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ARTICLE INFO ABSTRACT

This work presents the main biodiversity hotspots existing in the Paraguay-
an Chaco and is an update of the results obtained in the first Ecoregional
Assessment of the Great American Chaco. These are the results of a series
of workshops that included scientific and technical discussions carried out
by local experts in zoology, botany, forestry, soil science, and hydrogeology
applying a biodiversity vision of 25-30 years for the territory, after overlap-

Article history

Received: 22 October 2019
Accepted: 4 November 2019
Published Online: 30 November 2019

Keywords: ping the maps of the first assessment with that of the advance of the chang-
Conservation es of land use in the territory. Criteria for detecting biodiversity hotspots

were discussed, including: permanent and temporary watercourses, other
Fauna bodies of water such as fresh and salty lagoons, reserve areas of different
Flora categories, as well as important bird areas (IBAs), RAMSAR areas and oth-

ers, which must be connected in the future, combining the production areas
with the conservation of biodiversity.
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Sustainable use

1. Introduction the Great American Chaco, a large plain of 1,066,000 km2

) ) shared with Argentina, Bolivia and a small portion of Bra-
he boreal Chaco is the portion of Paraguay that

lies west of the Paraguay River, occupying an area
of approximately 244,840 km2, equivalent to 60%
of the national territory which is 408,076 km?2. It is part of
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zil, where the Paraguayan Chaco occupies approximately
34% Y. Both the region and the Paraguayan Chaco pres-

ent marked climatic gradients. The Paraguayan Chaco
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present a decreasing rainfall from east to west, with values
between 1400 and 400 mm/year close to the semi-arid re-
gion in the west end (Environmental System of the Chaco
Project, 1992-97).

Considering its size, the Paraguayan Chaco is quite un-
inhabited, reaching about 300,000 inhabitants, over a total
population of about 7 million inhabitants . In relation to
its demographic dynamics on a human scale, it has a small
riverbank population located on the Paraguay River, an-
other population concentrated in the center of the territory
around the Mennonite colonies and an indigenous popu-
lation in the extreme south as an extension of the capital,
Asuncion, and a very sparse population in the rest of the
territory °*.

For the authors of this work, this territory presents
unique characteristics that should be preserved, not
only from the ecological point of view but also from the
socio-historical one, recognizing that the portion with
semi-arid characteristics located in the ecoregions of the
Medanos and Dry Chaco (Figure 1) is being recognized
as one of the world's last natural territories **!, which
includes it as one of the conservation centers for large
mammals such as the yaguareté (Panthera onca) ™", tagua
(Catagonus wagneri) ", tapirs and peccaries **' and mam-
mals in general ',

Ecorregiones del Chaco Paraguayo

Figure 1. Ecorregions of the Paraguayan Chaco

The Chaco is not only very rich in biodiversity, but also
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it is a very prosperous territory, where the communities
of Mennonite immigrants stand out due to the sustained
growth of production. In fact, they have developed one of
the most important dairy and meat basins in the country,
with the result that citizenship has practically replaced the
preference of imported dairy products (processed milk,
cheese, yoghurt, dulce de leche and others) for these na-
tional products **. The Mennonites have also developed
livestock, with high genetic breeds, currently exported
not only in the form of commodities but also as breeding
stock. In this sense, many Paraguayan and foreign produc-
ers of the territory have also prospered.

The colonies are very prosperous not only in the areas
mentioned but also in the production of forage sorghum
and export of the confectionery peanut, the latter with
more than 10,000 hectares cultivated and a yield of more
than 2 tons per hectare **. Obviously all this is accompa-
nied by the use of modern technology, which has required
a lot of investment in infrastructure.

There are also prosperous enterprises in the northern
part of the territory that mainly involve the production of
meat of high genetics, placing the country in a privileged
place in the export of these commodities, to the point that
all the ecoregions of the territory have been impacted to
a greater or lesser extent by the modifications of natural
systems.

Due to all of the above, there were accelerated changes
in land use "**”', giving way to other types of productive
systems implanted (Figure 2). Unfortunately, a complete
lack of territory ordering caused that the best areas for
production as well as those for the conservation of biodi-
versity were not protected.

Forest Cover Area - Occidental Region - 2013
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Figure 2. Changes in land use

Considering the Gran Chaco ecoregion at a regional
scale, Nori et al. * highlights the fact that, in spite of the
common problematic and the urgency of conservation ac-
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tions, little is known about the priority conservation areas
of the Gran Chaco, and even less about the efficiency of
the priority areas network in this threatened ecoregion.

That is why it has been proposed to work not only with
the distribution of biodiversity hotspots but also with the
biological corridors tool, trying to maintain a long term
vision of biodiversity, which maintains the connection be-
tween areas important for conservation. It is intended that
these biodiversity areas or hotspots do not suffer from en-
dogamy in the future, due to the fragmentation and isola-
tion of the remaining natural systems. On the other hand,
it is also intended that a future economic development
capable of combining production with the conservation of
biodiversity with positive and sustainable results for both
will be achieved in the territory.

The regional Chaco has had a first assessment regard-
ing the knowledge of its main biodiversity hotspots **/,
but unfortunately the results of the work of national and
international experts did not produce public policies tend-
ing towards sustainable conservation of those hotspots.
Although some of them are maintained, others probably
have disappeared or are in the process of deterioration
with the sustained fragmentations. Moreover, as men-
tioned by Nori et al. ** those analyses were performed
over 12 years ago, period in which the agricultural frontier
drastically advanced in the ecoregion. According to these
authors, there is a need to update existing data and provide
new and more accurate information that can guide current
conservation decision-making processes.

Some of these hotspots still exist in the peri-urban ar-
eas, around important cities such as Filadelfia and Loma
Plata and the best way to try to connect them will have to
be found, so that their permanence benefits future popula-
tions, not only from the point of view of a better quality of
life but also of the landscape point of view.

In this first work, the objectives were: (1) to identify
the main current biodiversity hotspots in the territory;
(2) to draw and project through a preliminary map, a first
qualitative approximation of the connectivities of the
main biodiversity hotspots, joining the important points
mentioned in the results and to overlap the map generated
in this work with the one already carried out during the
first ecoregional assessment of the Great American Chaco
B4 (3) to identify biodiversity hotspots in peri-urban areas
and project the importance of this.

2. Materials and Methods

Identification of biodiversity hotspots: Territorial bio-
diversity hotspots were identified by ecoregions (Figure
1). For this purpose, the scientific community (fauna and
flora), representatives of several institutions specialized
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in biodiversity and individuals including zoologists, bot-
anists, foresters, soil scientists and hydrogeologists were
summoned by the Environment Secretariat (SEAM).

In order to determine the biodiversity hotspots, the
following criteria were applied: (1) presence of general
reserve areas (national parks, managed resource reserves,
private reserves such as: Médanos del Chaco, Defensores
del Chaco, Rio Negro and Teniente Agripino Enciso,
Cabrera-Timane, Tinfunké, among others), which protect
by their extensions groups of emblematic species such as
living fossils, big cats, specific and transitional vegetal
formations of ecological and landscape value; important
bird areas or IBAs, (Figure 3) and RAMSAR areas, which
concentrate the greater diversity of birds in the territory;
wetlands (main water courses [Paraguay and Pilcomayo])
and its tributaries, salty lagoons of the center of the Cha-
co, which concentrate some endemisms and fresh water,
but also are interesting because of the ecological process-
es that occur in a territory where water is scarce and (2)
known biodiversity hotspots in private properties such as
the Bulnesia sarmientoi (palo santo) reserves, currently in
the Appendix II of Convention on International Trade in
Endangered Species of Wild Fauna and Flora (CITES). It
was also considered to form a large corridor through the
entire border area with Bolivia (dry frontier), only cut by
international roads, so as to project inter-country connec-
tions in the future.
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Figure 3. Wild protected areas in the Paraguayan Chaco
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It is noted that for the hotspots important to the flora,
the records of the scientific collections that remain in the
national herbariums were taken into account.

Six consecutive workshops were held; these workshops
developed interdisciplinary discussions in order to identi-
fy the priority areas where the biological corridors should
pass and the subsequent elaboration of a preliminary map
of the interconnection of the biodiversity hotspots.

To complement the information on biodiversity, the
following bibliographic references on the subject were
used: Altritcher et al. 'Y; Cabral & Ruiz Diaz '; Cacciali
& Scott ; Cacciali et al. "); Cartes et al. ", Cartes et al.,
in press "”’; De Egea et al. i ; D’Elia et al. '%; Gonzalez
Parini et al % Guyra Paraguay . Junk et al I Mere-
les et al. "; Mereles '"; Mereles et al.''”; Mereles 21,
Mereles et al. 21, Navarro 231, pérez de Molas & Mereles
27 Sanderson et al. ®"; Spichiger et al. 2. Taber et al. ™:
Timm et al. % Weiler et al. P,

Preliminary map of mapping of connectivities: Sub-
sequently, a preliminary outline was drawn up, linking the
biodiversity hotspots found (Map 1), to which the results
of the First Ecoregional Assessment of the Great Chaco
B4 Paraguayan chapter, were overlapped. This assessment
showed the significant areas for biodiversity at that time
which were: (1) terrestrial ecological systems, (2) aquatic
ecological systems, (3) important bird areas d), important
areas for amphibians and reptiles, (4) important areas for
mammals and (5) areas important for vegetal species and
communities (Map 2).

Importance of peri-urban biodiversity hotspots: As an
example of the union of biodiversity hotspots in peri-ur-
ban areas, the District of Philadelphia was considered as
it is one of the most populated of the Chaco and contains
several conservation hotspots (Figure 4).

Mapa General de Ubicacidn de las Lagunas Saladas |
Chaco Central - Paraguay
1BA PY010

el

Figure 4. Locations of the peri-urbans corridors around
Filadelfia, Mariscal Estigarribia and Loma Plata, Central
Chaco
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The professionals that participated in the workshops
were representing the following institutions: Museo de
Historia Natural and Secretaria del Ambiente (SEAM),
Facultad de Ciencias Exactas y Naturales (FaCEN) of the
Universidad Nacional de Asuncion (UNA), Herbario of
the Facultad de Ciencias Quimicas (FCQ) of the Universi-
dad National de Asuncion (UNA), Guyra Paraguay, World
Wildlife Fund, Paraguay, Wildlife Conservation Society
(WCS), Fundacion Moisés Bertoni (FMB), Centro para
el Desarrollo de la Investigacion Cientifica (CEDIC),
Asociacion Etnobotanica Paraguaya (AEPY), Cooperati-
va Fernheim, Filadelfia, Centro para la Conservacion del
Chaco Paraguayo (CCCPY), Sobrevivencia, Amigos de la
Tierra, Itaipti Binacional margen derecha, Paraguay and
individual professionals.

3. Results

The vast majority of wild protected areas of the territory
are located (Figure 3) in the Dry Chaco, the Medanos and
Cerrados ecoregions which are in the northwest, north and
extreme north-east of the Chaco. These protected areas
concentrate and protect important diversity areas with
large mammals such as: Priodontes maximus (giant arma-
dillo, tata carreta), P. onca (yaguareté, Paraguayan spe-
cies), Tapirus terrestris (tapir), Mazama americana and
M. guazoubira (deer), three species of peccaries including
Parachoerus [C.] wagneri, (tagua, pecari quimilero), a liv-
ing fossil and currently in the UICN red list of threatened
species, Myrmecophaga trydactyla (anteater) and reptiles
and amphibians, some of them endemic to the area. The
Médanos is also the limit of the distribution of the Lama
guanicoe (guanaco) and the unique place of appearance of
this species in the Paraguayan Chaco. Others importants
biodiversity elements are: Chelonoidis carbonaria and C.
chilensis (tortugas terrestres), Boa constrictor occidentalis
(boa constrictora), Epicrates alvarezi (boa arcoiris) and
endemic anfibians: Leptodactylus laticeps (rana coralina)
and the genus Lepidobatrachus (ceratéfrido).

The northern zone protects these three ecoregions,
unique within the Great Chaco. In fact, the Medanos
ecoregion or sandy formations of eolian origin, whose
sands come from the Grande and Parapiti rivers in Boliv-
ia, appears only in this zone, presenting a great sandy ex-
panse with unique and almost endemic vegetal formations
of the Great Chaco and an important species richness. The
continuous formations of Schinopsis cornuta on the crests
of the dunes and recently described species also endemic
to the region such as Cissampelos arenicola, Ceiba sam-
auma, etc. are found in this area.

Among the regional endemisms of the Gran Chaco
including the Paraguayan Chaco, Arachis (wild peanuts)
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species, such as A. batizocoi, A. duranensis and A. carde-
nasii are considered to be very important phytogenetic
resources as they are wild relatives of commercial species.
The north is also the place where the Cerrado ecoregion
develops, a formation coming from Brazil and Bolivia and
recently described for the Paraguayan Chaco. In the same
area, woody species of the ecoregion have been men-
tioned for the first time for Paraguay, such as: Commipho-
ra leptophloeos, Simira sampaioana, Zeyheria tuberculo-
sa, Sterculia striata, Magonia pubescens, Cochlospermum
regium, among others, elements completely foreign to the
Chaco formations. The Cerrado is also seat of important
phytogenetic resources like wild species of Manihot (wild
cassava).

In the north-eastern and eastern ends, the Pantanal
ecoregion stands out, where very diverse transitional for-
ests appear, with species foreign to the territory such as
Cordia trichotoma and C. glabrata (petereby), two timber
trees found only in this part of the Paraguayan Chaco. In
rivers, streams, lagoons and other bodies of water, aquatic
mammals such as Pteronura brasiliensis (giant otter, ari-
rai) are found, being this one of the few stable populations
in the water courses of the north of the country. Blastoce-
reus dichotomus, Dracaena paraguayensis (teyu viboron)
and important aquatic reptiles such as Caiman latirostris
and C. yacaré (yacaré overo and common cayman), /gua-
na iguana, among others, can be found in this area. In this
ecoregion, there are also records of species populations
whose distribution is more southern such as Mimon crenu-
latum, Sciurus ignites and Mico melanurus.

In the Dry and Humid Chaco ecoregions, seven of the
ten families of amphibians represented in the Chaco are
found, with a total of 63 species known to date, repre-
senting 74% of the country's amphibians. These include
endangered species such as Chtonerpeton indistinctum,
endemic families such as Chacophrys pierottii, L. asper
y L. llanensis (Ceratophryidae family) and L. laticeps,
endemic of the arid paraguayan Chaco. Ceratophrydae,
whose five species are found only in the Chaco region
and finally Melanophryniscus paraguayensis. Bufonidae,
a species endemic not only to the region but also to the
country, and reptiles (turtles, lizards, crocodilians, am-
phibians and snakes) are represented by 24 families,
with the Acanthochellys pallidipectoris being a species
classified by IUCN as vulnerable and very threatened at
national level due to the loss of their habitat. Other prom-
inent reptiles threatened by illegal hunting and fires are
Bothrops matrogrossensis (jarara), a semi-arboreal snake,
very rare in the genus, Caiman spp., B. constrictor occi-
dentalis (boa constrictor) and turtle species of the genus
Chellonoidis. During the preparation of this work, a new
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species of legless lizzard, Ophiodes luciae, was recorded,
indicating that other riches still remain to be discovered in
this territory.

The Dry Chaco ecoregion also stands out for birds;
thus, it is the only site in the country where Phoenicopter-
us chilensis and Ph. jamesii (flamingos) appear, migratory
birds that concentrate only in the salty lagoons of the ter-
ritory. The birds constitute, next to the mammals and great
reptiles, the most valuable of the Chaco territory. The
fifteen important bird arcas (IBAs) make up more than 2.4
million hectares in total, of which 6 are associated with
riparian environments in connection with watercourses in
private areas, totaling more than 100,000 hectares.

The salty lagoons in the same ecoregion form a com-
plex of sites important for conservation and are home
to at least three IBAs: Laguna Capitan (RAMSAR site),
Chaco Lodge and Laguna Campo Maria, totaling about
23,400 hectares. Concerning vegetal species, salt flats are
sites with typical vegetation, which supports higher con-
centrations of salt in the soil. Although the species found
there are not unique to the country, these are the only sites
where Heterostachys ritteriana, Sarcocornia perennis,
Cyclolepis genistoides (much appreciated for its medicinal
qualities) and an endemic species of the site, Tillandsia
mereliana ", appear. These sites are also the ones that
concentrate the larger quantity of B. sarmientoi (palo san-
to), already mentioned above.

The Dry Chaco ecoregion is also house to important
endemisms of the group of succulent plants such as Gym-
nocalycium, Quiabentia and Echinopsis species, as well as
typical representatives of the Great Chaco such as species
of the Prosopis genus (carob trees in general), Sch. hetero-
phylla and Sch. quebracho-colorado (quebrachos). One of
the most coveted trees in the northern part of the eastern
region, Amburana cearensis (clover), is remarkably found
in the Dry Chaco, probably associated with soils with cal-
careous inlays and high pH as well as other utilitarian spe-
cies such as Capsicum chacoense (wild pepper, ky'yi), one
of the only wild Capsicum of more austral distribution in
South America, which gains importance because it is also
considered a phytogenetic resource, and some species of
Manihot (wild cassava) already mentioned.

The Humid Chaco and Pantanal ecoregions are watered
by two large rivers of the three which are in the Great
American Chaco: the Paraguay and Pilcomayo rivers.
In the first of them, floods and falls of the waters, called
"flood pulse", occur periodically on its floodplain, creat-
ing an aquatic-terrestrial transition zone where important
ecological processes occur such as a high rate of primary
productivity, the development of unique habitats for the
survival of certain species, the spawning and growth of ju-
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venile migratory fishes such as Pseudoplatystoma corrus-
cans, Salminus brasiliensis, Prochilodus lineatus and oth-
er species important for sport fishing such as Raphiodon
vulpinus.

The torrential waters of the Pilcomayo River carry tons
of sediment per year and revitalize the Chaco plain in ben-
efit of its biodiversity and population in general. This is
one of the most important niches of the migratory species
Proch. lineatus (tarpon) which is well-used in the region.

Both water courses with their tributaries are not only
rich in biodiversity but are in themselves, formers of im-
portant natural corridors for the Chaco fauna and flora as
a whole.

In both regions, the wooded formations of Sch. balan-
sae (red quebracho), an emblematic species due to its high
content of natural tannin, are also developed, constituting
one of the most diverse ecotonal formations in the Great
Chaco where vegetal species converge, the Atlantic For-
est, the Cerrado, the Amazon and the Dry Chaco, among
others.

In relation to connections, two maps were generated:

(1) One that unites the areas mentioned above (Map
1, preliminary outline): this north tract concentrates the
protected wild areas of the department of Alto Paraguay:
Médanos del Chaco, Cabrera-Timane, Defensores del
Chaco, Rio Nero and Teniente Agripino Enciso national
parks. It was also considered the proposal of Reserve for
Chovoreka National Park, with the concentration of the
area of the Cerrados, unique formations of this type in the
territory of the Chaco. These corridors basically connect
four ecoregions: Médanos, Cerrados, Pantanal and Dry
Chaco.

A central-east corridor, trying to cover existing private
reserves and others that do not yet have a well-defined
status like the Tifunké managed resources reserve, located
on private land and with large wetland areas. This corridor
connects the ecoregions of humid Chaco and dry Chaco.

Of the fifteen important bird areas (IBAs) eleven are
mentioned, which are those outside the reserve areas (since
the others coincide with protected territories) and are as
follows: Pozo Hondo, Estancia Gran Siete, Fortin Toledo
and Pirizal in Boquerén department; Laguna Ganso, La-
gunas Saladas-Riacho Yacaré, Reserva Tinfunké-Estero
Patifio, Estancias Golondrina - El Trébol, Estancia La
Rafacla, Estancia Santa Asuncion and Rio Negro-Bajo
Chaco in Presidente Hayes department.

(2) the one generated by overlapping the first one with
that of the first ecoregional assessment of the Great Amer-
ican Chaco, Paraguayan Chaco chapter.

With the overlap of both maps, the biodiversity
hotspots still existing in the territory will be reflected
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(Figure 5).
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Figure 5. Map with the aproximate location of the pro-
posed Biological Corridors

Finally, the conservation areas surrounding the city of
Philadelphia total approximately more than discontinuous
65,000 hectares. These were created thanks to the union of
the forest reserves required by the Law 422/73 Forestry.
Those disconnected hotspots will be joined by the protec-
tion curtains of crops, generating resilience in the natural
formations of the peri-urban area. The objective of the
union of the peri-urban reserves was to protect biodiversi-
ty and water for the future. This corridor totals more than
65,370 hectares and is made up of the following reserves:
Kannland, Mellizos, Central, Cauce Moro, Campo Norte
and Laguna.

4. Discussion

The Paraguayan Chaco is undoubtedly the most diverse in
comparison to the Argentine and the Bolivian Chaco, for
the variety of vegetal formations and the great amount of
wild fauna that still remains. Clearly, one of the most im-
portant groups is the birds, which are concentrated in the
five ecoregions of the area. Other important aspects are its
value as a territory where there are niches of phytogenetic
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resources linked to food, particularly in the north of the
territory, developed on eolian and hydric sands: Arachis
and Manihot species (peanuts and wild manioc respective-
ly), as well as species of Capsicum (wild pepper). These
niches are not only important components of biodiversity
but are wild relatives of economically important species,
so other conservation strategies for these elements should
be considered. One of these strategies is to know what
and how many are, where they are and somehow find a
way for them to remain in their habitats. Other reasons
are the presence of endemic large mammals (C. wagneri),
the concentrations of threatened species such as birds and
amphibians, and the concentrations of big cats, among
others.

In fact, the Paraguayan Chaco is considered by some
as a land rich in wildlife or Wilderness Area ™, because
it still contains large pristine and biodiversity rich areas
which in practical terms means that approximately 60% of
the territory is in a natural state not yet fragmented, with
continuous natural formations that are rapidly being lost
by changes in land use, intended for production.

Why a Wilderness Area and not a Hotspot? This last
concept, developed by Myers ™, requires a minimum of
1,500 species of endemic plants in a region, which is dif-
ficult for the Gran Chaco to have due to the homogeneity
of the substrate and its uniformity, but at the same time
the area is under much threat. In contrast, the Paraguayan
Chaco is a unique territory in relation to its particular veg-
etal formations, since it keeps most of the representation
of the current dry forests (last remnants in all Latin Amer-
ica), very threatened due to the great changes in the land
use and a rich mastozoological and ornithological fauna.

Due to this, we suggest that the current concepts of
hotspots are redefined or at least complemented by those
presented by Myers **, since the Gran Chaco and the Par-
aguayan Chaco in particular contain some similar char-
acteristics as a great threat due to the accelerated changes
in land use, and whose habitat and biodiversity losses are
very high and rapid over time. On the other hand, more
detailed quantitative analyzes of formations and endemic
vegetal species will have to be carried out, since there are
large information gaps in this area and also to take this re-
gion as a whole: Great Chaco. Threats do not only attack
forest formations but also the aforementioned fauna, with
special emphasis on the large mammals, including big cats
and the outstanding ornithological fauna.

As for what remains of its pristine area, it is possible
that already the Paraguayan Chaco has lost between 60-
70% of its original surface, for the reasons explained.

How do we maintain these last biodiversity hotspots?
This remains a challenge and one option is undoubtedly to
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find the connectivities between them, which are common-
ly known as biological biodiversity corridors. It is worth
noting that the concept of biological corridors has generat-
ed numerous conflicts and discussions at scientific, polit-
ical and social levels, since some maintain the hypothesis
that they are only tools for modified landscapes, while
others mention that they are complements for the conser-
vation of protected areas . However, so far, there are no
other options; evidently a rapid action for the construction
of these connectivities will be what the Mennonite prede-
cessors have done: to unite their forest reserves under the
Law in the central Chaco. This private initiative is a first
and only example in the country of a biological corridor
already established, from which secondary corridors can
start to maintain priority areas for biodiversity, close to
urban centers.

The management mode with which these reserves were
left in the middle of the productive areas proved to be
very innovative, since the owner-producers came together
to match their forest reserves to the national legislation
(Forest Law 422/73) in order to form a greater continuous
mass of natural formations, emphasizing in this sense the
importance of the reserves in the semi-urban areas; obvi-
ously they also concentrate biodiversity hotspots.

The Chaco territory in Paraguay has been developing
steadily since the 1930s, but it is only since the 1990s that
it began a process of massive land clearance that acceler-
ated when the moratorium of the changes on land use in
the Eastern region entried into force . Thus, the Western
region, like the Eastern region in previous decades, has
been subjected to major transformations, which have re-
sulted in some cases in a complete change of forest matrix
to suburban and urban areas "'*. Unfortunately, it has not
been foreseen that the expansion of this development,
concentrated in the livestock activity (milk and meat) and
other agricultural items for export, could have affected the
conservation of the biodiversity to less than 100 years of
the beginning and with only 8% of the population.

An ideal prevention would have been possible with
the application of a territorial ordering, work not done for
various causes, which is why we again turned to a tool
that tries to connect areas that must maintain their homeo-
stasis in time and not fall into endogamy, such as the large
reserve areas concentrated in the north of the territory.

One of the aspects that could be noticed in Map 1 is the
absence of corridors in the north-south direction, except
for the Paraguay River trunk. The reason is that permanent
and temporary water courses have a west-east direction,
with a large number of lagoons of different sizes in be-
tween, which must be connected. Probably the hardest job
is to connect these arecas empty of watercourses that cross
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private, mostly productive, land.

The final identification and subsequent design of the
biological corridors for the Paraguayan Chaco requires a
second stage of work consisting of a numerical valuation
for each corridor, considering whether it passes between
protected areas, which represents a low value for the bio-
diversity, as it occurs in the north of the territory or if it
passes through private lands, where the cost for the fauna
biodiversity would be higher.

On the other hand, reaching the biodiversity reserves
is not always easy. Therefore, in those places where costs
will be high for the diversity of fauna, a major manage-
ment effort, led by local authorities (municipalities and
governorates) and the Secretaria del Ambiente (SEAM),
should be made. The call in this second phase should be
addressed to the representatives of all groups and asso-
ciations that live in each municipality: producers, land-
owners, rural, scientists, natives, and others, since each of
them will have enough to contribute in the construction of
each corridor that has to go through the districts.

Obviously, to put into practices the proposal of biolog-
ical corridors does not guarantee the conservation of im-
portant biodiversity rich areas, especially those outside the
reserve areas. Success in the implementation of the cor-
ridors will depend on the management work, which must
be carried out with the rigor and the required and selected
community participation.

At sites associated with corridors, physical and biolog-
ical connectivity would occur in an excellent way if pro-
ductive establishments, mostly livestock farmers, adopt
biodiversity-friendly practices such as those implemented
around Filadelfia, joining the forest reserves trying to cov-
er a larger area, protection of springs and watercourses,
among some examples. For their construction, the work
tables must adopt criteria to follow, in order to maintain
or initiate a connectivity process in the best possible way,
according to the physical conditions of the environment
and the products to be conserved.

The tool of biological corridors will generate con-
flicts almost surely, since to be effective, they must pass
through private properties in the process of establishing
the connectivities ' and those are the conflictive situa-
tions that must be settled for a better territorial planning.

As a projection for the future, the corridors should be
biological-cultural in the broad sense, incorporating to the
territory those steps by which the indigenous people ob-
tain the resources for their forms of life.

Acknowledgement

To the Comision Nacional de Defensa de los Recursos
Naturales del Senado Nacional (CONADERNA) and the

34 Distributed under creative commons license 4.0

Secretaria del Ambiente (SEAM, today Ministry of the
Environment and Sustainable Development MADES) for
supporting the work and the workshops. To the Consejo
Nacional de Ciencia y Tecnologia (CONACYT) through
the Programa Nacional de Incentivo a los Investigadores
(PRONII) for partially financing this work. Also, to the
Fundacion Moisés Bertoni for allowing us to participate
in the partial update of the ecoregional assessment of the
territory. To the researchers and experts who collaborated
in the workshops.

References

[1] Altritcher M., A. B. Taber, A. Noss and L. Maffei.
2008. Catagonus wagneri en IUCN Red List of
Threatened Species Version 2010, 4.

[2] Aquino, A. L., G. Placci, A. Di Bitetti, H. M. Maltez
y L. A Dietz. Vision de biodiversidad de la ecorregion
del bosque atlantico del Alto Parana. Wordl Wildlife
Fund (WWF), Washington, D.C. 2003, 155 p.

[3] Arenas, P.. Etnobotanica Lengua-Maskoy. Fundacion
para la educacion, la ciencia y la cultura. Buenos Ai-
res, Argentina, 1981: 358.

[4] Caballero, J., F. Palacios, F. Arévalos, F., O. Rodas
y A. Yanosky. Cambio de uso de la tierra en el Gran
Chaco en el afio 2013. Paraquaria Natural, 2014,
2(1): 21-28.

[5] Cabral, H. y M. Ruiz Diaz. Habitos semi-arboricolas
de Bothrops matogrossensis Amaral, 1925 (Serpentes:
Viperidae) en el Pantanal Paraguayo. Paraquaria Nat-
ural, 2014, 2(1): 43-44.

[6] Cacciali, P. and N. Scott. Key to the Ophiodes (Squa-
mata: Sauria: Diploglossidae) of Paraguay with the
description of a new specie. Zootaxa, 2015, 3980(1):
042-050.

[7] Cacciali, P., Scott, N., Aquino Ortiz, A. L., Fitzger-
ald, L. and P. Smith. The reptiles of Paraguay: Lit-
erature, Distribution and an Annotated Taxonomic
Checklist. Special Publication of the Museum of
Southwestern Biology, 2016, 11: 1-173.

[8] Cardenal, L., T. Zuiiga, S. Ramirez, R. Barzev, y
M.V. Urquijo. El corredor biolégico mesoamericano:
una plataforma para el desarrollo sostenible regional.
CCAD-PNUD-GEF. Serie Técnica, 2002, 01: 44.

[9] Cartes, J. L., H. del Castillo y M. Velilla. Nuevo reg-
istro de arirai (Pteronura brasiliensis) para el depar-
tamento de San Pedro y evaluacién de su estado en
Paraguay. Paraquaria Natural, 2013, 1(2): 8-11.

[10] Cartes, J. L., Velilla, M., Gonzélez-Britez, N. y J.
Thompson (En Prensa). Estado de conservacion de
los primates en Paraguay. En: La primatologia en
Latinoamérica 2 / A primatologia na America Latina

DOL: https://doi.org/10.30564/re.v2il.1324



Research in Ecology | Volume 02 | Issue 01 | March 2020

2. Urbani, B., Kowalewski, M. M., Grasseto Texeira
da Silva, R., de la Torre, S., Cortés-Ortiz, L. (eds.).
Caracas: Ediciones IVIC, Instituto Venezolano de In-
vestigaciones Cientificas. NN p.

[11] De Egea, J., F. Mereles y G. Céspedes. Ceiba samau-
ma (Mart.) K. Schum., (Bombacaceae), Nuevo reg-
istro para la flora paraguaya. Candollea, 2012, 67(2):
364-367.

[12] D’Elia, G., I. Mora, P. Myers and R.D. Owen. New
and noteworthy records of Rodentia (Erethizontidae,
Sciuridae, and Cricetidae) from Paraguay. Zootaxa,
2008, 1784: 39-57.

[13] Gonzalez Parini, F., L. Pérez de Molas y M. F. Mere-
les. Zeyheria tuberculosa (Vell.) Bureau, Bignonia-
ceae, nuevo género y especie para la flora paraguaya.
Rojasiana, 2004, 6(1): 120-123.

[14] Guyra Paraguay. Areas de importancia para la conser-
vacion de aves en el Paraguay. 1% Edicion. Guyra Par-
aguay y BirdLife International. Asuncion, 2008: 12.

[15] Junk, W. J., P. B. Bayley and R. E. Sparks. The flood
pulse concept in river- floodplain systems. Canadian
special publication of fisheries and aquatics sciences,
1989, 106 (1): 110-127.

[16] Mereles, M. F., L. Pérez de Molas, F. Gonzalez Pari-
niy G. Delmas de Rojas. Simira sampaioana (Standl.)
Steyer, Rubiaceae, nuevo género y especie para la
flora paraguaya. Rojasiana, 2004, 6(1): 118-120.

[17] Mereles, M. F.. Una aproximacion al conocimiento
de las formaciones vegetales del Chaco boreal, Para-
guay. Rojasiana, 2005, 6(2): 5-48.

[18] Mereles, M. F. y O. Rodas. El proceso de frag-
mentacion y reduccion de habitat en el Chaco par-
aguayo y sus efectos sobre la biodiversidad. In: El
Chaco sin bosques: la Pampa o el desierto del futuro.
Morello, J. H. y A. F. Rodriguez (eds.), Programa
Hombre y Biosfera (MaB), Organizacion de las
Naciones Unidas para la Educacion, la Ciencia y la
Cultura (UNESCO), Grupo de Ecologia del Paisaje y
Medio Ambiente (GEPAMA), Universidad de Bue-
nos Aires (UBA) y Facultad de Arquitectura, Disefio
y Urbanismo, Universidad de Buenos Aires (FA-
DU-UBA). Buenos Aires, Argentina, 2009: 271-289.

[19] Mereles, F., G. Céspedes y J. De Egea. Muellera vari-
abilis (R. R. Silva & A. M. G. Azevedo) M. J. Silva
& A. M. G. Azevedo, Leguminosae-Papillonoideae,
nueva mencion para la flora paraguaya. Rojasiana,
2011, 10(2): 93-95.

[20] Mereles, M. F. . Acerca de las extensiones de los cer-
rados y cerradones en el Paraguay. Paraquaria Natu-
ral, 2013a, 1(1): 35-38.

[21] Mereles, M. F.. Los corredores bioldgicos: conju-
gando la produccién con la conservacion de los prin-

Distributed under creative commons license 4.0

cipales ecosistemas del Chaco boreal, Paraguay. In:
Conjugando produccion y conservacion en el Chaco
paraguayo. Arano, F. y J. De Egea (eds.), Wildlife
Conservation Society (WCS) y AVINA. 1% Edicion.
Asuncion, Paraguay, 2013b: 14-24.

[22] Mereles, M. F., A. Weiler de Albertini, H. Vera-Al-
cardz y O. Rodas. Perspectivas para una vision de
biodiversidad en el Chaco boreal, Paraguay. In:
Evaluacion integral ambiental de ecosistemas de-
gradados de Iberoamérica: experiencias positivas y
buenas practicas. Fernandez Reyes, L., Volpedo, A. V.
y M. Salgot de Marcay (eds.), Programa Iberoameri-
cano de Ciencia y Tecnologia para el Desarrollo. Red
CYTED 411RT0430. Imprenta ARTIPAPEL, Barce-
lona, Espaiia, 2014: 43-58.

[23] Mittermeier, R. E., C. G. Mittermeier, T. M. Brooks,
J. D. Pilgrim, W. R. Konstant, W. da Fonseca, and C.
Kormos. Wilderness and biodiversity conservation.
Ecology, 2002, 100(18): 10309-10313.

[24] Myers, N.. Biodiversity hotspots revisited. BioSci-
ence, 2003, 53(10): 796-797.

[25] Navarro, G.. Unidades de vegetacion de la Reser-
va de Biosfera del Chaco paraguayo. In: Unidades
Ambientales de la Reserva de Biosfera del Chaco
Paraguayo. Rumiz, D. y L. Villalba (eds.).Wordl
Conservation Society (WCS Bolivia) y Fundaciéon
para el Desarrollo Sustentable del Chaco Paraguayo
(DesDelChaco, Paraguay), 2005: 25-50.

[26] Nori, J., R. Torres, J. N. Lescano, J. M. Cordier, M.
E. Periago and D. Baldo. Protected areas and spatial
conservation priorities for endemic vertebrates of the
Gran Chaco, one of the most threatened ecoregions
of the world. Diversity Distrib, 2016: 1-8.

[27] Pérez de Molas, L. y M. F. Mereles. Commiphora
leptophloeos (Mart.) Gilliet, Buerseraceae, nuevo
género y especie para la flora paraguaya. Rojasiana,
2004, 6(1): 115-118.

[28] Proyecto Sistema Ambiental del Chaco. Informes
Técnicos del Proyecto, Documentaciéon-Suelos,
Tomo III. Direccién de Ordenamiento Ambiental,
Sub-Secretaria de Recursos Naturales y Medio Am-
biente, Ministerio de Agricultura y Ganaderia (MAG),
Paraguay ¢ Instituto Federal de Geociencias y Recur-
sos Naturales, (BGR), Alemania, 1992/1997: 372.

[29] Rodas, O. y J. L. Cartes. Breve analisis paisajistico
de los remanentes mas importantes del Bosque At-
lantico del Alto Parand (BAAPA) en Paraguay. In:
El Bosque Atlantico en Paraguay: Biodiversidad,
Amenazas y Perspectivas. Galindo-Leal, C. y I. de
Gusmao Camara (eds.) & Cartes, J. L. (re-ed.), Aso-
ciacion Guyra Paraguay, Conservation International
(CI) y Center for Applied Biodiversity Science.

DOL: https://doi.org/10.30564/re.v2il.1324 35



Research in Ecology | Volume 02 | Issue 01 | March 2020

Asuncion, Paraguay, 2005: 205-218.

[30] Sanderson, E.W.; K. H. Redford; C-L.B. Chet-
kiewicz; R. A. Medellin; A. R. Rabinowitz; J. G.
Robinson and A. B. Taber. Planning to save a spe-
cies: the jaguar as a model. Conservation Biology,
2002, 16(1): 58-72.

[31] Schinini, A.. Tillandsia mereliana Schinini, nov. sp.
Rojasiana, 2008, 8(1): 73-76.

[32] Spichiger, R., R. Palese, L. Ramella. y F. Mereles.
Proposicion de leyenda para la cartografia de las for-
maciones vegetales del Chaco Paraguayo. Contribu-
cion al estudio de la flora y la vegetacion del Chaco
III. Candollea, 1991, 46: 541-564.

[33] Taber, A., S. C. Chalukian, M. Altrichter, K. Min-
kowski, L. Lizarraga, E. Sanderson, D. Rumiz, E.
Ventincinque, E. Amorim Moraes, Jr, C. de Angelo, M.
Antunez, G. Ayala, H. Beck, R. Bodmer, S. Boher B., J.
L. Cartes, S. de Bustos, D. Eaton, L. Emmons, N. Es-
trada, L. F. de Oliveira, J. Fragoso, R. Garcia, C. Go-
mez, H. Gémez, A. Keuroghlian, K. Ledesma, D. Liz-
cano, C. Lozano, O. Montenegro, N. Neris, A. Noss, J.
A. Palacio Vieira, A. Paviolo, P. Perovic, H. Portillo,
J. Radachowsky, R. Reyna-Hurtado, J. Rodriguez Or-
tiz, L. Salas, A. Sarmiento Duenas, J. A. Sarria Perea,
K. Schiaffino, B. de Thoisy, M. Tobler, V. Utreras, D.
Varela, R. B. Wallace, y G. Zapata Rios. El Destino de
los Arquitectos de los Bosques Neotropicales: evalu-
acion de la distribucion y estado de conservacion de
los pecaries labiados y tapires de tierras bajas. Informe
Presentado por Wildlife Conservation Society — Tapir
Specialist Group — Grupo de Especialistas de Cerdos,
Pecaries e Hipopotamos — Wildlife Trust, 2008: 181.

[34] The Nature Conservancy (TNC), Fundacion Vida Sil-

36 Distributed under creative commons license 4.0

vestre Argentina (FVSA), Fundacion para el Desar-
rollo Sustentable del Chaco (DeSdelChaco) y Wild-
life Conservation Society Bolivia (WCS). Evaluacion
Ecorregional del Gran Chaco Americano/Gran Chaco
Americano Ecorregional Assessment. Buenos Aires,
Argentina, 2005: 28.

[35] Timm, R. M., J. L. Cartes, M. Ruiz-Diaz, R. Zarate,
and R. H. Pine. Distribution and ecology of squirrels
(Rodentia: Sciuridae) in Paraguay, with first country
records of Sciurus ignitus. The Southwestern Natu-
ralist, 2015, 60 (1): 1-7.

[36] Yanosky, A. A.. The Challenge of Conserving a Natu-
ral Chaco Habitat in the Face of Severe Deforestation
Pressure and Human Development Needs. In: The
Paraguay Reader: History, Politic, Culture. Lambert.
P. and A. Nickson (eds.). Duke University Press,
2012: 376-383.

[37] Yanosky, A. A.. Paraguay’s challenge of conserving
natural habitats and biodiversity with global markets
demanding for products. In: Navjot S. Sodhi, Con-
servation Biology: Voices from the tropics. Gibson,
L. and P. Raven (eds.). First Edition. John Wiley &
Sons Ltd., 2013: 113-119.

[38] Vazquez, F.. Geografia humana del Chaco para-
guayo: transformaciones territoriales y desarrollo
regional. Ediciones de la Asociacion Paraguaya de
Estudios de Poblacion, ADEPO. 1?. Edicidén. Asun-
cién-Paraguay, 2013: 342.

[39] Weiler, A., K. Nufiez, K. Airaldi, E. Lavilla, S. Peris
y D. Baldo. Anfibios del Paraguay. Facultad de Cien-
cias Exactas y Naturales, Universidad Nacional de
Asuncion - Universidad de Salamanca. San Lorenzo,
Paraguay, 2013: 134.

DOL: https://doi.org/10.30564/re.v2il.1324



	OLE_LINK5
	OLE_LINK4
	OLE_LINK33
	OLE_LINK34
	OLE_LINK42
	OLE_LINK43
	OLE_LINK45
	OLE_LINK44
	OLE_LINK12
	OLE_LINK11
	OLE_LINK6
	OLE_LINK50
	OLE_LINK47
	OLE_LINK52
	OLE_LINK51
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	RANGE!A18
	_ENREF_15
	_ENREF_16
	RANGE!A62
	_ENREF_17
	_ENREF_18
	RANGE!A22
	_ENREF_19
	RANGE!A16
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_ENREF_28
	_ENREF_29
	_ENREF_30
	_ENREF_31
	_ENREF_32
	_ENREF_33
	_ENREF_34
	_ENREF_35
	_ENREF_36
	_ENREF_37
	RANGE!A19
	_ENREF_38
	_ENREF_39
	_ENREF_40
	OLE_LINK15
	OLE_LINK16
	_ENREF_41
	_ENREF_42
	_ENREF_43
	_ENREF_44
	_ENREF_45
	_ENREF_46
	_ENREF_47
	_ENREF_48
	_ENREF_49
	_ENREF_50
	RANGE!A1
	_ENREF_51
	_ENREF_52
	_ENREF_53
	_ENREF_54
	_ENREF_55
	_ENREF_56
	_ENREF_57
	_GoBack
	_ENREF_58
	_ENREF_59
	_ENREF_60
	_ENREF_61
	_ENREF_62
	_ENREF_63
	_ENREF_64
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_ENREF_28
	_ENREF_29
	_ENREF_30
	_ENREF_31
	_ENREF_32
	_ENREF_33
	_ENREF_34
	_ENREF_35
	_ENREF_36
	_ENREF_37
	_ENREF_38
	_ENREF_39
	_ENREF_40
	_ENREF_41
	_ENREF_42
	_ENREF_43
	_ENREF_44
	_ENREF_45
	_ENREF_46
	_ENREF_47
	_ENREF_48
	_ENREF_49
	_ENREF_50
	_ENREF_51
	OLE_LINK1
	_GoBack
	_GoBack

