiedby civil aviation, along the Mcal. Estigarribia road. If the pro
ject is implemented, the site will hbecome significant as regards 
recre,tion and conservation of green Spaces for a large area,, .. 4?':r,-- aS the rhove-nentio,-I~ e( parks only serve three zones in greater 

," .Asun(ci6n. In the Lanimr rrea, prklands have heen set asidejpJl on anlihari 1till. 
II. 
 Deterioration of the Cultural Heritage 

J Cultural, historical, and architectural sites ahound in the 
Asunci)6n area, legacies (f the Cohlrnial period, the early in
dependerce Ieriod, ni the time of the war of the Triple
Alliance.Two distinct stylistic concepts in Asunci6n. Asunci6rn, Luque, and San Lorenzo conserve only a few 

the Investigation I)epartmrent of the ,\sunci6r 	
historically valulhle relics; most of their historically significantPolice: allof spaces have been altered. The stepped tip pace of public worksthese have been built in areas that were set aside as residential has led to the dileinmi not only of demolishing old structures,neighborhoods in the ilove-rnienliioned ordinance. but (f erectiig new huildings and redefining spaces with no 

The p~rese~nce of these! plblic buildings inresidential areas foresight whatsoever, as urban development isnot well-planned.
has been mist disturbing to resilents given the sharp increase Ilistori(ally significd.t spa(ces and building,, have been abruptly
in Ir,affic, l)ssers-hy, street vendors, andiinformal cornmerce, destroyed.

allo)fwhich bring on significant erivironmentil legradatiorn. 
 Many historic sites anid n(ruirMents have een destroyerl orlecentralization of servi(es should not sacrifice already-es- replaced by modern huildiings of no (ultural value whatsIoever.tahlished residerial neighbrorhools; rather, such services shuild Such has 	heen the case of the "Ilouse (if o)()n [-6-Carlos A.he set Lip 	 in vcant spa(es that, like iither areas, should he pez," today the Fire Department; thestructured 	in an organic ind fnti(-olial fishion. 

" louse (f Vicente Bar
rios," which (ince servedl as the Municipal Atheneim and is

Public services (over urhrn sect irs without any rational cri- now a high-rise under co:,nstruction; the "Casa dle Imprenta"teria. Indeed, the graidu,il extension (f sLRi1,ervi(es has not (printing h(ouse), which housed the country's first newspaper,proceeded within r framework of comprhensive and lar- ParaguayIndep'e('Odi,nte, is today ,i apartrient buildirig; thernIrizer programs. As t result, stree'ts are (ftern Cit Off and home of President Fraicia, in ','byray (Trinidad), which haseven destroyed to rmke wry for services such as running water heen torn down; and Several fIuque's oloial arCades, which

and sewage systems, while ciRIi l('ritlher,rl ho using lacks have also been demolished.
basic servi(es, 
to the (letrirrent of the environrienl. Further- Both Luque ,amrSai l[oreno lhave suffered s a consequenc(emore, the high cost of water, electricity, and sewage systemns of AsLrici6rI's growth, having lost their clharacter as intermein the so-called "urtban developmenls" is still an obstacle to diale cities that served as stepping stores fr(r the capital toIl,nned extension of su(h services, the countryside, grahually losing their cUltur~il ileritity a1s they 
Open Spaces 

Urban growth iis had a lIarticlilarly strong impact on public 

Asuin(i6n 
plazis, lh' 

ar(,a 
(lristructi(ni 

has led to 
of 
changes 

increasingly 
thit had 

t,ller 
not 

buildings 
been 

in the oi ing r,il,Iii (iht1 l)41 h , 1iiv' noi('luii il l%v,hi(I)A (( 

contem- sovver, 1% r, ikn up by homing, lukl,,,or ,lher livae ues; 1%plated in the original design of the plazas. hav run dwviiieq ilient; id (lny 20% m' fullyq(tuildl(. 
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have become ever more dependent on Asunci6n. As Asunci6n 
constantly expands, architectural and urban planning models 
detrimental to the environment are adopted, destroying the 
landscape and grafting ii ,w buildings Onto urban settings that, 
over time, had remained consistent with the process of historic 
and cultural change. 

The priority given to Highway II,a pavedl road that cuts right 
through these historic sites, has been a major problem. Tie 
extension of Mcal. L6pez Ave. in San Lorenzo through the 
historic center of the city has given rise to residential areas 
along the roadside, giving way in turn to a great many persons 
involved in tertiary activities, vhich do not )lend in with the 
area's historic spirit. 

There is a similar problem in LuqLue, where a road runs right 
through the historic center, leading to an ever more artificial 
atmosphere. The city has accqiredh an increasingly impersonal 
feel. Despite the fact that there is still a typical urban grid and 
several vestiges of the colonial I)eriod, a tendency to degra-
dation has clearly set in. 

In spite of the Law for the Protection of Cultural Heritage, 
which clearly provictes for preservation and restoration, Par-
aguay's cultural heritage continues to be destroyed. This law 
defines as "cultural heritage, covered by this law, all those 
objects and natural features of historical value from OW coUn-
try's different historical periods." The law even prohibits the 
demolition andi destruction of historic remains, the authorities 
being empowered to intervene ill and suspend such actions. 

Public Health 

Main Health Problems 

Available data indicate that despite significant advances in 
recent y-'ars, Paraguay's main health problems are still infant 
mortality, maternal mortality, znd mortality of children under 
five. 

Similarly, communicable and nutritional diseases, espe-
cially those which arise from poor sanitary conditions, are also 
significant causes of morbidity and mortality, especially arnong 
children. Poor conditions include: insufficient potable water 
supply, sub-standard human and solid waste disposal facilities, 
poor food hygiene, and number and quality of housing units, 
especially in rural areas. Also significant are respiratory dis-
eases, diseases that can le prevented by vaccination, lack of 
measures to reduce nutritional diseases and, to a cetain extent, 
zoonotic diseases,. 

Mortality: The overall mortality rate has been falling. For 
1952-1956, the mortality rate stood at 18 per 1,000 persons, 
falling to 12. 1 per 1,000 for 1960-1965, 10.6 per 1,000 fo," 
1965-1970, and 7.0 per 1,000 for 1970--1980. In 1980 it 
reached 6.3. 

Life expectancy at birth has risen considerably: 54.4 years 
for 1950-1956, climbing to 57.4 for 1960-1965, 59.4 for 
1965-1970, and 63 for 197(0-19810. 

Given the il igh natural population prowth rate and the drop
in both infant and overall mortality, total population has in-
creased markedly in recent cecacles. 

hrTiproving mothers' echuc itirorn was important in reducing 
infant mortality fron 84.2 per 1,000 live births ill 1973 to 63.2 
per 1,000 in 1980. This process has been facilitated by ex-

pansion of the mass media, through programs to provide in
formation and advice in matters pertaining to public health, 
hygiene, nutrition, and, above all, by oreventiv iedicine in 
rural areas, working in Coin junction wilh several institutions to 
achieve common goals. 
Morbidity: A great many pathologies arise from environ
mental conditions. indeed, the four main categories of disease 
are: a)acule respiratory diseases; b) diarrhea; c) parasitosis; 
and, () influenza. Principal factors behindl a) and d) include 
crowded, unsanitary, and unsafe housing. The lack of potable 
water and inade(lquate sewage disposal are among the factors 
leading to b) and c). 

Public Services Related to Environmental Sanitation 
The Corporation for Sanitary Works (C()RPOSANA) is re

sponsible for Paraguay's policy regarling potable water supply 
and sewage and rainwater drainage facilities in the main cities. 

Ilie National Environnientl Sanitation Service is responsi
ble for such services inrrural areas and towns with less than 

4,000 inhabitants. 
Inorder to achieve its objectives, CORP( )SANA has divided 

its activities as follows: 

hoin ediatIe PaIr: To firther exten(l coverage to tle steadily 
increasing demand for water services. I this enld, equipment 
has been built and putr(imsed for prrductiori, piping, purnping, 
and distribution of water in the Asurci)6n area. 
Direct Plan: Its main objective is to considerably increase 
production and distribution of treated water by 1915, with the 
,I()a of produ(c inrg 520,000 cubic meters a day by the year
2008. At pres(.'it, average daily cornsuimption is approximately 

240,000 cubic meters. 
Expansion of CORPOSANA's services to cities in fhe inte
rior: Potable water supply services are operating in Alberdi, 
San Lorenzo, San Bernardino, Mariano Roque Alonso, Encar
naci6n, Pilar, San Juan Bautista Misiones, Fernando de la Mora, 
Luque, Concepci6n, Pedro Juan Caballero, Pte. Stroessner, 
and Caacup6. A moderr potable water supply system will soon 
be installed along the Tebicuary-rni River, to serve the cities 
of Villarrica arid Cororel Oviedo. The water systenis for the 
cities of Paraguarf and Villa Hayes are 70% and 80% con
pleted, respectively. 
Other Efforts: CORPOSANA is currently finislhing corstruc
tion of a storm sewer project in Asuri;i6n. Available data ill
dicate that 75.5% of Asunrici6ri's popuilationl is served by 
CORPOSANA; this is up from 63% in 1976. Furtherrimore, 
CORPOSANA's technical office is currently developing proj
ects for builling potable water systems in the context of what 
has been called the -13 Cities Plan," which is to benefit the 
following 13 cities: Bahia Negra, Caaguaztr, Coronel 1ogado,Euisebio Avala, Ilerrandlarias, H-orlueta, It,i, Sin Anrit(niio, San 
lgracio, ' Rosa, Sant Esanislao, Ypacarai, an Presenite 
Frainco. 

Other Programs Affecting the Environment 
Actions geared toward environmental protection have been 

primarily aimed at iniprovement and extension of p)otable water 
services, sanitary (ontrol of human aind so lid wastes, prevenr
tion and control of bacterial and iparasitic diseases, improve
nient and greater coverage of food protection services, pollution 
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The program isnot yet strong enough to be able to integrate 
guidelines that arise from the needs of a complex structure 
such as that required for a comprehensive environmental ed-
ucation program. On the other hand, however, the gradual, 
supervised integration of environmental education may be of 
great benefit to the pre-school program. 

Primary Schools: One specific environmental education pro-
gram is tileNational Environmental Education Program of the 
Ministry of Education and the [U.S.] Peace Corps, carried out 
in 1984. This project hopes to raise public awareness regarding 
the importance of Paraguay's natural resources. The main ob-
jective is "to foster national consciousness effectively as to tile 
importance of environmental preservation, so as to guarantee 
conservation of natural resources.' 

The challenge isto foster awareness of the problems brought
about by massive destruction of natural resources, so that the 
idea of conservation of natural resources will be meaningful. 
To this enrl, the project pursues the following goals: 

contribute to developing a viable, effective environmcn-
tal education program; 

develop the program as part and parcel of the Curricula 
at 	the various levels of education; and, 

provide teacher training in instruction and methodology 
of environmental education. 

The National Environmental Educa;ion Program aims to cover 
gradually the areas that are most signific,nt from the ecological 
point of view, so as to have the greatest possible impact. A 
commission has been formed with officials from both the Min-
istry of Education and the Peace Corps to implement the pro-
grai, coordinating the actions of the various institutions 
involved, and promoting participation of those international 
organizations that wish to cooperate in achieving the goals. 

The Project isbeing implemented in Asunci6n as well as in 

the interior. Already-existing curricula are being used, so that 

the teachers will assimilate the program to the greatest possible 

extent. The Project focuses on environmental protection, con-

sidering the environment as the nation's natural heritage, 


The coordinating team can choose the schools where the 

Project is to be implemented. It iscurrently operating in three 

areas: Pedro loan Caballero, Ybycuf, anrd Ayolas. 


The teacher's manual for environmental education in pri-
mary schools, now in its second edition, has been a particu-
larly important aspect of the Project's work. It is divided into 
five units, which were included in the 4th grade natural sci-
ences curriculum. The fourth grade was chosen as the point 
at which to include environnental matters in the curriculum. 
Each unit, and each book, involves several subjects and proj-
ects, which in turn are made up of several activities: 
Book One has five projects arid 79 activities, emphasizing the 
variety oi wildlife arid relations among different forms of life. 
Book Two has four projects and is 60 pages long. It presents 
the classification of living beings. 
Book Three, Man and the Changing World, focuses on pop-
ulation, weather, and environmental changes. 
Book Four, Man and the Balance of Nature, focuses on en-
vironmental problems, proposing some solutions. It involves 

conservation projects that the students can carry out them
selves.
 
Book Five, Mar) and Space, covers some basic ideas of the
 
universe, relating them to conservation.
 

At the end isfound a 25 page Reference Manual, which serves 
as a teacher's guide, entitled "Community-Based Environmental Education." This book includes a significant classifi

cation of relevant aspccts of environmental education found 
in official texts, with a page-by-page description. 

The Project has also published more complete and up-to
date materials, with a description and guide for each year from 
1st to 3rd grades, covering nature, health, and work; and for 
4th and 5th grades in natural sciences. 

Secondary Schooling and Teacher -raining: 
Background. In 1979 an agreement was signed between th-

Ministry of Education of Paraguay (through the Curriculum 
Development Department) and the United Nations, through 
UNESCO and the UNFPA (United Nations Fund for Population 
Activities). The first significant project in this joint endeavor 
\was the First National Family Education Seminar, the main 
objectives of which were: 

disseminate information regarding the implementation of
 
the Family Education Project inParaguay;
 

- disseminate the conceptual framnework of family educa
tisumfor the cademi year; 
tion for the 1982 academic year;
 
apply the Frame of Reference on Population Education 
in Latin America to family education in Paraguay; 

--	 analyze the relationships between population growth, so
cio-economic development, and conservation, and the 
impact of these phenomena on the quality of life of the 
Paraguayan family; and, 

- suggest sectoral and multisectorai strategies to support 
dissemination aid extension of the family education pro
gram to all Paraguay. 

Courses have been held to train teachers to in turn train
 
family education promoters in a multiplier program. There are
 
two main aspects to this program. 
Traiing : Teachers already on the job are trained primarily 
to train multiplier agents, with an introduction to the frame of 
reference and the different parts of the project: family and 
population, family and environment, and family and sexuality 
(relations within the family). 

These courses encourage a value-oriented pedagogy, pro-
Th u a ale-onedfe.
 

moting a Western and Christian outlook on life, 
The courses are organized with the following basic objec

tives: 
apply the foundations and different aspects of family ed
ucation in Paraguay; 

- develop training programs in family education far parents 
arid teachers; and, 

- make a commitment to implementing the family educa
tion curriculum in Paraguay. 

The theoretical framework for training is drawn from the 
First Manual of Family Education, which has been drafted in 
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Environmental education is an urgent neces.si. Workshop in Ybycui 
National PaiL. Photo courtesy Natio)nal Forest Servi:e 

simple, accessible ldnguagC. Thesec(Our,(s involve edLucdtion 
regarding values, with 1) analysis of the goals and objeclives 
of education in Paraguay; and, 2) analysis of the component 
parts of fanlily edicat ion (population, envir1nment, and sex-
uality). 

Originally tie family and environmentil aspects were deaIt 
with from a purely ecological perspective; later, they were 
broadened so as to emphasize their relationship to other related 
aspects. Indeed, the effort had involved simply suimming upvariables, rather than examining them inan integrated fashion. 
Evaluation of the various Courses, and above ,, the interest 
that the multiplier agents-to-be ex)ressed led to preparations
for the following stage. 

1hose aspects of the tamily edlucatiori project that dovctailed 
with environmental education were reflected inteacher-train-
ing on the environment (iil the framework of(dissemination of 
environment-related information); only in a few cases was it 
geared to ietlholodogical a'pects that would .11ow for in(li-
sion of environmental situaions or tasks in the teaching-learn-
ing process. 

Training I: Seconid-level trdining courses were organized with 
the following objectives: 


apply the foundations,an] theoretical framework of family

education in Paraguay; 


ranaiyzc the contents of family eduation and its incur-
poraton into existing curricula; ard, 
develop interdisciplinary educational responses to situ-
ations that may arise, considering relationships among
family, environment, population, and sexuality, 

This synthetic approach constitules :ifirst step toward a sys-
tenalic, inter disciplinary approach. Some I , 200 teachers have 
passed through this second level training progrmi. Training II,like Training I, has spread to all parts of the country. A total 
of"ten se(ond level courses have Ieen carried out. The terms 
of reference for the Training II courses were drawn up at each 
stage by Paraguayan consultants from the main institutions 
involved, 

University 
Nationa1l University of Asunci(n (UNA) and the Catholic 

University have? programs related to the environment. These 
include: 

Basic Sciences Insiitute: (ICB),of UNA, especially in the Nat
ural Sciences Department (biology and geology sections). In1973 a special field of study in natural resources was proposed. 
It did not unfold as planned. 

-he training of professionals in this field, whc, receive a
licenciatura, i.e. the approximate equivalent of a B.A., is suf
ficient for later research into environmental problems. 

Ecology is a key subject in,the course of study of geo!ogists 
and, above all, biologists. Training in ecology is later rein
forced through field work and reseaictl. 

This institution's contribution to environnental education is 
reflected in advice on the part of technicians and professors
to teachers at all levels, and particularly help for high schoolstudents and teachers in tra in inrg.

Soe of c rsnonnin gr
 
Some of ICB's environmental programs geared to conser

vatiori include: 

The joint project with the Asonci6n city government to 
study noise pollution along the main streets and highways 
of the capital. The results are used in the teaching-learn
ing process of the various secondlary schoo)l courses. 
The project to study and analyze Lake Ypacaraf.
 
The research progr-m on water pollution, water biology,

and ecology, including study of San Lorenlzo creek. There
 
are also sporadic programs on energy and other re
sources. 

. Tech'iical and scientific consulting for individuals and 
public and private institutions as regards environmental 
problems. 
The most specific project relating to an environmental 
problem was the Environmental School Project in Aregui.
This environmental school, named the Mois'., Bertoni 
School, was advised by ICB professionals; it was attended 
by school-aged chidren, who carried out specific tasks 
involving contact with nature on a rota ting basis. Con
servation practices and awareness were also fostered. Ad
ministralive factors and lack of resoUrces made it impossible 
for the program to continue. 

School of Chemical Sciences: This irtsitute, primarily tech
nical and scientific, carries out scientific studies of the envi
ronnient, both in the context of leaching, and for research 
purposes. All of the five courses of study include exposure toenvironmental issues at some point. This institution is key, as
ithas a great deal of inforriation and direct experience in 
'onservation. The school often holds conferences, courses,
 
and seniiars, such as uie oct water ecology held in July 1984,

for profe,sionals from the school well
as as for high school
 
teachers in: the area.
 
Schools of Ag,',,non, and Veterinary Sciences: These insti
tutions carry out technical studies and research that approach

tire issue of environment ina nore Ihoroulgh and compreher
sive fashion, taking inito account tle interdependence of the
 
fi:olrs that (one into play. These 
 two schools have a great
 
deal of responsibility for the environment given their concrete
 
approach to fmidaniental probleis that Paraguay faces.
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School of Science and Technology, Catholic University: This FUNDLAY receives direct aid from international organiza
institution, founded a few years ago, includes a Natural re- tions and donations. The main objective is for those involved 
sources Center, in charge of work related to natural resources. to agree on how to end lake pollution, with the focus on 
Its main contribution to environmental education was the First cleaning up the lake. 
Symposium1 on Natural Resources in Paraguay, held April 19
24, 1982. Mass Media 

Non-Educational Institutions Mass media includes all radio stations, TV stations, and print 
media. Though radio and TV programs are not geared to ed-

Other institutions' functions and activities relate directly ta ucation or training, they are effective means for increasing 
environmental matters, with train'ng programs related to ecol- public concern for environmental quality. 
ogy and the environment. Tl,..re are both state and private The diverse forms of media all have a similar general ap
institutions, the main ones bWing: proach to the environment. Environmental matters are taken 

State: up directly or indirectly whenever environmental problems are 
The National Forest Service is part of the Ministry of Agriculture considered newsworthy, and are seen as an opportunity to 
and Livestock. Since 1980 it has promoted a project with aid arouse the interest of the public. Thus news coverage is not 
from the Rare Animal Relief Effort. Some of the objectives at all systematic. An environment-rclated event must first oc
relevant to environmental education include: cur; then it is described in the media. 

- awaken interest in conservation; Nonetheless, the media-and especially journalists-are not 
only aware of the need to educate the public, but also have 

- disseminate inforniation on the project; ideas for medium and large-scale public relations campaigns. 

- provide information on national parks; The media are waiting for some institution or group to take 

provide audio-visual resources to interested groups and initiative; then, if there is sufficient coordination, they will 
institutions; and, contribute their experience, infrastructure, and capacity to reachthe public.
 

in the short term, an information center.
 
- set up, 

To summarize, the media have the potential to support en-
Due to lack of funding arid staff, this project is unable to carry vironmental education to a significant degree. Media involve
out more systematic environmental programs, or extend its ment would cover much of the non-formal educational systern, 
present activities. Nonetheless, the organizational structure, and constitute an invaluaIle aid to formal education. 
given its particular features, has a good future in store for it as 
regards comprehensive environmental education. Conclusions 

The National Environmental Sanitation Service, part of the Given the need to implement an environmental education
 
Ministry of Public Flealth and Social Welfare, is in charge of program based on the above-mentioned criteria, and in light
 
water treatment and environmental sanitati)n in urban and of Lhis review of the current status of environmental education
 
rural areas. Its participatory structure should be taken into in Paraguay, the following main difficulties should be noted:
 
account for possible future environmental education strategies. 1) lack of a basic philosophical and pedagogicai framework;
 

Private: 2) lack of coordination needed for promoting an interdis-


PRONATURA, the Paraguayan Society for the Protection of ciplinary, comprehensive environmental education program
 
Nature, was founded hune 5, 1976. It is a scientific, civic in both the formal and non-formal educational systems;
 
organization with the motto, '"To protect nature is to defend 3) limited reach and lack of continuity of programs to (late;
 
the nation." It seeks to foster environmental awareness con- 4) lack of teaching personnel trained in environmental ed
sistent with a conservationist outlook. Its activities are primarily ucation;
 
focused on wilderness, involving direct contact with nature.
 
Its main activities are: 5) lack of material and financial resources for initiating,
 

maintaining, and evaluating environmental education proj
- summer camping with pre-school children; ects; arid, 
- publication of its magazine PRONATURA, with FAO fi- 6) need for a proposal for a national environmental edu

nancing; and, cation strategy containing an authentic commitment to envi
-- formation of the Recreation Committee. ronmental education. 

Given its focus on consciousness-rabirg, PRONATURA is an 
effective organization through which to pursue environmental Pollution 
education. 

FUNDLAY, the Foundation for the Protection and Develop- Degradation of Surface Waters 
ment of the Lake Ypacarai Basin, was set up April 13, 1984. The first worrisome signs of water pollution began to appear 
It is made up of several people and institutions, including the in Paraguay in the seventies, when traditional spa areas near 
municipal governments of San Bernardino, Aregui, Ypacaraf, Asunci6n (inthe Yukyry creek basin) were seriously affected. 
ItauguA, Pirayil, San Lorenzo, arid Capiati, SENASA (MSPBS), 
INTN (MIC), DGT, MOPC, MDN, and private institutions in- Pollution in Different Regions 
cluding PRONATURA. Its basic aim is to preserve, conserve, Asuncion: Asunci6n's various creeks have been polluted to 
and improve the lake and its basin, varying degrees. The most seriously affected are the Sala
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manca, where the municipal dumping site had been located;
the Ja6n, into which sewage and industrial wastes have been
dumped; and the Sari Antonio and the Mburica6, which have
been ,.ffected by pollutants from textile plants and tanneries,
and solid industrial wastes. The Ytay and Ferreira creeks, while 
not as severely polluted, have been subjected to growing levels 
of garbage and sewage. 

Asunci6n Bay, formed by the waters of the Paraguay River,
is used for water sports, and serves as Paraguay's main port.Pollution of tilebay is caused mainly by runoff from storm 
sewers, industrial wastes from San Antonio creek, and sewage 
wastes from the Ricardo Brugada neighborhood. 

-N1984 SENASA report presented data indicative of the poor
quality of the bay's waters. Its coliform count is above rec
ommended levels for sports involving direct contact with the 
water; biological oxygen demand is about 7 mg/I. 
Central, (ordillera, and Pa aguarf Provinces: These three
provinces, which cover 10% or Paragulay's Eastern Region, are 
home to 30% Of thle country's people (not including Asunci6n);
they account for 60% of industrial production. 

Crisscrosed by several creeks that flow year-round, this
region has been studied by SENASA as part Of its Surface Water
Classification Program. The study indicated that the most im
portant surface waters can be grouped in three categories ac
cording to the extent to which the waters retairi their natural 
quality or have been altered. The three categories in tileregion
are: I) waters with high natural quality; 2) waters with intermediate natural quality; and, 3) I)olluted waters. 

I) Waters with High Natural Quality 
These waters, found primarily in the Los Altos range, are

characterized by their naturally low turbidity, high levels of 
oxygen saturation, low levels of organic pollutants, clarity,
and color. Examples Of such waters include the Y-Acaroysa,
Paso Irala, Ytc, Pirfiebuy, Ylaguy-riii, Yhaguy-guas6j, and
Cholo16 creeks ;,the L.os Altos range, and the Pefra, Ypane,
and Ytoror6 creeks irr the central area. 

Due to their flow over rocky river beds, which allows for a
high level of aeration and lack of pollution, the watercourse:,
of the Province of Cordillera can be classified in group I, and 
can be used for all priority purposes, including recreation with

bodily contact, drinking water once treated, protection of fauna

and flora, and irrigation. 


Most of these waters are usecJ for recreation during the sum-

rner months. Tile main risks derive from deforestation, which

is proceeding, apace to provide for lots, and building of new
roads in urban developments, which often proceeds without
taking into account slopes, giving rise Iosoil runoff and ren-
dering the waters more turbid. -hese waters are also threatened 
by "clandestine" dlumping of sewage witers from hornes Io-
cated near the creeks and, in the Pirar-ti area, by fuel alcohol
distilleries which have little or no pollution control infra-
structure to process liquid wastes, 

2) W aters w ith Intermediate Natural Q uality2.) 

2.1) Lake Ypacaraf and the Pirayi Basin 
Lake Ypacaraf, 30 km from Asunci6n, is the largest natural 

body of water near the capital. The beaches at Aregui, San 

, 
. . 
.:" 

'
--

Asunci6n Bay, used for contact recreation and site of Paraguay's 

principal port. 
Bernardino, and Ypacara' are all very popular. With a surface 
area of 53 km 2, Lake Ypacaraf's waters originate in a basin
that is still natural for the most part, or only slightly degraded.
Pirayr creek is the largest one feeding the lake. The lake still
has extensive natural areas, such as the marshlands by the
delta of the PirayO and YpucO, in the Ypacaraf district, and
the extensive lowlands by the Yukyry creek delta. 

The lake's particular features are: its strong coloring, clue to
natural humic compounds, and the low level of clarity (10 cm
Sechi disk) clue to colloidal particles and organic suspended
solids. The shallow avcrage depth of the lake allows for re
suspension of mud particles fro-, the turbulence of the waves.

The large amount of mud accumulated at the bottol is the 
result of vegetable detritUs from the extensive basin, which is
high in niacrophytes and reeds. Studies carried out by SENASA 
and the Basic Sciences Institute point out high nutrient levels:
50-100 micrograris/liter of dissolved inorganic phosphorus,
and 100-300 micrograms/liter of dissolved inoqanic nitrogen,
levels which by far exceed the limits for growth of phytop'ank
ton and algae. These phenomena promote eutrophicatiei. As
there is no lack of nutrients, the naturally high level of tur.)idity
must be the obstacle to further growth of algae. I here is little
data on the bacteriological quality of Lake Ypacaraf. There are 
no indications that microbiological pollution has surpassed
acceptable levels at the most frequented public beaches.
2.2) LakeL k Ypacarafp c rfaand the Yukyry Basind t eY y y B si 

Yukyry Creek contributes to the hydrologic balance of Lake 
Ypacaraf to an as yet unquantified degree. It enters the Lake
through a vast marsh, located at the far northwestern end of 
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Rivers flowing over rocky beds contain high quality waters. 
(Parapiari). 

the lake near the source of the Salado River, which isthe lkke's 
natural outlet. 

Preliminary data obtained by FUNDLAY indicate the sig-
nificant extent to whicli the waters of the Yukyry Creek, laden 
with organic matter anti nutrients, are purified by tileYukyry 
marsh. These results show a very significant decline in bacteria 
content. The natural p1urification process is believed to result 
from the mechanical, physical, ard biological action of the 
aqLiatic plant life, which is in contact with the water throughout 
the marsh. 

Sources of Pollution: The most significart pollutants affecting 
Lake Ypacaraf conie .(m twoI,tanneries, two ruril slaughter-
houses, one vegetaiile oil factory, food ilndustries, ind tie 
runoff of soils with aninal wastes from tie extensive cattle-
raising in the basin. Due to the periodic nature of the dis-
charges, it has not been possitble to evaluate the ili(tlutanIs 
and their impact. The gre,,lst imlpact is ielieved to be at the 
Ypacarai beach, whi(:h r ly microbiologicalmay be affected 
pollutants from slaughterh( use Viaste',. (Gjien their high level 
of nutrients, tile effluents Of the alcOhl f,(tory lavor the glowth, 
of algae aild have a high ti(Ilogical oxygen demand. Tihe ef
fIluents offthe tanneries in luiie toxic Metals, wllile those of 
tilevegetable oil factory includU oilIs alti alkalis. All have a 
significant inpact on a(uaIti( life. 

Potential Dangers to Liake Ypcirai: The greatest iotential 
dangers to wate' quality in the next few years will 1).--: 

The installation of sewage drainage systems in tile main 
cities (San Bernardino arl(I Ypacarai), arJ urban devel
opment projects without appropriate sewage treatlent 
facilities. 

- Soil erosion due to the destruction of plant cover, con-
struction of new roads, and other factors. 

- Channelling of the Yukyry Creek's ,viters to reclaim rmarsh 
areas for profitable uses. The direct flow (If the Yukyry to 
tle lake would impede tlie eliminatiln of nutrients and 
bacteria, giving rise to serious )ollution of the lake. 

- Inr,ease of total pollutants inrthe Yukyry hasin, beyond 
the creek's self-purifying capacity. 

3) Polluted Surface Waters 

lable IV-5 lists waters in Central Province classified as de
graded by Ihe SENASA water (lassification pirogram: 

In general, food industries, sewage drainage systems, and 
the leather and alcohol industries are the main sources of 
pollution of the Central Province strearns. 1heir effluents ex
ercise a very high biological oxygen demand, give off un
pleasant odors, and alter the normal aqLJatic fauna. 

,a(teriological pOllUtioni levels are very high. Ilius these 
wafers should not be useI topriovidIe drinking water, 1orshould 
they be used for irrigation, fishing, or bathing, as they woul(
seriously endanger put)lic health. As high levels of pesti: ides 
are used in the orchards of tie Central area, consi( erable 
aloults probably enter the Waters during the rainy season. 

Other significant creeks in Ihe Central, rea, suc Ii as the Ylay, 
the Villa Elisa, and the Lanlm-r0, are polluted to varying de
grees, affecting a lirge p(opulation, as thee,' (reek,; are near 
Luque and Villa Elisa. There are nidata describing the tdegree 
to which these creeks are degraded.
 

,uairi Province: The largest river of Guairi Province is the 
1ebicuary-nif, in terms of both its volume and the abundance 
of recreation and fishing sites along its shores. 

Some small-s(, e strcll industries ,nd and Ir(yrous alIcohol 
factories run by ,\'PL ire tound ,11long Ill(,Upper Course of the 
river. The aloc.ohol factories, despite having r-.,,rvoirs to store 
wastevvaters sirie I9'-80 when they began Or)eratins, live, 
polluted the waters 1IsuIi an extent thit a C()RPOSANA 
potale water treatrmrent plant which was to have SoIp),lied 
Coronel ()viedo and Villarri(a iby late 19813 could not be Used. 

At tlhe treatment planl C()RP()SANA has found too mat y 
pollutants to treat the w.aier with (oriventiurnal Methods. Fktt' 
I)otable water supply is threatened by the probable prese )c 
(f trillahmlethares, which arise from the excessive organic 
matter il the water. irilalomethanes are reported to be car
ilogenic. 
In ordier to remedy this siltuation, the.Ministry (if Public lealth 

and Social Welfare 'nmanded that APAL rigorously treat its 

..
f 

Lake Ypaiarai, with water, of intermediate naiuralquality, is a 
n ralor ,ttr( rl atlion sit(.ltion r(, 
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As regards toxic substances, maximum mercury levels have 
been reported at the Campichuelo station, the Argentineon 

A .bank. Significantly greater levels of mercury in suspended solids were reported for some tributaries of the Parani. At the
-"mouth of Pirapo onCreek, the Paraguayan side, maximum 

levels were found in sediments, suggesting the impact o' man,
i.e. use of pesticides .vith mercury, which correlates with theN , high levels of pesticides and the lack of benthic fauna in the 
Pirap6 River. 

"l . Maxinuni levels of arsenic have been detected on the Argentine side at CampichuelO station. The levels reported ex
ceed niaximiuLm acceptable levels for human consumption 
according to international standards. 

I ligh levels of pesticides have been detected;,j.,A'j ".. in both thewaters and the sediments of the tributaries on the right bank, 
i.e. the ParagLJayan side, River.of the Paran,i For example,he leather industry causes pollution in the streanm of the maximnlu levels ot a highly toxic chlorinat, com)ound haveCntral 'rovim c. been delected in sedin(,nts. Phosphate com)oundLs have been 
detected as well. Maxinun levels of insecticides were regiseffluents, adopting measures to eliminate c"ganic matter and tered in the Nacunday River in 1984.ammonia, and monitoring pi 1 fluctuations and water quality Pirap6 Creek, which has a highly agricultural watersheigboth upstream and downstrean from the area where the et-

fluents are dumped 
had the highest levels of heavy metals for all tributaries of theinto the river. The treatment plant is now Paran6 that were studied. In December 1982 the highest levelsexpected to be operational by late 1986. were reported for soluble lead, soluble chromium, and soluble 

The rnain pollution problem in the middle course of the 
Tebicuary-mi are two sugar mills, which discharge by-products
from sugar manufacture, keeping the distillation wastewaters 
in reservoirs. No permanent damage to the fish life has been 
reported; indeed, downstream from the respective sugar mills,
fishing has been a traditional occupation of much of the pop
ulation of Itap6, Iturhe, and other towns along the river. 

There have been cases of massive fish noirtali ty (ie to a) rupt
discharges of Iiquids high in a1kalis 1nd acids used at the end 
of the sugar harvest to wash machinery. SuLgar and a (ohol
production is the main activity affecting the Upper and middle 
courses of the T-ebicua y-mnf River, diminishing its recneational 
value and seriously endangering the water treatment facility. ' 

The lower course, which has an enormous self-purifying ' ' -capacity, is in excellent condition by the time it reaches Villa 
. 

" Florida. 
Alto Parani and ltap6a Provinc:_s: According to the most 
recent studies of the part of the ParanA River to be affected by ,,a dam to be built at Corpus (betveen kilonleters 1,592 and 
1,927), the river's stream flow is usually a formidable 9,000 
m3 ,'sec, indicative of an extraordinary capacity for self-puri
fication. Almost without exception, in 1983 the rivr had near
saturation levels of dissolved oxygen, 
and very low levels of
biological oxygen demand, typical of waters in group I. 

One month after the waters were danmed by ltaipci, very

high translparency (to a depth of 0. 7 ml) and low turbidity could
 
be observed. 

In December 1983, high fish mortality was observed down
stream from ltaip6, in and near the IguazL River. At the same 
time, maximuml phenol amounts were observed, which were 
associated with the degradation of lignin from vegetation flooded 
by Itaip6, or to the degradation of herbicides that were originally present in fields that were later flooded. Fish mortality The ParanJ River has such a large volume of water that it has anmay eventually be attributed to a synergetic moxic effect of high extraordinary capacity to purify itself of pollutants. Guairdi Falls,phenol and ammonia levels. 

now disappeared. 
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mercury. These increasingly toxic levels of pesticides and heavy 3) Hard Liquor from Sugar Cane: There are some 60 fac
metals in some tributaries of the Paranj should alert those in tories that make liquor from molasses; most are in the Central,
charge of agricultural development to the possibility of signif- Cordillera, Paraguarf, and GuairA Provinces. 
icant short and long term damage both to the benhic and fishlife of the rivers andi to public health, as people may get usedThsplnsaewlkonortermnduaontfto efatingvrs contaminatedhwith aes e aes,

fish contaminated with these substances. 

Inventory of Polluted Water Resources and 
Affected Areas 

Table IV-6 lists polluted water resources, areas affected, and
environmental and social impact. 

Water Pollution 

As Paraguay is an agricultural country par excellence, most 

industry involves processing agricultural and animal raw ma-

terials. The most signiicant of the agroindustries is food pro 

cessing. Foo d industries account for the largest share of water 

pollution, followed by othcr processing industries, such as

alcohiol production and tanning cowhides.Tale pV-oduarizes cowes. p4)andtimates 

Table IV-6 summarizes estimates for water pollution from 
Paraguay's main industries, based on international unit emis-
siot factors, 

Faod Industries: 

1) Meatpacking: Almost all of the industrial meatpacking 
plants are found along the Paraguay River, into which they 
dump liquid wastes. The impact of these waste products on 
the river has yet to be studied. Some plants remove solids and 
fats, as well as blood This primary treatment reduces the pol-
luting effect of the effluents. A meatpacking plant in Asunci6n 
dumps into the Ytay Creek, severely polluting it during the 
sugar harvest. In recent years oinly 20% of the installed in-
dustrial capacity of Paraguayan meatpacking plants has been 
used. Rural slaughterhouses, of which there are over 200, 
pollu!,:on an irregular basis, provoking significant degradation 
of the small watercourses into which effluents are dumped. 

The rural slaughterhouses slaughter and dress, in the most 
u-hygienic conditions, between 5 and 200 animals per week. 
The most important aspect of meatpacking and related activ-
ities is the highly concentrated nature of the liquid wastes, as 
little water is used per slaughtered animal, and the blood and 
intestinal wastes are not separated out. 

At the point where the effluents are dumped into the streams, 
one can note changes in Color, gasses, accumulation of sed-
iments, and large numbers of flies and other insects. 

2) Vegetable Oils: There are about a dozen vegetable oil 
factories, most of which are in the greater Asunci6n area. 
Refining the oils isthe process causing most pollution. Usually 
these plants durnp effluents without any treatment whatsoever,giving rise to serious water pollution problems in Capiatui,

riemby, Ypacaraf Colonia Obligado, and other areas,ltaugu, 

The largest oil complex, in CapiatA, was required by SEN-
ASA to set up a physical-chemical treatment system to separateoilsr 80so as ofother covpoluta ts, ons der bly re-Theoi l s , s o a s to rec ov e r 8 0 % o f th e Po l l u tan ts , c on s idera b ly re -f 
ducing the impact on the CapiatjCreek. However, due to an 
error of scale in the treatment plant, a considerable part of the 
pollutants still enter the creek. Similar companies are in the 
process of meeting regulations, their main difficulties being 
with the high cost of imported technology and chemicals. 

pollution they cause. Indeed, a typical distillery, processing
1,500 liters of liquor per day, dumps liquid wastes with the 
same capacity to contaminate the water as that of 7,000 per
sons. These distilleries, mostly located by streams, have be
come aserious problem in rural areas. 

SENASA required both the hard liquor distilleries and thedistilleries associated with sugar mills to have reservoirs for
holding effluents from 1981 on. The goal was not only to 

control pollution, but also to make use of the fertilizing prop
erties of the wastes, which are rich in potassium and organic
matter, and are capable of improving soil quality and crop 
yields. However, the distances from the plants to the fields are 
uneconomical in the case of plants located in populated areas. 
The unpleasant odor that would result from keeping wastes 
for a prolonged time isanother negative factor. 

Other Food Industries: Whereas industrial production of
rianioc starch is a significant cause of pollution, the industry
involves a large number of small artisan-scale shops, spread
throughout the provinces of Guairi, Caazap, Itapta, Caa

guaztO, and some parts of Paraguarf Province. As these small 
businesses are generally in thinly populated areas, and since
they only dump wastes on a sporadic basis, their effects are 
not well-known. The sugar cane-related industries have had 
a significant impact, especially in Guarambar6, Carapegui, 
Villa Flayes, and Villarica, where waters with little capacity 
for assimilation are polluted. They are a nuisance in populated 
areas. 

The sugar mills do not treat theireffluents, with the exception 
of the above-mentioned distilleries. Approximately two-thirds 
of pollutants from beer production are dumped directly into 
the Paraguay river, with no treatment whatsoever; only the 
solid wastes, which are sold, are recovered. The rest isdumpe, I 
into the Guayruygui Creek, in Caaguaz6; there is no infor
rnation as to the impact of this dumping. 

Other Activities Causing Pollution 

Tanneries: Mechanized tanneries produce 60% of all hides 
tanned in Paraguay; some process as many as 2,000 hides 
daily. None has effluent treatment systems. Some dump part 
of their effluents into the Mburica6 Creek of Asunci6n, and 
the rest into CORPOSANA's sanitary sewage system. Another 
pollution problem is the solid wastes left along the banks of 
Asunci6n's creeks. 

Efforts by INTN to introduce techniques for recovering ef
fluents in the large tanneries have not had sufficient support.The medium-sized tanneries, many located in the interior, are 
interested in developing such techniques, as they wish to saveforeign exchange otherwise spent on chemical products, while 
simultaneously curbing pollution. 

artisan-scale tanneries, of which there are over 220, are o n t h u g ut t e E s rn e i n, s p c a l i n Y u i r ,
found throughout the Eastern region, especially in Yagu r6n, 
Tobat, and Carapegui, where they are found in lusters along 
the creeks. 

Due to the sporadic and highly concentrated nature of waste 
products high in soluble proteins, tannic acids, and lime, the 
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Dead fish in Tobati Creek caused by water pollution froni Sgar 
mill wastes, 

tanneries have a very definite impact over a short limefranle, 

except in 
cases where controls have been introduced. Water 

pollution is also caused by the remains of the hides. 
 Up to 

50% of the initial weight of hides delivered to the tanneries 

may end up as waste because there are no machines for split-

ting the hides. 


Efforts begun to reduce water pollution from tanneries have 

run 
up against various obhtaclS, including the lack of space

for reservoirs, the oly economical 
means of controlling pol-

lution from this type of artisan work, and lack of electric energy

for pump~ig liquids. 


Alcohol Manufacture: [he most serious environmental prob-

lem related to production of fuel alcohol-both anhydrous 

and hydrated-is the failure to make use of the waste products.

The APAL alcohol distillery, in M.I. 
 Troche, produces 2,000tonnes/day of liquid effluents, with a daily polluting capacity 
equivalent to 400,000 persons. Alcohol production isthe clearest

example of planning without taking the environment into ac-

count.
 

APAL was required to build large reservoirs to avoid per-

manent degradation of the Tebicuary-mf River. Although APAL 

could be proud of its overall accomplishment in pollution

control, some effluents continued to spill into the river. 


The lack of facilities for h ndling the wastewaters and pulp

from sugar cane made it necessary to build an anaerobic treat-

ment plant with aerobic and final denitrification processes, at 
a cost that was high in comparison to the alcohol plant itself. 
It is scheduled to become operable by late 1986. If SENASA's 
standards for quality of effluents are met, the river's stream 
flow and the distance are such that the waters will be ac-
ceptable for processing at the CORPOSANA potable water 
treatment facility, 15 kin downstream. Until APAL's effluent 
treatment system is operating on a reliable basis, the potable 
water needs of Coronel Oviedo and Villarrica cannot be pro-
vided for by CORPOSANA. 

Ihere are a dozen or so alcohol distillery construction proj
ects, some of which are practically completed. The largest will 
produce some 45,00()0 liters of ethanol daily. The Ministry of 
Industry and Cornlerce and the Ministry of Public Health are 
coordinating closely so as to require new distilleries to install 
facilities for naking use of distilling liquids in irrigation. In 
order for this to work out, cane should be grown near the 
distilleries, a1nd they should be far from urban centers, where 
the odlors would constitute a nuisance. 

Other awt ivities contributing to pollution, such as the textile 
industry, do not have a nationwide impact. 

Air Pollution 

Motor Vehicles: 

1) Diesel-powered Vehicles: Air pollution from diesel-pow
ered vehicles is a well-known fact of life in Asunci6n, though 
there is no data in this regard. Based oii emission factors for 
diesel niotors, 6,000 nicrograms of particles per hour per m 

2,000 nicrograms of Sulphuric oxides per hour per in 
are estimated to pollute downtown Asunci6n during peak traffic 
hours. As the air tends to stagnate, these pollutants are estimated to b~e present at levels far above tle maximvini for health 
and aestlhelic considerations. 

[lie combination of sulphuric oxides (which vary with ihe 
quantity Of sulphur in the fuel) andi particles aggravates respi
ratory problems, especially for those who spend several hours 
a clay downtown. 
2) Alcohol-powered Vehicles: The increase in emissions from 
alcohol-powered vetiicles may generate high levels of for
maldehyde, a gas which irritates the nasal and ocular mucosa 
and the respiratory system. 
Stationary Sources: There are few industries or services in 
Paraguay that produce significant air pollution. Based on 1982 
Technical Planning Secretariat data for industrial production, 
and using pollution emission factors of the WHO, the following 
estimates have been made of industrial air pollution: 

PARTICLE EMISSION OF 

INDUSTRY EMISSION SULPHUR OXIDES 

tonnes/year tonnes/year 

Sugar mills 1,620
 
Cotton gins 1,270 -

Portland Cement 3,800 
 -

Sulphuric Acid 
 - 90 

Particle emissions far outstrip sulphur oxides. Particle pl
lotion from sugar nulls is particularly problematic in Villarrica, 
Tebicuary-m, Iturbe, and Guarambar6. Despite residents' and 
iunicipal authorities' complaints, sugar mills have resisted 

improving bagasse combustion systems and installing particle
removal facilities, citing prohibitive costs. 

Agroindustries are the main cause of a social problen that 
has been hard to control, i.e. unpleasant odors. The reservoirs 
used to store the wastewaters and pulp by-products from al
cohol and liquor production are well-known cases; most are 
located in the vicinity of the towns where the alcohol pro
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Air poilhtu' in urhie', 

dut;ioll aciltieCs anti sugalr mills with tdistillerites ir haset. It 
is hard to s ay whether tli' costs Outweigh the htntefits in this 
iietlo of alt0tlntrolling water IpIllition, taking int o(t , 

stcial and e(ononi (I tors.
 

SlaighterhoLiSCSnd111 ',iltPt), king tl,mlis, tnnteries, toltte 

processing plants, hon, mled t)lrtsl, intistrialIialhlw, glrlh,(g(,
dursl)S, and stdihili/atit n hl,isins t' 0t htr S00uro,'s Oft(olllllin1 
Odors thit ire a niisancte. Ahtiut 00,000(peoplt' ire t'xpust'(l 
to unl)leaslanl t basis. Ilhis(((rs ill Olgtiing figurt' v'iries 
with ( linlatic ( lntlitiilnS, gOing tLI ill the sunlleI r whiCii w,i.tt'S 
ferment illore'. 

Food Conaamination 


I lIelvy M('t,(ls: (_a'idnitur and Arw'tu( : INTN arlalyses inli-
(catt'the reseil( e of heavy nt'ta lsin heef Usiig spectronletric 
atomic absorptioi, ( inl iri\ (('I'lntracets rif icadnii lrseni( 
detet ted illnl tlwever, li cst ' te c tilnlt ; h is ii o1 ier( ury (iel 
ill fod tirtducts, the ,1alysis W,s n(lllYuilithrtiv'. The inii-

in~lun] lewlS thatil c+'lI(IC , wilth the,instrunlents UsedI 

were 10 parts per mlillion otfarsenic intl 2 Irts per milliontit 
(adrliurni. 

These are ot ihknown to N, highly toixic. Arsenic, a classic 

poison liat Fias a nt'itivt' illact ()11 the heilltopltietic in(t
gastrintestinal systeil is w ll s the restlpiratory sysiem , is 
known to catuse canct'r. Catniun lso his a ncgitive 'fft't t 
ton several hctlty funltions, inclUding thtste illenti ,ihtlvt', 
and the liver, kidneys, endocrine systemn, anti1( lervt)us SY.ttrll. 

Repnrts indicale that ilt' (hah Ihtiere art grazing lnds 

whose soils hav' iiiglh taiti11i levels. ll' animals (tften lake 
in soil while grazing. lhis rmay l)t' the illeans Iy which the 
metal enters the animal, if indeed there are Surfaice teptosits. 
However, IlantS carl st'lectively atcIlltilaIt a variety ( Ilavy 
metals, including Cdtlllitinll(l arst'nic. lth' stir( es Of rlrt',lt 
conlamination wilh these letals Slulclit' heic,it'I, <1 hltth 
Metals (all iccUnlilail' ,ind r'ach tOxic lt'vel ill IIlan iileings. 

Vegetale' (-ontr7initiilon with P't'ti ides: Witi thet'xte'l)-
lion of sporadic analyses tf imported ptltattoes intivegt'hl!es, 
no efforts have hbeen made to sttLidy FalragUayrrn-pro idUCe(l fruits 

and vetthi,,'s. SUCh d study, howtever, sioulti be ca'rried o)ld. 

Ah,,at-"'( 0( inl(li i ith I'uyiti(ts: INiN tl(It.nol inspect 
'l('int,tor 1J)si(i (ith rtsi0 itS. 'Il l(rhi ide, 2, -,-1 i L N 0 
grazing lands. While 2,4_-,I resiltits ill mt,,t tl(0 nOtIicCS 
a, ly ,t' t( hitthh,,ri I( althrtat hun01,r1 ,I tlt'rivativ ,,2,3,7,11 

t.'tr.i( 1r~rrtlltrxir (lorotliht'n/t-(H)), mor' pltlarly knlown 
IS,(in\il, is ottill in , llliilt'(t i'll 2,.1, 5-1 tornlullas. Ihe ilost 

u,1(I t0 rt'iliut e etni, hnlt iiogv i,, its pr'titm to a rmil-

In spt'citl. grl/ing lint s, ,ird whllit r signilimtn(it) (0n tnia,
o n's Il)Iih t I(H I( lito~ ~iOftIC lVe l~i nilflll Ill,R irtih ,a 

I()ng,r I isIor 1 lse,.of 2,4,-
( n inatn tronm I'etiides: Av'silahle (lltindicati, 

il i ()sIil titi for tOOtI (ones trorm either of Praguly's 
twni rn(din river sy t'ns. I tts(,rivers have a considerhle ca
pacity for (iluti ion, thit' t iheir theirIIIhith lIrge VOltlie, ,I(li 

rate Of lolo\. Ih'w tittir's 'L thit risks 1'1r11
,West soluhibe Ioxic 

.rrite1 thte, reStl)Ia-,esl(.es h ri er artv nininial. I lowever, 
t'r t Slit's lentitnellt 11) Wt, (n al ina,11itV Of the Paranai 

o 

in the river during crtoll-hiuslinq Ieriot . Fish that teed along
 
the river leti, such as th0 suruhi, Ikind (fcattish, are Illtire
 
vtlri\ lllthe )ther tirom Ot ,I(lIti( l it' 


River reveal high (n entritations of liestit ides, which a)ttar 

thn to these risks. 

Environmental Impact of Specific Projects 

Slel Manufacture Using Charcoal: ACEPAR 
1lit'gastts released intlo lit' ,lOsliee tr(l the ACEPAR 

tIlalit (Itn (l(lltin Ulllhur ti(xidh, t't,[tlihe Ati PAR
 
process relit's tirl I hirtmal ind ptre iron tres whilh do not
 
(rihiil liarmtil stLilhr. i' gass's troimihei sic Oxygern
 

process ire iurntd irld ((il'i inIa w,iter-ctrtilt'tl srlmokeslck;
Fmrrtit It's are remouitvt'd tlrtilg gasIrt',ltlllltin of elniissilns. Max
irritirln tl,iiclt (Itllnir,ltitllos ill eil,ltll will I(t(t11)ke i' 
rg N/lnl
 

(n01ll ut (tanti
(S, tSc, h tilt' ,rst fltiriuat tlh bast ox(ygni
 
i)rt(('s5 (it'lml t'isilon llntrtl stlln ,r s of cI rtries w itlh
the
 
strictest regulations. ACL 1 AR tites (lil ttrt'st't' turil)ing litiid
( 


eftiuents inlto
tlheParagt,ly River, ,is til' rl,inulaItclurilg proctsswill have a rleglivt' hydric halantre; it will have to he resulp
plied to make I) t(Ir water Itst thrOtLigh tvdll)OrtiOil ,Int water

hasei si ltg'. This silidge, Which will incl IC irto particles
 

and calUilnl ctirllltIUIlis, will testort'td inia spec ial area.
 
Visibility is exptctetl to fall sligtltly around tt e,l plant,
steel 

Li('t0 ilt(' Mlit s 1hi will it emiltt't frm thiel gas puriti
tatitlln sy's('ni, aln( fri(m (listll rgt's froi tilt' charctoal, Jrin
 
tire, indliint' prldt ontlrn Il)(lltitiln is expectedi
i proctsts. Air 

no li inilal, with n iillI)a(t ()I) air tlual ill tile ASLilnCt)ll 
art,,. 

Risk (it)tllutirg till' Parglilt y River is ,ilst mlinilal, asstiiil
iilg 1llaxlitimuni potssiblt' rt'cyclilg Of warter, as effi uts will nlt 
b (nilliiiieti. -1itre u((1i0 lit ,(If OiIlpt'iOl i)tllintihl if liIluitis 
witlh trganic- iiiiltr el('apt trtn Ihelt''it,itinl ve,,sels til lIe 
It~aled aihtulngsite theiPar,iglu,y River. 

Substitution of oil derivatives 
Acctirdiing I il) Alcolol Progranm, hylhgoals otithe Naltional 
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proximately 85,800 and 147,700 m 3 , respectively. The latter 
figure represents five times current production. 

If traditional fermentation and distillation technology is used,
production of each cubic meter of alcohol will yield 12 mI of 
mash; this figure could be reduced by recycling the mash. One 
cubic meter of mash has enough biodegradable matter to ren-
der 3,00() m3 of water anoxic, that is contaminated, with 
attendant foul odors. 

If conventional technology is used, total mash produce(] 
woud pollute three billion cubic meters of water in 1990, and5.3 billion in 1995; this would seriously degrade and render 
less useful all waters into which the mash would be dumped. 

UsingUsing state-of-thle-artsof-the-WO~lart technology, each cu iC Meter Of al-te achcubiclmeterCofcal-cohoi produced w oJuid gen~erate approximlately one cubic me-

ter of a concentrated liquid with high levels of mineral salts 
and organic matter, whichl would )ollute to a significant de-
gree. But due to its high concentration, it would be nior.-
suitable for animal feed, fertilizers, and so forth, 

The high cost of state-of-the-art techro logy is SuchWoul only be economical in plants producing oiser [hill it00,000
liters of alcohol daily i 

The two most significant pollution problems for which mea
sures should he taken are: 

,- ,fects on surface water quality, as surface waters may
l oxposed to intentional or unintentional spills of mash 
arising from improper terrain, slopes, and other problems; 
and, 
the nuisance created by mash deposits, which are located 
by populated areas. 

Pollution from Solid and Household Wastes 
Sewage Systems 

The Asunci6n sewage system: CORPOSANA's sewage sys-

tem serves 56% of Asuncion's population. It elininates 
raw 
industrial wastes as well as household wastes. The sewage 
system empties into the Paraguay River at several drainpipes; 

problems arise due to the proximity of the drainpipes to the 

beaches. The problem is particularly serious when the River 

is low. 

Sewage systems in other cities: At present five other cities 

have sewage systems, serving a total population of 45,000.

CORPOSANA plans to cover all cities that have or will have 
potable water systems provided by CORPOSANA. 

Only San Lorenzo and Pedro Juan Caballero have settling 
ponds for treament of sewage before (lumping into waterways.
The location of San Lorenzo's stablization basins, in a popu-
lated area, at first gave rise to complaints about odors. Prelim-
inary data gathered by SENASA on these stabilization basins 
indicate that the effluents from the second basin, which are 
dumped into the river, contain high levels of ammonia and 
very high concentrations of fecal and total coliforms. 

By the year 2004 CORPOSANA plans to serve 175,000 
people with sewage drainage systems, without sewage treat
ment, in the cities of Encarnaci6n, Pte. Stroessner, Salto de 
Guairi, Concepci6n, and Pilar. The effluents will be dump,d
in the Paraguay and Paranr Rivers, and the Itaiptj reservoir,
without prior treatment. Luque's sewage system, which still 
lacks a stabilization basin, causes severe pollution of Ytay
creek. 

Other Systems for Disposing of Household Wastes 

Latrines,- used by most of the rural population, and wastes 
of those without sanitary facilities (1,074,000 persons using 
latrines, 174,000 without facilties), give rise to extensive bacteriological pollution of the subsoil in the vicinity of householdwls seilyi ra ih odstl m ns 
wells, especially in areas with old settlements. 

I here are no systemnal.c studies in this regard, but SENASA's 
experience in water quality indicates that a large part of house
hold well water is contaminated with fecal coliforms at levels 
exceeding acceptable quality criteria for homes. The pollutionproblem is clue to the permeability of the soil, the short dis
lances between wells, lack of l)rotection, and use of ropes andbuckets to gel water. 

Solid Wastes 
Asuncion: Garbage collection services cover 65% of the 
)opulation of Asunci6n, yielding 360 tonnes of garbage and 
48 cubic meters of market wastes daily. 

That part of Asunci6n that is not covered disposes of itsgarbage by leaving it in heaps in empty lots, burning it, and 
dumping it in torrents that form on rainy clays, giving rise to 
foci of pollution, odors, and smoke. 

The present municipal waste disposal system involves 
dumping in a natural depression, in what was originally thebed of Salamanca Creek, which is now cxtremely polluted
 
from so much contact with garbage. The garbage fill of the
 
municipal dump is 
a focus of unsanitary conditions which,

according to experts, affects 10,000 people, taking intoi ac
count the insects and rodents that serve as vectors. The stench
 
from this dump site affects 20,000 people under normal weather
 
conditions.
 

Other cities: Handling of solid wastes has been particularlyneglected. Some cities in the interior spend a considerable part
of their budgels on garbage collection; nonetheless, services 
are often carried out without thorough consideration of sani
tary, tcchnical, and economic apsects, especially at the final 
stage of disposal, which has the greatest inrict on public
health and the environment. 

Of the 11 cities and towns that make up Asunci6n's rnet
ropolitan area, only 4--Luque, Fernando de la Mora, Lam
bar6, and Sari Lorenzo-have garbage collection services. Only
Encarnaci6n of the interior cities has a garbage collection sys
tem in which final disposal is at a sanitary land fill. Other cities 
either use open-air dumps or have no services whatsoever. 
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Table IV - 3
 
Asuncion Metropolitan Area-Population According to the 1982, 1972, 1962, and 1950 Censuses;
 

Growth Between Censuses, by District 

Population Growth Rate 
District 1982 1972 1962 1950 1972/82 1962 
Asuncion 455,517 388,958 288,882 206,634 17.1% 34.6% 
San Lorenzo 74,359 36,811 18,573 13,100 102.0% 98.2% 
Fdo. de la Mora 66,810 36,892 14,510 5,253 81.1% 154.1% 
Lambar6 65,145 31,372 20,778 --- 105.3% 52.7% 
Luque 62,761 40,677 30,834 22,361 54.3% 31.9% 
Limpio 15,461 12,767 10,126 8,473 21.1% 26.1% 
M.R. Alonso 14,339 7,388 5,686 2,043 94.1% 99.9% 
Nemby 12,014 6,899 5,984 4,974 74.1% 15.3% 
Villa Elisa 12,044 4,774 3,214 2,365 152.3% 48.5% 
San Antonia 8,296 7,321 5,965 4,689 13.3% 22.7% 
Villa Hayes* 7,420 4,195 4,712 - 54.7% 1.8% 

Total for the 
Metropolitan Area 794,166 579,273 409,273 271,901 37.2% 41.5% 
* Includes urban area. 

Source: National Population and Housing Census, 1982-Provisional figures. 
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Table IV - 4
 
Services in the Asunci6n Metropolitan Area
 

City 
 Basic Services 
# of Electrica' # of Water # of Sewage 
Connections Connections Connections 

Total Total Total 
Coverage Coverage Coverage

Population No. % No. % No. % 
Asunci6n 457,210 127,228 100 78,233(a) ' 76 67,965 66
San Lorenzr 79,775 13,271 83.19 3,558(a) 23 2,504 16 
Fdo. de la Mora 70,898 (d) (d) 6,808(a) 50  _ 
Lambaro (d) (d) (d) 
Luque 65,542 9,706 74 3,217) 26 _ _ 
Limpio 15,461 1,574 50 3 18(b) 52.4  _ 
M.R. Alonso 15,320 2,286 74.6 673'") 23 -
Nemby 12,014 1,290 53.6 1002,0 19(b _ _ 
Villa Elisa 12,044 264(L) 10.95 55 2.2 -
San Antonio 8,296 1,155 69.6 250(a) 15 -
Villa Hayes 7,420 998 67.25 402(c) 27 _ 

)Served by Corporsana - (bServed by Senasa - ()cUnder construction - "I)lncluded in Asunci6n. 
(')Part is included in Asunci6n - Only Asunci6n and San Lorenzo have sanitary sewer facilities. 
Sources: CORPOSANA, SENASA, ANDE, IDM, MUNICIPALIDADES. 
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Table IV - 5 

Polluted Surface Waters - Central Pidvince 

Name District or Traditional uses Population 

(Creeks) Muncipality restricted by pollution affected IC Source of Pollution 

Abay Guarambar6 Recreation Rur.-Urb. 46 Sugar mills 

Nemby Nemby Recreation Urban 51 Sugar mills 
San Lorenzo Ibid Drinking water Urban 51 Hides, domestic 

meats, food industries 

Tayuazap6 San Lorenzo Recreation Rur.-Urb. 71 Yeasts, tanneries 
Yukyry Luque Recreation Rural 65 SL ighterhouses 

CapiatM Capiat6 Drinking water Rural 79 Spoi idic discharges 
Yukyry Aregu6 Recreation Rural 63 Slaughterhouses 

Capiati CapiatA Drinking water Rural E6 Oil factory 
Ypuc6 Ypacaraf Drinking water - Fishing Rur.-Urb. ,2 Slaughterhouses, tanneries, 

alcohol factories 
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Table IV - 6
 
Polluted Water Resources, Sites, and Impact
 

Traditional Uses 

Restricted byWater Resource Site Activity Types of Pollution Pollution Social Dimension of Impact
Tebicuary mf Troche Alcohol Water, air (odors) Recreation Affects provision of drinking 

water for Cnel. Oviedo y 
Tebicuary mf Tebicuary mi VillarricaSugar Water, air (odors) Recreation Relatively insignificantTebicuary mi Iturbe Sugar Water, air (odors) Recreation Relatively insignificantTributary of the Villarrica Sugar Water, air Drinking water Large population in area 
Tebicuary mf 
Capiat, Creek Capiat6 Water Drinking water, Important 

recreationSan Lorenzo Creek San Lorenzo Slaughterhouse Water, odors Drinking water, Important populated area 
recreationTayasuap6 Creek 
 San Lorenzo Yeasts Water Recreation Cyclical 

Tanneries
Yukyry Creek Itagui 
 Oil Water Drinking water Recreation
Stream flowing into Ypacaraf Oil Water Drinking water Not evaluated
 
Lake Ypacaraf

Lake Ypacarf San Bernardino Coffee 
 Air (coloration) Recreation Important tourist area. Ur-


YpucO Creek Ypacaraf ban developments.
Slaughterhouse Drinking water Flows into the lakeIbid. 
 Ibid. Tannery Water Drinking water Flows into the lakeIbid. 
 Ibid. Liquor Water, air (odors) Drinking water Flows into the lake,
 

YpuctJ Creek populated area
Ypacaraf Slaughterhouse Water, ai, (odors) Drinking water Flows into the lake
Ytay Creek Fdo. de la Mora Meat-packing Water, )ir (odors) 
 Populated areaMburica6 Creek Asunci6n Tannery Water, air tod,;,s) Important urban area 
Cattle industriesNqemby Creek Nemby Oil Water Recreation, Important populated area 

Abay Creek Guarambar6 Sugar drinking waterWater, air Recreation, Populated; tourism in 

Paraguay River Limpio drinking water VilletaWater, odors Recreation Poplated area
Paraguay River Zeballos-Cu6 
 Water, odors Recreation Populated areaParaguay River Asunci6n Brewery Populated areaParaguay River Asunci6n Sewer drainage Odors Recreation Open sewage outlets above 

ground in marginal neigh-
Paran6 River borhoodsEncarnaci6n Oil Water Recreation Populated areaPirap6 Creek Pirap6 Oil Water Recreation Thinly populated areaCapiibary-mf Creek Obligado Oil Water Recreation Thinly populated areaParaguay River Pilar Textiles Water Recreation Relatively insignificantGroundwate; Filadelfia Several Water Beverages, Important production area 

industriesGroundwater industryLoma Plata Several Water Beverages Important production area 
industries 

Orteg.i Creek Caacup6 Liquor Water, air (odors) Important production area 
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Table IV - 7
 

Main Activities Causing Pollution
 

1982 

Industry Production(' 


Cattle 68,700 Tn. 

Cheese 9.800 Tn. 
Vegetable Oils 72,600 Tn. 

Sugar 81,100 Tn. 

Starch and Ground 
Manioc 73,800 Tn. 
Liquor and Alcohol 23,839 KI. 

Wine 11,000 KI. 
4Beer 1,085,000 H1 ( ) 

Soft Drinks 171,076 KI. 

Hides 4,152,000 ft 2 

Cotton Textiles 9,248 Km. 

1982 Installed 

Capacity 

335,800 Tn. 

20,200 Tn. 

107,600 Tn. 

119,100 Tn. 

134,000 Tn. 

83,963 KI. 

22,737 KI. 

1,085,000 Hi 


163,290 KI. 

19,937,000 ft2 

22,160 Km. 

% Use of 

Capacity, 1982 

20 

49 

68 

63 

55 

29 

48 

100 

105 

21 

42 

Estimated Pollution(2)
 

BOD Population Equivalent (3)
 

100,000/day 

47,200/day 

47,800/day 

131,250/day (240 days/year)
 

121,000/day
 

240,000/day (180 days/year)
 

liquor 

385,000/days (240 days/year) 
alcohol from molasses 

400,000/day (90 days/year) 

mash 

10,000/day 

341,000/day 

26,000/day 

20,000/day 

15,205/day 

"'Technical Planning Secretariat. Use of Industrial Capacity, 1980. 
WHO Publication No. 6?. 

(311 population equivalent = 54 grams BOD daily, 365 days per year. 
(4 Estimated in late 1984. 

W Assessment of Source of Air, Watei, and Land pollution. 
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Institutiona 
Aspects 

Southern screamer. Photo courtesy National Forest Service. 

.k 

Floriculture in the Central a,-ea. 

Building from the colonial period. 

Wheat storage. 



V 

Legal and Institutional Aspects
 

Legal Protection of the 

Environment 


Introduction 
This chapter will analyze legal protection for natural re-sources and the environment in Paraguay. This overview in-

cludes an analysis of the main regulations and of government
agencies' attitudes regarding the vital need to conserve natural 
resources and protect the environment. 

In Paraguay, environmental protection and conservation ofnatural resources, especially renewable resources, has only
become a concern of late. Becau;e of Paraguay's geographic,
demographic, and physical features, Paraguayans had not be-
come aware of the need to adopt strict measures to protect
natural resources and the environment. These features include
the huge expanses of fertile and forest lands in the Eastern
region, ideal for agriculture and lumbering; the densely-for-
ested plains in the Western region, which serve as a natural 
habitat for countless wild animal species; and the small humanpopulation, concentrated in Asunci6n and provincial cdpitals. 

In evaluating natural resource and environmental protection
policy, one must examine all relevant laws. It is often said,
and rightly so, that while legislation isdrafted by the legislators,
it is a product oif what a given community or nation thinks,
feels, arid needs at a given point in time. When a given wayof thinking takes hold among the population as a whole, when
the nation feels and believes it needs a legal solution to a 
common problem, it pressures the legislators until the sought-
after legislation is passed into law, 

And so it has happened in the case at hand. Paraguay didnot perceive the need to protect its natural resource base or
the environment, simply because until a short time ago its trees
and forests were not felled indiscriminately; wild animals were 
found in great variety and abundance, to the point that hunting 

was practically unrestricted; fish abounded in the rivers, lakes,and creeks; water pollution from industrial effluents was prac
tically unheard of; and there was no smog in the cities. Thus,
it iseasy to understand why there were so few environmental 
regulations.

Clearly, however, problems resulting from depredation of 
resources and pollution have begun to crop up, accompanied
by i growing awareness of the need to adopt regulations to 
protcct natural resources and the environment. Following is 
an analysis of relevant legislation. 

Ranking of Regulations
As will be observed further on, there has been a profusion

of disjointed legal regulations, each covering a particular as
pect of natural resources and the environment. The lack of
coordinate(] policy in this regard is reflected in contradictions 
among some regulations. Such problems suggest the need to
determine which regulations have priority. An overview ,ifprecedence in Paraguayan law in general wiil help determine 
the ranking of laws related to natural resources and the en
vironment. 

The ranking and relative sig. ificance of the various provi
sions that make up the Paraguayan legal system are set forth
in Article 8 of the Constitution of Augu.t 25, 1967; Article 9of Law 879/82, which establishes the Code of Judicial Orga
nization; and Article 63 of the Code ol Civil and Commercial 
Procedure. 

Article 8 of the Constitution makes the Constitution the su
preme law of the land. Thus, all constitutional provisions have 
top ranking. All other laws and regulations are subordinate to
this fundamental and unifying legal instrument. Indeed, Article 
11 of the Constitution declares that none of the principles,
guarantees, rights or obligations set forth in it can be altered
by laws implementing its principles. Any law, decree, regu
lation or other legal measure that is counter to any constitu
tional provision shall be null and void. 

67 



The Constitution establishes as sect nd in rank treaties, con-

ventions, and other international agreements that have been 

duly ratified. In [lhe third place are all laws. 


There are also other significant guidelines as regards ranking 

of regulations. Thus, within the body of laws, codes take pre-

cedence. And each code should apply to its respective subject 

matter in preference to all other codes, except those supt-e-

mental to a given code. The Code of Civil and Commercial 

Procedure, for example, is supplemental to the Code of Crim-

inal Procedure, for all cases not dealt with in the Code of 

Criminal Procedure. Yet they are analagous as regards civil 

procedure (Article 1049, Code of Criminal Procedure). 


Once une has exhausted the above ranking system, regu-
lations apply in the following order: First, legal principle, from 
current legislation in the given area, ,.n.i secondly, general 
principles of law. Thus, in Paraguay0n law regulations are 
ranked as follows: a) the Constitution; b)treaties, conventions, 
and all otler agreements with foreign governments, so long 
as they have been ratified; c) codes; (1) laws, decrees, ordi-
nances, etc.; e) analagois national laws; f) legal principles of 
current legislation in the given area; and, g)general principles 
of law. 

Main Regulations Concerning The Environment 
The Constitution 

The Constitution was adopted August 25, 1967, after ap
proval by the Constituent Assembly in which four political
parties were represented. This is the first Constitution in Par
aguay's history to set forth the government's responrsibility to 
protect natural resources. Article 132 states: "The State shall 
preserve the country's forest resources, as well as all other 
renewable natural resources. To this end, it shall set forth 
regulations for conservation, renewal, and rational exploita-
tion of resources." 

This declaration is extremely important, as i has been set 
forth as prf of Paraguay's fundamental hodly of law. It oan-
ifests the state's interest in caring ror this matter, which is of 
such vital interest to all Paragurayans. 

International Agreements 
Paraguay has adhered to the Convention on International 

Trade in Endangered Species of Wild Flora and Fauna, con-Trade in Enahngred SpeMcis of W, It . ra aprF aundcstate, 
clude in Washigton on March 3, 1973. Itwas approved and 
ratified by virtue of Law No. 583, of August 19, 1976; the 
Convention entered into effect February 1.3, 1977. The .'ea
soning behind the Convention is set forth in the initial dec-
laration of principles, which recognizes that animal and plant 
wildlife, in its several and varied forms, is an irreplaceable 
part of the earth's natural systems that should be protected for 
this generation and posterity. -le declaration of principles also 
recognizes the vital role of international cooperation in pro-
tecting certain wild animal arid plant species from excessive 
exploitation through international commerce. 

One of the fundamental principles of the Convention is to 
promote strict regulations regarding endangered species, which 
are or could be endangered by commerce. Trade isauthorized 
only Linder exceptional circumstances. Similarly, regulations 
are sought for all species which, while not currently in danger 
of extinction, could become endangered. Paraguayan adher-
ence to the principles of this Convention is an express rec-

ognition of the importance of wild animal and plant life in 
maintaining ecological balance. 

Trade of specimens ot the above-mentioned categories of 
wildlife is also subject to regulations, by virtue of which ex
portation of any sample of such species requires special per
mission, and an esport license that can only be granted once 
a scientific authority of the exporting state has verified that the 
specimen was not obtained in violation of national legislation 
protecting wildlife. Also, a national authority must verify that 
each live specimen will be handled in such a way as to reduce 
to a minimum the risk of injury, deterioration of health, or 
mistreatment. Finally, an import license must be obtained for 
the item to be exported. 

Firm requirements have been set up so as to coordinate 
action to protect wild animal and plant life in each country 
that has acceded to the treaty. Unfortunately, however, such 
coordination issometimes lacking. Often private interests pre
vail to the detriment of the general interest in maintaining 
ecological balance and preserving the environment "hrough 
conservation of these species. States have adopted policies 
which, despite accession to the Convention, conflict with the 
Convention's sound purpos.; Paraguay, however, adopted a 
strict measure that goes beyond the Convention's stipulations: 
hunting and sale of animal wildlife-either domestically or for 
export -is prohibited. This matter will be dealt with furthei 
below. 

Civil Code 

As mentined ove inecases of tla ofe sae rnk, 
the rore general one prevails over the more specific one, 
except when the specific one stipilates an exception.this 
consideration is important, as the Civil Code ard the Rural 
Code have conflictin provisions regarding natural resorrces 
and environmental protection. 

Gold, silver, and copper mines, precious stones, and fossil,; 
found in the earth are all officially state-owned, even thoug', 
private persons or corporations may own the surface (Articla 
2342, paragraplh 2, Civil Code). 1his provision isan exception 
to the iron rule of Roman law which, on declaring the right 
to property as the greatest of all of the rights of man, extended 
land rights infinitely upwards, and downwards to the core ofthe earth. Declaring such :,atural resources to belong to the 
teerh elrn uh;aua eore o[(,ogt h

despite their location beneath private property, is an 
mporant initiative in preservation f non-renewable natural 
reortenw 

The "ivil Code (Article 2343) declares that fish life can be 
privately appropriated. Similarly, swarms of bees can be do
niesticated, so long as the owner does not clairi the bees 
immediately; plants arid grasses covering rivers arid lakes can 
also be privately appropriated, in accordance with regulations 
regarding maritime arid river fihirng. Article 2527 stipulates 
that game, salt arid fresh water fish, objects found on ocean 
and river beds-such as shells, coral, etc.-and other sub
stances found in the sea or in rivers can all be apoopriated 
so long as there are no signs of prior ownership [y another 
party. 

The Civil Code (Article 2549) has an important across-the
board exception: local regulations prevail in all cases regarding 
the right to appropriate game and fish. As a result, special 
measures can be taken as needed to protect species and thus 
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maintain the balance of nature. 
Overall, the Civil Code says little about natural resources. 

This legal gap in terms of natural resources and the environ-
ment can be expl;ined by the datoe (fpromulgation of the legal
code (1877), and the state of aftai,s at that time. 

Specific Regulations on Natural Resources and 
the Environment 

The Rural Code 

Paraguay's Rural Code was enacted September 30, 1931. 
Fifty years later, it is out of date in many respects, reflecting
lack of foresight as regards natural resources and the rural 
environment. Some changes were made later, as part of an 
effort to bring it up to date. Such efforts, however, were not 
as successful as they might have been, as today the regulations
need updating once again. This requires a well-defined rural 
policy to cover at Iast 20 years. 

T[he Rural Code has only minimal coverage of natural re-
sources, as needs at the time of its enactment were minimal,
Title Ill, Chapter 1, "On Rural Matters," sets forth hunting
regulations, establishing the hunting season (Article 34) as March 
1 to August 31; hunting is prohibited at other times. Article
37 p,'o)hibits hunting and sale of small birds, as well as de-
structico of their nests. There is also a year-round prohibition 
on hunting of anteaters, some snakes, and birds which inhabitat Paraguay, such as thrushes, goldfinches, cardinals, cal-
andra larks, tanagers, storks, ostriches, herons, crows, aild 
others. Nonetheless, cu-iously, and without any apparent ex-
planation, killing of mountain lions and all other felines, as 
well as of parrots, cockatoos, toucans, and in general all an-
imals considered "harmful," ispermitted year-round. hus the 

Code considers mountain lions and other felines to be "harmful 

animals." This criterion, however 01hould
no longer he ap-

plied, 
 as these species are threatened with extinction. -his
threat results from massive hunting, which in turn is clue to 
the high prices feline skins bring on the international market,
and to tourist outings with African-style ''safaris," in which 
touri" are given the chact( to kill these animals just for sport. 

The Rural Code also legislates property rights over wild an-
imals, stipulating that even if the animals are wild they are the 
property of the landowner on whose lands they happen to be 
found. This measure was justified by the absolutist concept of 
property that prevailed when the Code was enacted. 

As regards penalties, there isa 100 peso fine (Article 44) for 
those who kill animals in violation of hunting prohibitions,
with the animal being confiscated. This fine, which c)mes to 
1,500 guararis taking into account official adjustment to the 
present-day guaran (Law 283), is but a pittance in relation to
the animal's value. Furthermore, while the fine imposed is
independent of civil or criminal sanctions against those who 
contract the hunter, such penalties often turn out to be mininial 
once the case is brought before the courts. Article 439 of the 
Criminal Code provides for a fine of from 10 to 50 pesos (i.e.
from 13,190 : -7,950 guaraiifs), for anyone trespassirg on 
private land fc the purpose of hunting or fishing. 

The government found it necessary to halt the increase in 
indiscriminate hunting of wild animals which, due to inter-
national prices of hides, has become a high-profit activity in 
recent years. Such hunting has endangered the most prized 

and ecologically important species. Thus on November 4, 1975, 
Decree 18,976 was issued, "By virtue of which stak. protection
isdeclared over all wild animal species which, temporarily or 
continously, inhabit Paraguayan territory; conservation mea
sures are declared; and hunting, marketing and export of such 
species is prohibited." 

One of the justifications for this decree arises from the Par
aguayan governmens particular concerr, for conservation of 
these species, indicacing that "studies and observations have 
demonstrated the steady decline in the concentration of severalgenetically distinct species, pushed to 'heir last refuges bygrowing urbanization, roadways, techn'logical advances,
conversion of wilderness to croplands, and above all the on
going, uncontrolled hunting by irresponsible hunters who sell 
domestically or on the international market." In response to 
this situation, Article 1of the above-mentioned decree declares 
that the Paraguayan government shall protect all wild animal 
species that temporarily or continuously inhabit Paraguayan
territory; and Article 2 prohibits hunting, marketing, iriport 
and export of all wild animal species, as well as of their parts 
or by-products.

Penalties for infractions of this decree were not set at fixed 
amounts, but rather took as a point of reference the current 
minimum wage for an unskilled worker, with the fine set at
30 lays wages for each wild animal hunted, as well as con
fiscation of the animal products. 

Implementation of this regulation began yielding results: 
within a short time wild animals began to repopulate the coon
try's forests. Nonetheless, there are certain people and orga
nizations bent on violating the prohibition, through illicit 
hunting, or by forging documents certifying that hunted ani
eals caie from ,ther countries, thus making it possible to 

'legally' export them. Furtheriore, the prohibition is arnd to 
enforce given the expanse of Paraguay's wildlands and the 
s population ot the Chaco. 

The prohibition has been of utmost importance, as it reflects 
a firm commitment to protect endangered wild species.

The Rural Code also includes provisions which allow fishing
in public-access rivers and creeks, in conformity with regu
lations established by the appropriate authorities (Article 49).

Fishing using harmful substances, dynamite, or other explosive

materials is forbidden, as is fishing with nets during breeding
 
periods.
 

The most important aspect of these provisions is that the 
Code establishes administrative provisions to safeguard fish 
life, provisions which may even legally prohibit fishing alto
gether, if it were to prove necessary for the country's greater
interest. 

Forestry 
A key aspect of the Rural Code deals with forestry. Article 

399 defines "the administrative plan the objective of which is 
to conserve and increase the state's forest resources, preventing
their destruction, using such resources through rational har
vesting so as to keep the forests from being destroyed, arid 
promoting planting of trees where there are none." 

In general, the Rural Code's section on forestry summarizes 
a policy of protection of this natural resourco, providing, for 
exarnpe, for possible expropriation of wilderr ess lands where 
it would contribute to protection of soils along streams and 
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water courses, and of such lands as may safeguard springs and 
waterways in general (Article 408, paragraphs 2 and 3). User 
permits to the same end are also provided for, though for 
excessively large areas (maximum area 10,000 hectares). 

Title IV isnoteworthy insofar as it refers to the "repopulation 
and tree-planting" policy, which would today be called re-
forestation and forestation. It charges technical offices with 
finding the best method for repopulating each kind of tree 
(Article 422), and it promoies establishment of nurseries to 
foster tree planting through contests with prizes (Articles 422 
and 423), anticipating what would later become tax incentives 
for promoting reforestation, 

The establishment of the National Forest Service within the 
Ministry of Agriculture (Law 4122, November 22, 1973) set the 
stage for a new forestry policy. Law 422 updated the Rural 
Code with respect to forest resources. The creation of a special 
agency dedicated to the conservation of a particular natural 
resourc; leads, logically, to greater attention to that resource 
than would result if the agency's functions were more diverse.Thus a close look at the forestry law, its supplemental regu-
lations, and its implementation, is called for, 

Law 422 declares use and rational management of Para-
guay's forests and forest lands to be in the public interest; the 
same applies to other renewable natural resources covered by 
the law (Article 1). Similarly, protection, conservation, and 
improvement and growth of forest resources is declared to be 
in the public interest and obligatory; restrictions on the use of
rights to forests, forest lands, and renewable natural resourcs,rightsetoorer ub s orestivand, anrenoesablied huresoce,whether public or private, are also established. Thus broad 
property rights-including the Roman ''ius fruendi,' i.e. no 
restricted use of the civil and natural fruits resulting from pri-
vate contrci of property whether real or personal-are 

C!,jectives set forth in this law include protection, conser-
',ation, increase, renewal, and rational exploitation of Para-
guay's forest resources; erosion control; protection for 
hydrographic watersheds and springs; promotion of forestation 
and reforestation; conservation and increase of game and river 
anid lake resources; etc. (Article 2). The National Forest Service 
(SFN) is in charge of adm inistering, promoting, and developing 
Paraguay's reewable natural resources, ensuring their pro-
tection, improvement, extension and rational distribution. *o 
this end, it has been empowered to undertake activities in-
cluding developing forestry policy (in coordination with gov-
ernment entities in cha,ge of econom ic developm ent),monitoring use, managing the forests andl renewable natural 
resources, usecting fnot life and regulating ntur 
andou ,protcntin wildn andn nts,li, foresltin 
and fishing nationwide, and promotion of forestry settlements, 
cooperatives, and communal forests (Article 12). So broad is 
its mandate that the National Forest Service could have juris-
dictional conflicts with other state agencies. 

The National Forest Service is headed by a Director re-
sponsible fir policy and adminstration, accompanied by an 
Advisory Board made up of representatives from the Ministry 
of Agriculture, the Central Bank, the Institute for Rural Welfare, 
the Rural Association of Paraguay, the National Society of 
Agriculture, and two epresentatives of the association that 
represents Paraguayan lunibring concerns (one from the saw-
mills, and one from the loggers). This Board advises the Di-
rector on technical, administrative, and financial matters. 

Generally speaking, the Forestry law has filled the legislative 
void which, understandably, had existed in the Rural Code; 
its regulations are appropriate for present-lay needs in forest 
conservation and co1,.,!rvation of other renewable natural re
sources. Carefully analyzing its context, one can conclude that 
the National Forest Service has a breadth of functions that, in 
principle, is very difficult to cover fully. In practice, it deak, 
only with forestry. 

Other renewable resources do not receive sufficient atten
tion; this is only to be expected, considering the dimensions 
of forest-related problems that need to he addressed. Perhaps 
the National Forest Service should be limited to its specific 
areas, leaving matters related to other resources to other Min
istry of Agriculture offices, such as iheDivision of Hunting 
and Fishing, and the Division of Public Waters. 

Sanctions for forest-related infractions include fines, confis
cation, revocation of use permits, and disqualification for such 
permits. 

Any law can b~e criti(:izedl when the sanctions it establishes 
are not sufficient to ensure compliance. Such is Ole case withthe Forestry Law. For example, fines range from 1,000 to 1,500
guaranfs. As currency values fluctuate, over time this becomes 
a mere slap-on-the-wrist. This is currently the case, as the 
market price of wood is high enough to encourage violation 
of the law. 

[li sec tion s Law t(lal n teworest .(level
oie tadtxeepin spitclryntwrh.I s 
tablishes _,.veral measures whose purpose isto provicle incentivesthrough deductions and exemptions for forestation and refor
estation. Article 43, for example, declares forest llantations 
on forest lands that meet specifications exempt from real estate 
tax. [he specificalions are set forth in Article 57 of Decree 
11,681, enacted January 6, 1975, which states that in order
 
to avail oneself of the exemption, one must carry out refores
tation projects in areas so designated by the National Fore!t
 
Service. The plantation area must be at least 2 hectares, plantc I
 
with species authorized by the Forest Service and otherwise
 
meeting the law's requirenients.
 

Article 44 of the Forestry law troviles for another incentive: 
articleall of tax oaw to enesd paid the ve 
rt r al o s incenlntan noespaid tote go 
e e 1f it is estDecree 11I,681 requires thathatthe reforestationati forest ry.projectsr tclelie car-caro 

ned Oit inspecial areas set aside by the National forest Service. 
Furthermore, if the total area of a plantation exceeds 50 hec
tre he or k l a r ou a oversen e a e 0 heotares, the work plan for it shouldclhe overseen by an agronomist 
or other qualifieCd professional. Additionally, on such tilantations at least 80% of the seedlings must survive and be under 
silvicultural management 24 months after planting. 

Article 45 of the Forestry Law frees all companies or per:ons 
involve(] in forestry from taxes and currency exchange fees for 
imports of equipment, tools, chemicals, eels, stakes, forest 
plants, and all other items needed in forestation and refores
tation. 

These legal measures are an important stimulus for fores
tation and reforeslation, for if a business can choose between 
paying its income taxes or investing in forestation and refo
restalion-which may prove profitalile and will benefit the 
country-it may well choose the latter. Unfortunately, the 
purpose liehind the ".w has not been clearly understood by 
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either the potential beneficiaries nor by the government tax
offices. Few businesses and individuals have availed them-
selves of these tax incentives; some businesses and individuals, 
on the other hand, have managed to qualify for the tax in-centives through cunning maneuvers without however, in-plementing reforestation plans.Noehlsfopample 

As a result, the natural resistance of offices in charge of tax
collection to granting tax exemptions was compounded by the 
discovery of fraudulent situations which have raised questions 
as to the sincerity of those who state their intention to undertake
forestation or reforestation projects. Thus a law exists which 
provides for tax exemptions and other benefits to encourageforestry and reforestation, but it has been hard to implementfor the reasons noted. 
Environmental Regulations 

Health Code 
Legal protection of the environment is more wideranging, 

or at least more up to date, than regulations on natural resource 
use. 'File Health Code was enacted recently (Law 836, De-
cember 15, 1980). Title II,Chapter I deals with environmental 
sanitation, pollution, and degradation of the environment. This 
measure prohibits all actions that bring on degradation of the
natural environment by diminishing its extent or rendering it 
a health hazard (Article 66). The Ministry of Public Health is 
to set limits for emissions or discharges of pollutants in the
atmosphere, waters, and soil, and is to establish regulations
for labor, industry, commerce and transportation so as to pre-
serve the environment, 

Article 68 assigns the task of pronioting pollution prevention
and control programs to the Ministry of' Health, which is also 
to take measures to promote environmental preservation. 

The section of tile Code on water for human consumption
and recreation emphasizes direct Ministry of Health supervi-
sion over all aspects of water supply, conservation, and treat-
merit. Article 82 prohibits discharge of industrial wastes which 
cause or may cause soil, air, and water pollution affecting the 
atmosphere, canals, and surface and underground waterways
without treatment. Such treatment should render such polIutants benign to public health, or otherwise reduce their harmful 

effects.
 

Protection of nat;,)nal parks is an importan: measure (ArticlePo11)aimed at assuring ecological ialance by keeping biotic 

communities and wild species threatened with extinction in analualdetrutiotat. Thof atual orets b eiherag-natural state. The destruction of natural forests by either ag-

riculture or lumbering deprives many areas of important "lungs"

that purify the environment. One effective measure 
has beento set up national parks. 

Noises, sounds, and vibrations that can constitute health 
hazards are also regulated in the Health Code. According to
Article 129, the Ministry of Health should dictate measures to 
prevent, diminish, or eliminate public nuisances caused by
noises, sounds, or vibrations that are harmful to health, anddefine tolerable levels of personal exposure to such risks. 

Sanctions set forth in the Health Code run the gamut of
typical penalities, and should assure adherence to the regu-
lations. These sanctions include warnings, fines, confiscation,
and suspension and cancellation of property titles. The fine is 
not defined in guaranfs, but in workdays for unskilled labor 

in Asunci6n. The maximum fine is 100 work days. This is
problematic, as a serious infraction such as dumping industrial 
wastes in waterways, for example, should be more heavily 
penalized.

Nonetheless, fron tie legal standpoint, the Health Code has
hleastnpiteHalhCdhaprovisions aimed at environmental protection. "he Code 

has filled avoid, and its implementation will allow for effective
environr ental protection. However, it is not always imple
mented. 

Municipal Regulations 
There is a profusion of municipal ordinances relating tourban environmental protection. Ordinances are the main legal instrument used to regulate municipal activities in the Mu

nicipality of Asunci6n. Ordinances rank below decrees, and 
even further below laws and corles, in order of precedence of 
legal regulations. 

Particularly important in Asunci6n isordinance 9928 of No
vember 1976 which prohibits bothersome, unnecessary and
excessive noises in public or private places, when due to the
time, place, or intensity they miay disturb the peace or harm
the environment. This measure defines tolerable decibel lev
els. Ordinance 2662 of January 27, 1979 refers to pollution
control. It regulates domestic incinerators aind municipal clumps,
i.e. the sanit-.ry landfills where garhage is deposited.

One should bear in mind that legislative conflicts over ju
risdictional matters may arise. For example, a higher-ranking
regulation, the Health Code, places the Ministry of Health in 
charge of taking pertinent environmental protection measures 
regarding wastes (Chapter I) and hazardous noises, sounds,
and vibrations. Yet the municipality has also been accorded
the same responsibility, and has passed relevant legislation.
Coordination, of course, is thus necessary. The nature of theMinistry of Health is such that it should protect the health of

all Paraguayans, 
 which includes residents of Asunci6n. The
municipal government isconcerned with community welfare;
but it, and particularly its Municipal board, does not always
inch ide specialists in environmental protection; who can be 
found, in contrast, in a specialized ministry. 

Legal Status of the Indigenous Communities 

The Constitution says practically nothing about Paraguay'sindigenous peoples. The silence of the 1967 Constitution is 

significant insofar as it establishes that all those born in Par
aguay are treated a, Paragpuayan nathat all those boirn in Paraguayan territory areequals before the law. Article 24 states
 
tioials; Articlebt1 stipulates tha i nationals 18 ye rs
Paraguayan 

oae Adioler are Paraguayan natil 4 estbls
of age and older are Paraguayan citizens. Article 54 establishesequality among all Paraguayans: "All inhabitants of the Re

public are equal before the law, with no discrimination what
soever; no privileges are allowed due to racial background or
birth; in Paraguay there are no legal personal privileges nor 
titles of nobility." 

[his proclaimed equality, I uwever, has not always beenapplied to the Indian communilies. The survival of the indigenous peoples, heirs of a rich tradition they will pass on, has
been an ongoing concern. Forgotten by "civilized nian," the
indigenous groups have turned to the land for subsistence. But
the inexorable advance of civilization, and the continued ex
ploitation of forests for agriculture and lumbering have pushed 
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the Indian communities to areas where it isimpossible for them 
to continue their traditional ways. Thus, by virtue of Executive 
Decree 1341 of November 8, 1958, the Department of Indig
enous Affairs was set up within the Ministry of Defense, so as 
to centralize activities related to the indigenous peoples, and 
unify criteria for legislation :,oviding for the protection and 
development of Paraguay's native peoples. 

Executive Decree 18,365 established the Paraguayan Insti-
tute for Indigenous Affair,,, as a dependency of the Ministry of 
Defense, with objectives and functions specifically defined, 
The Statute on the Indigenous People; was passed L: the Congress on December 10, 1981, and! enacted by the executive 
branch on December 18, 1981, as Law 904. 

Article I of this statute tipu lates that the 'objective of this 
law is the social and cultural preservation of the indigenous 
communities, protection of their heritage and traditions, im-
provernent of their economic conditions, effective participa-
tion in national develpment, and legal provisions that guarantee 
equal property right,, to land and other productive resources." 
The goal of socil and cultural preservation presupposes that 
the indigenous groups are an important part of the environ-
ment, and constitute demographic communities at least as 
important as all other sectors of Paraguayan society. Thus Ar-
ticle 3 provides for respect for their traditional forms of orga
nization, without this constituting an obstacle to Indian 
communities choosing other forms of organization established 
by law that would allow for their incorporation into Para
guayan society, in exercise of 1,eir right to self-determination. 

The philosophy of social and cultural preservation of the 
indigenous communities, as well as their accss to private and 
communal property in land, are key points of the statute. It 
also recognizes the indigenous authorities and traditional law, 
though if there is a violation of Paraguayan law, members of 
indigenous groups will be judged like any other citizen. This 
would be the case, for example, in a crime for which sanctions 
are defined in the Criminal Code. Equality in rights implies 
equality in responsibilities. 

The statute also provides for specialized technical teams to 
develop educational programs about and for the indigenous 
peoples. These include training in farming, livestock-produc-
tion, forestry, and handicrafts; training of indigenous teachers; 
assimilation of modern science and health practices into the 
indigenous cultural framework, in such a way that the indig-
enous peoples themselves can deal with and solve their health 
problems, and develop their organizational and administrativeskills so as to assume leadlership in their own communities. 

The Paraguayan Institute for Indigenous Affairs has been 
established to implement this law and set and oversee policy 
with regard to the indigenous communities. It has its own 
resources and legal status. The Institute is made up of an Ad-
ministrative Council with a Chairman, wh'o has recourse to an 
Advisory Board. These bodies have played an important role 
in strengthening the indigneous communities. The Institute is 
supported by several agencies, including the Institute for Rural 
Welfare, which has granted lands for the indigenous peoples 
to settle oi. The Ministry of Defense has also worked effec-
tively in all aspects of protecting and extending assistance to 
the indigenous peoples. 

In sum, the Statute on the Indigenous Peoples includes pro-
visions which, through their implementdtion, could provide 

adequate protection to those communities that keep alive their 
native traditions. 

Conclusions 
1 . Legal regulations in Paraguay are, at least in the abstract, 

appropriate for basic protection of natural resources and the 
environment. 

2. Given the uncertain future of preservation and conser
vation, and present needs, the body of laws relating to natural 
resources and the environment should be restructured. 

3. Badly-needled coordination should be a goal of the re
structuring of environment-related laws, so as to avoid contradictions that can render such laws inoperative. 

4. Bodies should be established that have exclusive juris
cliction to ensure that regulations aimed at protecting the en
vironment are respected. Dispersion of responsibility minimizes 
the potential success of such an endeavor. 

5. Paraguayan, should become aware of the importance of 
preservation and conservation of natural resources for their 
own survival. Thus, all Paraguayans should scrupulously obey 
laws aimed at protecting the environment even though these 
laws, over time, may turn out to be insufficient. 

Institutional Anal 
- s1S 

Introduction 

For pragmatic purposes, this analysis is limited to a descrip
tion and evaluation of the activities and work areas of the main 
national and international, state, quasi-state, and private in
stitutions that play a rol, in promotion, adninistration, man
agement, )rotection ar improvement of physical and biological 
resources, regarded as key aspects of the environment. 

Table V-I will be used to analyze the activities and topics 
set forth by the charters and special provisions of the different 
entities, in the national budget, and in international programs 
and institutions. 

Research for this chapter has led to the following conclu
sions: 

* 	 Paraguay's economy is based on the primary sector; institutions in charge of economic development place a
priority on strengthening administrative entities and pro
grams geared to exploiting natural resources. In this way 
they draw potential financial and human resources away 
from the few anl weak domestic agencies that work to 
preserve and develop natural resources. 

* 	There are few institutions specialized in environmental 
protection and development, and they have practically 
no funds to work with. 

* 	 Environment-related activities are among the functions of 
some institutions, but such activities are riot provided for 
ill the national budget. 

* 	 Financial institutions geared to agricultural development 
do not have any specific credit facilities for environmental 
preservation, reclamation, and development. 
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* 	Interinstitutional coordination is needed for certain activ-
ities in areas of mutual concern. 

" The budgets of the few specialized institutions that are 
geared to the environment do not cover all of the activities 
assigned to them by law. 

" Private institutions geared to conservation are all volun-
tary, and do not have sufficient funds; thus their efforts 
are limited to good intentions. 

* There is a consensus that environmental degradation has 
not vet reached its critical point; the Central area may be 
an exception to this general observation. 

• 	There is no conclusive evaluation as to the degree of 
environmental degradation (soils, water reSources, forests,
fauna, etc.). 

SResearch on the environment has been sporadic and frag-
mented; national priorities have not been defined. 

• 	The functions of some institutions working on the envi-
ronment overlap, though in practice this has not led to 
duplication of efforts in the same geographic area. 

* 	Several centralized institutions lack statutes or charters;
the responsibilities of others are not clearly defined. 
SSome aspects of the environment are not dalt with at all 
by government institutions. 

• 	 It is difficult for the national budget to break down fi-
nancing for specific activities; it is feasible, however, to 
do so by areas as laid out in table V-i.
 

It is impossible to gauge the precise 
sum of financial resources allocated for environmental projects, as such projects 

are generaliy lumped together with others in broader categories

in the various institutions and ministries involved in environ-

mental activities 


Financing 
Most financing of the institutions analyzed here is from or-


dinary funds, complemented 
 by special funds and interna-
tional loans. 

Main Institutions Related to Natural Resources 

and the Environment 


The Technical Planning Secretariat is the national body in
charge of planning, coordination, evaluation, and advising in
economic and social policy, physical resource management, 
environmental sanitation, and matters pertaining to organi
zation of settlements. 

Each institution draws up its respective program through its 
planning office. Following isa list of public sector institutionswhose work isrelated to the environment, together with areasof responsilbility: 

Planning and f - Technical Planning Secretariat 
Evaluation- Planning offices of relevant institutions 

Budget and - Office of Budget & Financial 
Finance $ Supervision-Ministry of Treasury.

Executive offices of operative institutions. 

- Ministry of Agriculture and Livestock 
- Institute for Social Welfare 
- National Development Bank 
- Agricultural Credit Service 
- Ministry of Industi'y and Co.-merce 
-	 National Institute of Technology and 

Standaris 
Public - Ministry of PubliC Health and Social 

Administration Welfare
 
Sector - Ministry of Public Work Wnk
 

Communications
 

-	 National Ports and Navigation 
Administration 

- National Electricity Administration 
- Ministry of Defense 
-	 Asunci6n Municipal Government 

- National University of Asunci6n
 
Binational - taip6

Sector - Yacyreti
 

Mixed " - PETROPAR
 
Enterprises - SIDEPAR
 

In addition to the public sector institutions, other develop
ment and environmental organizations exist, both in the private sector and as part of international organizations. These 
include: 

r - Catholic University
Private - Lake Ypacara Basin Foundation
 
Sector aMa aan
d the Biosphere 

Paraguayan Society for the ProtectionNature	 of 

United Nations Development Program
(UNDP) 

-	 Inter-American Development Bank (IDB)- Food & Agriculture Organization (FAO) 
- Organization of American States (OAS) 
- Inter-American Institute of Agricultural 

International Sciences (IICA) 
Agencies - World Bank (IBRD) 

- US Agency for International 
Development (LJSAID) 

- Japanese International CooperationAgency (JICA) 
- United Nations Educational, Scientific 

and Cultural Organization (UNESCO) 

Activities and Areas Covered by Institutins 
Involved in Natural Resources 

The systemic concept of public administration involves threebasic kinds of interrelated institutions. These are: forecasting!planning bodies, which aim to 	reconcile means and objec
tives, and resources and goals, generally represented in the 
planning office; operative bodies, i.e. the centralized and de
centralized government agencies in charge of formulating reg
ulations and producing goods and services all for the good of 
society; and finally, auxiliary input or funding bodies, repre
sented by institutions that collect and allocate financial, hu
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man, and material resources so that the other institutions can 
do their work, this body being the Treasury. 

a. Along these lines and consonant with the notion of public 

sector planning, the Technical Planning Secretariat is in "harge 
of ensuring that appropriate institutions are established and
formulating guidelines for development. To date, however, 

this institution has not undertaken specific projects for re-
search, promotion, conservation, and evaluation of the en-
vironment. Nor has ii defined the appropriate institution for 
such tasks. Its internal structure does not even include aspecial 
office to deal with environmental affairs. 

b. The Ministry of Agriculture is the most important of the 
operative institutions, as it is responsible for the primary sector. 
In this capacity it defines and directs primary sector policy, 
and coordinates, evaluates, and advises the clecentraized bod
ies related to the primary sector. Furthermore, through its in-
ternal divisions and semi-autonomous specialized services it 
is in a position to take the following actions relating to the 
environment: inspect agricultural products and enterprises; 
conduct research as to the causes of foci of disease and mor-
tality of any animal species, inclding birds; monitor sani.. "y 
conditions in meatpacking plants, slaughterhouses, ra,-". s 
and dairy farms; study pests and diseases affecting crops, . 
take measures to remedy them; disseminate information 
garding conservation of natural grazing lands; develop pro-
grams for protection of soils, forests, and water resources through 
conprehersive rural develoent projects; and set standards 
regarding agronoic methods. 

Through the National Forest Service, the Ministry can pro- 
tect, conserve, increase, renew and make rational use of Par-
aguay's forest resources; control soil erosion; protect 
hydrographic basins and springs; conserve and increase game 
and lake and river fish life; research and disseminate infor-
mation on forest products; and promote forestation and refo-potctinresatincro prtetio, aidbeatifcaionofefforts 
restation, crop protection, protection arid beautificafion of
roadways, public health facilities, and tourist areas, 

Agriculture Ministry funding for natural resource programs 
is practically nil. The SFN's efforts are primarily directed to 
study and research, rather than implemention of projects to 
protect and improve forest resources, control soil erosion, and 
protect watersheds. Conservation and increase of game andlake and river fish resources has not even been incorporated 

rsoures aslakeandrive fih ot een eenincoported 
into its structure. At present the Ministry has only one division 
with two staff members in Asunci6n, arid none in the field, toprotect fish life and game. 

c. The Institute for Rural Welfare (IBR) isanother institution 
whose work relates to the environment. Among its functions 
are: setting up agricultural settlements and building roads, 
bridges, and culverts in unsettled areas; promoting construc-
tion and improvement of rural housing; promoting redistri-
bution of population in accordance with Paraguay's economic 
and social needs; and setting aside lands which, for geographic 
or historic re.,sons, tourism, or preservation of fauna and flora, 
are needed for national parklands. 

d. None of the financial institutions geared to development, 
such as the National Development Bank, Agricultural Credit 
Service, and the Ranchers Fund, have any office nor finance 
programs arid activities for protection, conservation, or ir-
provement of natural resources. 

e. The Ministry of Industry and Commerce, in addition to 
its regular activities (formulation and implementation of in
clustrial policy, coordination and evaluation of and advice forthe decentral izedi entities related to industry ari commerce, 

v tities relativ 
etc.) i d in activities relating to the environment, such 
as setting guidelines for extension, modernization, and instal

ehc.discenvolved n to try nvi o mers 

lation of new industrial plants. Nonetheless, it dloes not have 

a n ofi e in d a l planti nhenv i t degradation 
any office in charge of preventing envirnmental degradation 
resulting from the location and nature of industrial activities. 

f. The National Institute for Technology and Standards de
signs, directs, coordinates and monitors research and dissem
ination of technology, and technical assistance. To date it hasnot formulated environmental quality standards nor has it de
veloped appropriate environmental technologies consonant with 
public health. 

g. PETROPAR and SIDEPAR are both mixed enterprises with 
majority state ownership. PETROPAR has an oil refinery, and 
prospects for oil deposits in Paraguayan territory. SIDEPAR is 
in charge of developing iron and steel production. To this end 
it has been authorized to purchase forest lands to produce and 
sell charcoal and to promote and carry out reforestation so as 
to guarantee future arid ongoing supply of charcoal to the 
ACEPAR steelworks, for use in the blast furnaces. Neither PE-
TROPAR nor SIDEPAR has any conservation programs. 

h. The Ministry of Public Works (MOPC) defines and over
sees implenentation of policy for public works, transportation, 
energy, communication, tourism, and mining; it also coor
dinates, supervises and a, 'vises the decentralized entities work
ing in those areas. 

As regards the environment, MOPC is in charge of carrying 
out the geological survey of Paraguay, prospecting for mineral 
deposits, and inspecting oil prospecting operations nation
wide; studying and evaluating oil deposits and quarries; ad
vising e to for mineral drelatdt prc'specting iea ueposits 
nationwide; administering quarries; administering, building,and maintaining all of Paraguay's airports; and building struc
tures to house hotels. 

i. The National Port aid Navigation Authority (ANNP) and 
the National Electric Company (ANDE) are diecentralized gov
ement entities. ANNP isresponsble for lanning arid build
ing; new port facilities; planning arid building facilities for making
Use of navigable rivers and canals; and carrying out topo
use ofial riesadcal arid crri uvpo 

and studies of Paraguay's rivers and streams. There isan officefor hydrological studies, but the budget does not include funds 

for carrying out the necessary activities. ANDE is in charge of 
hydroelectric energy programs. It does not have any conser
vation program. 

j. The Ministry of Defense's three dependencies have en
vironment-related programs. The Military Geographic Institute 
has the following functions: mapping Paraguayan territory; 
carrying out aerial photogranmetric surveys or survey expe
ditions to draft prelimina,'y maps throughout Paraguay; and 
training personnel in photogrammetry, topography, and car

tography. 
The National Commission for Comprehensive Developnent 

of the Chaco is in charge of planning, promoting arid imple
menting economic arid social development projects through
out the Chaco. 

74 



The National Weather Service maintains and improves the
network of weather arid hydrological stations, in accordance 
with national and international needs, 

k. The Ministry of Public Health and Social Welfare IMSPBS),
in addition to defining and implementing national health pol-
icy, operates and monitors hospitals, and inspects pharmacies
and pharmaceutical companies. Through the National Envi-
ronnental Sanitation Service, it implements and supervises
-fnvironmental sanitation programs related to supply of potable
water, and garbage and waste disposal. This institution is in
charge of upgrading rural housing, controlling water, air, and
soil pollution, promoting legislation on environniental issues,
enforcing such laws, and inspecting foods, occupational health 
and safety conditions, and sewage drainage facilities in ruralitharea anip tonst 4,00 ihabtant. *hrou'Iithe 

areas and towns with up to 4,000 inhablitants. Through theNational Malaria Eradication Service (SENEPA), it protects the 
population against ma!aria by disinfecting houses; combats 
Chagas' disease; and researches the vector chain in transmission of schistosomiasis in the vicinity of hydroelectric dams 
and other areas where stagnant waters or weak currents are 
found, 

I. Tile Corporation for Sanitary Works (CORPOSANA) is a
semi-autonomous dependency of the MSPBS, set up in 1954.
Its functions are: to develop potable water systems and sanitary
and storm sewers in Asunci6n arid elsewhere, and to operate
and maintain such systems; this includes e;suring that do-
mestic outlets are functioning properly. It serves towns aridcities with population over 4,000. 

m. The Ministry of Education, as it is in charge of primary
arid secondary education, should take upon itself the task of 
promoting national awarenessarid as to the importance of nvironnierital conservation preservation. 

n. The Asunci6n Municipal Government, an autonomous 
institution, is responsible for cultural, social, and material de-
velopment, the welfare of the people of Asunci6n, civic aware-
ness and solidarity among neighbors, obligatory cooperation
with other municipalities and entities so as to assure successful 
implemention of projects of mutual concern, thereby pro-
moting national progress, arid public services not specifically
provided for by other institutions. 

o. The National University of Asunci6n, through its various 
schools, provides instruction on natural resources: 

* The School of Chemical Sciences offers degrees in chem-
istry, biochemistry, pharmaceutics, food technology, and
industrial analysis. 

" The School of Agricultural Engineering offers a degree in 
agronomy. 

* 	The School of Architecture trains architects, and has an 
Environmental Development Institute (IDA) the objectives
of which include the following: promote ecological 
awareness; oversee and revise curricula so as to include 
an environmental perspective; engage in research under 
the "Man and the Biosphere" (MAB) prograrn; report on 
Paraguay's ecological situation; carry out studies on the 
a'ailability of open spaces in the Asunci6n metropolitan
area; and, define ways of assessing the value of environ-
mental preservation, and especially natural resources. This 
institute does not have sufficient funds. 

* 	The Basic Sciences Institute (ICB) offers degrees in chem
ical, physical, and natural sciences, as well as other fields 
of science. 

p. The Binational Yacyreti Project, a binational Para
guayan-Argentine institution set up in 1973, directs hydroe
lectric projects, carrying out studies and projections, operating
public works, and harnessing hydroelectric energy. It is also
concerned with improving navigability of the Parani River up
to Yacyreti Island. This institution also airns to control tile
devastatin, effects of floods provoked by unusually high waters. 

q. The Binational taip6 Project, a binational Paraguayan-
Brazilian institution, was set up in 1973 to study, direct, arid
implement hydroelectric works, operating then ant utilizing
the energy producerd. Its specificfioobjective is tc) harnesst zthet 	 pe en trhyro e eci e ctingth an 

hydroelectric potential of the Parani River, which runs alongthe border between both countries, from and including Guairi 
Falls up to tile mouth of the YgtazO River. 

r. 	The Catholic University has participatel in environmental 
affairs through its S.- 'nol of Science and Technology, set up
in 1981 to protect and increase awareness as to the importance 
of both the biological and man-made environment, it has organized the Center for Architectural and Environmental Re
sources (CRAA), which carries out the following activities:
scientific research, publications, services to design and ir
plement projects for public and private sector institutions, and 
training. 

CRAA is part of the MAB Committee and includes separate
departments for architecture, urban and land management policy, arid policy regarding historic and cultural heritage. CRAA 
ha, ;nsufficient financing. 

s. The Lake Ypacaraif Basin Foundation (FUNDLAY), foundedin 1984, aims to preserve, protect, conserve and improve theecology of Lake Ypacaraf and its watershed; study and extend 
lechnical assistance for the preservation, protection, conser
vation and improvement of the lake and watershed; promote
legal measures to preserve, protect, conserve and improve tihe
Lake Ypacaraf watershed; promote the physical joining of the
watershed with the Paraguay River, aid throcgh the Paraguay
River, to the la Plata River basin; promote comprehensive

development of the Lake Ypacarai basin; participate in agree
ments anti contracts to finance studies andIother projects to 
benefit the basin; and study, promote and implement measures 
to increase the population of the basin's natural life.

FUNDLAY is a voluntary organization, the first of its kind

in terms of entailing a voluntary commitment to prevent further

degradation of a part of the Paraguayan environment. FUN-

DLAY attempts to coordinate the action of several public and
private institutions. Its objectives are clear, though wide-rang
ing, and it needs a realistic plan with specific projects. Such 
projects, however, should be modest given the need to set 
priorities among the problems to be addressed. FUNDLAY 
needs a well-defined organizational structure with clearly de
fined roles and responsibilities, which would allocate re
sources. Despite these limitations, inherent to any new 
experience, this initiative merits recognition and support from 
both the public and private sectors. 

t. The Paraguayan Society for the Protection of Nature 
(PRONATURA) isa voluntary institution whose objective is to
disseminate through all means of communication the inipor
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tance of nature and the environment. Its main activities include 
lectures, painting exhibits on the environment, newspaper ar-
ticles, school trips, and campingouttings. PRONATURA works 
with FUNDLAY and MAB. Its limitations are largely due to its 
lack of funds. 

u. International organizations' support for research, con-
servation, dnd reclamation programs has been in the form of 
technical a.sistance and financial aid for institutions imple-
menting specific development programs. 

Technical Assistance 

The United Nations Development Program (UNDP) works 
with INTN, MAG, STP, MAB, and FUNDLAY, offering assis-
tance to programs such as soil conservation, forest inventory, 
and energy ',tudies. 

The Organization of American Slates (OAS) works with the 
National Commission for the Comprehensive Developnent of 
the Chaco in the integrated study project for the Paraguayan 
Chaco, together with the Settler Protection Project in Coronel 
Oviedo and the rural-urban development project in the Prov-
ince of Paraguarf. 

The Inter-American Institute for Agricultural Sciences (IICA) 
works with the Ministry of Agriculture and Livestock (MAG) 
in soil studies, forest inventory, vegetable and animal sanita
lion, education, research, and marketing of agricultural goods. 

The Japanese International Cooperation Agency ()ICA) works 
with MAG in soil studies, forestry education, and technical 
and economic aid. IICA has a plan for developing the National 
Soil Map. It has distinguished engineers working in the Agri
culItural Mechanization Center, tle Forest Development Cen

tter, apr the Regional Center for Agricultural Research. 

Financial Aid 

The Wrld Bank is aiding MAC in financing comprehensive 

rural development projects such as Caazapi, ltapla, and Caa
guazl]. It also works with SENASA on potable water supply 
projects in towns and settlements with under 2,000 inhabit
ants. 

The Inter-American Development Bank aids, among others, 
MAG in financing comprehensive rural development projects 
such as the Eje Norte (North *,xis), and projects in Alto Parani, 
Canindeyy, and Paraguarf, as well as in studying potential 
multiple uses of the Paraguay river. Similarly, it aids a program 
to install remote sensors. 
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Table V-1
 
Institutional Activities and Subject Areas Related to the Environment
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Mechanized cultivation of sunflowers,
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VI 

The Paraguayan Economy 

Economic Structure and 

Performmce 


In the 1960s the need to improve transportation and com
munications infrastructure became clear. The objective was 
to integrate the country geographically and economically. The 
sixties witnessed slight but steady growth which did not, in 
any event, bring about any structural change in the Paraguayan 
econorny. 

The primary sector is the basis of the economy, not only in 
terms of share of GDP, but also in terms of generating em
ployment and foreign exchange. Industry also grew in the six
ties, but not as much as had been hoped, considering the
sizable investments made. Services nonetheless were quite
dynamic, to the point of altering the structure of the gross

domestic product, which made it possible to absorb a signif
icant p,,iportion of those who enter the labor force each year. 


The public sector's share of the economy grew rapidly, this 
phenomenon being reflected in the steady growth of govern
ment spending, especially capital outlays. Indeed, government

investment in the 1960s averaged 11.0%.
 

The balance of trade was negative, as fluctuating commodity
prices kept export growth clown, while capital goods imports,
imposed by the development process, grew. The trade deficit was compensated for by net foreign indebtedness and, to a 
lesser degree, by direct foreign investment. 

In effect, overall economic growth, taking 1977 GDP as the 
point of reference, gradually increased from 4.8% in 1970 to 
12.8% in 1977. It stayed at about 11.0% for the rest of the 
seventies (table VI-1). The causes of this economic boom in-
clude, on the one hand, decisive government action to support
infrastructure projects with a significant social and economic 
impact, and on the other hand, international demand for Par-
aguay's main agricultural exports. 

Graph VI- 1 
Structure of GDP by Sectors 1982 

Other. 

Agriculture 

In the I970s, production of goods continued to account for 
most of GDP, hovering around 54.0%. Agriculture and lum
bering accounted for most of production, accounting for 30 
to 35% of GDP. (Table VI-2). After the unprecedented growth
of the seventies, the Paraguayao economy began to decline 
in late 1981, registering negative growth of GDP of -2.9% 
in 1982, and worsening to - 3.7% in 1983. 

The hardest hit sectors were precisely those behind the dy
namic growth of the seventi-s. Indeed, negative growth for 
1982 and 1983 by sector was, respectively, as follows: agri. 
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culture, -4.4", and -6.4%; industry, -4.5% and -4.2%; 
construction, -6.0% and - 5.4%; and commerce and fi-
nance, -2.2% and -4.9%. Basic services were the only 
sector to grow in those years. 

Gross domestic capital formation had the greatest impact in 
spending, dropping from 29.8% to 20.5% between 1980 and 
1983. Annual growth averaged -11.1%. This drop was the 
direct result of the decline of private sector activity. Employ-
ment suffered with the recession, with unemployment as-
cending to 11.0% in 1983. Inflation, meanwhile, dropped at 
first as a result of the decline in aggregate demand until, in 
1983, the inflationary effects of exchange rate adjustments and 
the fall of the guaranf on the parallel market led to a 13.5% 
increase in prices. 

Graph VI - 2 
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This crisis resulted from both internal and external factors. 
Among the eniogenous variables with a negative impact on 
economic development were: 

1. Completion of significant projects, above all the ltaipr 
dam. This led to a considerable drop in demand for Paraguayan 
materials and labor, as well as a decline in direct capital rev-
enues, increased unemployment and idle capacity in industry, 
and especially in construction. 

2. 	The drop in primary sector production, which was caused 
on the one hand by falling prices to the producer for goods 
such as soybeans, cotton, beef, cooking oil, and tobacco and, 
on the other hand, by adverse natural factors such as extensive 
flooding in various parts of the country. 

3. The ,teady overvaluation of the guarani, which led to a 
drop 	in exports and greater imports. 

Thle e;ernal fictors contributing to tre crisis included: 

1. Deteriorating terms of trade, driven by the marked re-
duction in prices of export products as compared to the rel-
atively stable pri.es Of goods imported by Paraguay. 

2. 	Continued, severe devaluations of the Argentine peso 
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and later the Brazilian cruzeiro, provoking a precipitous de
cline in sales to both countries, and almost wiping out Argen
tine and Brazilian tourism to Paraguay. 

3. 	The international recession, followed by protectionism 
and high interest rates in the industrialized countries. 

Total exports for 1983, including sales to the binational 
entities, came to US$571.7 million, i.e. US$208.2 million less 
than 1982 exports. This contraction in exports of goods and 
services was due in large measure to the fact thi. the official 
exchange rate of the guar-rnf with respect to the dollar was 
very much below parity. Fik had a considerable impact on 
the competitiveness of agricultural and industrial goods on the 
international market, serving as a strong incentive to use ir
regular channels for foreign trade, especially smuggling across 

borders. 
Imports, on the other hand, came to US$825.3 million in 

1983, a decline of some 30% with respect to 1982. This de
cline was brought on in large measure by the drop in thedemand for capital goods, as dornestic economic activity con
tracted, and it became hard to obtain foreign exchange. As 
imports declined at a faster pace than expors in 1983, the 
balance of trade deficit, US$253.6 million, was 35.4% less 
than in 1982. 

The increase in central government net capital revemues,over 100.0%, did not compensate for the rop in private cap
ital revenues; thus the fiscal balance was once again unable 
to finance the balance of goods and services, forcing Paraguay 
to draw on $39.5 million in savings. As a result, by late 1983 
net international monetary reserves had fallen to US$641.6 
million, representing 9 months of imports. 

At 	the same time, total foreign debt in 1983 increased by 
22.1%, as compared to 26.9% for 1982; the debt rose from 
US$860.9 million in 1980 to US$1.4693 billion in 1983. Thus 
between 1980 arid 1983 the debt grew at an annual averagerate of 19.5%. In 1980 the ratio of debt to total GDP was 
19.4%, and in 1983, 26.2%. This situation resulted primarily 
from the growing tendency on the part of the public sector to 
look abroad for loans, used mostly for financing capital ex
penditures. 

Total supply and demand for 1983 fell to 428,477 million 
guaranfs, slightly greater than 1979. Available goods and ser
vices and effective domestic demand dropped 0.4% between 
1980 and 1983, from 368,626 million guaranis to 363,384 
million guaranfs. Per capita GDP and per capita income, in 
1977 dollars, fell to US$843 arid US$765 respectively in 1983. 
Behavior of all of the above variables clearly reflects the strong 
impact of the recent world recession on the Paraguayan econ
omy. 

Primary Sector 
Agriculture, accounting for an average of 65.0% of primary 

sector production, and growing at an annual rate of more than 
8.0%, has continued to be the most significant primary activity. 
Indeed, the Paraguayan economy contnues to be predomi
nantly agricultural. 

Domestic factors behind sustained grco'th in agriculture in
chuded coninued incorporation of belter lands into agricul
ture; stepped up settlement in the context of the land reform 
program; planting of non-traditional ( ops with high intena



tional demand, such as soybeans; and the increased produc-
tion of agricultural goods for the domestic market, including 
corn, sugar cane, and garden vegetables. Internationally, greater
demand and high prices for Paraguay's key exports contributed 
to sustained agricultug'al growth. 


Livestock-raising grew rapidly between 1970 and 
 1975,
reaching maximum growth rates (20.8%) and having a larger
share than before in total production (9.5%). Circumstances 
changed markedly in the second half of the seventies as a
result of losing the main consumer markets. Large meatpacking
plants were shut down, contributing to unemployment, 

Thus in recent years growth in livestock-raising has been
largely due to domestic demand, bringing about a slight changein the make-up of gross value-added in livestock-raising. The
main changes havets.een in 1 try and hogs, and their by-
products. 

Forestry, despite its small but steady share of GDP (some
3.5%), grew with ups and downs; nonetheiess, logging con-
tinued, reaching indiscriminate levels. This would seem !o
imply that log extraction isstill not associated with significant
industrial use of wood, and that uncontrolled marketing has 
continued. However, according to official figures, more than 
60.0% of logging revenue is from activities geared to satisfyindustrial demand, either in the form of logs or firewood. 

Industry 

Secondary sector production also played an important role
in the 1970s economy, as it accounted for a steadily growingshare of GDP, reaching 22% in 1979. Secondary sector growth

reached a record 22% for 1976-1977. Cumulativeannual gruwth

in the sector for the 1970s was 10%. 


Construction wasGrowtinconstruction thewas lost sdynamicdamacivyactivity in this sector.Growth in construcrion n tis orwas based primarily on ibridgethle rapici im-

plementation of the Itaip dam and, to a lesser extent, theYacyret, project. Other construction in the public sector in-

cluded highways, bridges, the international airport, rural elec-

trification, and silos. Thes-
 projects were in tirn complemented

by major private sector construction projects. 


Industry's share of national product in ti[:. seventies averaged 

over 16%. Thus industry appears to have continued its upward

trend begun in the sixties, which brought about a limited but 

significant change in Paraguay's economic structure. Mining,
which contributes only 1.0% of the national product, also grew
rapidly during the seventies, above all during the second half,

achieving over 30.0% growth. 
 Growth in mining was a re-
sponse to growth in construction: almost all mining products 
are non-metallic materials used in construction.
 

Construction accounted for an average 17.2% of GNP f'r

1970-1976; this figure dropped 
 to 16.5% for 1977-1983 in 
response to the decline in demand for products used at Itaip,
especially after 1980. 

Manufacturing ismada Up of small and mediuim-sized busi-
nesses. Five areas of manufacture alone make up 70% of in-
dus!rial production. Dynamism in manufacturing, which reachedgrowth as high as 20.1%, was seriously dampened by the 
recent world economic crisis, and by the negative impact of
foreign exchange policy. In 1982 manufacturing fell 4.5%,
dropping off another 4.2 % in 1983. 

While manufacturing can play an imp'rtant role in Para-

guay's development, opportunities in industry are limited by
the country's georraphic situation, size of the domestic market,
the small resource base, and the greater capacity of Paraguay's
neighbors. Even electricity-intensive industries have an un
certain future as a result of the lack of mineral resources, the 
tremendous distances to international markets, and the need
for advanced technology, huge investments, and skilled labor.

Thus, development of the manufacturing sector should, in
the medium term, continue to be based on agroindustries and
processing of raw material,., the final products of which could 
save Paraguay foreign exchane. 

Services 
Services accounted for more than 45.0% of total GDP, with

40% frorn non-basic services and the other iive percent being
electricity, water, and transportation services. 

Electricity was more dynamic than the other basic services,
reaching 26.0% growth. This is a significant indicator, for
electricity plays a key role in economic growth. The dynamism
in electricity is in part due to the various government electri
fication projects, which brought about a significant increase 
in per capita electricity consumption. 

Trends in potable water and sewer services followed overalleconomic trends, increasing in function of government policy
to provide such services to as many urban centers as possible
so as to wipe out disease arising from poor environmentalsanition. 

Transportation, communications, and storage had the great
est structural impact within basic services, making up over
3.5% of total GDP, and showing annual growth of 9.7%. This 
was largely clue to the rapid increase in motor vehicle use,and highway construction, and the increase in domesticand international telephone traffic. 

Non-basic services also grew considerably, doubling in total
value in the course of the decade and providing more em
ployment. Non-basic services accounted for 30% of Para
paay's economically active population. 

The most important sub-sector not only within services but
for the economy as a whole, was commerce and finance,

accounting for 25% of GDP.
 

Commerce and Finance 
Commerce and finance carries the greatest relative weight


in the Piraguayan economy, as its gross value added makes
 
up about one quarter of GDP.
 

The dynamism of this sector (luring the 1970s was due tothe significant increase in agricultural production, to which 
commerce and finance are closely tied; increased activity on
the part of commercial banks and insurance companies; and
the rise of finance companies and savings banks for housing. 
Financial activity linked to housing has been made possible
by injections of capital from the hydroelectric works and export
earnings.

With the world economic crisis, growth in commerce and
finance was also negative. Growth for 1982 and 1983 was 
- 2.2% and - 4.9% esjmctively. The relative share of cor

merce arid finance in the national ecoinoniv, however, has 
held steady at just above 25%. 
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Primary Sector Production 

The primary sector, agriculture and lumbering, was the sin-
gle most important source of national income, exports, and 
employment. This sector accounted for 30 to 35% of GDP for 
1972-1982. Primary sector exports accounted for 85.6% of all 
loreign exchange earned through exports, while 50% of ema-
ployment is generated in agriculture and lumbering. 

Crop production isthe largest subsector, responsible for 66.8% 
of prirmary sector production, 

is the second largest subsector, ac-
Livestock production 

counting for 22.5% ot total agricultural production in 1982. 
And lumbering contributed 11 1,%of primary sector production 
the same year. 

Crop Proouction 
Of Paraguay's 51 crops, 26 are annual and 25 perennial. 

Crop production has expanded rapidly over the past 20 years, 

due above all to improvements in infrastructure, especially 
roadways. Settlement has also helped to expand the agricul-
tural frontier rapidly. 

Crop production has expanded at the expense of forest lands, 
especially in the easteri section of the Eastern region, and to 
a lesser extent in the northern part of the same region. To (late 
few studies have been carried out to evaluate the extent of 
problems arising from lands being used fcr purposes other than 
those for which the land is best suited. There are some general 
studies, but none which quantifies the negative effects. 
Main Crops 

The most important crops are soybeans, cotton, tobacco, 
manioc, corn, sugar cane, rice, wheat, coffee, and beans. In 
1982 these 10 crops accounted for 7 I % of crop production, 
almost 80% of cultivated lands, and 70% of export earnings. 
Soylkans: Paraguay is a significant soybcin producer in South 
America. In 1982 production totalled 750,000 metric tonnes. 
Soybeans generate more income than any other crop, and also 

Graph VI - 3 
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take up more cultivated land. Itisthe second largest export 

earner. According to the 1981 agricultural census, some 30,000 
workers were involved in soybean production. 

Soybeans were first grown in Paraguay about 1921; but 
soybean production did not become widespread until the 1960s. 
Production has increased sharply since 1970 due to the boom 
in international demand and the accumulated experience of 
Paraguayan experts and producers. Soybean production, which 

grew. 25% annually from 1975 to 1982, also benefitted from 
the Wheat Program, which facilitated mechanization of pro
duct ion. 

Cotton: Cotton is a traditional cash crop, and has an im
portant place in the Paraguayan economy. It is the country's 
leading export earner, second in crop production, and third 
in terms of cultivated surface area. Cotton is produced on 
small, family farms. According to the 1981 agricultural census,
there are 137,938 cotton producers. Cotton is e-.ported asfiber. 

Cotton production increased considerably from 1975 to 1982. 
Whereas in the 1960s production varied between 30,000 and 
40,000 tonnes, by 1981 production had skyrocketed to 317,000 
tonnes. 

Cotton is processed by Paraguayan cotton gins, the by-prod
ucts (lint, cottonseed cake, fibers) being sold on the interna
tional market. Most of the cottonseed is used to produce oil 
sold on the domestic market. 
Tobacco: Tobacco is Para14uay's third largest export earner. 
It is 10th in total production, and '9th in terms of land under 
cultivation. There are some 12,533 tobacco producers. Almost 
all tasks involved in tobacco oroduction, including preparation 
of the soil and weeding, are done with manual tools. As a 
result, the land has not been exposed to the degradation brought 
on by mecrhanization in other areas of production. 

Tobacco production had its ups and downs .tween 1975 
and 1982, dropping from 25,000 t,,.nes in1975 to 18,000 
tonnes in 1982. This decline was due to a change in inter
national demand, with a greater preference for light tobacco 
instead of strong tobacco, light tobacco not being very com
mon in Paraguay. 

t t# 

Cotton: a crop that plays amajor role in the national economy. 



Manioc: Manioc is Paraguay's third crop measured by total
production, and fourth in terms of land under cuhivation. It 
is an important part of the rural diet. Maniioc production rose 
slightly between 1975 and 1982, fromr 1,725,000 tonnes to1,1896,000 tonnes. Average annual growth was 1W.3 ... 
Coro: Corn is the country's second most important crop in 
terms of land cultivated, and fourth in total production. Hlardly 
any corn is exported, (01rn extiurts accOunirlig for only 0.2% 
of export earnings in 1982. Like manioc, corn is a basic con-
porent of the rural diet. It is also use(d to feed sialler livestoclk
and sometimes cattle. According to the 198 1agricultural cen-
su.S, 155,632 corn producers. Corn production in-there are 

creased an average of 6.3% a1nu1a llyfor 
 1975-1982. Corn
makes up more than 6,0% of total cereal gra in supplies, whiChalso include wheat and rice.Wh 

Sugar cane: Sugar cane was intlrduce(d ill Paraguav in the 
16th ccenvtury; since then cane production has extended 
throughout (lie country. Currently it is a source of income if)
the vicinity of sugar mills and liquor distilleries. It is also a 
significant product around the alcohol distillery in Mauricio J.
Troche, which has the capacity to produce 120,000 liters/day
of fuel a cobol. Sugar cane is the fourth export crop, fifth in 
terms of total prorluction, and sevcnth in terms of cultivated 
land. Sugar cane is produced mainly on small plots; accordingto the 1981 agricultural census, there are 39,262 calie pro-

ducers. 


Sugar cane is used to manufaclure alcohol, sugar, molasses,
liquor, and as forage. As production figures are frr sugar caneas a whole, it is difficult to break down the figures by use. 
Sugar cane production increased from 1,206,000 tonnes in 
1975 to 2,333,000 tonnes in 1982, for at, average annual 
increase of 10%. 
Rice: Rice production in Paraguay is primarily foi donestic 
consumption, sith only small aniounts being exported in cer
tain years. Accorling to the 1981 agricultural census, almost 
63% of rice production is or non-irrigated lands (upland rice);
[lierest is irrigaled rice. Rice is the eighthI largest crop frorin 
the standpoint of lard under cultivation, ard seventh intotal 
production. Ill 1981 some 14,000 )roducers cultivatud rice. 

II
 

Rice production increased from 50,000 tonnes in 1975 to
65,000 in 1982, for 4% annua! average growth. This increase 
was primarily non-irrigated rice production in new settlement 
areas. 
Wheat: Wheat is important for Paraguay, as it is the only 
agricultural product t1 Paraguay imports in large quantities.
Besides it isa winter crop, and during the winter, crop ,ro
duction in general is signifi(antly down. In 1982 d( testic 
dlerand for wheat surpassed 100,0(00 tonnes. Sixty-' ,e per
cenl was met by domestic ,roduclion; the rest was im ported.Government policy is to gradually substitute Paraguayiin-pro
duced wheat for imported wheat. The National Wheat Pro
gram, set up in 1967, works te this end. 

Wheat producton tumped (rma pr uci nj -3,000tonnes in 1975 torne lr rn1 ,0 t n es n 9 5 o
70,000 in 1982, an average annual increase of 27.2%. Creditextended by the National Development Bank is a key factor 
belhiid extension of lands for wheat production.
Coffee: Coffee t)roduction was develoix.d in Paraguay (luring
the 1960s. Coffee exports have been on the decline, and made 

up only 0. 1% of e'<urs for t982. Coffee is important as a 
sourceof employment, as there is a year-round denrand for 
labor, which increases during the harvest months from May 
through October. 

In contrast !omost other crops, coffee producl ion declined 
between 1975 and 1982, from 10,000 Lonnes to 8,000 tonnes,
after experiencing significanrt flucruvatiorwappers to FIiis performlanceie associated with interination il price fictations. 

Beans: Bean production in Paraguay is primarily for domestic 
consumption. Like corn and manoc, beans are a basic com-

Sugar cane is used to manufacture alcohol, sugar and molasses. It is 
also used for forage. i

The National Wheat P.'ogram has operated since 1967. 
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ponent of the diet of most Paraguayans. Beans are the fifth 
crop in land under cultivation, and sixth in ternis of total pro-
duction. The 1981 agricultural census showed 85,000 bean 
producers. 

Bean production fluctuated markedly from one year to the 
next between 1975 and 1982. Nevertheless, in 1975 produc-
tion was 60,000 tonnes, and in 1982, 61,000 tonnes. Growth 
for 1975-1982 was thus relatively insignificant, especially con-
sidering the dynamism of other crops. 

Production Technology 

Technology for crop production has changed slowly. The 
main innovations have been incorporation of modern ma-
chinery, fertilizers, and pesticides. 

Machinery and Equipment 
Crops Such as wheat, soybeans, and rice are cultivated bymechanized agriculture. Most other crops are grown on small 

fmchied aculture ost othcropusfarearo smhi-
farms which could not economically justify greater mechani
zation. Tobacco is cultivated almost exclusively by hand, as 
it is usually grown on lands that have beei cleared but from 
which tree stumps have not been removed. In 1956 there was 
one tractor for every 312 farms, whereas in 1981 there was 
one for every 41 farms. 

Use of Inputs 
Seed: Most imp ed seed use is in cotton, soybeans, wheat, 
tobacco, and garcia vegetables. There is no reliable data on 
trends in use of improved seed, as a large quantity that enters 
Paraguay bypasses custonis. The seeds used are generally not 
certified, with the exception of cotton seed. Other seeds are 
chosen by the producer himself, with the problems this im
plies. 

Fertilizers and Pesticides: Desp;I.., their economic impor
tance, use of fertilizers is extremely low. This is due in part to 

their high cost. Increased yield of most products has been (hue 
riot to use of chemical produtCs but to incorporation of better 
lands. 

Fertilizer use renined steady betwee' 1977 and 1981 . In 

1977 fertilizer use was 4.07 kg/ha; in 1981 13,000 tonnes 
were imported. At minimal recommended use levels for crops 
such as corn, rice, and soybeans, this would have covered 
65,000 ha, i.e. approximately 3% of seasonal croplands. 

It is felt that yields could be greatly improved by greater use 
of modern inputs: yet the high and constantly rising costs of 

fertilizers limit further use. 

significant inputs, such as insecticidcs and fungicides, 
are used in different crops to varying degrees. The percentage 
of areas to which inputs are applied is as follows: 

Crop % of Area Treated 

Cotton 100
 
Soybeans 00
 

Tomatoes 100
 
Wheat 100
 
Rice 25
 
Tobacco 40
 

The above estimates indicate widespread use of insecticides, 
even on small farms. 

Livestock Production 
Livestock raising is the second most important primary se( tor 

activity. Production could be rapidly increased and improved 
in the medium term if administration and technology is com
plemented by relative use of capilal and an assured market for 

industrially-processed goods. 

Between 1972 and 1982, livestock production increased at 
an average annual rate of 4.4%. 

Production 

Cattle: According to the 1981 agricultural census, there are 
6,341,200 head of cattle in Paraguay, 62% of which are inthe [astern region, and 38% in the Western region. There were 
167,546 cattle ranches, with an average of 38 head of cattle 

. 

; 
,% 

In 198 1, 62", of Paraguay's cattle were Io':ated in the Eastern region 
an! 38X, in the Western region. 
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per ranch. Most of the breeding and ovqr-wintering cattle are 
found in the provinccs of San Pedro, Conrepci6n, and Para-
guarf; 7% are in tNeembucIJ, and 6% in Misiones. Overall,
there were two head of cattle per person in Paraguay, and 16head of cattle per kn2 . Total 1972 production reached 
9,158,800,000 guaranis, dropping off to 7,649,200,000 in1976 and 7,197,100.000 in 19132. Cattle production ac-
counted for 23 6% of total livestock '__Jduictio in 1982. The 
total value of cattle prodluction drf'ped 2.3% between 1972and 1982. 

Most of the cattle is of the creole variety, a descendent of
cattle introduced by the Spaniards and adapted to the milieu 
over time. Breeds of British origin (Hereford, Shorthorn, Ab-
erdeen-Angus) have been introduced o upgrade the creole
stock. Over time the product ofthe breeding process has proven
to not I)c adaptable tO, the natural milieu; p'oducivily, how-
ever, increases initially. 

Current ,ootechnical improvements are based on incorpo-
rating the Zebu, whose genetic makeup has advantages over
other crosses. It also has (Irawbacks, however, as there is a 
loss of fertility and aggressivity. 

Holsteins are most widely used for improving milk herds, 
and ca.o !ie adapted so long as they are prope ly handled. The
Browr. Swiss, more rustic and sUitable for milk production, is 
expect,,d to yield positive results. 
Hogs: Hogs are second to Cattle as a source of red meat. The 
.911 Agricultural Census reported 984,902 hogs in Paraguay.
This stock can he ircreased and used increasingly for meat;
today hogs are used mainly for producing lard. Hog produclion 
came to 3,726, 100,000 guaranis in 172, rising slightly t,
4,700,200,000 guaranfs in 1976, and reaching 7,863,000,000
in 1982. 

I-logs accounted for 25. 1% of total livestock production in

1982; hog production grew at an average annual rate of 7.7%

between 1972 and 1982. 


Poultry: Poultry production has increased and improved con-
siderably. In recent years egg and chicken consUmption has

been on the rise. The 1981 agricultural census reported

11,115,228 poultry.
 

The total value of poultry p oduction rose from 537.8 million 
guaranik in 1972 to 667.4 milion in 1982. In 1982 poultry
accounted for 3.3%N, of total livestock production, with an an-
nual growth rate of 6.7,, between 1972 and 1982. 
Sheep: Some 358,900 sheep are raised on large and small 
farms. Total value of sheep prodUCtion skyrocketed from 14.4million guaranifs in 1972 to 181.6 million in 1976, and 228.4
million in 1982, accounting for 0.7% of total livestock production in 1982. Averge annual growth etween 1972 and 
1982 was 4.9%. 

Goats: Thle 198 1 census deterniin~d that there were 107,/.51
goats in Paraguay, with total value of goat production rising
from 24.4 million guaranis in 1972 to 32.9 million in 1976 
and soaring to 92.3 million in 1982. In 1982 goal production
accounted for 0.3% of total livestock production. Average an
nual growth for 1972-1982 was I-1.2.. 

Equines: There were 31 G,593 eTIUines a.ccording to lhe cen
sus, with average ai i nual growlh at -21.5% between 1972 and1982. Total value of production of equines declined from 10.0 

million guaranfs in 1972 to 38.4 million in 1976 and 9.7 
million in 1982. 

Area Occupied by Livestock Raising
The 1979 agricultural survey indicated that 17.29 million 

hectares-i.e. 43% of Paraguay's total area--were used forpasturing. These figures have been slightly modified by the 
1981 agricultural censi.s. (See Grasslands, Chapter VIII). 

Types of Farms and Ranches 
The types of farms and ranches engaged in livestock pro

duction vary greatly frorn one area to the next In general,
however, the following types of farms prevail:

1) Mixed farming, which is the most common. All produc
tion iscarried out on such a farm, including breeding, feeding,
and winter pasturing. This forn of production usually involves 
inadequate use of available resources, as it is geared mostly 
to winter pasturing, and neglects breeding, thereby affecting
calves and replacement animals adversely.

2) Winter pasturing. This type of farming requires improved
infrastructure, which allows for more weight gain per hectare. 
This leads to good finishing, so the animals can be marketed 
immediately. 
Production System; 

The basic systems of production for cattle are: 
I) Extensive, characterized by extensive pastures using nat

ural grasslands and watering places. Top-quality, large, natural 
pastures are hard to find. In such conditions effective man
agement is impossible, and there is a negative impact on the
 
efficiency and capitalization of such farms.
 

2) Semi-intensive: Preparation of gra.-ing lands, distribution
 
of watering holes, and cultivation of annual and perennial
forages all make for better use of resources, and application
of effective technolo,'ies. This is particularly common among
ranchers involved in winter pasturing who have relatively largecultivated pastures, where land values are higher. 

Graph VI - 4
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Dairy operation 

3) Intensive, which in turn breaks down into: a)over-win-
tering, on cultivated pastures, which is expanding with the 
dynamisn characteristic of the entrepreneurial spirit; and b) 
finishing in the feed lot, with application of improved tech-
niques and complementary feeding with cereai grains, indus-
trial by-products, and other items. There i,,only a few cattle-
raisers using this method, 

Productivity of Livestock Production 
Most of Paraguay's lands are used fo~r
grazing. Co)nsiderabh.e

improeent of urrentis for griMConidrle t~reteti ig.
implrovement tifctrrent produclt(,n levels could well lead tto 

doubling of total quantity Of livestock. 

Given current conditions--partictularly lirmitations regarding 
feeding, handling, health, selective breeding, infrastructure, 
creodit, research, and technica) assistace-efficiency of live-
stock prodluotiori is still minimal. Over lime, however, Para-
guayan livestock pro luction may Uniergo technologi( al changes 
which would have an impatt on proli( tivity. 

eef B~randing atei'barely 45%, while weight atCatle: i~u 

weaning is 120 kg. Mortality of calves (from birth to branling 
age) is between 6 andI 10X%. There are 5',"',orphans, while [1% 
of the sttock are cows over t) years lld. 

Finishing time is 44 months, i.e. i to-i years. Finished stelrs 
weigh about 38( kg, and )(1 tows weigh atiouJt ,6P kg. I)aily 
weight gains are 22) g per animal perliday. 

Grazing derisity is i .5 head per ha, obtained by dividing 
total cattle .,to(k b total airea ((upied by liv(tock raising, 
and (ulling is11)(Alt . 

Dairy Cattle: 1lie198 1 agricultural ernsus figures indic ated 
that only 62% of allulairv tows are milke ; rrilking tir(Iiin 
tivity was barely 2 liters per aniial p('r lay. I he' C1nSOs, 
however, was carried' out it"!epltemnil r, when littlh milk is 

pinrotc ed. 

logs: For 1962-I '17 , yi,'lds were 71). l,,rieat ,inl lard 
from stlaughlered hogs with average live weight ()182.5 kg, 
which was ria(hi'd it t8 to 24 mnihis. 

In 19))M) the tei bri(il (,abinit of the Ministry of Agri(utrure 
and Livesi kestimated thait a live. 1 (1kg hg wo-uld viell 68 

kg of meat (62.7%), and 20 kg of lard (28.9%). The head, 
weighing 5 kg, accounte for 3.2% oI total weight; [lhe entrails 
2.6%; and Ihe rind, weighing 4 kg, 2.6% 
Poultry: Average yield was 60-70%, i.e. 1.25 kg of clean 

meat for ia(h animal slaughtered, with total weight of 1.8 kg. 
Egg prodUttion has stiniat(1a rate ofb a daily laying 

065',0. I huis, 
 in elf(, tivtly exl oited laying hen tan lproduce
 
240 eggs per year. Nonellieless, )rAiMti
actnal tivity per hen 
in 1979 was -stinatd at 123 eggs, (al( lated froun relating 
total egg l)rIMIi tion to the nrUmher of hell , hased onlthe 130's'

D iepartnentEconomicot Studies. 

Actual l)reedhing was estimated to he 51% -in marked -on
trast to breeding animals managed Under toniniercial Stan
dards which, following recommendedcehniqnes, alpproach 
10(o)% productivity. the slughler rate, according to the 1981 
census, was 20,8%. 

According to this ce1nsus, mortality was 23.8%. This figure, 
however, appears to be exaggerated, as commercial pIultry 
operations place the figure around 10%, and even less for 
roasters.
 

Industrial Processing of Beef 

Destination o slaughtered cattle: Beef cattle have two final 
(iestinations: doniestic consumption, and export. Over time 
the quantity of cattle for donesti( consimption has increased 
slightly, whereas the rum1)er tifcattle proitesset by the neat
packing plants for export has lUniletted, due primarily to the 
world recession affecting beel-importing countries. The per
centage of beel cattle used for (ioT''stic consun-iIMtion has risen 
from 77% in 1975 to 96% in 1982 Sin:e 1975 the percentage 
of cattle slaughtered for processirg and export has declinedfo 3%t % 

from 23% to 4(. 

Meatpacking plntre: In recent years Paraguay's meatpacking 
plants have infrodo,:ed sipnificant changes so as to cone into 

line with the hygienic norms demanded by beef-consuming 
countries. 

Seven plants that slanglitter cattle are located in and armnnd 
\silcio. The largest tan slaughter 720 heati of (attle daily; 
the srallhst slaughters (nrly 2) a tlay. total daily slaughtering 
aparity is ,,100 head of cattle. 

Total freezing and storage capa( ityis.4,))0 toinnes for all 
the riieatpacking plants together; thus larger st( ks can lie 

a,,oried iiithe intditili W1rr1, witliorit pnsing any probltieis 
to t11( industry as it now,, stirds. 

I v"llS 1pMO(InNOiW: n1,1a,1Ihli sIightr period is frun lan
uary to lurie, virying depending the o! availableIn iUli er 
aninals ai l the asignt d t)iota, whi h is (tirrure tly al iout 

200,(0h)() rad, with a sigriili ait )teintial to bring ill valhable 
forein cx limige. the produo t is. ,ri '((ned r etel, r asl 
1(ef, ( lio) 'd ieef, iigie, riniat extr ti,, n( rtIi lrtlhint ritn 

from buries, iil tti('t 1IW, 11110ung uilniry r ueiieats 
in(hi(h, Iru/en prodm I, and by-prudtJo Is,su( I as bontd teef, 
fri /en btef ,vilh th hmie, ,irii(1, c (Is, t attle entrails.1, b,,,-pr 
All hal,e hicei well-re( 'lived in several ltutnl)ean antl Amerii an 

riarkts. 

Export of Animal Products 

Total 19775 exports of arinial irmuluttIs (ame to US$14.7 
nillion (IF()13) inab)solute tRIMs; ill1982 tiis figure fell to 
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US$8.9 million (FOB). The share of animal products in total 
exports gradually fell from 19.6% in 1975 to 2.7% in 1982. 

Forest Production 

Primary Extraction 

Primary extraction logging yields logs, railroad ties, posis,firewood, and palms, not including planks and other sawmill 
products. Following isa brief description of the main products.. 
logs and firewood. 
Logs: Iogs of native woody species have been extracted con-
tinously and increasingly since the colonial period for industry,
agriculture, and tannin. In 1983 the value of log production 
was slightly higher than that of firewood. Logs accounted for
47% of total timbering. 

Most logs go to the sawmills first, and are then exported as 
beams, planks, boards, and other items. They are purchased 
on the international market for use in carpentry, furnitur,.
making, construction, and other trades. 

In agriculture logs are used for rudimentary construction;
usually they are not transported far from the forests in which 
they are cut. Quebracho logs, cut in the Chaco ano] used for 
tannin, are the only raw material for Paraguay's tannin indus-

To date all logs have come from naturally occurring forests 
I are thus of native species. 
ierelative abundance of forests, covering 45% of all Par-

aguay, obscures tilefact that they are not evenly distributed. 
It also obscures the high rate of deforestation. This has led to 
a distorted view of the capacity of forests to provide for socio
economic needs in the medium and long term. Also, no effective economic incentives for reforestation have been cre-
ated. 

What n,eds to be asked is: How long can Paraguay continue 
to use thcse products without having to recur to reforestation? 
Firewood (Charcoai): Forests are distributed very unevenly
in Paraguay. In some areas deforestation represents a growing
problem. Regional imbalances reach alarming pioportions, to
the point that some consumers must transport firewood over 

ever increasing distances, with greater transportation costs, as 

most of the lands in their areas have been deforested. Defo-

restation continues unabated, above all because of the expan-

sion of the agricultural frontier, threatening a reduction in

supplies to the wood-processing industries, and threatening as 

well the supply of energy from firewood, 


Per capita firewood consumption in Paraguay is very high,
reaching approximately one ton annually. This is 2 to 3 times 
greater than for any other South American country. Industrial 
consumption ison the order of 500,000 "FOE, which is second 
for Latin America. Some 52% of total demand is for industrial 
use, and 38% for domestic use. The 18% increase in domestic
firewood consumption in the period at hand isdisproportionate
given the almost non-existent reforestation, and the very high
rat, of deforestation, which is reaching 150,000 to 200,000
ha per year. 

Per capita consumption of charcoal in Paraguay is not It 
present a serious problem. It comes to 19 kg per person per 
year, well below that of any other South American country.
Total demand comes to some 58,000 tonnes annually, equiv-
alent to deforestation of roughly 2,300 ha of forest landI. 

Graph VI - 5
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Province ha 
Itapa 200,000 

Alto Parana 152,500 

Canindeyd 65,000 

Caaguaz6 58,100 
Other 77.800 

TOTAL 533,400 

Charcoal prices increased some 23% between 1980 and
1982. This increase is probably due to fuel price hikes, astransportation is the most significant component of the price.Charcoal has taken on extraordinary importance for the econ
oy with fe construction of ACEPAR (Aceros del Paraguay,
 

S.A.), the steelworks that will produce 150,000 tonnessome 
annually of finished steel products; its blat furnaces will run 
on charcoal. 

It is estimated that tileplant will initially use 60,000 tonnes 
of charcoal yearly. This is equivalent to total current, national 
demand. When it reaches full capacity, itwill consume 130,000
tonnes annually. These figures reflect the alarming impact that 
ACEPAR will have oil the firewood and charcoal market in
Paraguay. Deforestation due to firewood consumption is at 
present low, amounting to some 20,000 ha yearly. This situ
ation will change radically once ACEPAR is set up, for in 
addition to the 20,000 ha that will continue to be in demand,
another 12,000 ha yearly will have to be deforested to meet
the 60,000 ton charcoal demand. ACEPAR Iscarrying out a 
study on alternative means of attaining charcoal. 

Forest Industry 
Lumbering has Iraditionaly been one of Paraguay's most

important industries. A recent survey revealed that in the prov
inces of Alto) Parani and Itapt'ia alone there are 369 lurber 
plants, including sawmills, plywood plants, tongue-and-groove
wills, wood floor tile
Manufacturers, and tool handle factories,
 
with a range of capacilies.
 

In Alto Parani, 61 % of the mills have an installed capacity
of more than 6,000 bd.ft./day, a figure malched by only 3.3' 
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of the mills in Itap6a. The proportion of industrial GDP ac-

counted for by lumbering has varied from 6.9% in 1974 to 

6.4% in 1983. These figures corne to 1.2% and 1.0% respec-

tively of total GDP for 1974 and 1983. As these figures are 

relative, they are not indicative of stagnation. Indeed, as was 

mentioned above, the agriculture-livestock-forestry sector grew 

considerably during the 1970s, and lumbering must have 

evolved in a similar fashion in order to maintain its relati,,e 

share in the economy. 


The significant increase in the relative share of lumbering 
in 1979 and 1980 was due above all to the construction boom 
that resulted from foreign exchange revenues from Itaip6, and 
from the reactivation of trade with Argentina and Brazil. An-
nual average growth of wood derivatives (22%) is twice that 
for all sub-sectors (10.4%) for 1973- 1981. Wood derivatives 
also have an important place in industry, with 13.4% in 1981. 
Lumbering projects that benefitted from Law 550/75 grew up 
to 1981, declining in 1982, and diminishing to practically 
nothing in 1983. 

Employment 

There is no data on the degree to which lumbering has 
absorbed labor. The 1972 census, however, indicated thatof 
4,050 persons of the total economically active population were
employed in lumbering. 

Exports and Imports 
saw-Exports: Traditionally logs, and later lumber from the 

mills, have been exported. The enactment of Executive Decree 
24,489 (1972) prohibited export of logs. Unfortunately, how-
ever, this law has only been partially enforced, as illicit export 
of logs continues, especially .n the northeast, 

Export of forest pducts has been quite irregular, with an-
nual figures varying from a low of US$1 2.5 million (FOB) in 
1976 to US$67.2 million in 1980. Relative participation of 
forest exports in total exports and agricultural exports is prac-tically identical, as agricultural and forest products account 
for 96%dofntotalas ariculDurlng198119 forest exprctsfo~r 96% of total exports. During 19 8 -1983 forest exports 

ast 
aspe,1 


a percentage of total exports fell off sharply. This was due 
above all to the st,'ong growtt of certain agricultural exports, 
especially soybcans and cottur. Nonetheless, thee prodructs, 
while registering greater relative values, also fell off in absolute 
terms during the same peried, 

Export of wild animal skins is prohiiited; but, as is the case 
of logs, their export continues illicitly. There is a sharp diffeIr-
ence between data on forest exports to Brazil as listed in he 
Paraguayan Central Bank's Statistical Bulletin and according 
to the import registry of the Brazilian Ministry of Treasury. The 
difference is on the order of 40',, for 1979, 1980, and 1981, 
indicative of active illicit trade and the consequent loss of 
foreign exchange earnings for Paraguay. 
Imports: Paraguay imports paper, cardboard and cardboard 
products, and on a smaller scale, wood and manufactured 
products. Imports of paper and cardboard products dropped 
off 90% in 1983 in relation to the previous year; this situation 
resulted primarily from unreorded trade of such products, 
which benefitted from comparative advantages in foreign ex-
change. 

Export markets: According to the 1975 industrial census, some 
62% of processed woods were exported, and 38% sold on the 
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domestic market. The partial indusirial census of 1980 (lid not 
show any significant changes with respect to 1975: 54% of 
wood production was exported, and 46% marketed domest
ically. 

Argentina, Brazil, and Uruguay purchase 90% of Paraguay's 
exports. Argentina alone ack ouL!ltS for about 80% of the mar
ket. This explains the decline in production and export of 
Paraguayan forest products in 1976, as Argentina suffered a 
deep recession that year. 

UEinergy 

Overview of Energy in Paraguay 
Energy in all its forms has come to play a key role in the 

life of the Paraguayan nation, no less important than that of 

nutrition, housing, education, and health. 

Energy has come to the fore in the wake of oil price hikes. 
Of particular importance in Paraguay have been the construction of the ltaipc, hydroelectric darn, andl the use of alcohol 
poe he ttaip isreectd to tre signfialy
powered vehicles. Itaip6 is expected to)contrib,.ite significantly
to improving Paraguay's balanco of payment.; IitLiati0n, while 

alcohol powered vehicles raise thc possibilily of substiiutinglocally produicedl energy sources for oil. 

Hydroelectricity will be able to meet a greater demand in 
the medium and long term insofar as capital costs fall, yields 
increase, and a national electrification plan takes off. Ethanol 
will continue to grow in importance if accompanied by a well
coordinated and timely sectoral development plan, and if crude
oil and oil derivative prices, today in a long-term slump, turn 
upward once again. 

Moden hn cfr t is oe eo, ad redependent on energy, whatever its source; economic and so
cial activity can even be gauged by the degree cf energy ded n y
 
pendency. 
Current Energy Supply 

Biomass, oil derivatives, and electricity are the main forms 
of energy in Paraguay. These forms of energy ar. important
owing to thleir availability and ease of transport (See tablesandowin to vil .) 

I and VI-12.)
 

Primary 'ources of energy are the most impouant, coming 
to 1,323,200 TOE in 1982, .iccounling for 82.4% of domestic 
supply. FuelvOOdl ar outstrips other energy sources, with 
1,087, 100 TOE and 67.7% of the total for Paraguay, followed 
by hydroelectricity, with 157,300 TOE and 9.8%, of the total. 

Energy Consumption 
In 1982 Paraguay consumed 1.7 million TOE (see tables VI

13 and VI-14). Per capita consumption was 560 KgOE (kilo
grams of oil equivalent), as compared to the world average of 
1,500 KgOE, and the Latin American average of 1,000 KgOE. 
Sixty-six percent of this demand was met with biomass, 21 % 
with oil derivatives, and 13% with electricity. 

Primary energy sources account for 6.3% of national con
sumlption; (nelwood alone accounts for 58%. Secondary en



ergy sources, though accounting for only 37%, are nonetheless
much more dynamic, with elasticity rising from 0.6 for 1972-
1977 to 1.9 for 1977-1982. Elasticity for primary sources fell 

from 1.2 to 0.6 for the same periods. Several factors contrib-
uted to this perfornance, including: a) the rapid growth of oilderivatives, first, followed by electricity, and finally, alcohol;
and, b) tilepossible statistic value of calculation, used for 
fuelwood and charcoal, which should be revised or increased 
per sample inorder to improve ddjustments and obtain better 
data. 

Table Vt-I15, energy consumption by sector, indicates that 
industry, with 17%) of totalinsetr, by mostowh 7reositotdend,demand,istheis the mt significantTasinifit 
sector, followed by residences, with 35. Transportation i's 
also noteworthy for its (ynanisn. 

As isillustrated intable Vt-i 5,transportation tripled its growth 
b e twe e n t h e two pe r io [rr~sortaioI, h~weer,he thersecors
growh rtesof
ds s t u d ied, i n c o n t r a s t to t h e d rop i n 
growth rates of the other setors. rarsportatiogy, owever, 

Principal National Resources 
Paraguay abounds in hydroelectric potential and biomass. 


Fuelwood is currently the most important energy source in 

terms of both production and consumption. But possible future

trends are indicated by prospects for exploiting hydric re-

sources, in the niediun1 term, arid naturally occurring renew-

able resources, which pollute less than conventional commercial 

energy sources. Bagasse, sawdust, coconut shells and tong 

seeds, and other industrial by-products, will continue to be

used to the extent allowed for by their opportunity costs, and 

to the extent sugar, 7'.cohol, cooking oil, and other markets

continue to generate demand. 

No commercially exploitable oil reserves have been de-


tected inParaguay to (late; but natural gas reserves, which 

accoding to recent data
iii/day, have been discovered.may be able to produce 5 million 

Alcohol and charcoal, both from the agriculture and lt1,1-

bering sector, are similar as 
 concerns their potential devel-
opmifent, but along different lijcs, ard in onnectior with 
different rojects. 

Agricultural producers are familiar with traditional sugar-

cane production methods. But charcoal production depends 

orn the country's forest resources, which have been poorly

exploited, ant are ever more 
scarce and costly, showing nosigns of reforestation, despite the plans to Use charcoal at the new steelworks. 

In the medium term, once the binational entities ItaiptJ and 
Yacyret6 begin commercial production, Paraguary wili be able 
to dispose as it chooses, in accordance with the respectivetreaties, of 50 billion kilowatt hours of electricity annually.
This is equivalent to 800,000 barrels of oil daily (I Mwl = 
0.290 OE; 1 Mwh = 1,000 Kwh; WEC adjustment factor = 
2.6; density = 0.8 Kg/I; I barrel = 159 I). Then Paraguay
will have more per capita electric energy reserves than iost 
countries. 

Current Situation 
Paraguay's orographic, hydrographic, and climatic condhi-

tions, plus the fact that it is landlocked, are amo ng the farctors 
shaping supply and demand of various energy sour(es. 

Fuelwood and Charcoal 
The abundance of virgin forests, and stepped-up clearing of

lands for agriculture, lumbering and related activities, all allow 
for energy to be tapped. 

But stepped up clearing in areas distant from potential fuel
wood consumers does not allow for use of timber for fuelwood;
also, as it iscostly to extract and transport, fuelwood is burned 
in situ, with consequent losses to the Paraguayan economy,
which is always ready to consume any type (,fcheap energy.cleared, but onlySome to a minimal degree. There is not enoughfarmers produce charcoal from the timber they have 
clae , uto ytoam n ald g e.T reirot n uhawareness and knowledge to rationally exploit this resource.
Use of fuelwood and charcoal in traditional rural kitchens and 
ovens leads to significant heat loss. 

When ACEPAR produces 50,000 ones of steel aniually,
ill 6,0)00o ha annually of naturalurale s t s .ititwillw consume r6,000 c t Ifnu a l sy forests. If these

forests are not reforested with suitable species, the environ
ment will suffer permanent and irreversible damage. 

The possibility of selling charcoal to the ACEPAR plant has
aroused the expectations of farmers and industrialists. lhe huge(Iiantities ACEPAR isexpected to consume, on the productiorr
side, will generate changes in lifestyle, employment, tran
sportion and services connected to the plant, land and river
communication, health, agricultural income, industrial de
velopment, educaIt ion, migration, and traiing at all levels. 
With the increased iriportance of charcoal as an energy souLre,
biomass resources will continue to play a central role; this is 
compatible with national develop ent objectives and specific
 
commatith rarn eerge bjectivsnd

recenmerdatios regarding energy substitution.
 
The charcoal production program, 
 above all if the plant's

needs can be met efficiently and on time, may be one of theprograms with the greatest social impact in the short and me
dium term.
 

Underdevelopment in many sectors, such as lack of technology in business and the public sector, which have shown
neither flexibility nor foresight to (late, could bring about se
riotIs problems for ACEPAR. If it decides to import to meet
 
some of its energy needs, it WOLdIset back the objectives and
 
basic goals of the energy sector, spending foreign exchange
 
for yet another item, and drawing away scarce national re
sources. The charcoal program deserves special attention ini
mediately.
 

Oil Derivatives
 
Almost all energy from oil derivaties is imported. It is in

creasingly expensive for local consumers, 
 partly because of
high Paraguayan taxes, and absorbs more foreign exchange 
every year.

Local supply comes trom refining of light crude (50%) and 
iripos of oil derivatives (the other 50%). At present, it ismore
economical to import all the oil, given high production costs 
at the Villa Elisa refinery. High processing costs, obsolete tech
nology and old machinery, as well as the small installed ca
pacity (it can process 7,500 barrels daily), render the plant 
uneconomical. It continues to operate, however, due to stra
legic and social considerations. 

The greatest demand is for gas oil, which is supplied at
subsidized prices. 1his subsidy has Idto rapiCly increasing
dolestic deni,ind. Today gas oil accounts for 14% of total 
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energy consumption. 5'",, total con-Gasoline represents of 
sumption, and kerosene and tUrbofLel 1.5%. Relative denmand 
for kerosene and turbofuel, however, is on the decline. With
the exception of turlmfLel, COnSLinl)tion has bee increasing 

about i0% per year, which makes oil derivatives first in growth, 
aside from alcohol, which is growing Much laster than all other 
hqiuiid fuels. 

There is natural gas potential in the Western region, as was 
mentioned; oil prospecting, however, has continuedt for many
years, with no results to (late. 

Hydroelectricity 

Hlydroelectricity has the fastest growth rate--I 7.4%-in the 
most recent period studied. This is (lie to harnessirg of hy
droelectric potential at Acaray and cootinued extension of net
works and services to L hlln centers in the interior. Iltaiptk has 
begun operating, and is scheduled to have 12,600,000 Kw 
installed capacity by 1990. This will make it possible for Par
aguay to plan more rational and suitable uses, mid avoid na
tional stresses andl use of domestic re'so urces, in meeting 
increased deriiand for electricity. 

Steanl-turbine plants operated by the national service have 
only been set up inareas with urgent needs, in ireas far front 
tie hydroelectric network, or areas not yet reachedl by the 
hydroelectric netvork. 

Private generat ing stations generally use iidustrial by-prod
icts, sIch as bIagasse front sugir cane, (oconlit shells nd tung 

seeds, and sawdust. Though rhere are no reliable statistics on 
production, it is estiiated that 10% of tle natioinal electricity 
rl(cniancl is covered by the privately-owned pover stations, 
mainly for SUl))yinrg industry and nearby residential Ireals. 

Operating costs to generate ele(tri( ityat stearl-tUbirlle plants 
have risen steadily due to fuel price increases arid IlW(use the 
uniforni national rate to consuniers does riot (oilienSate for 
costs; but the electricity produced serves tre basic needls of 
rural Users. National policy for electricity anid extensioll of 
services is based orn the rate paid by the c(onSumler, which is 
uniforn throughout the country. rhis rate subsidizes extension 
of services to users served by the hydroelectric plants, at tle 
cos[ of consuiers in As~inci6n. This policy has been ecoron-
ically anil socially heneficial to Paraguay. 

Alcohol 
The national alcohiol program has been in operation since 

1981 . It has hegun to sulstitute aMixture of anhydr,'is alcohol 
and regular gasoline for oil derivatives in family ani utility 
vehicles. 

The plan to riix anhydhiaLS alco1hol was delayed die to th1e 
need to Outfit the facilities of the Paragurayan Alcohol Adlmin-
stration for productiol of hydrated alcoihol, as sipply froit the 
industrial private sector was riot forthconring. In 1984l, an-
hydrous alcohol was taken (it market as to re(luceV(if tille sri 
it and sell it t(i the consuier in the forn of Illealcohorl. Despite 
the need to meet ,itemporary shortage on this fiel, this practice 
is riot in tIhe best interests of APAL., which nrrist de-refin, a 
more expensive )rodtI ,rind sell it at <rlower cost. During 
19134 and the iner-harvest perioi! in 1985, 6 millioi liter, were 
set aside tIo once again cover tiledenland, whicr the private 
sectoir has riot yet been able to( do. 

l otal iveshnient inthe anhydrous alcohol irinstdiil ptn 

.
 

.
 
"
 

In the midst of tire forest, towers supporting high-tension cables carry 
electric energy. 

some US$ 183 of installedier liter dailv capacity--is Much 
higher than the investment (ists illhydrilated ,lcllhol distilling 
plants. As the prices of ethyl fuels are set by Ib, expensive 
APAL plant, with its elevated production o(sts, in tileshort 
rtllprodcCtion coStS Could be redu(ed, operating (dlrillga 
longer pall (if the year, ,an(d the p)rivate sector could set ij) 
several distilleries located i.iall parts of the country, thereby 
obtaining considerable riargiri! tlutilities. 

As the earlier alccihol hionopoly ceases toi exist, the niarket 
leiCanisnls of supply and lernianld will take over allowing 

for long-term stalility of lhe cost if fuel alcO1hol. ThIs stability 
would depend, of course, on the )urchasing power of the 
currency, W\hich would be an incerntive for ever greater sub
stitutiion for oil derivatives in motor vehicles. The free play of 
(dmestic SUply anid (heriraid if ,lc(ihrl will always move in 
function of price advariiges anid rmarketable voltillie of Par

aguayani sugar On the interratirnal rilarket. This (lelpendis on 
factors exOgenrL)IS to tOe Paragruayai econoly and is not al
ways very elastic with growth, as it (lejIenIs on the dlemtiand 
of certain buyer nrarkets. 

Alc(rhull production ledhniolrngy us( illlaraiguay pollUtes a 
great deal, as e,lh liter oIf il( ihol produicle(I yields 12 toi 1 
liters of nash. Lcli1 liter if alc ihol irilc ' ( ltcauses pollutin 
eluivalent to tihe daily wastes rif 6 inlaitrants Of *\sriCi(ii. 

The greatest I)rriblenis are thhrse i the lIrgest distilleries; the 
AIPAL rlistillerv's irolrri, have riot Vel thiei resolved. A bid 
tOr itrritnt plant has been ,i( ((l,, at a (iIst ailiroxirnlately 
ruail to t0"i, I the tItrl (rst If thrl indushr~ ial tir(ur ( 1ti1hi,lit,) 


int it will mi0t ((ri, riOH line until the 198'0,ig,ar hrarvest. 
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"Miri"-capacity distilleries (5,000 to 15,000 l/drv) may re
solve the problem by spreading the mash in the cane fields. 
This would re-fcrtil;ze the soil, and benefit )oth th(,t)ro(ucer
and the country in the long run. It would also avid soil de
pletion and imports of fertilizers to in[p)o e soils. Other so
lutions exceel Paraguay's p)ssibilti, d(Jt to high costs; use 
of sIcii t('chroulgies would cut (leeply into ef ort', to save 
foreign excliarige given (urrent narket c(nritionS. 

Other Energy Resources 
Biofuels, solar and wind energy, natural gas and its products,

biogas, and snaI llhydroelectric facilities, given their renew
able nature, riay come to be ot interest to Paraguay at some 
future date, depending on technological progress and invest
ment and production costs. 
Methanol: 
 U,,ing (urreit teclinoigies the (costof methyl al
cohol varies dependiig ()n the raw iaterial. the (heapest is
iatural gas, the Most expeCnSive is wood. As wood is to(" ex

plensive, Ih'Iotential methnl, bi0 Luel program should betabled until natural gas lhat cimi he extra(ed at relatively low 
Cost is 11i.11d. Itilny ('Vent, it should eventuailly !)e more econo(mical thanluse of thinol, which is (uirrentl? b~ooming."
Il5rliar
(e,1y: lhW0ain'111,1110, hitisI(Lin intosb rnelngyh 
_Wma energ'qy: Ilie Mrain iiistitlt;Mns lo0kirro iltO solaIr energy
or use in rural iareais are ihe Nati]onal Institute (ore olog1:,,y


and Standards, and the Ranchers Fund. Solar radiation in Par
aguay is suitIhle ftr thermic ind lhotovoltoac application,:.Such proj(p ts, however, ire still in the experimental stage.
Other solar tech n ogies i an und the world are very ex-us-e 
pensive with respet toalternatives avihlable in Paraguay. Morst 
common uses at present are sol ir water halers in private
honies aS a Stilti tote fr electric ito,and tulr suc a1sgas,
kerosee, fuelwood, and (harcoa .
 
Wind (oerqy: The Weslern 
region ((ChacO) is the Most suit-

able for harnessing wind energy. Traditiunallv wuidrlnills have 

been used 1or tml)inig water and charging D)(C I)atteries. Like 

solar energy, wind energy should le develoiped inareas far 

fron tie hyrdoele( ric i( tlransportaitio netw\vorks. Use of

wind to geierite ele(ri(ily nust aait furlther study Ie(aLse

costs 01 C rreitl te(,h(ol(gy,are tio0 high. Progress anid research 

on wind generation may, head to , irre prN)ItaHrh solution ill
Ihe iMediurii terni. 

Ga06catioarof wood: (asIi(a itl of wi)u( is an aternalive 
use of this reso(irce, whi h his traIi!iunaHiy more profitable 
uses, and whi(h ni,,.gr, s nre,expensi.,e or\,er lire. Woond 
may becorne more s(arce and expeiisive as more kands are
cleared for agricultlure, ,,:,rei-,It of the 1nri 1o poroluce (har-
coal for the steelworkr, it Vilkr f layes (ACEPAR), a11(1 due to 
better prices for woods for WoomI turning aid furniture. All oi
these uses CoWIthut(, to the uribridled exploitation of Para-
guay's coriinier( ial woods. Experiences illthe Chaco with the 

.
 

Combustible gasses produced by burning fuelwood,Loma Plata elec
tric plant, Chaco. 

Mennonite settlers is not yielding satisfact(ory results ilr gasi
fication of wood. Given current indicators and production 
factors lis form of energy will probably not he used to asignificant degree, at least in the medium tern. 
Biogas: Due to socio-cultural and econonic factors, it is highly

Wulikely that biogas production will grow significantly in the 
short aiid me.i',,uni term. It would be applropriate inlisolated 
regions where supply of other foris of energy is uncertain and 
discontinuous, taking into ac( ant that econonically and 
practically, other forrms of enery are almost alwa, s more ap
propriale. Biogas is being -.died in llo)ratories of the basic 
Sciences Institute, the N,'-iional Instillit. of Te(inology and 
Standards, and the Ranchers Fund, mostly for use ill family
tarmis in rural areas. 
Srmrll hydroelectri( /,ilit:'s : Paraguay has some waterways 
whose energy could be harnessed by snall and rimi-size hy
droelectric power Ilants. But such plants would o. ly he ap
propriate in regions that are far from the rea(:h of thknational 
hydroelectric networks that transport energy from Itaip(o and
Acaray. Only private sources, with well-execuled feasibility
studies, (udnI make use of tiese mini or micro plants, as ole 
Iulili(c sector already has a well-esthrblished development and 
investment plan for hydroelectric energy. Some small-scale 
hydroelectric planits do operate in the Eastern region. 
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Table VI - 1 

Growth Rate of Gross Domestic Product 
(Annual rates inpercentage) 

Year 1975 1976 1977 1978 1979 1980 1981 1982 1983(l) 

Ra' 'of Change (%) 
Total GDP at Market Prices 6.3 7.0 12.8 10.9 10.7 11.4 8.5 -2.0 -3.7 

(I Provisional figures. 

Source: Central Bank of Paraguay, National Account, No. 19, July 1983. 

Table VI - 2 

Structure of Gross Domestic Product (GDP) by Sector 

(%) 

Percentage 
Composition 1975 1976 1977 1978 1979 1980 1981 1982 1983(l) 

Crop production 22.4 20.0 22.5 21.6 20.7 20.6 20.5 20.1 19.5 
Livestock-raising 9.5 9.2 8.2 7.7 7.3 6.8 6.5 6.7 6.9 
Forestry 3.7 3.3 3.3 3.2 3.3 3.3 3.2 3.1 3.2 
Hunting and fisi.in. 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Total agricultural 

production 35.7 34.6 34.1 34.6 31.4 30.8 30.3 30.0 29.7 
Total industrial 
production 19.6 19.7 21.3 21.9 22.4 23.3 23.8 23.0 22.8 
Total production of 
goods 55.3 54.3 55.4 54.5 53.8 54.1 54.1 53.0 52.5 
Total production of 
basic services 5.5 5.8 5.7 5.8 5.9 6.0 5.8 6.5 6.5 
Total production of 
other services 39.2 39.9 38.9 39.7 40.3 39.9 40.1 40.5 41.0 

Total production of 
services 44.7 45.7 44.6 45.5 46.2 45.9 45.9 47.0 47.5 
Total GDP at 
market prices 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

(1 Provisional figures 

Source: Central Bank of Paraguay, National Account, No. 19, July 1983. 
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Table VI - 3
 
Gross Domestic Product and Per Capita income
 

(in 1977 dollars) 

National Per Capita Per CapitaYear GDP Income Population GDP Income 
263,612 238,8241977 

2,873,346 728 6601978 292,235 266,045 2,970,153 781 711
1979 
 323,504 295,574 3,068,481 837 764 
360,383 330,8691980 

3,167,985 903 829 
390,8371981 362,244 3,268,489 949 8791982 382,851 353,317 3,369,966 902 8321983 368,686 334,71U 3,472,509 843 765 

Average annual 
growth, 1977-83 5.7 5.8 3.2 2.5 2.5 
Source: Office of Statistics and National Accounts, Technical Planning Secretariat 

Table VI - 4 
Available Goods and Services and Effective Domestic Demand 

(In millions of 1977 guaranis) 

Available Goods and Services Effective Domestic Demand 

Year GDP Imports Exparts Total Ct lb 
1977 

1978 

1979 

1980 

1981 

1982 

1983 

263,612 

292,235 

323,504 

360,383 

390,837 

382,851 

368,686 

56,890 

67,102 

74,065 

81,964 

86,198 

81,770 

59,791 

-48,975 

-56,084 

-71,592 

-73,721 

-80,461 

-84,534 

-64,793 

271,527 

303,253 

325,977 

368,626 

396,574 

380,087 

363,684 

214,729 

232,691 

248,848 

261,021 

292,070 

297,354 

288,053 

56,798 

70,562 

77,129 

107,605 

104,504 

82,733 

75,631 

Source: Office of Statistics and National Accounts, Technical Planning Secretariat 
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Table VI - 5
 

Structure of Livestock Production
 

(1977 market prices)
 

1972 

Cattle 9,158.8 

Equines 110.0 

Hogs 3,726.1 

Sheep 140.4 

Goats 24.4 

Poultry 537.8 

Other 4,943.5 

Inventory Variation 1,567.6 

Total: 20,208.6 

Source: Based on National Accounts Nos. 16 and 19, 

Gross Value of Production 

(In millions of guaranies) 

1976 1982 

7,649.2 7,197.7 

38.4 9.7 

4,700.2 7,863.0 

181.6 228.4 

32.9 92.3 

667.4 1,033.2 

6,677.9 9,387.4 

4,274.9 5,500.0 

24,222.5 31,311.7 

Dept. of Economic Studies, Central Bank cf Paraguay 

Table VI - 6 

Growth of Livestock Production 

(1977 market prices) 

% of total livestock 

production (1982) 

Cattle 23.0 

Equines 0.1 

Hogs 25.1 

Sheep 0.7 

Goats 0.3 

Poultry 3.3 

Others 29.9 

Inventory variation 17.6 

Total: 100.0 

Source: Based on National Accounts Nos. 16 and 19, 

1972-76 

- 4.4 

-23.1 

5.9 

6.6 

7.7 

5.5 

7.8 

28.5 

Average Annual growth rates 

(%) 

1976-82 1972-82 

- 1.0 - 2.3 

-20.4 -21.5 

8.9 7.7 

3.8 4.9 

18.7 14.2 

7.5 6.7 

5.8 6.6 

4.2 13.3 

Dept. of Economic Studies, Central Bank of Paraguay 
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Table VI - 7
 
Value of Exports of Livestock Products
 

(in thousands of US$ FOB)
 

Year 
1975 1976 
 1977 1978 
 1979 1980 
 1981 1982
Meat products 31,659 20,440 21,383 23,382 5,178 1,022 3 1,963Total livestock products 34,672 24,551 27,930 32,293 11,836 4,423 6,788 8,968Total exports 176,711 181,834 278,891 256,984 305,176 310,230 295,541 329,784Livestock products/Total Exports 19.6% 13.5% 10.0% 12.6% 3.9% 1.4% 2.3% 2.7% 

Source: Based on data from the Monthly Statistical Bulletin, Central Bank of Paraguay. 

Table VI - 8
 
Share of Forestry, Hunting and Fishing in Rural Sector GDP
 

(Millions of 1977 guaranfes) 
Yei 
 1975 1976 1977 
 1978 1979 
 1980 1981 
 1982 1983
 
Forestry, hunting
 

and fishing 8,216 8,094 8,840 9,616 
 11,023 12,356 12,945 12,338 12,106Rural sector GDP 78,033 80,914 89,924 95,197 101,602 110,986 118,440 114,887 109,320'%share 10.7 10.0 9.8 10.1 10.8 11.1 10.9 10.7 11.0 
Source: 
 Based on data from the Central Bank of Paraguay, National Accounts 1975-1982, No. 19, July 1983.
 

Table VI - 9
 
% Share of Forest Products, Hunting and Fishing in Total Paraguay Exports
 

(In millions of US$ FOB) 
1974 1975 1976 
 1977 1978 
 1979 1980 1981 
 1982 1983
 

Forest, hunting,
 
& fishing products 25.1 
 28.9 12.5 20.8 21.9 43.3 67.2 37.4 44.6 21.0Total exports 169.8 176.8 181.8 278.9 257.0

% share 	 305.2 310.2 295.5 329.8 269.215.0 16.5 6.8 7.5 8.5 13.7 21.7 12.7 13.5 7.8 
Total 	agricultural 

exports 165.9 175.1 178.2 275.9 254.1 302.6 308.6 292.9 328.7 269.2% share 15.4 16.5 7.0 7.5 8.6 14.2 21.7 i. n 13.6 7.8 
Source: Based on data from the Central Bank of Paraguay, Statistical Bulletin No. 31, March, April, May, 1984. 
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Table VI - 10
 

Exports of Hunting and Fishing Products"
 

1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 

69 95 42 74 47 21 7
Tonnes 199 156 71 


US$ (thousands) 

FOB 793 1063 382 923 1573 846 786 406 435 137 

(1) Includes hides and skins of wild animals.
 

Source: Central Bank of Paraguay, Statistical Bulletins No. 278, July 1981, and No. 310, March, April/May, 1984.
 

Table VI- 11
 

Paraguay - Energy Supply
 

(1000s of TOE)
 

Year 1972 1977 1982
 

1. Primary 752.7 1,107.8 1,323.2 

1.1 Fuelwood 631.4 937.5 1,087.1 

1.2 Bagasse 37.5 44.3 46.5 

32.3
1.3 Other 24.7 2(1.2 


1.4 Hydroelectric 59.1 99.8 157.3 

2. Seccndary 290.6 283.0 282.6 

2.1 Charcoal 29.7 34.5 40.0 

2.2 Liquified natural gas 5.9 3.1 2.7 

2.3 Gasoline 60.7 51.6 44.3 

2.4 Kerosene and turbofuel 24.1 24.8 21.2 

2.5 Gas oil 87.1 197.0 84.0 

2.6 Fuel oil 31.5 28.9 24.8 

9.02.7 Alcohol ..---

2.8 Electricity 51.6 43.1 56.6 

Total: 1,043.3 1,390.8 1,605.8 

Source: Based on data from sectoral report of the Technical Planning Secrdt.ariat and other sources. 
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Table VI - 12
 
Paraguay - Energy Supply
 

(%)
Year 


1972 
 1977 
 1982

1. Primary 72.1 79.7 
 82.4
 
1.1 Fuelwood 60.5 67.41.2 Bagasse 67.7

3.6 
 3.2 
 2.91.3 Other 2.4 1.9 2.0
 
1.4 Hydroelectric 5.7 7.2 9.8 

2. Secondary 
27.9 20.3 17.62.1 Charcoal 
2.8 

2.52.2 Liquified natural gas 0.6 
2.5 

0.2 0.22.3 Kerosene and turbofuel 2.3 1.8 1.32.4 Gasoline 5.8 3.7 2.8 
2.5 Gas oil 8.3 6.9 5.2 
2.6 Fuel oil 3.1 2.1 1.5 

2.7 Alcohol 
2.8 Electricity 2.8 E0.6
5.0 
 3.1 3.5
 

Total: 100% 100% 100%Source: Based on same data as Table VI - 11. 

Table VI - 13
 
Paraguay -- Energy Consumption
 

(1000q an TOE)
 

Year 1972 1982 
Average annual growth1977 1972/77 1977/82 

1. Primary 625.2 908.0 1,049.9 7.7 2.91.1 Fuelwood 563.0 837.5 971.1 8.3 3.01.2 Bagasse 37.5 44.5 46.5 3.4 1.01.3 Other vegetable fuels 24.7 26.2 32.3 1.2 4.31.4 Coal .03 --- 0.03 ._. 
2. Secondary 327.4 ?,2.2 622.2 3.7 9.72.1 Charcoal 29.7 34.5 40.0 3.02.2 Liquified natural gas 

3.0 
6.4 3.0 8.0 - - - 2.32.3 Gasoline 74.9 70.9 77.5 1.1 9.32.4 Kerosene and turbofuel 25.3 24.3 25.3 -2.5 Gas oil 90.5 143.2 228.7 9.6 9.82.6 Fuel oil 27.4 18.8 16.2 -7.8 -3.02.7 Alcohol 

9.0 --- 114.02.8 Electricity 73.2 97.S 217.5 5.9 17.4 
Total: 952.6 1,300.2 1,672.1 6.4% 5.2% 

Source: Ibid. 
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Table VI - 14
 

Paraguay - Energy Consumption
 

(%) 

Year 	 1972 1977 1982
 

1. Primary 	 65.6 69.8 62.8 

1.1 Fuelwood 	 59.1 64.4 58.J 

1.2 Bagasse 	 3.9 3.4 2.8 

1.3 	 Other vegetable fuels 2.6 2.0 1.9 

. .. . . 1.4 Coa l 	 . . .. 

2. Secondary 	 34.4 30.2 37.2 

2.1 Charcoal 	 3.1 2.7 2.4 

2.2 Liquified natural gas 	 0.7 0.2 0.5 

2.3 Gasoline 	 7.9 5.5 4.6 

2.4 Kerosene and turbofuel 	 2.7 1.9 1.5 

2.5 Gas oil 	 9.5 11.0 13.7 

2.6 Fuel oil 	 2.9 1.4 1.0 

2.7 Alcohol ---	 0.5 

2.8 Electricity 	 7.7 7.5 13.0 

Total: 	 100% 100% 1OC% 

Source: Ibid.
 

Note: The apparent lack of continuity in electricity was due to the fact that in the table the figures used were from a year
 

in which hydroelectric energy was down because of a lack of water in the reservoirs feeding into the dams.
 

Table VI - 15
 

Paraguay - Energy Consumption
 

(By use)
 

Average annual growth 

% 1982 % 1972/77 1977/82Year 	 1972 % 1977 

1. Industrial 391.0 41 587.7 45 779.9 	 47 8.5 5.8 

2. Residential 251.7 26 396.1 30 579.9 	 35 9.5 7.9 

3. Transportation 137.6 14 153.7 12 218.9 	 13 2.2 7.3 

93.4 5 -1.2 -11.74. Other 172.3 19 162.7 13 

Total (000s 952.6 1,300.2 1,672.1 6.4 5.2 

TOE) 

Source: Based on data from the Energy Balance by the World Bank - UNDP technical cooperation team and the Technical 

Planning Secretariat, modified with recommendations from the World Energy Conference (WEC) Nov. 1984. 
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Cornentes Creek, Ybycui. Photo courtesy National Forest 
Service. 

TuyA Mountain, Cerro CorA National Park. Photo courtesy 
National Forest Service. 

Planting after clearing and burning. Photo courtesy National Recreation area, Caaguazii.
Forest Service. 



Physical Resources 

C lmate 
Paraguay's climate varies from tropical to subtropical, with 

average annual temperature ranging from 20 25°C,to and 
moderate to heavy precipitation, especially during the summermonths. Nonetheless, there isgreat variaiton in climate: in thenorthwest Chaco, the climate is semiarid; in the Chaco part
Of the Pa:aguay river basin and tile northeastern part of theEastern region, it b~ecomles sulbmoist and megathernmal with savnna vegetation; and in the rest of the Eastern region it is 

provncePaand ofAlt
Itl)O,
mesothermal moist, with the greatestadmoistureCninev6wardlyregistered in te
provinces of Alto Parani, Itapra, and Canindeyti. 

Winds 
Paiaguay isinfluenced by tilesubtropical anticyclone of the

Atlantic Ocean. This basic system, whose center varies sea-
sonally between 20' anrd 30' South, brings hot and humid air 
masses from lower latitudes to Paraguay, as a result of circu-

lation of dominant northeasterly and northerly winds. 


This situation changes during the winter months, 
as cold

fronts bring dry, cold air by way of southerly winds. South-

easterly and easterly winds represent t[e transition between

the two main clinalic systems affecting Paraguay. ()thcr ira-
portant systems are of a rnedium1 scale, such as the squall lines 
and isolated storms that give rise to variable, high-speed winds. 

Temperature 
Despite its small size and relatively homogenous topo-

graphy, Paraguay experiences significant variations in tem-
perature in both time and space. This is hecause' it lies at the
center of the (:ontinental land mass. Average annual lenrper-
atures range from 2 I C in the southeastern pIartof the Eastern 
region, to more than 25"C inthe central a(nd northern Chaco.The northern and cenfral Cha(o has the highest mean mnaxi-
mum temperatures ((,ver 3 I C), while tie souLheastern part of
the Eastern region has the lowest mean nlinimunL temperatures 

(about 150C). During those months when the sun ishighest,
daily highs occasionally rise above 40'C, especially in theChaco; when the sun is low, significant frosts sometimes affect 
a large part of the country (see map VII-l). 

Precipitation
Most precipitation in Paraguay isconvective, brought on by

isolated storms or by squall lines which occur frequently from 

spring to fall. Average annual precipitation varies greatly from 
orientedl vary fromofithe count ryto another. The isohyts aremm sothone art andi a minimuml of 400 in rhe

northwestern Chaco to mnur than 1,700 nlm in the east,'rn 

part of ihe Eastern region. The Parani riv r basin istilemost
humid part of Paraguay, with average annual precipitation over1,1100 nm, whereas in the Paraguay river basin this figure
reaches as high as ,600 mm in the Easturi region, and as low 
as 400 mm in Alto Piilcomayo, by the border with Argentina
and Bolivia. Precipitation also varies greatly depending on the 
season. It is lovest in JIly and August. The driest month gen
erally accounts lor no more than 5%, ot annual )recipitation.
Precipitation is greatest from October to March, and usually 
comes in the form of storms or chludbursts which arise from 
atn spherk instability associated with the significant rise in
lenperi.tUre of the lower layers of the atmosphere (see map 
VII-2).
 

Evapotranspiration 
Potential evapotranspiration is greatest in the Chaco, due to

tile
high temperatures; minimal precipitation translates into a 
constant deficit of soil moisture. Thus any agricultural devel
oplment project should consider irrigation ystenis with good
water economy, for during the growing season demand for 
water is high.

In the Eastern region potential evapotranspiration is less, and
precipitation largely meets atnlospheric dniemand for water dur
ing a good part of the year. This generates a significant surplus, 
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leading to yearly surface runoff. Nonetheless, due to poor 
seasonal distribution of precipitation-it rains 80 !o 90 days 
a year in the Eastern region-irrigation should be considered 
during certain stages of the crop cycle (see map VII-3). 

Geology and Mfineral Resources 
Geological Structure 

Paraguay is located between the Brazilian shield and the 
Andean orogen and forms part of the South American conti-
nent's network ot intracratonic basins (the Paran, basin) and 
pericratonic basins (the basins of the Chaco). 

One of Paraguay's most noteworthy features is the contrast 
between the Eastern region and the Western region. In effect, 
when the Andes arose during the Middle Teitiary period, this 
part of the earth's crust broke, causing the depression of the 
Western region, which has since been refilled by very thicl' 
modern sediments. 

The Paraguay River separates the two main watersheds, cor-
responding to the Paran, River and the Chaco region. The 
Parani watershed, bounded b, Precambrian rocks that con-
stitute arcs, has since been refilled by very thick phanerozoic 
sediments (from the Paleozoic). 

These sediments, in turn, have been covered over by a sem-
iarid continental sedimentary sequence, associated with great 
flows of tholeitic basaltic lavas (Jurassic-Cretaceous). 

The Chaco watersheds have been refilled mainly by sedi
ments from the And- i and sub-Andean basins, and material 
deposited from the Asunci6n arc, as a result of fluvial and, to 
some extent, aeolic sedimentation. 

Mineral Resources 
Paraguay, which has no mining tradition, has since the 19th 

century undertaken geologic3l investigations so as to reveal 

the country's mineralogical potential. Focused studies have 
indicated the presence of some metallic minerals, and sug
gested the presence of others. 

Paraguay's supply of non-metailic minerals and rocks isused 

in public works, roadways, ornamental rock, and as raw ma
terial in manufacture of glass and pigment for paint, as well 
as being used in other products.

Since the 1940s, oil prospecting has continued in both the 
Eastern and Western regions. Paraguay's need to find other 
minerals for energy supply aroused the interest of foreign com
panies, many of which came to prospect for minerals, such 
as uranium, in recent years. Following is an overview of the 
current situation as regards both metallic and non-metallic 
minerals. The following metals are known to be present in 
Paraguay: iron (known of since 1847), copper, manganese, 
niobium, and bauxite. It is thought that the following metals 
also occur: beryllium, tanalum, tin, copper, lead, zinc, silver, 
cobalt, vanadium, fluorite, barite, rare earth metals, and ra
dioactive minerals. 

Commercially exploited non-metallic minerals and indus
trial rocks include: marble, limestones, granites, talc, gypsum, 
clays, kaolins, and sandstones. Of particular importance are 
sand (for glass), mica, quartz, feldspar, and pyrophyllite. 

Prospecting for energy minerls such as uranium and oil has 
been particularly significant. Some researchers have confirmed 

the presence of uranium; 39 wells have been drilled in search 
of oil. Results to date have been encouraging. 

SOilS 

Since the beginning of the 20th century, several soil studies 
have been carried out. Yet these studies do not cover the entire 
country, and have been mapped at different scales, ranging 
from 1:1,000,000 to 1:50,000. 

Those studies not performed at the 1:50,000 scale were 
based more on geomorphological features than on information 
derived with laboratory support, which is essential for propcr 
soil classification. This lack of analytical data in soil studies 
ove. time limits the value of such studies, rendering them of 
a merely exploratory nature. 

The general character of mapping limits the cartographic 
precision needed for formulating pertinent recommendations 
for each soil group or use. Futhermore, to classify soil use, 
the studies only consider the categories of classes and sub
classes, which do not suffice as parameters; for soil classifi
cation to be adequate the studies must include the soil category 
unit, as is the case in the more sophisticated studies, such as 
those carried out on a 1:50,000 scale. As observed in such 
studies, this scale allows for identification and delimitation of 
critical soil areas, and leads to suggestions as to the best form 
of using SUlch soils, clearly indicating fertility and productivity 
problems in restricted areas. 

Only those q'juoies done on a 1:5,9,000 scale have been duly 
supported with up-to-date and representative soil analysis, both 
physical-chemically and mineralogically. The studies thus pro

"- .vide precise data for planning agricultural and forestry (level-
Granite quarry in CaapucO. Photo courtesy Juan Carlos Velzquez. opment )rojects, and make it possible to specify and apply 
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pertinent recommendations as to management, use, and con-
servation of each classified unit. 

Most of the e'isting soil surveys are not as useful for general
planning purposes as they might bc. They do not employ lay-
man's terminology, nor are they sufficiently specific to allowd~tailed planning for small areas.Cocuin 

Most land use studies indicate that actual land use does not 
coincide with land use potential. In many places actual land 
use exceeds the capacity and limitations of the land, therebyjeopardizing sustained agro-economic development. 

Soil Classfication by Use Capability 
The soil survey of use capability covers only the Eastern

region, as it is the only part of the cotritry with eniough in-
formation to carry out such a study. Land use classification 
constitutes an interpretative grouping of soil requirements and
limitations, danger of soil damage, and suggested management 
techniques. It is Used [)rimarily to distinguish between lands 
with agricultural or livetock raising potential and lands suitable for forestry.abesforfoiles. CSoil 
Areas of Soil Use Capdcities 

The areas of different kinds of use capacities arid their dis-
tribution are illustrated in the soil use capacity maps of the
study, 'Inventory of soil Studies,''' arid in table VII-1. 

Classes II, Il1,arid IV are best for crop production, arid cover 
62.7% of the Eastern region. Among their limitations are sus-
ceptibility to erosion, and to a lesser extent, low fertility. 

Table VII - I 

Area of Classes of Soil Use Capabilities for the Eastern 
Region of Paraguay.") 

Class of Use Area Area 
Capability (ha) (%) 

1,875 0.01 
II 4,410,250 27.50 

IV 3,735,275 23.36 
V 4,346,625 27.18 
VI 961,375 6.01 
VII 555,000 3.47 
VIII 93,045 0.69 

TOTAL 15,988,275 100 

Source: Soil Use Capability Map of the Easlern region. 
Natiornal Un iversity ot Asuni~n. School of Agr niomy. Sari 

Lorenio. Pararguay. 1983 

,1 Slunly of)nI of l:50,(00(O 

Classes V, VI, and VII are considered more suitable for live
stock-raising and forestry, and cover 37.4% of the region. Their 
main limitations are deficient drainage, low fertility, and ston
iness. 
Conclusions 

The soil survey carried out by gathering together studies ofdifferent areas of the Eastern region covers approximately
15,988,275 ha The survey indicates that: 

I. Some 28.11 % of the area studied is suitable for culti
vation. Particularly noteworthy in this regard are lands clas
sified as having only slight to moderate risk of erosion (Classes
II and Ill), on which crop production may take place with
minimal conservation nieasures. 

2. Much of Paraguay's agricultural production, made up
mostly of cash crops (soybean., wheat, cotton, cor., and to
bacco) is concentrated on Class II lands. 

3. The current expansion f agriculture is mostly on Class 
Ill ar e epally i or a reasIVrlnd 
III and IV lands, especially in forested areas. 

Erosion in Paraguay
Natural erosion is considered normal because the soil nat

urally regenerates as it islost. Thus soil isarenewable resource. 
Accelerated erosion occurs v;hen natural protective vege

tation is altered by man arid the soil is removed at a faster 
pace than it regenerates; this phenomenon is associated with 
irrational soil use and managenent.

Accelerated hydric erosion is a challenge that producers, 
engineers, and government must confront if soil productivity 
is to be safeguarded, for 90% of the area under cultivation inParaguay is subject to hydric erosion to varying degrees. 
Estimates of Eroded Areas 

Continuous exploitation of the soil over several decades in 
extensive areas of Paraguay, with often inadequate use andmanagement, has led to serious erosion and its consequences, 
diminishing the natural productivity of large areas. 

Hydric erosion not only affects agricultural productivity; siltladen runotf also endangers 'he productive life of hydroelectric 
dams and makes navigation along rivers and ca~ijls providing 
access to ports more difficult.Clearing of new areas for croplands arid grazing lands with
out knowledge of the real use capacities of soils often brings 
on rapid erosion and physical degradation. Government au
thorities and private producers should study the feasibility ofadapting lands to proposed uses before clearing takes place, 
and use conservation measures to manage such lands. 

There is little available information on hydric erosion, arid
what there is isriot very detailed. Critical areas of hydric ero
sion are illustrated in table VII-2 by extent, intensity, and de
gree of acceleration. 

Despite the lack of inforration on soil degradation due to
hydric erosion, it iscertain that large tracts of land are affected,reducing productivity and yielding thousands of tonnes of siit. 

I/ MA(;, SIP, 11n; 
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cutting through the natural course of waters form deep ditches 
parallel to the shoulders; as a result, adjacent fields develop 
narrow erosive ditches, 

The sediments from such ditches and shoulders are often 
deposited in lands considered optimal for agriculure; when 
care is not taken to protect and conserve the drainage system,
running water forms ditches in the fields and alongside the 
roads. 


Runoff from the roadways leads to degradation of croplands,
and runoff from the croplands leads to destruction of roadways.
The deep ditches alongside the roads frequently cause uncon-
trolled torrents on contiguous lands. 

The government is in charge of road maintenance. Aware-
ness of the harmful impact of erosion, and of the fact that 
construction of modern roads further aggravates the problem,
has led planners to take erosion into account when designing
roads in recent years. 
Present Use of Lands 

Paraguay's lands are used primarily for agriculture, live-
stock, and forestry. Only 18% of the total area is taken up by
croplands. Livestock raising takes up 38%, and forestry 42%. 

Lands ha' been occupied without sufficient investment in 
human capital and technology, and without planning for ra-
tional use of cleared areas and their natural resources. In the
minifundia or smailholding area (Provinces of Central, Cor-
dillera, Paraguarf, and Guairi), lands are used mostly for an-
nual subsistence crops and some cash crops, such as cotton. 
Agriculture in this area is characterized by the prevalence of 
small holdings and use of tiaditional methods of cultivation,
which lead to gradual soil depletion. 

The recently settled area (Provinces of San Pedro, CaaguazO,
Alto Parani, Caninleyi', and Amnambay) has fertile soils, gen-
erally apt for planting crops. Cash crops such as soybeans,
wheat, corn, and toba(co are th(e most common. Sulbsistence 
crops are also grown. Land is als(. used for extensive ranching
(Provinces of Neembuc(j, Misiones Concepc16n, and Amain-
bay), and lumbering. Land distribution in Paraguay is Illus
trated in table VII-3. 

Use of Chemical Products 

Fertilizers and Pesticides 

Crop yields need to be increased through use of fertilizers,
for within a few decades, given tile steady advance in clearing
of lands, new agricultural areas will no longer be available. 

Despite Paraguay's marked dependence on agriculture, use 
of fertilizers and pesticides is extrenely Io' 'sults in 
part from high costs and in part from the 'date, it 
has been possible to increase crop production byL.... ng new 
lands into production, rather than by using inputs to incre,,se
soil fertility. 

The increase in total lands for juist six of the main crops 
(soybeans, corn, co, on, wheat, rice, and sugar cane) fron 
1974 to 1980 made incruised u.c- of inputs a vital necessity.
Despite the fact that all fertilizers and pesti(ides mLISt be in-
ported, it is impossible to determine total consumption, as 
fertilizer imports remained constant (annual average 9,600 t)
from 1976177 to I1182/83, skyrocketing to 38,000 1 for the 

1983/84 season, according to official figures. Consumption is
believed to have been higher than the official import registry
indicates for all of the above-mentioned years. 

In the case of fertilizers, official figures probably represent
only one-third to one-half of real imports. Even if this is the 
case, however, Paraguay would be consuming a mere 20,000 
to 30,n00 tonnes of fertilizer annually. 

Furthermore, most of the soils in agricultural areas needfertilizer. The nain additives needed are lime and phosphorus.
Levels of complete additives are extremely low, due above all 
to high costs. Thus, this input is used only in areas where it 
is sure to produce positive results, and to an extent that yields 
a,, optimal cost-benefit relationship. 

There is insuffici:_mt data as to whether fertilizers and pes
ticides are used in tho most economical manner. Research on 
this matter is being carried out in only a few crops. Pesticides 
have become widespread with the extension of some partic
ularly profitable crops, such as cotton, soybeans, tobacco, 
corn, wheat, rice, and garden vegetables.

Insecticides, fungicides, herbicides and other esticides have 
become quite common: 950,550 liters of such products were 
used in the 1980/81 season, according to the official import 
registry. This figure does not include pusticides entering the 
country illegally. 

Use of Chemicals in Agriculture and Erosion 
Erosion carries particles (. earth to waterways, thereby con

tributing to water pollution. The use of chemical products in 
agriculture contributes to such pollution, which results not 
enly from the presence of solids, but also from the concen
tral,on of a variety of fertilizers and pesticides and their high 
toxic potential, even when total use is low. 

Unless the necessary precautionary measures are taken, in
leashing this harmful dynamic in waterways will, over time,
endanger and even wipe out aquatic fauna and flora, leading 
to the extinction of species, and even posing a serious threat 
to public health. 

Dissemination of Conservation Measures 
At present there is little information and accumulated ex

perience in Paraguay regarding soil conservation. Efforts are

underway to test methodologies adapted to different regions
and applicable by zone, watershed, or specific fields. Fur
thermore, ongoing edu(cation is needed to foster awareness 
among all ,c( fors ot 0ie pIin ltion as to the iin)ortance of 
conservation. 

Paraguay has nut hn',in aile to progress in this regard, for it 
(oes not have hasi( soil ,ind soil use catl)city maps on the 
appropriate scale, which arn ncr essarv for planning soil man
agenlent anrd (onservation progrms. 

[he most inmporlant ohstacles to; adoption of conservation 
measures are: 

a. Lack of ns(,itIc n ,wa. 'ness. 
b. Resistance on the part oif producers to iiairig'iieent

changes (oil( oniitail to conservatioin practices, often eilt'to 
narrow agritullural profit ma, ins, making it impossible for 
tiodrucers to raise their prod(ucdol in osts. 
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c. Lack of financial support for conservation production sys-
terns. 

d. Very few specialists in conservation oftering advice in 
the field. 

e. L.ack of national legislation on soil conservation. The 
entity in charge of developing and implementing such pro-
grams should be the Ministry of Agriculture and Livestock (MAG), 
through its Office of Research and Extension Services for Ag-
riculture and Forestry, which is getting organized, seeking 
needed human resources by training professionals, and thus, 
seeking essential funds. Changes Could come about in the sho.rt 
term if the project to train personnel for the National Soil 
Service is put into practice. 

Mention should also be made of the National Program for 
Soil Manage,- ent and Conservation, which is to be inple
mented in ti,: near future. The MAG isin charge of this project, 
through its Agricultural and Livestock Extension Service, with 
UNDP/FAO support. 

The MAG, aiming to improve soil management and con-
servation, plans to launch a systeniatic soil survey, placing top 
priority on the most important agricuitural areas, such as ltapia, 
Alto Parani, San Pedro, Amambay, and Caazapi. lhese areas 
have been partially mapped: 1,457,000 ha have been mappel 
in an exploratory and semi-detailed fashion. The rest o1 the 
country has only schem::tic soil maps at scales ranging from 
1-100,000 to I:1,000,000; the information garnered from such 
maps hardly allows for analysis of erosive piocesses. 

extensionlserpics. Te y ofoblalwith, retearrofieextension services. The ollowing, related to erosion, are of 
p)articular importance: 

a. factors leading to loss of soils and water; 

b. precise quantification of erosive processes in different 
soil series; 

c. effects on soil and water loss of residue and crop covers, 
and different systems of tillage (conventional, minimal, etc.); 

d. evaluation of erosion control practices; arid, 
e. analy;is of rains, types of storms, drought periods, etc., 

to be taken into account in estimating losses and designing 
control practices. 

Exiension efforts will be based on developing miL o-wa-
tersheds for demonstration purposes. Comprehensive conser-
vationist planning will be implemented at such sites. The project 
is aimed at pronoting rational use and management of Para-
guay's soils and water resources, by strengthening institutions 
directly linked to national resource conservation, and under-
taking management and conservation actions with the partic-
ipation, above all., of small and medium-scale farmer-,. 

General Conclusions on Erosion 
The present situation suggests the following: 

1. According to available information, hydric erosion is very
significant in Paraguay, reaching alarming proportions in some 

2. Soil erosion is gradually diminishing the productivity of 
cultivated soils. 

3. Current or potential production of millions of tonnes of 
sediments poses a danger to the useful life of hydroelectric 

dams, and constitutes an obstacle to navigability of Paraguay's 
rivers. 

4. Erosion affects long-standing agricultural areas as well 
as marginal or submarginal zones recently cleared for agri
culture. 

5. Accelerated soil erosion results from a lack of co, ser
vation measures in traditional agricultural areas, intensification 
of agriculture on newly-incorporated lands, and lack of knowl
edge as to whether lands are being used according to their 
reai capabilities. 

6. Low technical leN el where conservation measures have 
been applied. 

7. Low degree of adoption of erosion control measures by
small farmers, except in a few small, disperse-areas. 

8. Lack of basic information needed to precisely quantity 
erosion, and determine its extent. 

9. Little or no technical and service infrastructure, and lack 
of national legislation to set forth norms and guidelines for soil 
conservation in critical areas. 

W aterILesources 

Watershed and Hydrographic Network 

Paraguay lies entirely within the la Plata River basin, above 
the confluence of the Paran and Paraguay rivers (see map 
VII-4). The Paraguay River divides Paraguay and Brazil in 
northeastern Paraguay, while the Parani River divides tie twocountries in the southeast. Other countries in the la Platai River 
basin are: Bolivih, which borders Paraguay to the nor.h and 
west; and Argentina, to the south. Uruguay isalso part of the 
la Plata River basin, but does not border Paraguay; tl-e hy
drological connection between the two countries is mi',,, d. 

The total area of the ]a Plata River basin is approximately 
3,100,000 km2 . Of this total, 1,415,000 km2 is in Brazil, 
920,000 km ' in Argentina, 410,000 km2 in Paraguay, '!05,000
km2 in Bolivia, and i05,000 km2 in Uruguay. in pe rcentage 
terms, each country's share of the total basin area isas follows: 
Brazil, 46 0; Argentina, 30%; Paraguay, 13%; Boivia, 7%; 
and Uruguay, 3%. Brazil has the largest share avid, from Par
aguay's standpoint, constitutes the most significant geographic 
area within the basin. The sources of the Paraguay and Parani 
rivers are in Brazil; thus, Brazil's impact on the basin's hy
drology will affect all countries downstream. From the stand
point of practical hydrology, Brazil isParaguay's most important 
neighbor. 

The Paraguay River is Paraguay's main drainage system; it 
receives surface waters from both Brazil and Bolivia, and in 
turn produces surface waters that flow to Argentina to the 
south. The Paraguay River is the inatural boundary between 
the drier alluvial plains of the Chaco, in the Western region, 
and the more moist and geologically varied region to the river's
southeast, in the Eastern region. There are marked differences 
between these two regions, which are hydrologically signifi

cant. 
The Paraguay River is clearly the most important waterway 

from the standpoint of navigability, serving as Paraguay's link 
to international markets for export of its products. The Paran6 
River, though having greater volume than the Paraguay, is 
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navigable only for vessels with relatively small drafts, because 
of rapids. 

The Paraguay River divides the country into two clearly
distinct regions in terms of hydric balance, with a deficit in 
the Chaco (Western region), and excess water supply during 
most of the year in the Eastern region. 

Paraguay's hydrographic network includes lakes, rivers, and 
streams, some of which are navigable by small vessels, that 
drain the two great waterways mentioned above; this network 
forr. part of the la Plata River basin. With the filling of the 
Itaipu reservoir, a large lake has been created, with a total 
area of some 1,309 km'; the entire upper course of the lake 
is navigable, 

There are large-scale binational hydroelectric projects, some 
of which have begun to operate, while others continue undei 
study. All are along the Parana River. These projects have 
made it possible to set up hydrometeorological stations and 
gather information; in some cases, registers have been keptfor it0 years.It 

Several institutions make use of water for specific pur-
poses-such as generation of electricity, navigation, and ir-
rigation-which do not constitute consumption of this resource. 

Water Resources 
Paraguay's water resources include the waters of the Para-

guay, Parani, and Pilcomayo rivers, and their permanent and 
intermittent tributaries; soil moisture; and groundwater. Of 
these three, surface water and soil moisture are at present the 
most important. Groundwater isnot significant in determining
Paraguay's supply and use of water, except, perhaps, locally
in rural areas. 

Surface Water 

Surface waters originate primarily from the excess of pre-
cipitatic, with respect to evapotranspiration. In some areas 

where this situation persists year-round, or in areas where 

sufficient seasonal precipitation is deposited as groundwater

and slowly released at the surface, rivers and streams flow 

throughout the year. Streams that flow only during the rainy 

season are intermittent. The Paraguay River flows throughout

the year in southea.tern Paraguay, and intermittently in most
 
of the upper Chaco. The lower Chaco has some y'ear-round
streams (e.g. the Lower Pilcomayo river and the Conluso river),
which presumably have their sources in groundwater. 

Average total surface water of the la Plata Ri, 'r just south 
of the confluence of thie Paran6 and Paraguay rivers is esti-
mated at 15,000 mn/sec. Of this tutal volume, it is estimated 
that 12,000 m3/sec are from the Paran River, and 3,000 1 / 
sec from the Paraguay River. The surface area of the Parani 
watershed is about one-and-a-half times that of the Paraguay.
Thus, the fact that the Paran's stream flow is four times that 
of the Paragay reflects the much more arid conditions of the 
Paraguay River basin. 

In general, the annual rise and fall of surface water in much 
of the basin depends directly on seasonal distribution of rains,
The Parana's stream flow and that of most of Its tributaries 
reaches its monthly maximum between Febru'ry and April,
which roughly coincides with the rainy season. Most streams 
reach minimum stream flow between August and October, 

which roughly coincides with the end of the dry season. The 
Paraguay Rive: is an exception: from the Pantanal region in 
Brazil, near the river's source, and downstream to its conflu
ence with the Paran6, the above-mentioned pattern of high
and low stream flow is inverted. The Paraguay's stream flow 
isgreatest during tile dry winter months, from May to August, 
reaching its minimum levels during the rainy summer months. 

This inversion of the typical pattern for rivers in the same 
basin isdoubtless related tothe inabilityof the Paraguay basin's 
drainage system to pass along immediately the large volumes 
of water it receives periodically in the form of precipitation.
As precipitation falling within the Paraguay basin builds up
within its flood plain at a greater velocity than that of its drainage system downstream, this apparently acts as a prolongedreservoir. The water is stored due to the drainage blockage
until the waters from precipitation diminish below the b3sin's 
capacity to transmit the water hydraulically. It is only when 
this happens that annual flooding can begin to abate. 

It can be assumed that the crest of theflood that comesanb asu e th tt e cet o th 'fo d h tco sdown the river hydraulically from the Pantanal is accentuatedby the dammed waters that result from the blocked drainage
in the river's straight lower sections. Maximum flooding that 
comes down the river trom the Pantanal can be expected to 
coincide with excessive precipitation along the lower straight
sections. 

The specific quantity of surface water per area (mm/m 2 ) is 
a useful indicator of the relative availability of water in a par
ticular site. It also indicates energy available for erosion and 
transport of sediments for uniform topography and uniform 
types of rock. Specific values of surface water decrease as one 
moves from east to west across Paraguay, ranging from an 
annual maximum of 600 mm to lesg than 100 mm throughout 
most of the Chaco (map VII-5). Paraguay's maximum values 
are believed to occur around Encarnaci6n and coincide withmaximum annual precipitation and minimum annual evapo
maxir ation minimum evapoan nn 
transpiration The minimum values occur in the upper Chaco. 

The concept of specific surface water is of great use hy
drologically, as it allows for a direct comparison of elements 
that enter into the hydric balance, i.e. precipitation, evapo
transpiration, and surface water, in comparable units of depth 
per unit area. 

Soil Moisture
 
Continuing with the concept of specific surface water,


Thornwaite's "hydrologic index" makes it possible to calculate
 
the seasonal excess or deficit of precipitation with respect to 
evapotranspiration. It is used mainly to determine the availa
bility of soil moisture. 

Based on calculations of the seasonal tendency of the hy
drologic index, virtually all of Paraguay's Western region, and 
a small part of the country just north of Concepci6n to the east 
of the river, has a soil moisture deficit during all or almost all 
of the year (map VII-6). Throughout the upper Chaco and along
the upper Paraguay River soil humidity deficit occurs year 
round, with the exception of the banks adjacent to the river 
where seasonal flooding should maintain high humidity levels 
during at least part of the year. Only in southeastern Paraguay 
,re moisture levels consistently positive throughout the year,
thus avoiding the need for supplementary water resources for 
farming (graph VII-1). 
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To the west of the Paraguay River in the Chaco, unconso-
lidated and unseparated alluvial sediments, from the Quater-
rary period can be expected to produce small quantities of 
water of variable quality through wells or prospective drilling, 
A given well's capacity, for example in liters/day, will depend 
on the aquifers' capacity to transfer water while maintaining 
its density and lateral extension. 

In alluvial sediments in general, transfer levels are normally 
high, but their density and extent are highly variable as a result 
of rapid changes of alluvial sediment deposits it,the environ-
nient in general. The aquifers of the Chaco are probably not 
characterized by production of water in volumes exceeding 
the needs of low-intensity use (e.g. domestic use, maintenance 
of water reserves, small domestic gardens, etc.). 

The extremely low gradients of the Chaco's aquifers (on the 
order of a few cm/km) are such that water naturally remains 
in these aquifers for a long time. In such co,,ditions of quasi-
stagnation, water quality, determined by total dissolved solids 
(TDS), cal be expected to be poor. This will determine time 
available for the groundwater to reach a chemical balance 
with soluble salts (mainly calcium, magnesium, potassium, 
and sodium salts) found inthe geological material that makes 
up the aquiferous stratum. Where conditions indicate shorter-
than-average water staying times, water quality-though not 
available quantity-can be expected to be above average, 

There is no available data on the biological quality of the 
waters ol the region's aquifers. If hunian and natural wastes 
are dumped without treatment, one can reasonably assurme 

that microorganisms- including pathogenic ones that milht 
be affecting residents of the region--may be present in the 
groundwater. 

To the east of the Paraguay River, rock formations from the 
pre-Cambrian period to the Cretaceous period can be expected 
to produce large quantities of water locally where breakage 
has increased the porosity and permeability of the consolidated 
rocks, or where unconsolidated alluvial deposits are pres('nt 
at the surface. The chemical quality of this region's ground- 
water should he superior to that of tileChaco, clue both to the 
relatively lower solubility of the rocks and the lower staying 
time of water in the aquifers as a result of the higher levels of 
overburden and transmission. 

As is generally the case with groundwater use, the exact 
conditions of availability and quality can only be determinecl 
through specific research at the site of both groundwater zones. 

Groundwater 
Groundwater represents one of the most important water 

resources in many parts of Paraguay, and is closely linked to 
the physical and chemical features of the geological substrata 
and the balance letween supply i-,ndcernand of surface waters, 
resulting from the interaction between atmospheric disturb-
ances and the physical characteristics of the surface waters. 

Groundwater reserves in the Paragua' an Chaco vary in 
quantity and quality. lhe potential for exploitation of an aqui-
fer is cleterined by its physical dimensions and hydraulic 
characteristics. One would expect that in tile withChaco, 
highly transmissible alluvial sediments, the aquifers would have 
varying horizontal and verticle dimensions, indicating suffi-
cient water storage to satisfy the water demand of human and 
animal communities, but not to develop agriculture. The low 

hydrostatic gradients in the aquifers of the Chaco plain are 
responsible for stagnation of waters, which in turn facilitates 
the waters' tendency to chemical balance with soluble salts 
found in the geological material of these aquifers. 

At present a project is underway to draw up an official 
geological, hydrogeological, and rnetallogenic map for Para
guay. When complete, it will have more reliable data, for this 

project will bring together data currently dispersed amont; sev-
e.-I institutions, including the Chaco Water Office of the Mill
istry of Defense, SENASA, CORPOSANA, and the Fngineering 
Command and Geology Office of the Ministryof PublicVVorks, 
which has data from (leep wells drilled by foreign companies. 
This project will bring together in a single map the different 
wells that have been drilled, and the corresponding isopiestic 
lines (if they exist), as well as the quantity and quality (chemical 
analysis) of the water samples obtained in the different drill
ings, all of which will provide a comprehensive picture of 
water reserves in the Chaco. 

In this way sites for settlement can be identified with a view 
to development of the Chaco, which is a national policy goal. 

Fo (late riot ail of the groundwater prospecting studies in 
the Chaco have yielded encouraging results as regards regional 
development. This is not because of the amount of water for 
human consumption, but because in many areas the water 
cannot even be consumed by plants and animals clue to its 
chemical quality. Thus, the National Conmission for Con
prehensive Development of tlhe Chaco is examining the pos
sibility of channelling waters fron the Paraguay River, which 

will require raising water elevation 60 meters, to tle settlement 
area ot central Chaco through open-air canals, which would 
also be navigable for barges. This project appears feasible, 
despite the cost ratio of aqueducts to wells, which is 50:1 
according to UN studies. Representatives from several Euro
pean countries that have carried out such projects in areas 
more arid than the Paraguayan Chaco (e.g. Saudi Arabia) have 
visited Paraguay to look into this matter. 

Any economic effort intended to benefit this 61 % of Para
guayan territory by bringing the water needed for launching 
comprehensiv,2 development of the region should be wel
come, as the Paraguayan economy is based on agriculture and 
livestock-raising. 

The Eastern region's groundwater resources differ from those 
of the Chaco. Eastern region groundwaters are generally of 
better quality and greater quantity due to the more favorable 
hydrologic parameters of the aquifers, which recharge from 
excess surface water. 

Hydroelectric Projects and Their Possible Effects 

on Water Resources 
The great hydroelectric and reservoir works planned for the 

ParanA River will have a significant lasting impact on both 
aquatic and land-based ecosystems. 

Such undertakings may convert the Parani River into aseries 
of practically continuous lakes. This string of lhkes would 
maintain many of the characteristics of the fauna and flora of 
bodies of water in the flood-plain, while substantially altering 
the present turbidity of the waters transporting sediments, as 
well as the regime of floods and local climate. A marked change 
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in water quality at the dams would result from stabilized river 
flow and retention of sediments. 

Thick sediments that drag along the bottom will accumulate 
at the upper end of the reservoir, while suspended solids will 
tend to precipitate as stream flow decreases in the reservoir;
thus water transparency will increase considerably. As a result,
aquatic predators will have a greater advantage with respect
to their respective prey. Due to the dams that block the river,
fish that migrate for reproduction or feed on a steady supply
of detritus or sediments may well suffer most from the envi-
ronmental impact of the hydroelectric works. Predators that
feed on the above fish will also suffer. The hydroelectric proj-
ects - like any project altering the natural course of a water-
way - shcld include construction of fish ladders. 

The increase in water surface area behind the dams will 
favor evaporation and thus greater humidity in the air. There 
will thus be more fog, which could affect transportation. A 
considerable increase in air humidity could increase pests and 
crop diseases. There may also be greater precipitation in the 
form of dew and significant changes in air temperature. The 
formation of expansive water surfaces opens the way to winds 
and thus more turbulent storms. The corresponding increase 
in breadth of waves may affect navigation and possibly cause 
erosion along the shores, 

Causes of Floods and Possibilities for Controlling
Them 

Flooding of the Paraguay River and sonre of its tributaries
has short and long-term economic and social impact. The 
short-term effects, which include human suffering and material
losses, are generally the most obvious. Nonetheless, the long-
term effects, such as limiting econornic growth and develop-
ment, are harder to quantify but just as real. Thus, all adverse 
aspects of flooding should be taken into account by the gov-erniient when choosing an appropriate plan of action. 

The level of the Paraguay River is regulated on an ongoing 
basis by the waters of the Pantanal in the upper basin (Brazil),
by precipitation in the middle basin, and by the level of the
ParanJ River at the confluence. 


Due to the extremely flat terrain and lack of suitable sites 
for the construction of containment cdikes or reservoirs to con-
trol the enormous volume of the Paraguay River, such facilities 

are not a viable alternative for controlling floods 
on the Po'r
aguay. It would be possible, howeve,-, to increase the river 
channel's capacity to transport such a large quantity of wateradequately. Nonetheless, such an increase in channel capacity
would have a negative impact on navigation during periods
of low water. Given the importance of Paraguay River navi-
gation for the entire country, transportation should be kept
going at all times. Decreasing the volunie of the river by in-
filtrating waters from precipitation into the soil would not be
practical, as the floods occur when the soil isalmost saturated. 
Construction of huge dikes in urban and some rural areas with 
high agricultural productivity is feasible from the standpoint
of engineering. However, the cost of such works would be
high, with operational and maintenance costs further increas-
ing this amount. Such dikes would need an escape valve for
runoff waters that would be entrapped. Such waters are gen-
erally emptied with huge punips, which would have to work 
continuously for several nnonths during large floods, 

While this solution is feasible from the standpoint of engi-.
neering, economically such dikes are probably not feasible. 
In October 1979 Motor Columbus and Associates in its ca
pacity as consultant to the Binational Yacyretii Project, re
searched measures for flood protection on the Paraguay River 
from Asunci6n to Ihe confluence with the Parani downstream 
from Itaipu. The consultants determined that dikes would be 
the only option for settlements along the Paraguay River. Motor 
Columbus's economic analysis indicated that all alternatives 
had a negative net value. That is, from a strictly economic 
standpoint, during the useful life of such works total costs
would exceed tangible benefits. The cost of the dike was es
timated at US$300 million (1977 dollars). 

In 1983 a US team headed up by Miguel Lopez of the US 
Geological Survey analyzed risks of flooding of the Paraguay
and Parana' rivers, coming to the same conclusions as Motor 
Columbus and Associates. Since the study (1977-79), con
struction costs have risen, but riot the benefits. 

A wide range of actions are feasible for reducing risk and 
susceptibility to damage caused by flooding. These actions 
generally involve little or no construction. Management of the 
flood plain can be implemented, considering it as part of the
overall river system. This kind of management recognizes that 
the rivers will continue to overflow into the plain in the future 
just as they have done to date, whenever the volume rises 
above normal levels. Management of the flood plain promno.es
the practice of using landls in amanner compatible with flood 
risks. 

Based on studies carried out to date, the following reasures 
are recomninded: 

1. Determine the physical boundaries of the flood plain.
2. Inform all local authorities in provinces subject to flood

ing as to the extent of susceptible areas, so they know how 
many people vill be affected if the river rises.aypol ilb fece ftervrrss3. At critical times, maintain a hydrologic alert network,
based in Asunci6n, to forecast floods and thus predict potential

damage, proposing possible Solutions to local authorities. 

4. Create an official Civil Defense institution to make de
cisions in extreme cases.
 

5. Use lands in accordance with their potential to use flood
waters for irrigation.
 

Corniusions and Recommendations 

The basic hydrological problen facing Paraguay today is 
related to the limited available data base for defining local 
conditions Lnd specific sites. It is possible that many existing 
or potential problem areas are obscured by the relatively lim
ited data base. In this regard efforts are underway to develop 
a system for gathering hydrometeorological data in Paraguay.
The Weather Service of the Ministry of Defense, with the co
operation of international organizations such as USAID and 
the World Meteorological Organization, is in charge of this 
effort, which deserves optimum support.

As this data-g-thering system is being set up, it is probable
that new problemns related to water resources will emerge. This,
together with the inevitable increase in demand for water re
sources as a result of growing population and ongoing use of 
such resources, makes it imperative to incorporate the results 
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of hydrological data analysis into the decision-making process. 
This objectxve can be attained through an effort aimed at in-
creasing Paraguayan hydrologists' knowledge of the complex-
ity of the decision-making process. The relationship between 
environnental resources and processes, and collateral effects 
from exploitation of water resources should be impressed upon 
decision-makers. The best way to do Ihis may )e through an 
exchange with their counterparts in the United States, an( by 
initiating interdisciplinary seminars and workshops to deal spe-
cifically with matters related to water use, exploitation of water 
resources in general, and needs of the decision-making pro-
cess. 

Based on tile general data available for this study, all of 
Paraguay's characteristic hydrological phenonena can be de-
duced by understanding: 1) the decline in surface water ex-
change across the country from east to west; and, 2) the low 
hydrologic gradients that characterize the drainage system. 

Seasonal flooding of" the Paraguay Ri.er's flood p)lair and 
of the straight lower sections of some of its tributaries will 
continue to pose a problem. It is believed that there are no 
viable engineering solutions to this situation, unless the cost-
benefit relation were to balance out to some extent. Such a 
model should be based on greater meteorological cata than is 
currently available. 

Measurements of precipitation, especially in the Eastein re-
gion between Concepci6n and the confluence of the Paraguay 
and Paran i Rivers should be linked to hydrometric stations, 
along the main tributaries of the Paraguay River in this section, 
so as to determine the inflow-outflow relation of water pre-
sumed to be at least in part responsible for the high crest of 

annuid flooding. This should also include calculation of stream 
flow. Finally, measurements should be developed to register 
water levels and water inflcw rates. Reliable maps covering 
the entire flood plain of the Paraguay River and reflecting 
anticipated levels of flooding in the Pantanal (Brazil) should 
be drafted. 

There are no indications that Paraguay's main drainage sys
tem poses any water quality problem at present. Nonetheless, 
a limited nurnber of water quality control stations should be 
set up at representative sites so as to provide basic data and 
serve as an advanced warning system concerning water quality 
problems as population and use of water resources increase. 

The groundwater resources of the Chaco are probably in
sufficient for development of any water-intensive activity based 
on such resources. 

At present the Paraguayan government's main objective shouldbe assuring that existing groundwater quality not be degraded 
by toxic substances or toxic microorganisms. Instraightforward 
terms this means designing sites for depositing wastes so as to 
minimize exchange of water from among the wastes and water 
in the aquifers. It also implies that use of chemical products 
in agriculture at the surface should be carefully monitored so 
as to prevent unacceptable levels of non-soluble chemicals 
from entering the aquiferous strata. Once aquifers with low 
hydrostatic gradients and low levels of overburden-like those 
found in most of the Chaco-are polluted, it becomes virtually 
impossible to eliminate the pollution. In extreme cases, po
tential potable water supplies from aquifers are rendered unfit 
fc.' human consumption. 
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Table VIi - 2
 
Degree of erosion for selected regions of Paraguay
 

% Erosion % of Total Area 

Region Slight Moderate Severe 
Area 

Total - Ha 
Affected by 

Erosion 
Paraguarf 18 8 6 825,500 32 
Caazipi 45 14 9 336,500 68 
Curuguaty 

Eje Norte 
50 

74 

18 

5 

2 

5 

249,000 

132,000 
A) 

84 
Yvy-Y,_6 

Alto Paran6 

54 

73 

6 

2 

-

-

173,500 

747,000 
60 

75 

Source: Symposium On Erosion in the La Plata Basin. 1979. 

Table VII .- 3 
Estimated land use in Paraguay 

Type of Use 
Eastern Region 

(Km2 ) % 
We. ern Region 

(Kin2)% 
All Paraguay 

(Kin2 ) % 
Crop Production 

Livestock 

Forests 

Parks & Reserves 

59,360 

57,623 

36,100 

209 

37 

36 

23 

-

17,190 

100,000 

112,900 

12,830 

7 

40 

46 

5 

76,550 

157,623 

150,000 

23,039 

18 

38 

42 

1 
Other* 6,535 4 4,005 2 10,540 1 
TOTAL 159,827 100 246,925 100 406,752 100 

* Area covered by cities, towns, rivers, lakes, mountains, and roadways. 
Source: Data gathered by Humberto Tosaido, UNDP/FAO Project BAR/76/005 - 1980. 
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Graph VII - 1
 
Diagrams of Precipitation and Evaporation
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Graph VII - 1, cont.
 
Diagrams of Precipitation and Evaporation
 

mm M(.L. JOSE F.ESTIGARRIBIA mm BAHIA NEGRA 
200 ""'•" 200 L 

150 \ t 
......./...................... 

150 

100 
A 

50.,l 50 !!: /iiliiid~i~!iiiiiiiiiiiilii 

0 -, i I I I I I I iII 0 I II i,r I I I 
J F M A M J J A S 0 N 0 J F M A M J J A S 0 N 0 

Months Months 
'\' \..................... 

.......... TT 

mm SAN LORENZO 

Z00 

1\0. ./ 

100 , 

J F M A M J J A S 0 N 0 

Months 

11111iiiiiii!!!Water,,i 

* . - - . Precipitation 

-.........
Evaporation 

11!
 



6,007. 
24 

.6- 50 --- 10, 5-50 
Map VII- I 

I 
....- REPUBLIC OF PARAGUAY 

ENVIRONMENTAL PROFILE 
oo PRESIDENCY OF THE REPUBLIC 2 

o 

/ 
TECHNICAL PLANNING SECRETARIAT 

I' SCALE 
-10 40 80 120 16OKm 210 

210---- ---
! / 

NN 
24 24222 

_ It 

.21 

-
23'2 

'- / I' "'- -" 

/ • 

230 27'230 

MEAN ANNUAL TEMPERATURE, °C PERIOD: 1951-80. ., 

-26°07 

270 270 

280 2280 8 

62° 611 .600l 90 ° 570 5160 5p 

112 



620 i700 610 
600 

6'0 
0 

8 
8 

5'90 900 580 570 560 550 
MLp VII-2 

200 40C 

/ 
-0 "REPUBLIC OF PARAGUAY 

ENVIRONMENTAL PROFILE 
PRESIDENCY OF THE REPUBLIC 

200. 

100 TECHNICAL PLANNING SECRETARIAT 

r SCALE 

0 40 80 120 160Km 210

/ 
500"- -2.--130 t400 

600 
/ / 

23 °" 
23 

700 

-240 800 -11700 .. 
' i 

0 0  
"' -"" i 

900 -.-

- 250 

2259 
1200 " 

130/ 17001 

MEAN ANNUAL PRECIPITATION, mm. PERIOD: 1941 - 83 'h

260 -260/ -

1700 

260 

270 
270 

1600 

280 
280 

-- 610 I 600 590 
I 580 570 560I 550 

113 



6120 6'1o 6,0o 5,9' 51o 570 56 5o50 

'1400 -- - Map VII - 3 

15001 

REPUBLIC OF PARAGUAY 

-2o o  
ENVIRONMENTAL PROFILE 
PRESIDENCY OF THE REPUBLIC 

200 

TECHNICAL PLANNING SECRETARIAT 

II 

1500 SCALE 
-

0 40 80 120 160Km 210 

o/ / 

'NI220-
I--', - -\,I 

I230 

/ 

'I' 

/ -- *" -

-250 

MEAN ANNUAL POTENTIAL EVAPOTRANSPIRATION, 
rnm. ACCORDING TO THORNTHWAITE. PERIOD: 1951- 80 

( 
," , o o 

,626o 

270' \,t 270 

280
 
280 

° 
620 610 600 590 580 570 56 550 
114 

114 



Map VII - 4 
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Crested Caracara 

South American "fox 
Photo courtesy National 	 Coral Snake. Photo courtesy 

National Forest Service.
Forest Service. 

Common tegu. Photo 
courtesy National Forest 
Service. 

Tembay Falls, ltapuda 
Province. Photo 

courtesy Gregorio 
Raidan. , .o, 	 . 



Biological Resources 

Vegetation 

For s*s 

Vegetation, and above all natural forests, differ according 
to geographic location, with an especially marked contrast 
between the Eastern and Western regions (see map VIII-1 ). 

The most important natural forests in th- Eastern region are 
found in the regioii's broad eastern strip, corresponding to the 
basins of the Paranii River's trilutarie,, and having a climate 
Thornthwaite describes as "subtrcpical moist with hot and 
moist summers and relatively dry winters"; Holdridge's Life 
Zone system (map VIII-2) describes the same climate as "warm 
temperate moist forest life zone." Hueck's vegetation map for
South America calls these forestssame "subtropical hydro-
phytic forests." These forests, which [ortorelli calls "the jungle
of the upper Parani," have several species of broadleaved 
trees that reach heights of 30 m or more where there is good
drainage. 

The typical tall forest has several strata, with first, second, 
and third magnitude trees, bushes, grasses, epiphytic lianas, 
and parasites. The most representative species of this forest 
are: Spanish cedar (Cedrela sp.), guatanib (Balfourodendron 
riedelianum), Braziliai rnyrocarpus (Myrocarpus frondosus), 
piptadenia (Piptadenia sp.), cordia (Cordia Irichotoma), andybyrar6 (Pterogyne nitens). These form the dominant stratum 
of the forest, the codominant stratum being formed by several 
species of the Lauraceae family. 

The conformation of low forest, which forms the subordinate 
stratum, is similar to that of the tall forest, but with vegetation
genera.ly not taller than 15 m. This kind of forest grows along
running water and in soils subject to periodic flooding. The 
trees of this stratum often have deformed trunks; the most 
representative species are those of the Myrtaceae and Sapo-
taceae families, 

The low forest formations are ecologically significant, for
besides constituting the natural habitat of the fauna, they play 
a key role in the hydrologic cycle. 

The undergrowth is the last stratum of the forest, and is madeup of a large number of shrubs and annual and perennial plants 
from 2 to 5 meters tall. The most important families are the 
pepper familiy (Piperaceae) and the Urticaceae, and some 
grasses, such as the "Takuapi" and the "Takuaremh6", which 
form thick creepers. 

Other important forests in the Eastern region are those in 
the northeast and center, which Tortorelli called the Central 
Jungle and the Northern Forests. These include much of the 
provinces of Amambay, Canindey6, Concep(i6n, San Pedro,
CaaguaziJ, and Caazapi, and correspond entirely to basins of 
Paraguay River tributaries. 

These forests are mare up of broadleaved trees, character
ized by the large number of peroba (Aspidosperma australe)
in the northeast. This is the main species in the tall forest there;
in some areas it forms pure stands. Other commercially val
uable species found in abundance in these forests include 
ybyrapytj (Peltophorum dubium), piptadenia, and gua
tambij(Balfourodendron riedelianum). The trebol (Amburana

cearensis) is the country's most valuable commercial species.

Today threatened, it is found in a rather small area in the north,

between the Apa and Aquidabin rivers in the province of
 
Concepci6n.

The forests of the Western region vary from mesophytic to 
xerophytic as one moves from the Paraguay River in the east,
where annual precipitation reaches 1,300 mm, to the border 
with Bolivia in the west, where annual precipitation is but 500 
mm. Golfari, using Thornthwaite's "hydric index,'" defines 
three kinds of climate for the Chaco. The first, where precip
itation is greatest, iscalled "moist subhumid"; the intermediate 
are, "dry subhumid"; and the last, ''semiarid" (see map VIII
3). According to Holdridge's system, there are two life zones 
in the region: the area near the Paraguay River, classified as 
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warm temper,!. -moist; and the western part, beginning at Pozo 
Colorado, cor,(derd warm temperate dry (map VIII-2). 

In the first zone, between isohyets 1,300 mm and 900 mrn, 

extending approximately 150 ki from the Paraguay River, the 

forest hb heterogeneous flora, with vegetation rising to 15 to 

20 n. 1Ihe most representative species include: willow-leaf 
red quebracho (Schinopsis balansae), white quebracho (Api-

dosperma sp.), trumpet tree (Tabebuia sp.), star tree (Astronium 
balansae), Argentine calcophyllum (Calycopyllum inultiflo
rum), seron (Phyllostylon rhamnoides), ybyrA iti(Diplokeleve 
floribunda), and floss-silktree (Chorisia speciosa). Further to 
the south (lower Chaco) one may also find Piptadenia rigida, 
ybyria pytti(Peltophorum clubium), and ybyrar6 (Pterogyne ni-

tens.. 

The intermediate climatic zone, lying between the 600 mm 

and 900 mm isohyets, has the same floristic composition in 

the forest, differing from the above zone only insofar as it is 
not as dense nor as tall (10 - 1 - m). The most noteworthy 
difference is that there is less of the male red rquebracho, and 
more of the female, or Schinopsis sarmientii. 

In the westernmost zone, with annual rainfall less than 600) 

m m,the forest is open brushwood; it is not very dense, and 

the tallest trees are less than 10 meters. The most representative 
species are the crowntree, Schinopsis sp., white cluebracho, 

palo santo (Bulnesia sariientii), and several species of acacias 

and mesquite.
This description of the Chac, forests issimilar to 1ortorelli's 
hisdesription o Chaco Forest aco o orse Parklan,

distribution into Cha ) Forest, Chaco Parlan, Chcco For-
ested Savanna, arid Western Brushwood (map VIII-). 

Finally, there are the palm formations, made up of a very 
homogenous association of caranda palm (Copernicia alba), 
typically found in th2- Chaco countryside, especially in a:eas 
3 and 4 of map VIII-3. 

In 1969 Dr. L.R. IHoldridge defined Paraguay's ecological 
life zones, tentatively concluding that there are only two life 
zones: the warm temperate dry forest, which covers most of 
the Chaco, arid the warm temperate moist forest, which covers 

.-.
I x 

the rest of the country. (Holdridge, 1969; map VIII-2). Al
though Paraguay's flora is still very incomplete, an estimated 

350-400 species are to be found throughout the country. Corn

parisons with other areas tend to confirm Holdridge's theory 

that Paraguay is clearly a temperate country. Tropical and 

subtropical countries have a greater diversity of species than 
that found in Paraguay. 

Current Status of Forests 

Forests of the Eastern region: Evaluation of the potential of 

the region's forests is based on analysis of the results of seven 
forest inventories (see locations on map VIII-4) in several parts 
of the Eastern region, carried out at different imes and with a 

variety of objectives. These studies cover most of the area's 

The forest cover of the basins of the Paran,1 River's tributaries 
was much greater than that of the Paraguay's in the early 
1970s. This can be explained by data from the inventory, 
which indicates that the forests of the Paraguay basin had more 
commercially valuable woods, i.e. the so-called Class A woods. 
Furthermore, the Paraguay basin had river transport throughtrarditional lmbering ports such as Rosario and Antequera in 

ro and te a nastidead i tte op n g of ne 

of settlement to the east, these teudencies began to change 
irreversibly. 

According to data from the inventories of the tall forests, 
exploitable volume per ha fluctuated from 20 to 38.1 l 1.Total 
area of the Eastern regioi forests was approximately 4.2 million 
ha in 1976. This tigure is estimated to have dropped since 
then to below 3.5 million ha. 

lhe results of all inventories carried out in the Eastern region 
coincide in indicating the degree of selectivity of exploitation 
Cf just a few commercially valuable species, determined above 
all by the demands of the international market. Nonetheless, 

it was also found that overexploitation of the forest, in relation 
to these species, is compensated for by good natural regen
eration; thus rational management could preserve this natural 
resource in a sustained fashion. 

. t... >..,,. 

Red quebracho in the Chaco,an important species for the tanning 
industry that has been heavily overcut. Photo courtesy Juan A. Carandav palm, a useful species that isabundant in the Chaco. It 

L6pez. invades pastures aggressively. Photo courtesy Juan A. 16pez. 
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Forests of the Western region: Forest inventory data for the 
Western region covers only small areas, such as: 1) the 1982
natural resources study, in the of Cerro Le6n,area covering
the "Defensores del Chaco" National Park, with 700,o00 ha;
2) the 1978 National Forest Service inventory, covering 30,000
ha in the province of Alto Paraguay; and, 3) the 1984 study 
on the potential for forest development in a 1.9 million ha 
area near Pedro P. Peira, carried out in the context of theComprehensive Chaco Regional Development Project. Estimates of average forest productivity in the area studied came 
to 34.7 r 'I/ha. In Alto Paraguay inventories show quebracho

stocks on the order of 17.3 ni 
 I/ha. 


Unfortunately, there is still no forest inventory covering the

Chaco's most important Jrests. Such an inventory couldl rlan-tify their true potential .orlumber production. Nonethelessthere is no doubt as to the key ecological role of such forests, 

Tapping Forest Resources 

Lumber in Paraguay is produced exclusively from natural 
forests. Almost all such forests are privately owned in the East-

ern region, 
as are most natural forests in the Western region.

This form of ownership determines the form in which they are 

used, making it difficult to implement forest management plans. 

The methods currently used to tap forest resources are: 
a) Cutting and removing the branches, which involves fell-


ing, removing branches and treetops, and opening the "pi-

cadillas" 
or skid trails. The power saw is increasingly replacing
 
the traditional ax.
 

b) Skidding and removal, which used to use flat trucks, is 
generally clone with 75 to 120 HP farming tractors, which 
usually tow an attachment called a "pitoguC" (manufactured 
locally) to skid the timber from the cutting site to roads suitable 
for trucks, generally I to 2 kilometers away. This method yields 
approximately 15 real n iday; larger-scale operations use ar
ticulated tractors, which can skid some 60 mi/dlay.

c) Loading and unloading: loading is a slow operation andthus is very costly. It is clone m anually using afarm tractor. an "catraca" orUsing aI.,thsieycsl.,tiarticulated tractor a 12-ton truck canln aulyusn 'arc"o ~ 
be loaded in one hour; unloading at the loading (lock of an 
industrial plant is generally done with farm tractors. 

, 

.,, ,-


d) Transport, which generally uses 8 to 12-ton trucks that 
tow a locally-built trailer called a "cachipi.'.

Logging in Paraguay is characterized by its selectivity. Ac
cording to available data, 94% of total timber cut is Class A,
whereas such woods make up only 25% of total commercial
stocks. Furthermore, three species (trumpet tree, cedar, and
peroba) of all those of Cla!,s A quality account for over 75% 
of all commercially exploited timber. 

Not only is the timber felled selectively; theprocess also
involves waste, beginning with the cutting process itself, and
continuing through sawmill processing. 

According to data gathered by the Paraguayan Federation 
of Lumbermen (FEPAMA), lumbering in the Eastern region yieldsone million m of logs annually; the forest industries, withtotal processing capacity of aboutyear, are presently Consuming 1.5 million m of logs persone 1800,000 m '/year, whichtranslates into appronxinately 400,000 m' of sawn woods, 
panels, etc. Of this production, according to FEPAMA, 280,000 
mn are exported. Lumbering has fallen off sharply since 1980.

The only economically significant forest resources in the
Chaco are quebracho, cut for its tannin; the palo santo, for 
essence; and palms, for posts. 

Forest Reserves 
Most forest reserves in Paiaguay are legally-established na

tional parks. Though they were set up for avariety of reasons

.. ,. .N.. ' 
. .  -. 

.y, 

1.e.. ' 

' ,., ' *. 
.%? ... , .i., 

-.. y' ' ,11 :',:. . 
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•I' . '. : f.. , . . .' . . , 

Transporting peroba logs. Photo courtesy Juan A. L6pez. 
"Kurity", a native conifer important for reforestation. Photo cour

tesy Juan A. Ldpez. 
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preser'ation of wildlife, historic sites, scenic landscapes, etc.- ... 
almost all of then have significant natural forest reserves. Soime . 

were declared national parks specifically to protect the forests. A4 
One such exalIle isthe Caagua, CNational Park, it)the prav- '_

ince of (aazapi, which is significant irmotar as it cover', all 
extensive area Of nlotillaino0Ls formations, along it Wa- . 

tershed bCtween the Paraguay ai)d ParanJi river basins. Un- 'A 

fortunately, the park's oiriginal OUiidiries have rejeatelly been 
reduced. Other parks created to proIect lorests in,lode the C, 

Kuri'y National Reserve, whic Ihcovers 2,00 ha in Alto Paran4i 
and conserves Araucania remnants, and the lakui Protective 
Forest, extending over 1,000 ha in the provinces of Alto Paranii 
and Itap~la. 

The ttaipCi linalionarl Project ha, also set aside lands for 
three biological reserves ii Italbr, Liniov, and Itaniley, which 
preserve important forest species. -1le B3ination al Project man
ages these lands. 

In general, there are not erlougli forest reserve,, in terms of 
both the role such reserves shoul1(d Iply, am their distribution 
and total area covered. I here are many reasons why Paraguay 
does riot have an adequate forest reserve system; bUt perhaps Land cleingnear Paranarnbb, Alto ParanI. Photo courtesy Juan A. 
the most important is lack of awareness with whicli the situ- L6pez. 

ation is viewed at the various levels ot decision-making, for 
the Forest law currently in effect does lay out Ih{ conditions 
ju.,tifying creation of forest reserves, topography and the fragility of the soils, all of which could 

lead to serious environmental and ecological damage.
Deforestation 

the 197(}s, indisc.rimninate 68,364 kml2 1945 in the41,771)Eastern region hasIn I1960s anid particularly the 	 droppedIt is estimatedfrom that total o:}restin area to km" in 1976, 

i.e. from o t i6r n total a rea in g to43% to}clearing came to pose the greatest danger to survival of forests, 	 regio atotl .area ing tor moe explotatio 	 % toe2(/),(,ofsth 's cAccorfor incontratess raionalto Il(, orms o , ie.fromt4 
for in contrast to the more or less rational forms of exloitationr, the estimated rate of deforcstation for 1976 to 1984, by 1984 
which may eventually prove to he reversible, deforestation is forest lands iii the region totalled less than 35,000 kin-', i.e. a 
destroying the very basis of fo}rest pro{Iu~ctioi, drop of 20% as compared to 1976. And this is based on the 

According to Institute for Rural Welfare data, in the sixties most conservative of the many estimates one cal find. 
and seventies over 5.6 million ha were cleared, usually at the 
expense of forests. tnrisc rirrinate clearing in the Eastern region Plantation Forestry 

has already reached a critical point given its generally rollig The National Reforestation Program has progressed very 

slowly in f.rris of the overall goals set by the National Forest 

7. 	 , Service; indeed, for the past two years the program has prac
tically stagn i.d. After almost a decade the program has yet 
to plant I1),)00 ila,and thus can be (onsidered a failure. 

Economic factors behind this failure includeithe low prof
itability and(long mialurily period of tihe investments; lack of' 

-
clarity in forestry p)olic y in terms o}fgearing productlion 10 1}0 
teniial ma~rkets; the small size andl tLnCertainty prevailing inl 
thc domestic market; and s..,rong Other Sciulihcompiletitionr fronrt 


ern Cone riarkets. 

Perhaps the miiost impotrta rt cause of the lack of eiirelpre
neurial interest is the apparent conflict between taxation cri
teria and forest developmiient ingovernment incentives pilicy. 
There are encouragirg tirmp)ects for a market hased oniforest 
products for energy (rriainly eucalyptUS), given the demand for 
charcoal once the ACEPAR Ilant begins operations. 

In 1976 the government lauichier ai Q-year reforestation 
plan that was to be financed through tax ii centives, thereby 
placing major respornsibi liiy in the handsfor the plan's success 
of the private sector. According to the plan, 77,i00 ha were 
to ibe planted; nonetheless, to lite only 7,0)00{ ha have been 
planted, 3,820 ha without tax incenlives, and 3,18) with ill-

Mechanized land clearing transforms a'proximately 150,000 to centives. h I main species used in reforesalion have beei 
200,000 ha per year. pines, eucialyltus, and to a lesser extent, native species. 
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Reforestation. Approximately 7,000 ha have been planted nation-
id. 


As he niarket for prodc IS trom these panttioi s is tilier-
tain, iiany of those involved i) rforestation t1inot trutJ,Iltmarket l)iteitiail, esflei.ial vvieii it Coie(s t(ilpines, whliiccoruldI provide raw isiaterial for a future pulp fatotiry toic intiticture (elllose awntiler, aiid in(ther a t(ry for lartileh

arrl. A\nother po)ssi hle market, is was iinit ,i(niedy is iarcaIl

tio,itet the needs orb lie ACEFAR lim; ntis dniant0l oLl(l
oe niet \ 
 eed t ,, AC Alant;

1wyeiWith a1i IeualVjtUS.sIec ii's 


The world market for kiriis uilivir,il)e, as the main htyer

is whosew~ilxiii.rmarkeit :S (Currently S,itirateil. Brazil's t)lar
tatii)ns alone 
iro(li( e,h0 ti(,5 th llapanesett'nlailnt. 

-liere are' (vral ( orn caial nurseries iinP,1ragau,, bothY 
private annI sitte-owned. %lost are perniaineint, with )ro(lu( live 
cal)a( ity rallgin lron 10(0,t)000I to 2.5 milion seedlings an
riuall,. these ould 'srv as Ill ili(iliv, o('tihli,h forest 
llaatioins. -1he work iflhe igroftrostry nuI(,i is p'Irli(tilarly
i;nlrtaii. I units ir'(, e u1 (Ifone irest (eIlginer frinihos inli' 

the Nati( nil Forest Swi\i( (- and (I, \ti'nsioin worktit froin the
 
\grit ultUrail [xt'insiin ,I\i(c', Wilh ,titI) riitfr01i tI('
L.,. Pea(e
 
C.or1) -11 ei,ire aii i tI ~+ i n 1,1ii Ior ys . h(,,ct,i t, it) pI)a n 1t t uS tIr 

sid(-l)y-i(l , W ith ,iril ulturai I )ri itlJtliofn.
 
Rvfo"(rc'ta t i o n m tr-t t ikc,itw i,( ( ( m i l~ 
 st r i ai 


n a, htl no ('( )Ll )t (I he,tti~ t~iIlIrm tt,( o)f
 

ln(t( mIt, in dll l I ' m ! 
IS, l ai,, in,w tive role 

torests, both for ,iii ia I1h(1r 1.u iv 11t (ilnal it (It watetr 
resotlr( ('. In te iii'(ditni +('ri oll, 'l.r l), ('xtIWt'e(d toIu ,( ,it 
(clome u ) ,iin-I g seriwus pr l'lties is regurtls Supplying raw 
rmiaterials. FLIrl.+iior(, 1li1l V()lun'l()fstriarr fnv has di
riinished iil i, lyrlrogr pilhik Ii i, thuit s+i.Ulp lirge hylv IlI(, 

iroele( triIrij(,( Is.
 

The Expanding Agricultural Frontier and the For.,sts 
The advance of the agricuItural frontier at the expense of 

natural forests is one of the riiost v.,orrisrinle problems of rural 
development flirrlulg-iut Paraguay., arid is particularly serious 
in the Eastern region. One of the 0oS (riti(ailelements (if this 
problem is settleiient of small farmers ii ir iilturarl settle
rients on forest la'is without tiking int1 a(( 1u1t th( l, (ia
pacity of the soils. 

PCu)l i( 1nd private sector seltlemerit in thlie sities in(l .w'v
enties affected 8.7 million lha. Data iridi(at(,s thlt ahOuL 75% 
of the total are,i cleared for agricultural settlerents was (han-
nelled through the Institute for Rural Wellfire. 

The problen of the agri(ultural frontier e,vian(ing at the
 
expense of toreskt, in the frav,('wirk o1 hJsines-,iriented ag
ri(ilture, is risonle thai eae'lring
no less vo.i the f1settl(meilt

involving massive letfnrestatoiin of thliuslnds of hemthlres 
using heavy inia(hinr'rv, 'sle(iallv in the pril(es 0LlItajiii,
Alto ~i.ran<i, and (aninleyti. Ihis letforestatioi nay proceed
 
at a still fast(er pmu c on (,the pa,id roi(l between lI+arnacion

an(d Pte+. is ( mpflm, .
Strou(s+snet 

.Clearingof new ar('a, lr itatt,(,d )StUirS al,SO tlstS its 
toil Of ftrest areas, as tlioS,in(,. ot It(tares 01 orests in bohth 
the Lastern region an( the (lil (i hoive been (converted t( 
grasslands. I he Cha(co will I tiartic tilarl -ensiti\'e to the ad
vance of the agricultural rntlier giv'en tilt),i1rti(l,r fe,itures 

itS e(ros stt-ll. lI (late its iiitrwil ('ii\'iriinnieit has h,,rdly
heenri , ('ctid; int there i, i1 ii itjil4 t sWtttl( i t OIrp ,s...
 
asidc, troril tii ()l(l et'nnonite (iloiii(,s -aeld oil large-s alecapita ives i ,is(.t,ent iI Is'LIi)ein '. alila l,givinig rise ti 
Cattle ranches with (tiltivatetl patuies, lorurge trees .,(11 as 

leu aeia, aind intro(ltioill t jojolh. 
Forest Management and Conservation 

Paraguay is in an excellent p)osition to sUl)p~ly its own forest
product needs on an ongoing basis (with sustained yieldsl
Besides supplying its doiiestic needs, it could be i i a position
to export valuahle products using wood as a raw mate;ial.
Paraguay ha; abundant forest lands vhicli are riot particularlySuited to .ij' uliture, and which should he used for forest pro-

Eucalyptus in the Central area, a species recommended for refo,es
tation because of its rapid growth. Photo courtesy Juan A. L6pez. 
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duction. Set aside as forests arid well-managed, these lands These figures alone do not imply irrational deforestation; but 

could yield not only the above-mentioned advantages, but most of the felling of trees is not geared to satisfying Paraguayan 
could also protect the soils, water resources, and fauna of these demand for torest products. MR.A otfthe forest is cut and 
forest areas. They would alsC' protect agricultural areas from burned so as to clear lands for agriculture. A large part is also 
winds and other harniful I)enomena. cut to export wood. 

Certain basic points should he mentioned: Exporting forest and farm prodlucts without a minimum of 

1) The mixed forests of eastern Paraguay are one of the most processing is a luxury that many countries cannot afford. But 

valued on the world market. This resource is disppearing very theie are twov wiys of doing this: the iresent system, without 

quickly, due to the irrational and uncontrolled form in which rational exploitatiotr, whicli will bri ng excellent profits in the 

to expansion of the short term, sinultaienUsly ruining bIoth 'oil and forest reit is being exploited, arid zbove all due 
sources; ani a bettor system, which would involve convertingagricultural frontier, 
some forests to agriculture, especially those with soils that are

The forest is disappearing on landls suited for agriculture, so 'inited. 

where clearing should he done rationally; on lands suited for 

iracticed; and Iwo factors could allay sormie of time pressures on the forests.forestry, where suIstained harvesting should be 
in areas where protective forests should remair unitourchied. -ist, niore intensive management ot agricultural lands so as 

to increase yield per hectare. And econlly, a more modern 
21velledh to keaco rvatexpan o fotiathareing process of tree harvesting to avoid the loss of 50% or more of 

levelled to make way for livestock andl cropi production, where thme wood froni each tree. 

and the wildlife disappears. In 
tile wood is usually burned 

some ireas Chaco soils are apt for continuous agriculture and 
livestock raising; but other soils are very fragile. Natural forests Grasslands 
should le converted to other uses in a rational manner, or 
managed so as to have a perl)etoal yield of forest products, Classification and Description of Natural Grasslands 
depending on what the area is best suited for. 	 InParaguay there are great expanses covered with vegetation 

3) Loans from both domestic and international sources are that, given their topography, climate, and soils, can be de

key for agricultural development. Agriculture is considered scribed as grasslands. Some 21.4 million ha, or 52% of the 
profitable because of its qUick return. Often, however, the country's total area, is covered by different kinds of grasslands. 
negative impact on the land is riot taken into account. In- The largest extensions of grasslands are along the Paraguay 
vestment in forestry does not have a rapid return; thus it is River, on alluvial soils with depressed topography that are 

hard to secure financing, generally subject to flooding. Grasslands are mostly located 

between the isohyets of 800 nin to the northwest (the Chaco)
4) joint state-private sector cooperation is needed to turn 

to the southeast (Misiones, in the Eastern re-
Paraguay into a country with well-managed forests. As regards and 1,500 mm 

the public sector, scientific forest management is a relatively gion); and between isothermal lines of 25'C to 22C.Table 

VIII-1 shows distribution of grasslands by provinces, area, total 
new activity inParagUay, and there has been little progress in 

head of cattle, and density of grazing.its various branches. Just ten years ago the National Forest 

Service was formed as an administrative unit within the Min- Table VII-I indicates that 21.4 million ha support 6,341,384 
istry of \griculture and Livestock. The SFN is the appropriate head of cattle. The provinces with the most extensive grass
agency for promotirig forestry, but little has been done: a basic lands are t',eerbucni, Paraguarf, Misiones, Concepci6n, and 
budget, well-trained human resources, and a strong commit- San Pedro, in the Eastern region; and Presidente Hayes, Alto 
ment to resolve Paraguay's forestry prolblenris are all needed. Paraguay, and Boquer6n in the Western region. 

The density of grazing can be used as a technical indicatorEconomic Potential of Forests 
Paraguay's forests are extensive, varied, and could supply of grassland productivity. This varies from high density in San 

the country with most of its forest product needs, whether these 	 Pedro province (.8 ha per head of cattle) to very low density 

in Chaco province (55.8 ha per headOfcattle). Average density
be manufactured goods that use wood; fuelwood and char-
coal; wildlife; protection of watersheds and soils; recreation; for the country as a whole is 3.4 ha/head of cattle; it is 2.5 

.x- for the Eastern region and 4.8 for the Chaco. or forested grasslands with forage for livestock. With the 

ception of paper and pulp products, Paraguay's forests sul This description will treat the Western and Eastern regions 
separately. Shantz's system of classification will be followed,almost all domestically-consumed rorest products. 

used to better differentiate among the cover thie country's with some other namesFurthermore, Paraguay's forests co0uld 
not for different kinds of grassland.

needs in a sustained fashion for niany years, it it were 

deforestation and irrational exploitatiun'.. The eastern forests-- Western Region 
Paraguay's most valuable--were levelled at a rate of 1,000T 
km2/year from 1945 to 197, leaving 68,364 km at the end The Western region, or Caco, covers 24,692,500 ha, ac

of that period. Ac(.ording to all indicatiurns, this rat has in- counting for 60.7% of Paraguay's total area. The region has 
some 11,438,799 ha classified as grasslands. Of course most

creased in recent years. Other reports indicate that 2.3% of 
of these grasslands are partially covered with woody vegeta

the northeastern forests are lost each year, and that the annual 
tion, the most corimon kind of grassland being time savanna. 

rate of defn)restation for the entire Eastern region is 3.4%. The 

Chaco's forests are not under so much pressur,, lut its soils According to prevalent environmental features, the Chaco 

are more fragile, and desertification could become another can be divided into sub-regions, each one, in turn, with several 

problem in the region, subdivisions. 
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Low Chaco and floodplain of the Pilcomayo River This area 
is located at the southern cone of the region, beginning at 
Pozo Colorado in the south, and including a strip of land 
parallel to the Parag.,uay River the breadth of which varies 
between 60 and 80 km from the river westward. 

Ihe grasslands found in this subregion follows:are as 

I . I) Swamps 

These are natural grasslands, occupying the most depressed 
places, and covered by w-iter of considerable depth much of
the time. Alluvial soils consist of hurnic gleys and shallow 
planosols that arecdark, with silly clays, and impermeable hard 
clay subsoils. -ligh in organic matter, calcium, phosphorus, 
and potassium, aeration is poor and Surface drainage slo.'. 

Herbaceous vegetation of the upper stratum is made 
mostly of cypress grass (Cyperus gigateLIs) Ceripus 

up 
validus, 

reeds, Thypa latifolia, Thalia geriiculata and T. nultiflora (Pe-
guajh6). Herba(eous vegetation of the lower stratum is made 
up of good quality lorage grasses such as clubhead cutgrass 
(Leersia hexandra) panic grass (Panicun elephantipes), Di-
plachne uninervia (rice ;tiass), and I !;'enachne aniplexicaulis
(pasto-y). 

The swamps generally have savanna vegetation growing
around the edges, with the caranda palm (Copernicia australis) 
particularly significant. 

1.2) Marshlands 

These are natural grasslands, occupying depressed areas 
where the water just covers the surface, and where dry and 
flooded periods alternate, flooded conditions prevailing most 
of the time. The soils are hydromorphic planosols, or humic 
gley. They have silty mud with impermeable hard clay sub-
soils, and slov surtace (Irainage. Marsands have a high ca-
pacity for ionic exchange, and are high in organic matter, 
phosphorus, calcium, and potassium. Aeration is poor. 

The vegetation is made up of excellent quality forage grasses,
the most noteworthy ones being Hemarthria altissima (car-
nation grass), Paspalum alcalinum, longtom paspalum (P. liv-
idum), combs paspalum (P. almum), Louisiana cupgrass
(Eriochloa punc~ata) clubhead cutgrass (Leersia hexandra), and 
Bermuda grass (Cynodon dactylon). Like the swamp vegeta-
tion, the marshlands have savanna type vegetation around theedges, in which the caranda palm and Acacia cavenia (arom-
ita) prevail. 

1.3) Palm savanna 

This formation corresponds to savanna vegetation. It occurs 
in flat areas that represent a transition between the depression 
of the s-amps and marshlands, and the heights of the esparto 
savannas or brushwood. They are subject to short-term flood-
ing, alternating with dry periods, with high soil moisture. Tihe 
palm savanna has gray hydromorphic soils (planosols), with 
silty muds and with impermeable hard clay subsoils. Surface 
drainage is slow, and permeability poor, with shallow, poorly
aerated soils. This savanna is low in organic matter and high
in phosphorus, calcium, and potassium. The herbaceous veg-
etation is made Ll) Of Upright shrub species such as Indiangrass
(Sorghastrumn agrostoides), Paspalum pauciliatum and brown-
seed paspalum (P. plicatolum). These species lose some or all 
of their forage quality rapidly as the shrubs develop, falling to 
minimum levels at flowering. There are also low grass species, 

good for forage, such a,combs paspaluni (Paspalum allum),
Bermuda grass (Cynodon dactylon), and Paspalun alcalinum. 
Woody vegetation includes common ilnesquLite (Prosopis cam
pestris), black algarrobo (P. nigra), algarrobillo (P. algarro
billa), caranday palm, and Cathornion plyanthum (timb6). 

1.4) High grass, grasslands 

These grasslands occur in are.s where droughts and floods 
alternate. The grass species aregood forage. Among ther tall and generally make forare ornglor paspaluin (Paspaluml 
lividutm), Paspalum alcalinurr, Louisiana cupgrass (Eriochloa

piinfl( ta) n" r;o hi; The botanical makeup
of these grasslands is similar to marshland vegetation. During 
droughts, the vegetation is hardly productive, indeed it would 
sem that the vegetation were absent. With the floods, the 
presence of grasses is exuberant. These grasslands have varying
degrees of brushwood such as vial, aromita, algarrobillo,
algarroba, and labon. These grasslands are quite common in 
the dry subhumid climatic region, and correspond to the tran
sition from the low Chaco to the dry Chaco (Pozo Colorado, 
Pirah6i, the Genral Diaz area, and Salazar). 

2) Upland grasslands 
Also found within the Chaco depression and Pilcomayo 

floodplain, and in the dry Chaco, are forms of vegetation cov
ering relatively higher areas, which asare not moist nor as 
prone to flooding as those described above as low grasslands. 

Such vegetation can be broken down into esparto savanna and 
brushwood. 

2.1) Esparto savanna 
rhis corresponds to savanna vegetation, occupying higher 

areas less susceptible to flooding. The soils are hydromorphic, 
with loamy surface of variable depth (10 to 30 cm) above an 
impermeable hard clay subsoil. Surface drainage is good. Low 
in organic matter, this savanna is high in capacity for ionic 
exchange, phosphorus, potassium, and calcium. 

Woody vegetation includes the caranda palm, espinillo, black 
algarroba, and algarrobillo. The prevalence of some of these 
species varies from zone to zone. In the Pilcomayo area, al
garroba and algarobillo prevail, whereas in the eastern Chaco 
depression palm and espinillo are most common. 

Herbaceous vegetation is made up above all by balsamscale 
Heraous aonsd pabvall basamsca
(Elyonorus latiflorus), brownseed paspalum (Paspalunm plica

tulum), cordgrass (Spartina argentinensis), fourflower trichloris(Trichloris pluriflora), manyspiked chloris (Chloris polydac
tila), and dropseed (Sporobulus pyramidatus).
 

3)Dry Chaco 
The dry Chaco has two subregions: the central plain and 

the western plain. The predominanl climate is dry subhumid, 
megathemal, with moisture deficit, varying between the 500 
mm and 900 mm isohyets. 

3.1) Semiarid savanna 
In both subregions the prevalent vcgetation corresponds to 

the savanna and dry forest, which means that woody vege
tation prevails over herbaceous vegetation The most common 
woody species are: red quebracho, white quebracho, bulnesia 
(Buliesia sarmientoi), and Argentine calcophyllum. Herba
ceous vegetation i.very thin and is found along channek or 
drainage depressions, and in interstices in !he forest. The most 
significant species are: balsamscale(flyonorus adustus), six
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weeks threeawn (Aristida adscensionis), Heteropogon contor- phosphorus, and potassium, and poorly aerated. The vege
tus, rrichloris erinita, and bristlegrass (Setaria leianta). tation is made up of tall grasses such as panic grass (Panicum 

pronitis), Indiai gras'; (Sorghastrum agrostoides), bluestem grass
Eastern Region (Andropogon lateralis), ,atintail grass (Imperata brasiliensis), 

In the Eastern region, as in the Chaco, grasslands are found Paspalum Devincenzii, Cypenjs giganteus, and witchgrass 
in both high and low areas. (lhypa latifolia); and low grasses such as clubhead cutgrassThere is a marked predominance (Leersia hexandra) and Panicum elephantipes. These grass
of grasslands in low areas, lands are characterized by their high productivity of forage, 

1)Lo.v grasslands low nutritive value, and difficult access due to their swampy 
.I ) Savanna with palm groves nature. In general, they c,uld be best used as wildlife pre

O)n ihe east bank of the Paraguay River a strip of vegetation serves, 

occurs, varying in width, characteristic of the fastern Chaco 1.4) Swamps
 
depression, i.e. palm savanna. This vegetation grows over hy-
 These correspond to grassland formatiorns. They are similar 
dromorphic soils--planosol., and humic gleys-with limited to the low grasslands, but are deeper and hold water longer. 
permeability. 1he soils are deep, with poorly aerated clay There is little or no runoff Of surface water. The vegetation is 
subsoils. They have variable organic matter, and adequate that of permanently moist enviroiiments: camalote, camalo
level,; of phosphorus, calcium, and potassium. The vegetation lillo, pirf, reedls, peguoj6, and yahap6. Of limited forage value,
corresponds to the savanna formation inlwhich the woody these grasslands may be best uIerJ as wildlife prese.ves aind 
vegetation is ;epresented by the caranda palm, espinillo, Mi- for recreation. Lake Ypoi and environs and the drainage areas 
mosa millefollita, and Mimosa asperata. The h vrbaceous veg- of Lake Ypauaraf constitute extensive areas covered by swamp 
elation is made up fupright shrub species, such as Indiangrass vegetation. 
(Sorghastrum agrostoides), panic grass (Panicuir prionitis), 2) Upland grasslands 
Paspalum pauciliatum, and bluestem grasses (Andropogen [a
teralis and A. condensatuin); and low-lying species, such as 2. 1) Rolling grasslands 
tropical carpetgrass (Axonopus compressus), brownseed pas- These correspond to grassland formations. They cover tran
palum (Paspalum plicatului), balsamscale (ElyrMurus latiflo- sition areas between low grasslands and uiplarJ grasslands and 
rus), and Bermuda grass (Cynodon dactylon), lie above transported or residual soils. 

1.2) Flat grasslands with tall grasses The soils are acidic, and poor in organic matter and min-
These areas are found in the Eastern region bordering on erals. Surface drainage is good, perrnleability isaverage. Forage 

the palm savanna along the Paraguay River and often in the isgenerally made uip of mixtures of upright and creeping grasses.
interior. -hese grasslands are typical, and generally lie in ex- Among the upright grasses the most common are bluestem 
tensive plains subject to short-term flooding. These flat grass- (Andropogon lateralis) and Indiangrass (Sorghastrun agros
lands occur above hydromorphic soils-planosols with sandy, toides); while the most common creeping grasses are Bahia
horizontal surface-and silly muds, which in turn cover an 
impermeable hard clay subsoil. Internal drainage is limited, 
while surface drainage is moderate. The soils are acidic with 
intermediate amounts of organic matter and are low in phos
phorus, calcium, and potassiuni. Given their physical-chm- ,
 
ical properties, flat topography, and capacity for surfice
 
drainage, these soils are ideal for conversion to croplands,
 
especially for rice. The main upright species are Indiangrass k
 
(Sorghastrum agrostoides), bluestems (Andropogon conden
satum and A. lateralis), panic grass (Panicun prionilis), and
 
cypress grass (Cyperus sp.); the main creeping species are .o,
 
tropical carpetgrass (Axonopus compressus), A. affinis, Bah- ;
 
iagrass Paspalum notaturn), Paspalum guaraniticum, and cy-
 ... .
 
press grasses (Cyperus spp.). 

In conditions Of undergrazing this vegetation becomes tall 
and shrub-like with little nutritive value. Such vegetalion is 
burned frequently to make use of the land. Whun there is 
overgrazing, there are low grasses, such as Axonopus and 
Paspalum. . ...
 

1.3) Low grasslands in depressed lands 
' 

These correspond to grassland vegetation. These grasslands ' ,
develop in depressed areas that normally retain water at the,, 
surface or, more frequently, form natural drainage channels ' ' 

fur extensive areas of highlands or plains near rivers and streanis. 
The soils are hydromorphic, generally shallow, light initexture 
and rest on impermeable hard clay subsoils -planosols or acidic 
humic gleys-and are high in organic matter, low in calcium, Insome areas the land produces excellent cut forage. 
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grass (Paspalum notatum) and tropical carpetgrass (Axonopus 
compressus). Paspalum predominates in the northern fields, 
and Axonopus in the south; both make excellent pastures. 

2.2) Forested grasslands 

These correspond to grassland formations. They occur at 
high physiographic sites, usually above residual soils derived 
from sandstone (in Concepcidn, San Pedro, Amambay, Mi-
siones, and Caaguaz6), granite (Paraguar), and basalt (ItapCia, 
Alto Paranii). As they are found at higher altitudes these grass-
lands do not have excess soil moisture. Depending on soil 
depth and water retention capacity, these grasslands are gen-
erally affected by drought. The physical properties of the soils 
render them fit for conversion to croplands, especially in Mi
siones, Caaguaz6, Itapla, and Alto Parani, even though the 
yields are limited by significant mineral deficiencies and high
acidity. There aie good foraging grasses, especially common 
carpetgrass (Axonopus affin s) Bahiagrass (Paspal un riota tum), 
brownseed paspahlm (P. plicatulum), and bluesteni (Anr)ro-
pogon lateralis) in the grasslands of the northern area (Con-
cepcion, San Pedro, Amambay); and tropical carpetgrass
(Axonopus compressus), brownseed paspaluni (Paspalun11 plic-
tulurn), bluestem (Andropogon laterali, inr- Indiangrass (So . 
ghastruni agrostoides) in the forested grasslands of the sout, 
(Misiones, Caaguaz6, Itap)Oa). The forested grasslands in the 
north have been penetrated by yatai (Butia yatay) and araza 
p6, while the southern grasslands have been penetrated by 
typychi moroty (Veronia chamiaedrys). 

Cultivated Grasslands 

While livestock raising is generally carried out using forage 
from natural pastures, Paraguay has the proper conditions for 
developing improved cultivated pastures with greater proiuc-
tive potential both quantitatively and qualiativflv. 

In order to reduce the negative effects of feeding exclusively 
on natural pastures, and to increase livestock population Ol 
ranches, producers have been steadily incorporating cultivated 
pastures. Among the most widely used species are: 
Spreading crabgrass, (Digitaria decumbens), in parts of the 
Eastern region and in the Chaco depression, generally on al-
luvial soils in plains that may be subject to short-term flooding. 
Guineagrass, (Panicum maximum), in areas with residual soils, 
originally covered with forest vegetation, characteriz:ed by good 
drainage, depth, aeration, absence of floods, and average and 
high fertility. Extensive forest areas in the provinces of San 
Pedro, Concepci6n, Amamlbay, Alto Paran,, and Canincley6 
were deforested and planted with guineagrass. At present these 
are among the most productive livestock-raising areas of the 
country. 

Sandbur grass, (Cenchrus ciliaris), is found in parts of the dry 
Chaco (central plain and semiarid savanna), on lands char-
acterized by deep sanrly soils with good drainage and aeration, 
and water deficiency (semiarid-dry). Extensive areas of these 
regions have been plante( with sandbur grass which are the 
basis of the high levels of beef and milk production attained 
by the Mennonites. 

Star gra.s.s, (Cynodon plectoslachyns), is the most suited of 
all cultivated grasses in Paraguay to) a wide variety of envi-
ronmental conditions. Extensive star grass plantations can be 
found in the southeastern part of the Eastern region (ItapJa 

and Alto Parani), the northeastern part (,manmbay, San Pedro, 
and Canindey6), and in the Chaco depression and the dry
Chaco. At present the Mennonite colonics are cultivating this 
species intensively. 

()hc, species, such as sigin grasses (Bracchiara decunbens 
11!,! B. humidicola), and bristlegrass (Setaria sphacelata, Ka

zungula variety), have only been used recently ir, Paraguay. 
The brachiarias anti setarias have rapidly beomne popular among 
ranchers given their excellent adaptability and productivity in 
several parts of the country. 

There are indications that I million ha of artificial grasslands 
have been planted in Paraguay. 

Natural Grasslands and Forage Production 
Receptivity of the grasslands. Making use of the tremendous 
quantity of forage produced [ natural grasslands-converting 
it into animal products such as meat, milk, leather, and wool
depends on how the grasslands are managed. One of the main 
management techniques is planting pastures in acccrdance 
with their receptive capacity. The receptivity of grasslands is 
defined as "the total number of hectares of foraging area needed 
to satisfy the feed demand of one animal," (a 400 kg steer), 
or, in other words, the total number of animal units (AU) that 
can satisfy their food needs on one hectare of foraging area, 
expressed in AU/ha or ha/AU. The factors that determine grass
land receptivity are: 1) foraging productivity, which depends 
on climate, physiography, soils, and botanic composition; and, 
2) management practices, such as frequency and height ofcutting, fertilization, pasture rotation, grazing system, weed
control, supplementary feeding, and size of pastures. 

Given the above definition, grasslands will show marked 
differences in their respective receptivities; even within asingle 
pasture there will be differences in receptivity depending on 
how intcnsively or extensively the p.vt",'C is ut,&d-d. "iiu fir,,t 
approximation of receptive capacity is based on the forage
availability of growth of a complete cycle in the course of the 
year. Table VIII-2 presents annual availability of forage and 
receptivities for different kinds of natural grasslanrs. 

Estimated receptivity is determined by several factors, in
cluding forage availability, potential use levels, accessibility, 
use periods, and weeds. Low grasslands and swanips have the 
same forage iroductivity, 7,000 kg/ha; nonetheless, receptiv
ity of low grasslands is 2.8 ha/AU, while that of swamps is 
only 4.0 ha/AU. The lower receptivity of swanps is due to 
the fact that during certain parts of the year they cannot be 
used because of excess water, difficult access, anid other fac
tors. 

Some grasslands have qluite high receptivities, such as the 
palm savannas and marshlands of the Chaco, and the forested, 
rolling, and flat grasslands in the Eastern region. Low recep
tivity grasslands include the semiarid savanna in the Chaco, 
and the swanps of the Eastern region. 
Burning grasslands. Burning is of one of the most common 
management techniques. The objective is to get rid of the 
hardened herbaceous mass, high in cellulose, hemicel Illose, 
and lignin, whicir include above all the upright, shrublike 
species (Anrlropogon, Sorghastrurn, PaniicuL), which form sllk 
annually, favoring the uniform resIrouting Of these plants. This 
practice is one way of rendering the grasslands plantlife youn
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Table VIII - 2 
Kinds of natural grasslands, current forage availability. 

(Kg/IHa dry matter), and estimated receptivity 

Forage Receptivity 
Kind Kg/Ha Ha/AU 

WESTERN REGION 

Swamps 7,000 4.0 
Marshlands 4,40(0 2.0 
Palm savanna 4,000 1.8 
Tall grass grasslands 2,700 3.5 
Esparto savanna 3,000 3.0 
Semiarid savanna 800 15.0 

EASTERN REGION 
Palm savanna 4,000 1.8 
Flat grasslands 4,500 1.5 
Low grasslands 7,000 2.8 
Swamps 7,000 4.0 
Rolling grasslands 7,000 1.2 
Forester] grasslands 6,800 1.0 
Average receptivity 2.I 

ger, which leads to greater palatability, nutritional value, and 
digestibility of vegetation that had previously had little value 
as forage. 

But burning also has a negative impact on the ecosystem. 
Negative effects include: 1)destruction of soil organic matter; 
2) loss through runoff of minerals (calcium, phosphorus, po-
tassium) that remain in the fields as ash after burning; 3) de-
struction or damage of the soil's microflora; 4)changes in the 
physical-chemical properties of the soil; 5)exposure of the soil 
to biological-climatic phenomena such as rains, trampling, 
winds, erosive agents, and weed infestation; and, 6) change 
of original vegetation, with increase in species that have greater 
tolerance for fire. 

Burning is practiced on all of Paraguay's grasslands. The 
most common time of the year for burning is at the end of 
winter, after the frosts and before the spring rains. Usually the 
air is polluted by the smoke and dirt during August and Sep-
tember (smoggy skies) as a result of widespread burning of 
grasslands. The frequency of burning of a single l)asture may 
be annual or spread over two or three years. There is little 
scientific information on techniques for burning, 
Other management practices. Other management practices 
incl, de: 1) grazing systems; 2) control of hardening of grass-
lands (cutting); 3) weed control in pastures; 4) supplementary 
feeding in critical periods; 5) fertilizing grasslands; and, 6)
improving low flooded pastures. 
Weed-infstation of grasslands. Most of Paraguay's grazing 
lands are weed-infested. In some cases, infestation is slight 
aiid even ephemeral; in other cases it can be so serious as 1o 
render the fields unfit for grazing. 

This problemn is less serious in the Eastern region, where the 
vast majority of weeds allow for the presence of forage species;
this is not the case in the Chaco, where the weeds totally
eliminate forage species. 

The receptivity of gi-azing lands is substantially reduced as 
weeds become ever more present, jeopardizing the lands' pro
dLIctivity; thus it is necessary to develop effective and eco
nomical methods of weed control so as to eliminate or at least
reduce the degree of infestation of pastures. E.en more ir
portant is the task of developing managem ent techniq,,es to 
prevent infestation of pastures in the first place. 

Functions of Grasslands in Environmental Conservation 
Grasslands. Grasslands are plamt communities that cover ex
tensive areas of Paraguay. They cover areas normally affected 
by several climatic, topograr'hic, and eclaphic limitations. The 
plant species that make up grasslands are the first links in the 
chain of plant succession. 

Succe:;sion of vegetation generally has the following order: 
swamps, marshlands, low grasslands, savannas, flat grasslands 
with tall grasses, upland grasslands, forested savannas, and 
forests. 

The succession of plant life is particularly dynamic in the 
Chaco; this is manifested in very rapid changes in vegetation. 
Shrubs and woody vegetation invade and replace grassland 
vegetation rapidty. This change, or succession, is accelerated 
by inappropriate grassland management practices such as ov
ergrazing and burning. 

Grasslands as soil-improving agents. Grassland vegelatni,
with grasses, legumes, Cupressaccaes and other species, de
posit significant amounts of organic matter in the soils each 
year through their roots, stems, and leaves. As thesc elements 
are recycled through the soil-plant-animal-soil process, they 
improve the soils. 

Intensive studies are under way to determine species capable 
of fixing atmospheric nitrogen in acidic soils, and in tropical 
or subtropical climates. Studies in this regard have been Un
dertaken in Paraguay. 
Grasslands as a mechanism for soil recovery. The physical
chemical properties of tie soil have been altered by agronomic 
practices in areas where crops are grown annually. Reduction 
of mineral content and clay as a resu!t of crop production and 
the impact of climatic elements such as rains and wind ac
celefates erosion. There are indications that depleted soils re
cover their physical and chemical properties when crops are 
rotated and fallowed with grassland vegetation. The benefits 
can be increased if perennial grasses and legumes can grow
side by side. There have been indications on a local level of 
soil recovery resulting from planting of hristlegrass, crabgrass, 
and Bermuda grass. 
Grasslands as protection of soils against erosion. Sloping soil 
surfaces without vegetation, under intense rainfall, are prone 
to erosion on an alarming scale. Use of grassland species to 
cover areas susceptible to erosion is the best way of avoiding 
significant damage to the ecosystem. Railroad tracks, other 
banks, aid highway embankments can be efficiently covered 
and protected from erosion using Bermuda grass.
 

In the northern part of the Eastern region, which has sloping 
topography, sandy soils, and intense rains, soils may erode 
easily and in an accelerated fashion. At present, large problemareas have been covered with Star grass, which serves tile ara have red S ts wi erstbe with 
important function of reducing the effects of erosion. 
Grasslands as protection for wildlife. Swampy grasslands, 
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marshlands, and swamps constitute particular ecosystems that
 
are relatively unimportant in terms of material production (leat, 
 K., ..milk, wool). Nonetheless, they constitute important environ- , ,,, 
mrents from the ecological standpoint, fulfilling important func- ",i -.

lions insofar as they are homre to wild fauna. If these areas pip
 

weic to disappear, this faina would die Ott in large numbers. 

Wild Aiima Life 
Biological Inventory 

There is a great abundance and vari-ty of aninial species

native to Paraguay throughout the :ountry. But over time and

with the advance ot civilization th( native animal wildlife has
been diminishing to the pcint that several species are currently

endan.gered as a resuhlt f destruction of habitat or indiscrim 
inate hunting,,. With the advent of nioder, 
 means of transpor- The biologica inventory should not ignore flora: Passiflora cincintation there are hut tew areis where rnan has not had a nata, Detensores del Chaco National Park. Photo courtesy Nationalconsiderable impact; his direct effects on wildlife are well Forest Service. 
known. 

As a first step in conservation of fauna, two significant pro
grams were undertaken by the Ministry of Agriculture and
Livestock through the National Forest Service: the biological Critically Threatened Species

inventory and administration of wilderness areas.
 

The biological inventory is the main source of basic :nfor- Endangered higher vertebrates in Paraguay have been groupedin four categories:
rnation regarding distribuliOlr piopulation, and current status
of wi ldlife. ()ne of the main goals is to provide basic data for Endangeredconservation )rograrns and sc ientific and educational Projects. This category includes all species that have dclined at

The biological inventory ,was launched int 1980 and is sup- alarming rates and which are on their way to total extinctionported by the U. . Peace Corps. Though personnel is limited if immediate action is not taken.
(41biologists ; 11d one agronomist), the effort has yielded a 
taxonn io ciassificalion revealing, Io date, .305 species of Threatened ranum s, 65t0 spe( is ot birds, 120 species of reptiles, and This refers to species whose populations have diminished85 species of aImthhi,ils. considerabily and which, if the pressures to which they are 

The biological inventory programi alS involves setting Lip subject are not relieved, will be in danger of extinction.
and operating the Natural History Museumi; this project i, still 
at an incipient staige due to lack of resources. ('rice in full At Risk
swing, it will study Paraguay's wildlife, setting noris., 1lmllin- This applies to species with limited distribution that mayi.tering wilderness areas, and fostering conservation, pass to a more critical state if subjected to sudden pressures. 

46-, 

Low grasslands provide excellent habitat for birdlife. Photo courtesy Tire giant anteater, a species threatened with extinction. Photo
Nitional Forest Service. courtesy Natioral Forest Service. 
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Undetermined 

There is concern as to the status of Such species, but avail-
able data is insufficient to determine whether they Should be 
included in any of the above categories, 

Table VI 1-3 lists endangered species in the respective cat-
egories ind causes of this status; it also notes if the species 
are listed by the International LUnion for the Conservation of 
Nature and Natural Resources as being endangered world-
wide. None of the species are cxluiive to Paraguay; none-
theless, this overview considers oniy their situation in Para Way.
Table VIII-3 clearly indicates the main factors affecting Para-
guay's wildlife: destruction of habitat, commercial exploita-
tion, and intensive hunting. 

Destruction of habitat is the main reason why many species 
are endangered; this will clearly continue to grow in impor-
tance as a threat to wildlife, as Paraguay develops and the 
population expands to remaining natural areas. Clear signs of 
the impac, of destruction of habitat are evident east of the 
Paraguay River, whcre the provinces of Caaguaz6, Canindey6, 
Alto Parani, and Amambay, and areas along the new high-
ways, are rapidly being cleared. It is only a matter of time, of 
which little is left taking into account the rate of deforestation, 
before the extensive forests of eastern Paraguay are reduced 
to small plots along the inaccessible foothills, and many wild 
species, which had depended on the complex ecology of the 
forests, become extinct in Paraguay. 

Table VIII-3 indicates which species will be the first to dis-
appear. The harpy eagle will certainly be among the first. This 
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Palmito, an endangered species, provides raw material for canning
heart of palm. Fhoto courtesy Juan A. LMpez. 

great hunter is larger than any other of its group, and it largely 
depends on the extensive primitive and virgin forests. Decom
position of its natural hahitat has advanced to the point that 
only a few eagles are left. 

The helmeted woodpecker issubjected to similar pressures. 
Like the harpy eagle, the helmeted woodpecker nests in tall 
trees to reproduce; its population has declined at such an 
alarming pace that none have been seen in Paraguay in recent 
years. 

Birds that live in the large forests are endangered. The Bra
zilian merganser, a v eb-footed bird that inhabits the forest
covered banks (if the rapid tributaries of the Parani River, is 
virtually extinct in Paraguay. 

Even though change and destruction of habitat invariably 
jeopardize forest species, careful planning taking into account 
factors affecting wildlife will help to considerably reduce losses 
of fauna and other resources, and will at the same time en
hance the benefits of development in the long run. 

Paraguay is relatively small as compared to its neighbors.
Noneteless it has an extraordinary variety of environments 
such as tall, low, and mixed forests, and palm-studded brush
wood, as well as a variety of aquatic environments including 
rivers, lakes, lagoons, brooks, marshes, and swamps. All of 
these play a vital role as home to hundreds of species; they 
also take in migratory birds that spend a part of their life cycle 
in the Neotropics. These birds will also be affected, even by 
a minimal change in their areas ( f concentration, especially 
in the marshlands of the Chaco and southern Misiones. 

Tile total number of species affected by destruction of habitat 
as shown in tabl VI-3 is less than the Sum of the subtotals. 
This isbecause in some cases asingle species has been affected 
by the destruction of two or more kinds of habitat. 

Wildlife Habitat 
The broad array of habitats in Paraguay's natural environ

ments is an important factor behind the diversity of fauna. 
Thus, conservation of parts of these environments will be necessary if tihe fauna is to Survive. Even when some key habitats, 
such as tile dry forests of central Chaco, are relatively protected
insofar as they are at least part of national parks, other habitats 

have not been protected at all to date. 
In many cases these unprotected habitats are even more

spoiled due to tile unfortunate fact that they are under intense 
from development. This section will describe key areas 

that support important animal species in Paraguay. These sites 
are set forth in map VIII-5. Iach of the 10 areas has components
of the main biogeographic areas. These sites do not represent
bounlaries of potential refuges, but rather areas in which re
serves can be set up. 

However, each reserve should be large enough to sustain 
the biological diversity of the animal population for a long

In effect, some of the areas indicated already have re
serves; they have been included so as to suggest that Such 
reserves be expanded. Of course, conservation of habitat for 
wildlife iscompatible with other important objectives regard
ing land use. 

Such compatibilities should be takenj into account in re
gional land use planning. If imniediate actions are riot taken 
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Laughing falcon. Photo courtesy National Forest Service. 

to protect some of the critical areas, especially in rapidly-
developing eastern Paraguay, of thesome more important 
wildlife areas and their species will soon disappeai, 

The 10 sites indicated in map Vlll-5 range from those crit-icall1threatesndithe inive) o 
 rhosethangae
ari (thoecit-ically threatened (the first five) to those that are at risk (the last 
five). Thle very areas threatened by deforestation overlap with 
the distribution range of several species listed in table VIII-3. 

Critically threatened areas are those drastically affected by
human activity. At risk are those areas where destruction o 
hloabitat is minimal but where illegal hunting and commercial 
explittio~n is harming wild populations. 

The areas indicated in map VIII-5 are presented in order of 
priority with respect to attention needed for conservation. Fol-
lowing is a brief description of each area: 

Area 1: In this area are found Paraguay's densest palm forests, 
characterized by Euterpe edulis and Alsophila, a giant fern 
genus mixed with tall and moist woods, Sonic endangered and 
threatened species are found in this biogeographic zone. These 
habitats are not protected at present, anid are being destroyed 
at an alarming pace. This area includes parts of the provinces
of CanindeyO and Alto Parani. Gradual settlement of Brazil-
ians has had a serious impact on the original vegetation, as 
lumbering and agriculture have been intense. Immediate mea-
sures should be taken to avoid overexploitation of the last 
standing natural forests. 
Area 2: This is a unique zone of vegetation that corresponds 
to tall subtropical forests, but with a different structure. The 
area is very moist andis drained by the many tributaries of 
the Parani River. The forests are replete with yvyrapyt, (Pel-
tophorum dubium), which is covered with epiphytes and lianas. 
This area is in the eastern part of the province of ItapCia and 
the southern part of Alt,) Parani. Little is known about the 
wildlife in most areas, and It is hard to point out more precisely 
where the species listed in table VIII-3 are found. It is more 
difficult to locate such species in large forests than in open 
areas Such as the pantanal of lower Chaco. 

Area 3: A forested region with trees such as Balfourodendron 
riedelianum. Peltophorurn duhium, and Ceclrela sp,; endan-
gored carnivores Such as the Jaguar live in this region, though
in small numbers. This area Includes the eastern parts of San 

Savannah hawk. Photo courtesy National Forest Service 

Pedro and Canindeyoi. It is the last important forested area in 
the province of San Pedro. liier"ive reforestation projects are 
needed in all deforested areas, but in order to draw back the 
wild fauna, trees planted should be of native species, and not 
exotic species such as eucalyptus or pine. Non-riative species ' do not yield fruits the animals can feed on, nor'ldo they haveadequate foliage or structure for parrots, woodpeckers, or birds 
such as thie harpy eagle to nest. Neither (1o they offer approsuate ha r e al n N eie d the o
priate condlitions for mammals arid -eptiles such as the corn-
mon tegu to rest.
 
Area 4: This area includes the thickest and tallest forests of
 
the central area of Paraguay's Eastern region, including, for
 
example, the forests along the banks of the Tebicuary River.
 
Typical flora include Nectandra, Ocotea, and Microcarpus,
 
This area is important ior several wildlife species including the
 
South American river otter (Lutra platensis), the Brazilian tapir, 
anld the coatimundi. These forests of the province of Ca,zapi 
are being felled rapidly. 
Area 5: The significance of this area, circled by the Apa
River, derives from its contiguity wilh the pantanal of Mato 
Grosso. The forests along the shores of the Apa, a tributary of 
the Paraguay River, also provide excellent conditions for wild
life and important bird species with limited ranges, such as
 
the hyacinth macaw, mammals, including the Brazilian tapir,

and reptiles such as alligators and iguanas.
 

rea 6: This area includes lowlands Susceptible to flooding

in the provinces of tNeembucj atd Misiones, including Lakes
 
Ypo6 and VerMi, the country's largest. This habitat Is similar to
 
the lower Chaco, though the forests have been completely
destroyed. The moist lands are still intact and free from pol
lution, though commercial exploitation has considerably re
duced the alligator populations. This area continues to be 
important for some mammals such as the swamp deer, Drain
age of this extensive aqIuatic area is a potential threat that 
should be dealt with immediately in the face of the advancing 
populations. 
Area 7: [he marshlands of the lower Chaco are highly bus
ceptible to flooding, and have sonic palm (Copcrnicia .]lba) 
forests. The lower Chaco is important not only for some en
dangered species such ais the alligator, black-necked swan, 
ibis, and Brazilian merganser, but also for most of the aquatic
birds that gather there in great numbers to reproduce. 
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Areas 9 and 10: These areas correspond to the dry Chaco 
forests, with well defined physiographic leatures and quite 
varied climatological colditions. They support endangered wild 
felines and canines, and have been SUijcted to the pressures 
of commercial exploitation. t he peccary, aspec ies of pig con
sidered extinct, wNas tound in 1977 in these expanses, In area 
9, Andean glalat-OS have [)een sighted in a semidesert, sandy 
area, which is particulary noteworthy, a , these ranniaIals have 
not been sighted elsewhere in ParagLiay. 

Ili general the entire (haco is vulnerable; there has h)el 
growing iritere,:t in countries b)orderirig on the Chaco, sUcch as 
Argentina, that it ire properly managed, for given its size and 

, co,omplex makeup i i terms of flora and fauna, it rertuires special 
attention. Thus any changes inl thle Chiaco's vegetationl ShO~ld 
be implemented witlIinl. great c(re; otherwise desertification may]set 

7ropical screech owl. Photo courtesy National Forest Service. Species Introduced to Paraguay 

Paraguay has heen ver\, ILc k,: , t,ern. )Ofnot suffering neg-
Though this habitat isnot cuArrently threatenred by lunlmherirg, ative effects front introduction of exotic speu(e. Inseveral parts 

as in the Eastern region, illegal Linuting and commercial ex- of the world where exotic species have ien iirinduced, exotic 
ploitation have brought about a precipitous decline in the pop- forms set in anI grew, having escaped or heen delirtly 
ulations of swamp deer andiLhush (log. No part of the lower set free. Ihese species have had a negative impact on their 
Chaco or any other inip)ortarit aquatic habitat is presently pro- new en\vironnients, 1here are se\ eral potential effects, ranging 
tected as part of a reserve or otherwise. l his isthe most striking fror crhanging the na ce habitat and int Oducing nw ,millial 
area as regards the variety of aninial species, including reptiles disuaSes to spreading . riotis crop disease. 
and amphibians. Aside from typical doiestit species, itappears that rinexotic 
Area 8: This is the only part of the tipper Chaco thai hi s forms have been established ill Paraguay; the country should 
extensive mixed forests with palms and typical Chaco vege- ensure that no such Species are introtICel ill the future. 
tation. The area floods periodically with rises of the Paraguay Hunting and Trapping
River, thus markedly altering the ecology. There has been a 
significant decline of certain wild arimals that are hunted, In spite of Executive Decree No. 18,796/75, which prohib
such as alligators, iguanas, and large snakes, not to mention ited hunting, wild animals are commonly hunted. There are 
the complete elimination of storks. three main motives: profit, spolt, and Suhsistence. 

Nonetheless, this habitat has not bieen significantly altered. Commercial Hunting
Besides the alligator, the area is suitable for the maned wolf, Huntiig and trappirg for ides, skins, feathers, or for live 
and even tor the Chaco peccary. Reptiles and birds that were 
only known from neighboring countries were recently spotted aTieas to be solr has been aid coitirnes to he a significanthere by the inventory groIp eCOllOnli- activity in Paraguay. Table VIII-4 lists data on xports of wild aniiI Iiides andI skills registered from 1974 to 

Jluie I 9(14. 
". " ,' As a result of overexploitation, 27 species are threatened or 

4 l ' " ' 

4 .. : endangered (table VIII-3) These include two species of alli
gators antd several species of iguana, I I species (if hirds, es
pecially parrots, and 14 species of manimals, including 5 feline 
species. 

-- . " : .In order to avoid r verexploitation and facilitate reproduction 

J .or 

of wild iimaIs, Decree 18,796/75 prohibhits; "marketing, ir
port, a'*d export of all species of vildlife, ircluJding their parts 

by-products." Paraguay has also acceded to the Convention
oil Internati)nal Trade in Endangered Species, as of 1977. 

4; . Nonetheless, neither the decree nor the fact that the COLintry 
has signed the CITES seeni to have significantly affected this 
activity. Several laIge anneries operate openly in downtown 
Asunci6n. Nor has the det ree had riuch impact oil exports, 
according to table VIII-4. 

Opossum. Photo courtesy National Forest Service. 

It is not known exactly what percentage of the hides pro
cessed at the tanneries are of Paragtiayan origin. It is known, 
however, Ihat illegal hunting continues in the Chaco. Appar
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ently the fact that wild animal stocks in Paraguay are being
finished off has led to intensive illegal hunting in Brazil which, J.,
like Paraguay's other neighbors, Argentina and Bolivia, has 
also prohibited hunting of wild animals. 

As a result of excessive commercial hunting there has been J;11 V 
an increase in the piranha )oltiation of the Paraguay River,,
especially at the northern end of Alto Pai aguay province, where 
the largest reptiles, such as the large alligators, snakes, and 
common tegus have been hunted in excess. Clearly an in
balance results from the lack of natural predators, giving rise
 
to the abundance of piranhas (Serrasalmus spp.). Aquatic birds
 
are also among the major consumers of fresh water fish. The
 
elimination of storks by hunting may have contributed to the
 
increase in the piranha population.
 

In order to know which species are most fecund in Para. I

guay's main rivers, one must have basic data on their repro
ductive biology, which has yet to be established in Paraguay. 
 Sayacu tanager. Photo courtesy National Forest Service.No fisheries management strategy would be feasible in thelong run without taking into account that international water- of methods and media so as to reach all ages groups and
ways such as the Paraguay River are always subject to possible all sectors of society.

damage as a result of pollution from Brazilian towns and set
tlernents to the north.
 

Hunting for Sport Protected Areas
 
Regulated hunting for sport practiced efficiently does not Definition
bring serious damage or risk of extinction to any species. How- The term natural (or wilderness) areas is used to designateever, not only is this sport illegal, but it is so widespread that those lands and waters found in their natural state and where,it causes depredation. This is because: to date, tie influence of modern man has been minimal or 
- It is practiced in all seasons, not even respecting repro- without lasting impact, the respective areas having returned 

ductive cycleF, to their natural state (Putney, 1976; Miller, 1980).
- All species are hunted, at the whim of the hunter. Objectives 
- Hunting is not limited to reasonable quantites; rather, the The objectives of conservation of natural areas are as folquantity is in function of the hunter's capacity or means lows: 

of hunting (type of weapons, availability of cartridges,
capacity to conserve and transport hunted products, etc.) a. Maintain and conserve representative specimens of theUsually the many an'ias hunted are not completely used, main biotic units. as they decompose before arriving at their destination. b. Maintain ecological diversity and regulate the environ

- There is an abundance of hunters who are not aware of ment.
the significance of animal wildlife and who carry out c. Conserve genetic resources, especially of endangered floraindiscriminate slaughter while hunting. and fauna.
 

Subsistence Hunting ,.- . ,
 
This kind of hunting is practiced by Indians, and in some "
 

cases by newly-arrived settlers who hunt for food. Such hunt
ing is not intensive and does not bring on significant depre- e 
dation, for the hunters are generally poor and do not have .
 .

modern gear. 

Based on this overview of hunting, one can) conclude that: ... . 
- All commercial hunting should be definitively banned.
 
- A legal framework should be drawn up to regulate hunting 
 W 

for sport and subsistence, so that those who depend on -I
hunting for their survival are able to do so legally. .....
., .4.. 

- The institution in charge of enforcing hunting regulations , . '':, "
 should be strengthened. .' . '.:" 
- High priority should be piaced on developing an edu-.' "' 'cational campaign as to the importance of wildlife. This 'a.
. . .should be a multifaceted effort, and should 

A 

use a variety Gray brocket deer. Photo courtesy National Forest Service. 
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d. Preserve relics, structures, and sites of cultural and historic 
interest. 

e. Protect and promotc scenic areas. 

f. Facilitate and promote environment,! education, re-
search, and observation in natural milieu. 

g. Facilitate and promote recreation and tourism. 

h. Promote rational use of marginal lands and rural devel
opment. 

i.Protect watersheds. 

j.Protect special ecological resources. 

k. Maintain areas for production of lumber and other items 
(multiple use areas). 

Protected Natural Areas 

Present Situation 

Currently protected areas represent ecosystems in which some 
autochtonous animal or plant species persist or which have a 
physiography typical of i given region of Paraguay. Most of 
their natural features have not been altered, and man's impact 
has been minimal. Special criteria have been established so 
that these areas can fulfill their purposes when properly man-
aged. 

At present there are six national parks, two protective forests, 
and one national reserve, all part of the national conservation 
system. They are as follows: 

Number, Category, Area and year of establishment 
of protected natural areas 

Area Year Number of 
Name (ha) estd. decree 

1. 	Defensores del 
Chaco National Park 780,000 1975 16,806 

2. 	Tinfunqu6 National 
Park 280,000 1966 18,205 

3. 	Lt. Agripino Enciso 
N. P. 	 40,000 1980 15,936 

4. 	 Caaguazt6 N.P. 6,000 1976 20,933 
5. 	Cor6 Hill N.P. 5,538 1976 20,698 
6. 	 Ybycuf N.P. 5,000 1973 32,772 

7. 	Kuri'y National 
Reserve 2,000 1973 30,956 

8. Nqacunday Protective 
Forest 1,000 1975 17,071 

9.Jakui Protective 
Forest 1,000 1975 17,072 

These nine conservation areas total 1,120,538 ha, or 2.75% 
of Paraguay. In the Chaco 4.45% of the land is protected, 
whereas only 0.13% of the Eastern region is covered (Clark, 
P., 19831. 

All of the above areas were establishcd by executive decree. 
The Ministry of Agriculture and Livestock, through the National 
Forest Service, is responsible for technical and administrative 
matters, and is aided in these tasks by the Ministry of Defense 
and Armed Forces, through the Technical Office and the Corps 
of Engineers respectively. 

2 ,
 

Yuquer. Photo courtesy National Forest Service. 

The "Defensoresdel Chaco", "Lieutenant Agripino Enciso", 
"Cori Hill", and "Ybycuf" National Parks all have their own 
respective administrations. Manmgement plans for Cori Hill 
and Ybycuf have already been drawn up, while the plan for 
"Defensores del Chaco" is being worked on. 

As set forth in Decree 11,681, the conservation areas are 
the responsibility of the SFN, through its Department of Forest 
Management, National Parks, and Wildlife. The national paiks 
and other conservation areas are riot part of a na,lonal system. 
Each unit, despite its adminstrative dependence en the SFN, 
enjoys complete autonomy, which may give rise to confusion, 
as can already be observed in the signposts. These ar.,nalies 
will increase as each unit develops. Thus, a national conser
vation system would not only lend more organic cohesion to 
the state's efforts iopreserve representative specimens of Par
aguay's natural ecosystems; it will also allow for maintaining 
appropriate methods in their management and development 
in function of priorities set forth for all conservation units com
bined. 

In order to give an idea of the relationship among protected 
areas, table VIII-5 relates Paraguay's floristic regions, accord

?,V 
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Banana frog. Photo courtesy National Forest Service. 
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4 only nmentions "protection, conservation, increase, renewal,"11 ~ and rational use of tl,' country's forest resources." rhis law 
N does not provide for aspects key to developing conservation 

VA 
areas, such as expropriation, definition of infractions, and pen
alties. The conservation areas ae nentioned only as national.. 
 parks, in Articles 70 to 73of Decree I 1,81 , which establishesreguldtiorIs for Lav, 42 t1
hese article', read as follows: 

Art. 70: "'THie Natiorrail Forest Ser'i( e shaill propose to thes4~'Ministry of Agriulture and l-ivestock areas to be designated 
as National Parks." 

Art. 71 'The" National Parks caninot he altered in any way; 
•. ~4 all use of renewable natural re -,oirces is prohiited."

.A ,"! # A\rt. 72: 'T"echnical and adminstrative management of Na
.. 
 ' tiona I Parks shaIlI be the eclusive resp(om si bility of the National 

. 
., Forest Service." 

' " ~ Art. 7-3: "!ransgres.,ioi' regarding use of renewable natural 
resources in National Park ar(as shall be sanctioned by the 
Judicial branch at the reqtof'st of the Ministry of Agriculture 
and Livestock.'Entrance to Cerro Cod National Park, Amanibay Province. Photo This decree does not dtefine national parks, saying only thatcourtesy Diane Wood. they cannot be altered in any way. Furthermore, as it deals 

ing to Flueck (1978), with the level of pro ection in natural only with national parks, it wNould appear to ignore any otherareas. The table clearly sh, -,sregions such as the inter-river category of management Of nattural areas, except for protectiveparkland, the cleared fields, vegetation of the pantanal, and forests.
the hydric forest, whicl at this time are not protecte(d by the However, it is en ouragin.,, to note that these deficienciesprotected areas system. These parks, however, have just been in legislation are nerely technical and not conceptual. This iscreated in the last 10 years. apparent in the 1977-198 1National Economic and Social De-

Despite gverriment measures and the efforts of the National velopnent Plan, tileobjectives of which include "rationalizeForest Service to conserve fauna and the environment, there exploitatic:n Of natural resources and protect and improve thehave been some problems in adiinistratior of protected nat-
ural 

environment' and, more specifically, "preserve the nationalareas that should be overcome if these areas are to fulfill ecological heritage applying modern conservation methodstheir purpose. These problems include: and modern methods for managing national parks and similar 
- lack of well-defied boundaries; areas." The problem isclearly understoord by to)-level officialsthe iofel nt niinisirie and government agencies.
 
- the need to relocate those who live within the parks; and, 
 Nonetheless, in order to improve protution and functioning 
-
 the continuous incursions of local population, illicit hunt- of protected natural areas, some iterrs should be considered 

ers, and domestic aniials in the parks. in the Forest Law, including:
 
Furthermore, the National Forest Service should take certain 
 1)A methol of conpensatior administered by the SFN whenmeasures, including: protected areas are affected or destroyed by activities or pro
- grams whose objectives are not related to wildlife corservaprovide better and larger roadways to the conserv,,tion tion. 

prograns; 2) Establishing fees for use Of natural areas, and investment 
- carry out the biological inventory of most of the parks; of such fees in management of the areas.draw up regulations on resource use in the parks; 3) Defining the institutions incharge of protected natural 
- adopt national conservation systems for )rotected niatural areas so as to better achieve their objectives and assure thatareas; regulations on use are observed.
 
- carry out specific studies; and,
 
- train personnel (especially forest rangers). Need for New Areas 

Among the natural areasStrengthening of the National Forest Service will make it 
that need to be better represented

in the reserve systenm are:
possible to solve the problems and implement the above-men
tioned measures. This requires an aderquate legal framework, - biogeographic provinces;proper organization, and a larger budget. - georiorl)liologi(al regions and noteworthy geological 

Legal Situation features;
 
Law 422, the Forest law, was adopted November 23, 1973. areas that cart 
provide recreation sites for the main cities 

Among its 72 articles not a single one refers directly to con- and towns;
servation areas or national parks. Article 20, paragraph (a), natural categories that to date are not represenled; 
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't(ors, 

Wikd pineaipple. Photo courtesy National Fore,.,t .Service. 
J 

an area with suffficient hahitat for each endangeredl s-.ue-
CIes; 


..nattural tormations (lakes, rivers, mo ins,
rita etc.); and, 
the upper watersheds o:frivers and strearis, 


I.)accordanc~e withlthese criteria, the follow,,ing are rec-
omruiended as new reserve areas: 
The Capiih~ary Fore_,.t 1,eserve Proi(ect: Thiis is a forest area 

tha ca') ~roideforanial
indaner )f xtictinanteaters, 
nimls n dnge 

GuazO Hillh Practically aniarcheologit,,al site given the re-
mairis of pre-Coluiihiari cultures, thiis 

thatcanproidefur iiit'\iiititri.hahitat 

area also istypical of 

the physiography of the hilly zone where it is located. 

~~the 


.
 

Great egret. Plto cotrtey Natioral orst Servic. 

" '\\/

Crt(,an)-l,a(:kcd vt'todipt(, er. Photo .outte~vy Na tional Fort,,,(S(.rvit'. 

iayre',i ,ni),l/r(,serve: area 

~teredland, titi, to po~pulatio)n p~ressures or piissihly, other fay

the torests hayve (lhita rt(',(l. IIhe \acyreta' darn has large.ly 
ch~anged the: are.as, ecg, fg.lit' area ca;n h:eused to) reiocate 
faun~a who~se ,natural hihitiat w,,ill I)(alteredl ly t!he. 

Y,){ This has Iteen signifirantly al

darm.
 

Co'nrIli/l lhis- l)inte.rlrotective, I o)r(,t.t t wotitilie(. an esteri
.- r7r Naitional Ilie, .nea has. heen leto),on o~f the Cu)r~l Flili Park. 

rested to)a ,-igrlitic-ant degree. Nonethlek .,,the lpropose,.d, area
 
wotuld pro)tec€t inthe Attnitlalxain hasiri.
the f(orest 


Nuer a ,As Ithis, wt)iLl ((orres,,tor.)l the dry Chiacount io'n: t() 

v,:getative regitin, wvithi
low, thorny, forests. Cata. eaes, myr-
Yaceaes, arid hrt(nieliaceats aho(unrl. 1here, are no ectoririnir
c:al ly uIsefuL) splec its, oi trees. It is a (hy ure,., vv ith iow a nu.)Lal 

precipitati)n where, sntl] r temp~eratures ( linih alhove -4()C. 

Tharaiwrdyanhsjgasa(,€voe, olre 
liraziliari tapirs, arid pecc;aries, antI is an irltitrtant 

fu)r gu)anactis. 
Tnhi il: LtaeliiAt 'rri ihtiuaiso h 
*Teiiiy vr,)lthiama hain )ftieai Ali lerartius withtrtluai 
e eyRertl',raha ( nl)u oeli frree

tiori a11c tourisrm. It is halhitat ftir the FBra,,'li,ur riergar,,er arid 
h.elmetled ,A,(ti(licker,andt ingeneual isrich inanimal 

SwildAlife. 

,'Ac\(altI: [ol."L~atet.I iii the prolvirice 01fFarigLuari, there is 
rio data tin tiiis area' The forest is~still,artiral wiltlitfe. con
serv, in nratural It is- y several towns aridforn. surr.Photooudd 

/\ lottiy fills: The, vegetatitiri is a riritiinuatiori i)f that at 
lTeiilie, [al,, as it is asI Italsi the i,Iein Alto lararia. has-, 

platJ ad nimal speit. In generate are three straait
 

At tit ( ;rti),',,ttant / the orily tart rif Uj pr C ,iac,(I l his is, 
with gre t 'lt,,st iktrest--pa ,rt tither (hlat titreltsit lm7 
call tic rneg thetthr, hi area aterls(o',caltol lw l fri n th Plar

agiii ,River. this is a critical .,otre ;"r siirie sple( es,, iricludirng
alligittir,, lie. arie,, imiarill itt areaantI ves; other has 
srith grea variety of hint spenis..a l 


Ccates-i. [rl Fli rt or ie it)w (, liabl orl, perrotlically arid 
is irtiptrta i it onl for ertldrigere l spt.ie,(irtl(etse tif the 
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other categories, but also because most aquatic birds repro-
duce there, gathering in great numbers. 
Lake Ypo and Lake Veri: This area includle lowlands with 
extensive marshlands and areas susceptibie to ilooding. 

Ka-i. This area has semirnoist Chaco vegetation similar to
that described for the Mato Grosso pantanal. 

Fishi Resources 
The Aquatic Environment 

Ihe natural hydric environment is the dominant factor in 
the ecology of a riverine area subject to flooding, and in fishing 
as an economic activity. The rivers and their floodpilains are 

considered here as a whole as they form an integral system as 
regards the production and reproduction of most fish species.
''Floodplain" means a flat area adjacent to a river that is oc-
casionally flooded for short periods. The floods are considered 
to be a negative factor. Involuminous rivers such as the Mis-
sissippi, the natural floodplain has largely been suppressed,
resulting in problems controlling the water: solutions become 
ever more costly. 

Most tropical rivers still have floodplains that flood slowly 
and gradually once a year. This allows biological processes 
to unfold in an expanded aquatic environment, thus givingaquatic
rise to a habitat wh'ch is highly productive for large autc
plants, invertebrates, and young fish (Boneyo et al, 1969; Junk,
1970; Bayley, 1980). 

When the water level -''es(own, fish born during the high 
water period have grown large enough that mort.,lity is re-
duced. When the water level is low, the fish move -_.wards 
the main river and its tributaries, or remain in the residual 
waters left in the floodplain. As the waters leave the flood 
zone, aquatic vegetation left agrourd decornposes mu. i more 
rapidly, in contrast to when water levels remain high, as in 
the case of an artificial reservoir. In tie case of a reservoir, 
oxygen consumed by decomposition cannot be replaced at 
the same rate, and production is drastically reduced. 

.. '', ..
.... 


Specimen of Astyanax fasciatus, a non-commercial species of some 
interest for sport. Photo courtesy National Forest Service. 

In natural floodplains, rapid formation of organic and nu
tritive matter allows for h;gh productivity of fauna. A rich layer 
of fine detritus is formed in the bodies of water of the flooded 
plains as a result of partial decomposition of plants, especially
large semiaquatic plants. This layer is a direct source of food
for the most numerous fish in the system (in terms of biomass):
the shad (Prochilodus spp.). The lentic habitat of floodplains 
in tropical regions have extraordinary biom,5ss and productiv
ity in terms of large plants Gunk, 1970), phytoplankton (Schmidt, 
1973), invertebrates associated with large plantlife, (junk 1973, 
1976), and fish (Welcome, 1979; Bayley, 1973). 

The Paraguay River and its extensive floodplain cover some 
10,500 km 2 and are an excellent example of this kind of highly 
productive system. The waters flood this zone and then slowly 
recede because the huge pantanal region located upstream in
Brazil controls its volume, and because the river's gradient is 
very low. 

The section of the Paran6 River that forms Parnguay's border 
to the southeast has a greater flow than the Paraguay but its 
floodplain is smaller. Furthermore, its "natural" hydrologic
regime is less regular and floods occur more quickly. None
theless, the fish populations have adapted and there is con
siderable fishing potential given the size of the system and of 
the fish that migrate up from the extensive floodplains of the 
middle Parani. UnfortUnatel', construction of the Yacyretahydroelectric facility will havanetieipconhse

ye a negative inpact on this en
vironrnent and its potential use, reducing fish production andthe number of species, arnd making it impossible to predict the
yield and composition of species. 

The smallest rivers of the system have fewe, large migrant 
fish species, but are important as a habitat for i,,eyoung fish, 
especially as a refuge when the water is low. Furthermore, 
many uncommon species currently being exploited at low lev
els as tropical pet fish live in their floodplains. 

Insum, maintenance of the Paraguay River's floodplain and 
that of its tributaries as an economic source of production of 
proteins and as a flood control system (Lopez et al, 1983) is 
of vital importance for Paraguay's fulure. Fortunately there are 
no plans to make use of the water in such a way as would 
alter the present regime; pollution and excessivesedimentation 
have to date been limited to specific locations in certain tri
butaries. 

Fish Population and Main Species 

Fish population of the main rivers is very rich and abundant, 

especiallY tat of large fish with abundant meat. However, the 
fisheries inventory dates back to 1939, and should be updated 
so as to more precisely ascertain the potential of fish resources. 

According to A. die W. Bertuni (1939), there are 298 fish
species in Paraguay; to date there has been no revision of his 
list. Nonetheless, the following fish, which have been intro
cluced, should be added to tire list: Tilapia melanopeura, T. 
nilotica, T. hornorum, and Cipritus carpio. It is possible that 
there are other new species that should be added once they 
are duly identified. 

Perhaps the dominant species in both hydrographic basins 
is the Prochilodus scrota (shad). 

The most significant and relatively abundant species are as 
follows: 
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Fresh fron the warer and still in the net, these Tilapias can provide 

fresh fish to the (alk, diet of a fltniily who ow.ns apond. 


Scientific name Common name 
Rhapiod n ......................
 
Leporinus friderici ............... Boga
 
L. obtusidens .................... Boga 

Sarninus raXilloslus ............ Dorado 

Astianax inaculats ........... ojarra-Piky 


Pseuroplastistonia corruscas 
...Suru(i 

-emisoruimoplatyrhynchos .... PalI 

Pimelodrs maculatus ............ Mandi' 

PimelodLs albicatis ........... Mandi-f moroft 

Plap scion SClLieiOSIssi.us...... (rvina, pescado blanco 

The paca (Colossom, rniitreij is an iniportant commercial 

and domestic fish who,)e food source would be altered by 

disappearance of vegetation and plant species that grow along 
the banks such as the inga (Inga spp.) and the tala (Celtis tala), 
which are the pac6's favorite diet, and some fruits such as the 
ambay (Cecropia peltata). 

Other fish species niav also draw on vegelation growing 
along the banks for fool. But the transformation of floodplains 
as a result of the dams on the Parani River Will doubtless cause 
changes in spawning, as these site s have been favored for 
fertiiation and laying of eggs. Furthermoe, given that such 
sites are in;ortant as a source of food, the above-mentioned 
changes will have a significant impact on the denmily of whole 
fish populations, above all in the first P(years after the dam," 
are filled. 

The Pinielodus sp., or niandii, may suffer the same fate, as 
it needs sediments, detritus, and organic matter, vhi 1i it takes 
in directly from the river iottom. 

Due to the interrelation between water quality, bank veg-
etation, floodplain vegetation, plankton from lentic waters, 
and the polar oplankton from lotic waters, some species ,,'ill 
suffer initi.ily when he resrvoirs are filled, and a significant 
blockage in the foodtchain of many species may result, which 
would inturn have a treniendoi'., inimpact 01. future ):,logical 
events such as tinphic and!genetic migrations and, above all, 
on the develupmoent of the young pIopiilatoiis of species such 
as the doraclo and the sujrdbf. 

Retention of sediments in the reservoirs upstream and sta. 
of their stream flow will contribute to the disap

pearance of some species' populations as the dams are first 
without this necessarily posing danger of extinction to 

scuch species. Survival of populations will be directly related 
quick stabilization of the ecosysterns' new conditions and 

of plans for regulating use of the dam. 
I the main charinel, with its corresponding flow, regulated 

so a s to not overflow into the lagoons, watercourses, inarsh
lands, and other bodies of water in its valley, there will no
 
longer he periodic flooding. Indeed, many of these b )dies of 
water would dry up. This would cause problems for the river's 
flora and faunla, and to the flora and fauna of the valley as 
well. Most of the breeding grounds of the young fish Will suffer 
profound changes Which Would make it impossible for themtake refuge in the different bodies of water that fom on the 

islands, where they go during high wvaters and slay for one or 
more years before returning to the main channel. This will 
undoubtedly lead to reduction of fish populations such as the 
shad (Prochilodus spp.), for which uch sites are the ideal 
habitat. 

Characteristics of Fish Reproduction 
Regulations prohibit fishing dcring breeding periods. This is 

advisable in the case of some spc-ie ,, with limited fecundity 

w'hose mating area is subjected to intcr,:e fishing. Nonetheless, 
some fishing has always been based on taking advantage of

the fact that large numbers of fish gather together for repro
duction. This is the case, for example, with the cod banks at
Lofoten, near Norway, which have been exploited in this manner since the 13th century. 

Most edible fish species are highly fecund, arid fishing in 
rivers and floodplains has not affected the high concentration 
of habitat for reprioduction when fish are brought in (luring this 
period. Even more importart is the fact that intensive fishing 
involuniinous rivers can reduce the number of fish as a result 
of "overfishing of adut fish" and not "overfishing of young
fish''; th1s stocks for reproduction are diminished to levels thataffect prodtuction of young fish. Of the lens or hundreds of 
thousands of eggs of a single female, only two need to survive 
and reach reproductive size in order to keep a constant pop-
Ulation. 

Adriiinistrative measures should ale taken to restrict total 
quantites to be fished; ut whether adut fish are caught (luring 
the productive period is riol significant for edible species that 
inhabit the rivers ant floodilains. 

Fish Hatcheries and Stocking Young Fish
 

It isoften thought that other countries support more intensive 
fishing by forming stocks of young or newly-born fish. This 
only works in special cases, as for example when receptacles 
of unpopulated water are used, or when using young fish in 
small ponds where one must pay a fee to fish. 
Iligh natural mortality resulting from actions nientioned above 

renders this praclice unfeasible inthe Paraguayan (ontext. 
Using adult fish to reduce mortality Will cost many times more 
than the incorie yielded by catching the survivors.
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plenenting this strategy Vould outstrip the benefits that ,viuldderive from expensive fish that only a small minority could 
afford. 

Thus, conserva lron of a given environmen t and its resource, 
the extensive use of which cannot he avoided.-- in conlrast to , 
 the situation of national parks, for exanlple--clepends Oil using
this resource in such a way that its p~rotection can he e onoll
ical. Greater exploitation o more fish species ir. the Paraguay
River, combined with appropriate education o administrators 
and users, wUld he a good exapniletof this prin iple. 

Overfishing 
There is great confursion as to the difference between an 

individual's catch and total catch. fhe first may niiean the 
.
 average catch per fisherrian p r day With a particular gear or 

tackle: this is what administrators and fishermen are usually
referring to when they speak of catch. Any exploitation of anSport fishing occu, s durn open season, an irniialpopulatiorl Causes a lower level of equilibrium of that 
population, which is frequently interpreted as overfishing. 
Noiietheless, at riioderate levels of' exploitation, total catchFishing and the Fishing Indiustry increases as individual catch decreases. Furthernlore the av-

Fishing for food is nruch more 
erage size of the fish liminishes; this is also erroneously inimportant ilr quantity arn terpretel as overfishing.
 

va lue than fishing for sport or trade in tropical pet fish. There
is tic)known fi rancialIly viable fish I nreerhinrg activity. Biologically there isr rerlish inrg when i icreased fish ing leadsto a reduction in total (atc 1. I iowever, frorrFishing yields about 26,)000 t/year (whole, fresh caught fish) 
the economic

standpoint there is overfishing for the fishermian sooner, whenof fish for coInsliIptiori in Paraguay. At least one-fourth is pIrofitability decreases as individual catch drops off. -ven biaccounted for by large predator fish. Anrother 2,)00t) I/vear of ological overfishirig in a large system with many strains of thelarge species are sent to Brazil. In teris of the fisherrnen's same species, as happens in the Paraguay River, nrav lead toinconie alone, fishing conies to sorie 2.7 billioin guaranis (US$ a local depression of total stock before the species beconies6.75 nrillion) annually, extinct in the system as a whole.
 
The floodplaii of the Paraguay River, 
within Paraguayar


territory, may yield at least 
40.000t per year on an ongoing
basis if fishing regulation, are relaxed so to permit fishing Fishing of Varied Speciesas 

of smaller species, and if the de,-arid fIor tire c lieaper pr(tein 
 Most fishing enterprises that catch avariety of species cannotof new species increases, as i,,s happened inother Sauth have an optirial catch of allof theni, given the need to useAiiericain rivers. This is a (cn servative estitniat,, fur itdoes gear that can catch more than one species. Increased levelsnot take into account ft(Paran, river or its tributaies; nor of catch with greater (iversity will increase total yield but Maydoes it consider migration to Paraguay ol fish not (autilt down- deplete stocL.. of some larger and more vulnerable species,stream. Such as the suruhf. The marked increase in yield is clue to 

An adhninistrative Atrategy that would allow for increased middle-sized species that are less in demand as food, such asfishing-An increase that is already occ wrring despite the fact the shad, salnior (Brycon orbignyanusl), and boga (Leporirus
that it is not eicouraged by the present strategy-would cut spiI.).
back prodti(tion of large -pe(ies in areas tar Irori p0[puLatior This is nrormal in fishing ina river and its floodplain, wherecenters, but would not leard to tileextinction of any species. a variety ef fish species develop near a large city, as happened

The alternative for this strategy is to try to regulate fishing in Manaus and Iquitos and is now happening in Asunci6nof sonie larger species, an effort currently underway. Using despite regulations. Meanwhile, the larger species that becone
nets for fishing is prohibited in all waterways except for the 
 scarce locally can be found further from the cities. Assumingtwo main rivers, where it is only prohibited frori September that the fishing gear will not be more effective than those15 until March 1 so as to protect fish during the reproductive currently in use, and that the hydric and physical environnieniscycle. Much ongoing fishing depends on catches of large ricni- will be protectedh, experience has shown that insuch caseshers of fish concentrated for spawning. Furthermore, success- fish do not beconie extinct inthe large systems, in contrast tofuil fishing inthe Anazon flooclplains and African floorplaiis the fate of the highly vulnerable alligators and turtles.
is not subject to seasonal prohibitions. A prohibition during
spawning does not make sense from tie biological standpoint Yield, Consumption, and Export of Fish 
for highly feccnd species that prevail inllarge rivers. 

[he present strategy is clearly ineficient and lowers the Methods 
profitability of the fishing industry, whicli counld [rovide cheaper Though the dynamic theory concerning a popo latiol of varfish to more Paraguayans. 'Xsides,the cost of effectively ini- ed fish species has yet to le successfully applied, the logical 
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way of evaluating fish production isby comparing it with other, 
ecologically similar environments that have maintained high 
yields. W- come (1975, 1976) was a pioneer of this idea, 
having applied it comparing the rivers and floodplains of Af-
rica, where most of the species have their ecological equivalent 
to those of the South American systems. Fishing trends in Africa 
are paralleled by projects underway in South America. 

Difficulties in obtaining estimates of total fish yield for vo
luminous rivers are quite different from those faced when rnak-
ing estimates for lakes. Traditional approaches involve estimating 
individual and total catch and multiplying these two figures. 
The first method isextremely difficult given the enormous num-
ber of small outlets, and given that the amount of unsold fish 
consumed by the fisherman himself is never taken into ac-
Count. 

In order for the second method to be sufficiently precise, 
frequent samples must be taken on a regular, stratified basis, 
which is costly. Nonetheless, it is an important long-term in-
vestment, as it may reveal many other useful fishing indicators, 
such as changes in population structures, individual catch, 
and the relative importance of different gear or tackle. 

The method of stratifying the catch within what can be es-
timated on the basis of per capita consumption and what is 
exported from the area (or distributed in some other form from 
well-defined sources) has been successfully applied in the Bra
zilian Amazon region (Bayley, 1981 ) and the Peruvian Amazon 
region (Hanek, 1982). The same approach isused in this study. 

Paraguayan fish exports are sold to Brazil. In 1983, most 
fish was sold in Pilar or at the Asuncion National Frozen Stor-
age Facility (Frigorffico Nacional). The fish sold to the Frigo-
rfffico Nacional came mostly from small towns along the Parani 
river (Ayolas, for example). One cooperative and four other 
businesses sold frozen fish to Brazil. It is believed that other 
towns and cities, especially Concepci6n, accounted for !ess 
than 20% of the volume of the two main centers. 

Diet, Exports, and Yield 

Paraguayans are traditionally consumers of beef. A 1965 
national survey indicated that consumption of fresh fish was 
practically nil. Another survey, carried out by the Ministry of 
Health in 1978, indicated that average consumption came to 
3.3 grams/person/day (equivalent tG 5.5 grams of whole fresh 
fish). This study revealed that consumption has been practi-
cally constant in areas far from the main rivers, as a result of 
difficulties in distributing good quality fish, and unchanged 
dietary habits despite the steadily rising cost of beef. 

Nonetheless fish consumption was considerably greater in 
communities along the two main rivers, even when no member 
of the family was a fisherman. Two short surveys were carried 
out in Paraguay river communities. Adults who purchase or 
catch fish for the whole family were asked how much fish the 
family normally consumes. In those cases in which the adult 
purchased the fish (or sold part of his own catch), those sur-
veyed appeared to have a good idea of total weight procured 
each week. Estimates per family were adjusted so as to reflect 
average per capita consumption of a typical family with two 
adults and three children, the three children adding up to a 
single adult. Only one family was unable to provide the in-
formation. The results were as follows: 

Neighborhood 
Piquete Combined 
Pique data 

Villeta cue data 
# households 7 13 20 
g/person/day 65.7 67.8 67.0 
95% confidencelevel 45 21 19 

As these two communities were not significantly different, 
their data were combined. The result reveals much higher 
consumption, but not as high as compared to tle typical 150 
- 200 grams in the Amazon river comm, niies. Families con
tinue to consume a significant amount of beef when they can 
afford it. 

The estimate of 67 g was applied to all the communities 
along the Paraguay river and the Parani river, including the 
20% of the population of Asunci6n that includes the lowest 
income groups. The figure of 6 grams/person/day was appli
cable to the rest of the population for reasons outlined above. 
The following table gives the breakdown for the total yield of 
18,000 tonnes, corresponding to the 12 months preceding the 
sU: Vey. 

Yield 
Source (tonnes/year) 

Population living along the Paraguay 
River (6%of total population) 5,260 

Population living along the Parani River 
(4% of the total population) 3,500 
Rest of Paraguay 7,060 
Total yield for national consumption 15,820 
Exports from Pilar 855 
Exports from Pi 
Exports from Asunci6n 960 
Exports from small centers (approx.) 350 
Total exports (to Brazil) 2,165 

Total yield 18,000 

Fishing Potential 

Welcome (1975) estimated the typical fish yield of the Af
rican river systems at 4 to 6 tonnes per km2 on average for the 
maximum flooded area. A conservative estimate for Paraguay's 
potential is based on just the 10,500 km of floodplin asso
ciated with the Paraguay river. To the extent allowed for by 
the maps, marginal swamps were excluded from this estimate. 

Thus, between 40,000 and 60,000 tonnes/year of fish could 
be exploited if appropriate methods for the catch, preservation, 
and distribution are developed so as to satisfy the growing 
cdemand for fish. Large species, which are the most frequently 
caught, would not be caught in suT-h large numbers, but their 
prices would rise. Fishing would be dominated by medium
sized fish that are becoming more popular in some comrnu
nities, as has already happened in other South American coun
tries. 

There will be a gradual tendency to greater total yield and 
greater diversity of species caught, whatever the official strat
egy. However, measures can be taken to control these ten
cencies by gearing both fishermen and consumers to a more 
rational exploitation of this resource. This should be taken up 
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with commercial fishing cooperatives, which have suffered 
unnecessarily as a result of existing guidelines and lack of 
investment. Large additional capital investments for export,
such as that planned for Puerto Remanso, should not be en-
couraged. Although these investments are geared to local con-
sumption, they invariably end up supplying fish at a price
suitable to those consumers who are least in need of fish. 

Possible Effects of Dams on Fish Life 
Man has long built reservoirs for a variety of uses. But un-

fortunately, none cf these efforts was accompanied solely by
improved re!,ource use. 

Little is known in Paraguay about the impact of dams on 
the ecosysiens. 

The fish life of the la Plata River basin, which includes the 
Varani River, is constantlv on the move, whether to the north 
or to the south, in function of various stimuli, in order to gather
for reproduction or feeding. 

Most if not all of the fish species need to he able to move
about in a huge area within the La Plata basin to carry out all 
vital functions previously mentioned as well as others that are
part of a normal life. There are many situations that have not 
been studied and some must be particularly important in de-
velopment of individual fish and fish populations. 

The dynamic equilibrium of these natural systems is deter-
mined not only by physical space, but by physical, chemical, 
and biological conditions as a whole. 

The dams will create a series of "ecophysiological sections,"
which will constitute veritable scars in the La Plata basin, the 
effects of which over time and space are hard to evaluate. 
There will be considerable change in stream flow in those 
parts of the river where the dams are located, and the response 
to this new situation will not be long in coming as regards the 
fish population of any of theo Thilevels,siuatonwhether surface,nieciat, at he ay bneft oly.ivebedmediate, interor at the riverbed. This Situation may benefit only 
the benthic fauna, which may only suffer the impact of ac-
cumulation of sediments which abound in rivers such as the 
Paran,. 

Forseeable Changes in the Fishing Industry 

As a result of dam censtruction, the river will become 
a 


series of lakes. The waters will be transformed from lotic waters, 

or currents, laden with sediments, to lentic or semi-lentic waters,

slower and more transparent. This situation will have a neg-

ative impact, above all for species that migrate for reproduction 

or that need detritus or sediments for food, as well for
predator species that depend on migrant species for theirasown 
sustenance. 

Sedentary fish species found in lagoons, watercourses, or
other bodies of water in the floodplain will probably find op
timal or, at any rate, more propitious conditions in the new 
lakes. 

One genus that is extremely inportant in the food chain of 
several icthyophagous species is the shad (Prochilodus sp.),
whose main source of food is detritus and organisms found on 
the river bottom. This species may suffer the impact of the 
hydroelectric works, with its population density declining. 

The most important icthyophagous or carnivorous species 
are, no doubt, the surubf (Pseudoplastistoma corrucans and 

P. fasciatum) and the dorado (Salminus maxillosus), as they 
are migratory fish of high commercial value which are also 
prized for sport. The shad is an important part of the diet of
both of these fish. Their populations are likely to shrink con
siderably in the "new lakes". 

Transparency 
If suspended solids are reduced considerably, transparency

will increase; and if greater transparency isnot offset by tur
bidity owing to greater production of algae, the icthyophagous
and carnivorous species will have an advantage over their 
prey, bringing about a considerable change in tile eco-bio
logical balance of the present system. 

One must bear in mind in this regard the voracious piranhas, 
Serrasalmus spP., whose dense schools, which are very active, 
are capable of altering interspecific relations. 

To summarize, the consequences of dam construction in the 
rivers will be: 

1. Interruption of fish migrations a directas result of the
clams. These trophic and genetic displacements will alter pop
ulations significantly. 

2. The ecobiological unit formed by rie Parani River will 
be transformed into a series of irreversible fractinns; this pro
cess will destroy much of the fish life. 

3. Adaptation to new physical, chemical, and biological
conditions, as a result of dam construction, will take its bio
logical toll, which in turn will bring about a change in feeding 
and interspecific relations. 

4. The river spawning sites, small streams, branches of riv
ers, brooks, and flooding areas will experience significant
changes that will profoundly affect the fish populations, which 
will have to change their spawning sites, running the risk of 
sonie species disappearing. 

Inte,-ruptions of migrations due to dams will encouragetile search for new ecosystems and perhaps habitat, together 
th aroriae sytni arid a ps abita, ote 

with appropriate spawning areas, among many species, so as 
to continue positive biological evolution. 

6. There is no doubt that commercial fishing will vary indirect proportion to species' conditions of ecological adapta
lion. Fishing spots or areas will vary as a result of microclimatic
 
and environmental changes.


7. Once the reservoirs form, proper conditions will exist for 
good fishing, so long as actions are taken to regulate propor
tional populations. 

8. The most voracious, aggressive, and rustic species will 
prosper more quickly, and may rapidly reduce other economically important fish populations.
 

Recommendations 
Information 

An investment should be made in a continuous information 
system on fishing so as to provide estimates of annual yields
and individual catches, taking into account the gear used and 
the species caught. This systeni should include a frequent sam
pling of fish caught by fishermen and estimates as to the total 
catch per gear or tackle and region. This system should be 
completely independent of authorities in charge of enforcing 
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regulations and collecting taxes. There are no resident experts 
who can design this kind of plan. Furthermore, annual surveys 
on household fish consumption should be carried out so as to 
obtain independent estimates of total yield. An adequate de
sign should be properly stratified, taking into account geo-
graphic differences in diet. These surveys should be shared, 
financially and operationally, with the Ministry of Public Health, 
so that other aspects of diet can also be included, 

Administration 

There are a number of potential administrative strategies 
consonant with environmental protection. Though present 
provisions pursue this goal, they are unrealistic in terms of 
viable economic development of the fishing industry. The least 

that can be done would be to eliminate closed seasons in the 
Paraguay and Paran6 rivers. 

Development 
The best defense against environmental abuse would be to 

encourage the population and economy to turn increasingly 
to fish as a source of protein. It is essential-indeed urgent,
given the growing difficulty in obtaining beef--that methods 
of preservation and overland distribution be improved. Mar

keting cooperatives should receive greater support so that they 
in turn can provide greater stability for fishermen and facilitate 
quality control. Furthermore, international technical ooper
ation is needed. 
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Table VIII - 1
 
Areas Covered by Natural Grasslands, # Head of Cattle, and Grazing Density, by Province.
 

Grazing 
Head of densityProvince Area ha Cattle ha/animal 

EASTERN REGION 9,941,854 3,958,365 2.5Concepci6n 1,681,821 467,055 3.6San Pedro 416,417 515,933 0.8Cordillera 297,400 203,328 1.5
Guairi 255,870 158,736 1.6Caaguaz6 
 662,414 305,423 2.2

CaazapA 
 486,975 266,841 
 1.8
Itap(ja 
 993,323 262,721 
 3.8
Misiones 654,859 391,444 1.7Paraguarf 612,547 446,563 1.8Alto Parani 636,943 80,777 7.8Central 165,749 116,992 1.4
Neembuc6 818,470 402,528 2.0Arnambay 808,726 265,610 3.0Canendiy6 516,335 74,414 6.9 

WESTERN REGION 11,483,799 2,383,019 4.8Pte. Hayes 5,949,958 1,896,668 3.1Alto Paraguay 3,318,894 240,915 14.0Chaco 531,650 9,520 55.8Nueva Asunci6n 141,700 
3

6,408 22.0
1oqueron 1,481,546 229,508 6.4 
TOTAL - PARAGUAY 21,425,603 6,341,384 3.4 

Source: Ministry of Agriculture and Livestock, 1981. 
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Table VII - 3 
Endangered Paraguayan Wildlife 

Scientific name 

MAMMALS 

Common name E 
-

Status 

A i 

Causes of Endangered Status
1Destruction 

D of habitat Hunting Commerce 
BA BBJ W P 

Undetermined References 

1. Xhyrmecophaga tridactyla 
2. Priodontes giganteus 

3. Burmeisteria retusa 

4. Chrysoc on brachyurus 
5. Spepou,, venaticus 
6. Lutra piatensis 
7. Pteronura brasiliensis 
8. Felis paradalis 
9. F. tigrina 

10. F. vagouaroundi 
11. F. wiedii 
12. leo onca 
13. Catagonus wagneri 
14. Blastocerus dichotornus 
15. Tapirus terrestris 
16. Ozotocerus bezoarticus 
17. Dusicvon gymnocercus 

18. Tamandua tetradactyla 
19. Nasua nasua 

great anteater 
giant armadih,, 

Burmeister's 
armadillo 

maned wolf 
bush dog 
river otter 
giant otter 
ocelot 
iittle spotted cat 
jaguarundi 
margay 
jaguar 
Chaco peccary 
swamp deer 
Brazilian tapir 
Pampas deer 
South American 

"fox" 
collared anteater 
coatimundi 

+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 

4+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 

+ 

IUCN (V) 
IUCN (V) 

IUCN (D) 
IUCN (V) 
IUCN (V) 
IUCN (V) 
IUCN (V) 
IUCN (V) 
IUCN (V) 
:UCN (E) 
IUCN (V) 
IUCN (V) 
IUCN (V) 
IUCN (V) 

SUBTOTAL 14 2 1 2 5 81 15 7 1 



BIRDS Status Causes of Endangered Status 

Scientific name Common name E A J D 
Destruction 
of habitat Hunting Commerce Undetermined References 

1. Xlergus octosetaceus 

2. Morphnus guianensis 

3. Harpia harpyja 
4. Leucopternis polionota 
5. Falco Peregrinus tundrius 
6. Aburria jacutinga 

7. Numenius borealis 
8. Claravis odefrida 

9. Anodorrhvnch,js glaucus 
10. Ara caninde 

11. Dvrocopus galeatus 

12. Coscoroba coscorob, 
13. Cvnus melancoryphus
14. Coturnicops notaa 

15. Laterallus xenopterus 
16. ,\'eocrex erythrops 
17. Callinago undulata gigantea 
18. Penelope oscura 
19. Crax fasciolata 

Brazilian merganser 

guinea crested 
eagle 

harpy eagle 
mantled hawk 
peregrine talcon 

black-fronted piping 
guan 

eskimo curlew 
purple-barred 

ground dove 
glaucous macaw 
caninde macaw 

helmeted 
woodpecker 

coscoroba swan 
black-necked swan 
Darwin's rail 

rufoLis-faced crake 
paint-billed crake 
giant snipe 
dusky-legged guan 
bare-faced 

+ 

+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

_L 
-

.n_ 

+ 

+ 

+ 
+ 

+ 

+ 

Months 

ICBP 

ICBP 
ICBP 
ICBP 
ICBP 

ICBP 
ICBP 

ICBP 
ICBP 
ICBP 

ICBP 
IWRBIWRB (R)(R) 
IWRB (R) 

IWRB (R) 
IWRB (R) 
IWRB (R) 

20. Odontophorus capueira 

21. Plegadis chihi 
22. Anodorrhynchus 

hyacinthinus 
23. Ara ararauma 

24. A. chloroptera 

25. A. auricollis 

26. Ara maracana 

curassow 
spot-winged wood 

quail 
white-faced ibis 
hyacinth macaw 

blue and yellow 
macaw 

green-winged 
macaw 

yellow-cL,, ared 
macaw 
Illiger's macaw 

+ 

+ 
+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 
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BIRDS 1 Status Causes of Endangered Status 

Scientific name Common name E 
I 

A j 
IDestruction 

D of habitat 
I 

Hunting Commerce lUndetermined References 
BA BBIW P 

27. Amazona vinacea vinaceous Amazon 
28. Ceranoaetus meianoleucus grey eagle-buzzard 
29. Harpv'haliaetus coronatus crowned solitary 

eagle 
30. Spizaetus ornatus ornate hawk eagle 
31. S. tyrannus black hawk eagle
32. Procniasnudicollis bare-throated 

bellbird 
33. Pluvialis dominica WR) American golden 

plover
34. Limosa haemastica (WR) Hudsonian godwit
35. Bartramia longicauda WR) upland sandpiper
36. Trinqa melanoleuca (Tr) greater yeliowlcgs 
37. T. flavipes (Tr) lesser yellowlegs 
38. T. solitaria (WR) solitary sandpiper 
39. Actitis macularia tWR) spotted sandpiper 
40. Phalaropus tricolor (WR) Wilson's phalarope
41. Calidris alba (VR) sanderling 
42. C. ;jsilla (WR) sernipaimated 

4andpiper 

43. C. fuscicollis (Tr) .vwhite-rumped 
sandpiper

44. C. bairdii (WR) Baird's sandpiper
45. C. melanotos (WR) pectoral sandpiper 
46. Micropalama himantopus (WR) stilt sandpiper 
47. Tryngites subruficollis (Tr) buff-breasted 

sandpiper 
48. Penelope superciiiaris rusty-margined 

+ 
+ 
+ I 

+ 

+ 

-

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 

I + 
+ 

+ 

T ] 
+I 

+ 
+ 
± 

+ 

+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 

+ 

49. Pipile pipile 
guan 

common piping + 
+ 

50. Pulsatrix perspicillata 
51. P. koeniswaldiana 

guan 
spectacled owl 
tawny-browed owl 

+ 
+ 
+ 

+ 

SUBTOTAL il 9 12 119 23 1 6 6 14 9 16 



REPTILES Status j Causes of Endangered Statu.s 

aI Destruction 
Scientific name Common name E AA J D 

B 
oi habitat Hunting 

DASB Jctio Commerce Undetermir- 4 References 

1. Caiman latirostris broad-nosed 

2. C. crocodilus jacare
3. Tupinambis teguixin 
4. Eunectes murinus 
5. E. noteus 

6. Dracaena paraguayensis 
7. Hvdrodvnastes gigas
8. Mastigodryas bifosatus 
9. Boa constrictor 

10. Phrynops nasuta 
11. Phrynops geoffroanus 
12. Hydromedusa tectifera 

caiman 
Paraguay caiman 
common tegu 
anaconda (also: 

water boa)yellow anaconda 

boa constrictor 

South American 

+ 
+ 

+ 

+++ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 

++ 
IUCN (V) 

IUCN (V) 
IUCN (V) 
IUCN (V) 

IUCNIUCN (V)(V) 

IUCL (V) 
IUCN (V) 

snake-necked 
turtle + + 

SUBTOTAL 3 3 4 2 5 9 5 

AMPHIBIANS 

1. Phyllomedusa sauvagei 
2. Ceratoph-ys ornata 
3. Phrynohya*: venulosa 

+ 
+ 
+ 

+ + 

+ 

SUBTOTAL 3 1 2 2 

SUBTOTAL MAMMALS 
BIRDS 
REPTILES 
AMPHIBIANS 

14 
1! 
2 

2 
9 
3 

1 
12 
3 

2 
19 

4 
3 

5 
23 

1 

8 
1 
2 
1 

6 
5 
2 

6 
15 
4 
9 

7 
9 
5 

1 
16 

2 

TOTAL 27 14 16 28 29 12 13 6 1 38 21 19 



Table VIII - 4 

Exports of Hides and Skins of Wild Animals 

(In Millions of Guaranis) 

1984 

Hunting and fishing 
wild hides and skins 
Others 

1974 

1285 
1.2 

1975 

6S.4 
1.7 

1976 

45.9 
8.2 

1977 

33.5 
0.3 

1978 

42.7 
0.4 

1979 

66.7 
1.0 

1980 

42.3 
1.9 

1981 

53.3 
-

1982 

-
-

1983 

0.2 
-

January to June 

Foreign Exchange from Export of Wildlife Products. In Thousands of $US. 

1984 

Hunting and fishing 
wild hides and skins 
Others 

1974 

1.029 
10 

1975 

550 
13 

1976 

365 
65 

1977 

266 
2 

1978 

339 
3 

1979 

530 
8 

1980 

336 
15 

1981 

423 
-

1982 

-
-

1983 

1 
-

January to June 

Exports by Product and Sub-product, In Tonnes and Thousands of $US. FOB. 

1976 1977 1978 1979 1980 1981 1982 1983 
Vol. Value Vol. Value Vol. Value Vol. Value Vol. Value Vol. Value Vol. Value Vol. Value 

Wild skins 71 382 69 923 95 1.573 42 846 74 786 47 406 21 435 7 137
 
Alligator 41 344 69 923 92 1.565 42 846 74 786 47 406 21 435 7 137
 
Jaquar - - - - - - - - - - - - - - -

River otter - - -. -. -. -...
 
Capybara 2 5 - - - -... . . . .
 
Pecarry 3 9 - - 1 1- . . . . . . . . .
 
Nutria - - -. .. . . . .. .. .
 
Iquana 1 3 - . . . . . . . .
 . . .. 
Deer - - -... . . . . ... .. 
W ildcat - - - . . . . .. .. . 
Mountain lion - - - . . . . .. .. . 
Snakes - . . 1 1 -. .. .. .. ..
 
Toads - - - . . . . .. .. .
 
Rhea 1 2 - . . .
 . . . . . . . .. 
Others 23 19 - - 1 1 . . .. . . . . .. . 

Source: Central Bank of Paraguay, Statistical Bulletin No. 311, June 1984. 
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Table VII - 5
 
Floristic Regions* in Relation to the System of Pro,ected Natural Areas**
 

Floristic Conservation
Regions Unit 

Subtropical Broadleaf Forest 

Def. del 
Chaco 

Tte. A. 
Enciso Tinfunqu6 Ybycuf 

X X 

Caaguaz6 Cerro CorA 

X 

Riverine Parkland 

Dense Savannah 

Open Savannah 

x 

Central Chaco Dry Forest X X X 

Eastern Chaco Semi-dry Forest X 

Pantanal 

Gallery Forest 

*After Hueck (1978). 
**Adapted by P. Clark - 1983. 
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Major Vegetation Types 

NOTES AREA 

Hectares Percent 
Forest Consists of all continuous plant formations in 

which trees predominate. 4,716,100 29.6 

- Grassland Consists of all continuous plant formations in 
which grasses predominate, even though 
small, discontinuous areas uf forest are in
cluded. 

Upland Consists of formations on high ground above 
the maximum flood elevation, generally on 
residual soils including hills, slopes, and 
mountains. 3,968,970 24.9 

Plain Consists of formatieis in valleys and flatlands 
affected to some degree by flooding, gener
ally on alluvial soils. 2,257,180 14.2 

Lowland Consists of formations on low ground and 
depressions, flooded or subject to flooding 
generally on alluvial soils, and including 
swamps and marshes. 1,848,860 11.6 

Cropland Consists of vegetation on cultivated land in
cluding: annual crops, permanent crops, or
chards, cultivated pastures, fallows, and land 
under preparation for planting. 3,140,140 19.2 

15,931,250 100.0 

Source: F.i.A. - UNA and Contapar S.R.L. 
(Ceurtesy Contapar S.R.L.) 
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