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Abstract

The Chacoan Peccary was thought extinct until it was rediscovered as a living species in the
Chaco region of Paraguay in the 1970s. At present, the region is going through an unprecedented
wave of deforestation, with over 1000 hectares of forest cleared daily. Wild populations of the
endangered Chacoan peccary are currently facing the fastest and most extensive habitat loss
ever recorded in recent history. To better understand the current conservation status we carried
out surveys and interviews throughout the species former range in the Chaco region of Paraguay.
From gathered location data, an ecological niche model was created using the Maxent program,
to create an updated distribution map. The model showed that most of the species former range
remains the same. However, the central southern portion of its range has suffered intense land
transformation, which has negatively affected the presence of the species. On the other hand, the
northern portion of its range, consisting of national parks and private lands that still mostly remain
undeveloped, currently has the highest probabilities of occurrence of Chacoan peccaries. Our
survey offers vital information, giving us the ability to create an updated species distribution map
for Paraguay. Helping identify habitat limits, boundaries and possible barriers as well as, specific
sites that need immediate attention. Similarly, our interviews have provided important information
that needs consideration when implementing conservation policies, management plans, or
community work to raise awareness regarding the importance of conserving the Chacoan
peccary and the rich Gran Chaco biodiversity.

Introduction

The existence of the Chacoan peccary (Catagonus wagneri), (Figure 1) was known only from
fossil records (Rusconi 1930; Kraglievich and Rusconi 1931) until it was rediscovered alive in the
Gran Chaco of Paraguay by Wetzel (1975). At present, due to the continuing decline in numbers
and range size it is considered “Endangered” by the IUCN Red List Threatened Species
(Altrichter et al 2015). In addition, it is listed as Appendix I CITES species and in Paraguay; it is
listed as endangered and protected by Law (SEAM). The actual conservation status and
distribution of the Chacoan peccary in the Chaco region of Paraguay is based on previous
estimates made by Taber 1991, Handen et al 1994 and more recently by Neris et al 2002.
However, current population numbers are still unknown.

The Chacoan Peccary or Taguá as the Guarani know it is the largest among the living species of
peccary. It is endemic to the dry Chaco of northwestern Paraguay, Argentina and Bolivia (Wetzel
1977; Sowls 1984; Mayer and Wetzel 1986; Redford and Eisenberg 1992; Taber et al 1993;
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Altrichter 2004; Neris et al 2002). It occurs
in areas of low rainfall and high
temperature and is restricted to the driest
parts of the Gran Chaco biome (Sowls
1984, 1997). The prime habitat for the
species is xerophytic thorn forest
characterized by emergent trees a dense
shrub with ground cover of bromeliads and
cacti (Mayer and Brandt 1982). The
primary food source of Chacoan peccaries
are several species of cactuses, roots of
bromeliads, fruit from various species of
Acacia and Prosopis, and occasionally
they browse on forbs (Mayer and Brandt

1982; Wetzel 1977; Sowls 1984; Taber et al. 1993; Neris et al 1993). Chacoan peccary are
territorial and their home range sizes reaches 1,100 ha and contains a core area of about 600 ha
in the Paraguayan Chaco (Taber et al. 1993).

The Paraguayan Chaco, home of the Chacoan peccary is a vast alluvial plain and one of the
major wooded areas in central South America, bordered on the west by the Pilcomayo River and
on the east by the Paraguay River. It is divided into three main ecoregions. The Low Chaco, a
plain predisposed to flooding with precipitation generally >1000 mm\y (Redford et al. 1990;
Mereles et al. 1992) characterized by palm forests with natural humid grasslands, and annually
flooded savannas and swamps (Redford et al. 1990). The transitional Chaco with annual
precipitation between 600 and 1000 mm\y and the High Chaco or semiarid Chaco with
precipitation <600 mm/y (Adamoli et al 1990; VargasGil et al 1988). Characterized by thick, xeric
thorn forest (Holdridge 1969; Gorham 1973; Redford et al. 1990; Glatzle 1999) with abundant
standing water during the rainy season (November to May) which diminishes greatly or
disappears entirely during the dry season (July to September) (Hueck 1966; Eidt 1968). The
uniquely harsh environment of the Paraguayan Chaco ecosystem has allowed it to remain mostly
undeveloped and immune to modern anthropogenic land modification until 60 years ago, when
deforestation began for farming and cattle production (SENACSA 2016).

Over the last four decades, pasture production in the Chaco region of Paraguay has steadily
increased. Currently approximately 1000 ha of forest are cleared daily (Huang et al 2007, 2009;
Caldas et al 2013). Since 2000, the region has lost nearly 3.5 M hectares of forest, predominantly
to pasture for cattle production (Huang et al 2009; Caldas et al 2013). According to Caldas
(2013), the Chaco public pressures and patterns of conversion have changed over the last
decade. As well as, pattern of change in satellite imagery from 2011, showing changes that are so
widespread that it is difficult to identify focal areas of deforestation as in previous times. With
recently deforested areas appearing more square with deforested areas much larger and cleared
over shorter period, suggesting that a change in technology used to remove the forest, from
smallscale chain saws to bulldozers and other heavy machinery. The region now holds more
than 6 millions of cattle and steadily continues to increase (SENACSA 2016). On the other hand,
the Chaco also has approximately 15.000 km² of protected areas in public and private hands.

Fig. 1: Two adult Chacoan peccaries (Catagonus wagneri).
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Despite this, most of these areas are
merely big remnant forest that in the vast
majority have little to no rangers, wildlife
population estimates few active research
and management programs and nearly all
have no enforced control over illegal
hunting (Figure 2). Nevertheless, these
reserves and National parks are vital for
the future of many species included the
Chacoan peccary. Our goal for this work
was to collect vital information through
intense surveys and interviews to settlers,
with the objective of acquiring data that
allowed us to update the species
distribution map for Paraguay. Identifying
habitat limits, boundaries and possible
barriers as well as, specific sites that need immediate attention regarding Chacoan peccary and
the Gran Chaco biodiversity conservation.

Material and Methods

Survey area

We surveyed throughout most of the former Chacoan peccary distribution in search of remains,
signs or direct observations on public and private roads and paths, from August 2012 to
September 2013. We carried out 22 survey trips, traveling more than 15.000 km, covering an
area of approximately 180.000 km² corresponding to the species estimated former distribution
and beyond, which included the northern areas of the department of President Hayes, the entire
department of Boquerón and Alto Paraguay (Figure 3). We obtained 56 new presence location
records based on direct observation, tracks, body remains and trusted source of direct
observation records (Table 1). To ensure that all the records were independent, and to minimize
the effects of spatial autocorrelation on future modeling analyses, all account have a unique exact
location recorded using a global positioning system (GPS) unit. Location records that were closer
than 50 m were not included in the Niche Model analysis to compensate for biases in data that
frequently occur when some areas in a landscape are sampled more intensively than others (Elith
et al 2011).

Despite our intense survey due to the dense characteristics of the Chaco forest, it was extremely
difficult to observe Chacoan peccaries in the forest, except on open road, old paths or forest
edges. To overcome this we carried out interviews to local settler and workers in search of
information on the occurrence of the species and hunting practices. We interviewed 72
individuals throughout the Chaco. It was clear that there were three very distinct types of settlers.
Inhabitants of small settlements and Amerindians in which the great majority rely on daytoday
subsistent hunting for their source of protein. On the other hand, settlers from wellestablished
medium to large cattle ranches in which hunting is more opportunistic or in most cases prohibited
by the owners. Finally, fence and wood post workers, in areas in which new ranches are
beginning to be established, relying exclusively on wildlife for their everyday meat source.
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road with fresh tract from the family group still visiting the area.
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Respondents were questioned in Spanish or Guaraní to prevent miss communication. The
interviewed were asked to identify species through highresolution color pictures and questioned
according to their answers. If they identified the species correctly, we asked general questions
about the species such as, if they considered the species to be common in the area, in what type
of habitat and how long has it been since the last time they had seen or hunted one. We asked
information about animal group size and if they considered the species to be more common now,
or the same as in the past. In addition, we asked questions regarding what animals they hunt the
most and how often they hunted.

Ecological Niche Modeling and

Environmental Layers

Ecological niche modeling (Busby
1991; Stockwell and Peters 1999)
uses the fundamental niche of a
species (Hutchinson 1957) to
determine suitable habitat and
distribution of species by correlating
occupancy and environmental data
to predict the distribution of a
species (Franklin 1995; Hirzel et al.
2002). Ecological niche modeling
has been successfully used to
predict the distributions of vectors,
threatened plants and animals, as
well as invasive species (Peterson
2001; Peterson and Vieglais 2001;
Soberon & Peterson 2005; Graham
et al. 2006; Monteiro de Barros et
al. 2007; Costa et al. 2008, Ferraz
et al 2016).
Predictive modeling of species
distributions represents an
important tool in biogeography,
evolution and conservation
(Peterson & Vieglais 2001). We
used a maximum entropy algorithm
implemented in the software Maxent
3.4.0. (Phillips et al. 2006). This
program uses species presence
records in combination with the
distribution of environmental
variables over the study area to
estimate a probability distribution for
species. The extent of occurrence
for the species within the Chaco
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region of Paraguay was
determined using newly recorded
occurrence location points. Within
the distribution limits of the study
area, we used six environmental

datasets. All
environmental layers were
resolved to a 1 km pixel
resolution by using ArcGIS
version 10.0. Datasets
included vegetative land
cover from historical
images from 2010 (Land
sat), soil type (FAO.
UNESCO 1971), average
annual precipitation
(Gorham 1971), average
annual temperature (The
Food and Agriculture
Organization of the United
Nations 1964; Holdridge
1969) and altitude (D.
S.G.M. 1998). To estimate
our species distribution we
considered that soil,
altitude, rainfall and
temperature are not likely to significantly change in short periods. For each model run, 25% of the
occurrence records were set aside for external validation, and the maximum number of
background points was set at 10.000. The occurrence records that were set aside for validation
were chosen at random by Maxent. The remaining 75% of the records were used in the
construction of the Maxent niche models. The area under the curve (AUC) of the receiver
operating characteristic plot was used as a measure of model performance, and the outputs were
projected onto a digital map, exported as an ASCII raster grid, and imported into ArcView 10.0
using the Spatial Analysis Extension for visualization and interpretation.

Results

Interviews Results

In total, we interviewed 72 individuals throughout the survey area. Though it may seem a low
number, the area we surveyed is very sparsely populated. Interviewees were asked their origins,
(44 %, n = 72) answered of being from the Chaco, and (56 %, n = 72) were not originally from the
Chaco region. All interviewees were asked to identify species of peccaries from pictures and
among them the Chacoan peccary, (30 %, n = 72) knew the species well and was able to identify
it without doubt. At that time, all interviewees were asked several questions about hunting and
their knowledge of Chaco wildlife. We asked those that identified the Chacoan peccary correctly,
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Fig. 3: Country of Paraguay. Red area shows survey area. In red circle darker green represents

forest, light green represents cleared forest converted to grassland.
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if they see more Chacoan peccary now than years before, (89 %, n = 28) answered less now.
Interviewees were asked where have they seen Chacoan peccaries, (57 %, n = 28) answered on
roads, (25 %, n = 28) on forest edges, (11 %, n = 28) in the forest and (7 %, n = 28) on
pastureland. Similarly, all interviewees were asked if they knew or heard that the Chacoan
peccary is a protected species and that it is threatened of extinction, (53 %, n = 72) did not know
that the species is threaten. We continued asking questions related to wildlife, such as if they
actively hunt, (64 %, n = 72) answered yes. Asked how often do you hunt (56 %, n = 46)
answered when the opportunity presents (28 %, n = 46) once a week and, (15 %, n = 46)
answered every day. Asked what animal do you hunt the most, (52 %, n = 46) answered Deer
(Mazama gouazoubira), (35 %, n = 46) peccarys (Catagonus wagneri), (Tayassu pecari) and
(Pecari tajacu). (13 %, n = 46) birds like the Chaco Chachalaca (Ortalis canicollis), picazuro
pigeon (Patagioenas picazuro) and small game like threebanded armadellos (Tolypeutes

matacus), Chacoan mara (Dolichotis salinicola) and Tegu (Tupinambis rufescens).

Distribution Maps

Our ecological niche model created an updated distribution map based on new present Chacoan
peccary locations (Figure 4). Of our six environmental layers used to model its distribution, soil
type, average annual rainfall, and altitude were significant, single variable predictors. However,
the best fitting models were obtained using all environmental layers. For our distribution map, the
model predicted the presence of Chacoan peccary in an area of over 130.000 km² corresponding
strongly to its previously estimated former distribution in Paraguay (Taber et al 1991) and by our
recently published Gran Chaco distribution maps (Altrichter et al 2016; Ferraz et al 2016).
However, our map is restricted to Paraguay, highlighting areas with high probabilities of
occurrence in the northern Chaco. Which is not unexpected, considering that the northern Chaco
region has yet seen little deforestation, it is still sparsely populated and holds the largest Chaco
National Parks (Defensores del Chaco with 720.000 ha and TimaneCabrea with 125.823 ha). In
addition, it still holds large tracts of undeveloped privately owned native forest. On the other hand,
the northwest of the Chaco is rated with low values in terms of probability of occurrence. This
could be a result of the different habitat type in the area, characterized by very sandy soil and
dunes with a much more open savanna type vegetation. However, it is important to mention that
the Medanos National Park has 514.233 hectares located in that area, has very few roads
covering the area. Consequently, our survey was restricted to those roads and due to the
inaccessibility and the sandy soil; it was extremely difficult to find signs of the species. Because
of this, we recommend that in the future more extensive studies should be conducted to better
elucidate Chacoan peccary presence and population density in the area.

On the other hand, most of the central west Chaco that in the past was the region with the highest
populations of Chacoan peccaries, currently has lower probabilities of occurrence, visibly
associated with high habitat modification and fragmentation, accentuated by the fast development
in the region. The map as well, identifies small pockets with high probabilities of occurrence
distributed along the central and northwest of its range, probably as a direct effect of habitat
fragmentation with consequently negative effects for the Chacoan peccary populations in those
areas. As expected, the southern Chaco and areas near the Paraguay river predict very low
occurrence probabilities. However, we did find animals that were outliers much further south than
expected.
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Fig. 4: Chacoan peccary distribution according to our Niche model results. Squares represent location points.
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Discussion

Population Status

Throughout our survey, we sighted Chacoan peccary in five occasions, found six skulls, four
skins, and registered 38 sites with clear tracts. Because of the size of its distribution range, the
low detectability and the scarcity of the species, it is extremely difficult to acquire sufficient data to
accurately estimate population numbers in the wild. However, based on estimate made by Taber
(1991) and Handen (1994), the total population of Chacoan peccary was estimated to be in the
order of 5000 individuals. Taking in consideration that more than twenty years has passed since
those estimates and that the Chaco development has not stopped and furthermore, it has
increased drastically in recent years. In one decade 3.5 Million hectares of Chaco forest have
been cleared (Huang 2009, Caldas 2013), in its great majority ideal Chacoan peccary habitat.
Considering the enormous habitat loose, hunting pressure, fragmentation and possible disease
outbreaks, we can anticipate that the Chacoan peccary population in the Paraguayan Chaco
consequently has had to be reduced to at least half of previous estimates. According to our maps,
survey and interview results, it is a fact that surviving populations in the central and southwest
Chaco are in clear decline, and most likely persist as small isolated and fragmented populations
under heavy hunting pressure. On the other hand, our results strongly suggest that the northern
Chaco, at present remains relatively isolated and so far holds the highest and healthiest
population densities of Chacoan peccaries

Previous reports of herd sizes in the Paraguayan Chaco vary between one and nine (Mayer et al
1982; Sowls 1985), with an average of 4.5 according to Taber (1990, 1993, 1994). Our recent
survey results based on direct observation, tracks and interviews suggest that heard size are
much smaller now, with pairs and solitary animals being most common. Herds of more than five
are at present very infrequent. Similarly, throughout the Chaco, populations appear to be
fragmented and in a constant decline as a direct consequence of rapid and largescale habitat
loss.

Nearly all hunting in the Chaco occurs on roads due to the thickness of the Chaco forest, making
it virtually impossible to move through it in search for prey. In recent years, Paraguay has started
assembling Chinese motorcycles, making them available at very low cost. This has significantly
increased the mobility of local settlers and greatly increased their hunting possibilities, by giving
them fast and cheap transportation. In the recent past hunters moved mostly by walking,
horseback or bicycles. At present, it is common to find hunters on motorcycles as far as 100
kilometers from their settlement. Likewise, old habits of leaving the fur and skull of hunted animal
are disappearing, making it harder to find remains of hunted animals on the roads. It is evident
that hunting pressure in areas surrounding human settlements, ranches and throughout most of
the Chaco has increased. In addition, accompanying the expansion of cattle ranching and
agriculture in the region are the opening of new roads and the improvement of old. Remote areas
that had month traffic of a handful of truck now have several hundred. The majority of these
trucks carry guns that are ready in case an unaware prey is spotted. Most common preys are
mazama deer (Mazama guazubira), collar peccaries (Pecari tayacu), whitelipped peccaries
(Tayassu pecari), tapirs (Tapirus terrestris) and the Chacoan peccary. Among all, the Chacoan
peccary is probably one of the easiest preys, because of its careless and curious behavior
(Altrichter and Boaglio 2004; Bellassai 2014). It is common for hunters to kill more than one
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Chacoan peccary if the opportunity presents, taking advantage of the protective behavior the
animal has toward fallen members of its family group (Sowls 1984).

If land conversion rates continue as in present, we expected that in the short future only protected
National Parks, private reserves and legally conflicted lands would probably remain untouched.
Also, it is likely that the entire region will resemble the Central Chaco, in which small islands of
heavily exploited and degraded Chaco forest remain, surrounded by large grassland, agriculture
fields and roads, harboring only a minimum percentages of the great diversity it once had
(Areskoug 2001). Furthermore, if conservation programs and species management plans are not
effectively implemented it is very likely that most medium and big mammals will be greatly
diminished or locally extirpated and among them the Chacoan peccary (Decarre 2015).

It is also a fact that many species can take advantage of anthropogenic habitat transformation
(Campos et al 2011). However, a greater number of forest specialized native species such as the
Chacoan peccary are very sensitive to habitat damage. Yet, it is not impossible to carry out a
rational and harmonic development taking in consideration not just profit but as well, the ecology
balance preserving the habitat and its wildlife. It is important to promote cattle and agriculture
practices that take in consideration and implement conservation measurements to reduce
negative impacts toward wildlife. As many Chaco cattle ranchers have already and are strong
advocates of wildlife in their land. Similarly, at present the Paraguayan government through, the
Ministry of Environment (SEAM) is starting to implement the newly regulated Law for
environmental services Law 3001/06 (SEAM), which requires landowners that have cleared more
than what is legally allowed on Paraguay (75 percent) of their land to acquire certified forest
stocks or to reforest. If this new law is correctly implemented it can give a significant monetary
value to the Chaco forest, which in turn will reduce deforestation and promote longterm forest
and wildlife conservation.

Conclusion

This project provides additional data to better understand the current distribution of the Chacoan
peccary in the Chaco region of Paraguay, providing essential information that will help implement
effective conservation and management strategies. As the recently updated and published
Chacoan peccary action plan after the successful Catagonus wagneri conservationplanning
workshop carried out on Feb 29th to March 3rd, in Asunción, Paraguay. (Altrichter el al 2016).
Similarly, during the workshop a vortex population viability analysis model for the Chacoan
peccary was created showing how critical the situation of the species in the Gran Chaco region
(Leus et al 2016).
Estimating a species, distribution not only gives information on their occurrence but can identify
habitat limits, boundaries and barriers as well as areas that hold populations that are vital for the
survival of the species. Likewise, we have identified weakness in public communication
concerning awareness about the Chacoan peccary critical conservation status and the
importance of instructing the general public to identify the species throughout the Chaco region.
In that regard we were aware that identification of the species is always confusing for the general
public, in particular for the nonlocals and nonhunters. To improve its identification and
conservation posters were placed thorough our trips in local schools, military, police posts and
local stores and in national parks (Figure 5).
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With respect to efforts toward the conservation of the Chacoan
peccary there is only one conservation project that is fully
dedicated to the conservation of the species. Proyecto Taguá
founded at the Chaco region of Paraguay in 1985 by the Zoological
Society of San Diego, San Diego, California, USA. (Byrd et al
1988, Benirschke et al 1993). At present, the project has grown to
become a nonfor profit organization, named Centro Chaqueño
para la Conservación e Investigación  Proyecto Taguá (CCCI).
The CCCI is the only insitu conservation and captive breeding
effort for the Chacoan peccary in Paraguay. However, this effort is
not sufficient to save the species. Currently wild populations of
Chacoan peccaries are facing the fastest and most intense habitat
loss in recent history. The fact is that development of the Chaco is
unstoppable, strongly stimulated by high meat prices in the
international market and the trend is that cattle ranching and
production will keep increasing. If we do not take conservation
steps to address this wave of progress with wellestablished
development criteria and actions, we expose ourselves to an
irreversible ecological damage as well as the high possibility of
losing species like the Chacoan peccary. In fact, the measures and
action plans to prevent the extinction of the Taguá and many other
Chaco species have been already written many times. However,

now is the time to take action, if we do not take the necessary steps the Chacoan peccary,
symbol of the Gran Chaco will be ever closer to extinction.

Acknowledgments

We would like to thank settlers, local communities and military personal for their hospitality,
motivation, interest and shared time answering our questions. We thank Eli Leon and Rene Perez
for their help and time spent in preparing for the logistics of many trips. Our special thanks to the
Rufford Small Grant Foundation that made this work possible and the Centro Chaqueño para la
Conservation e Investigation – Proyecto Taguá for providing all the local support and equipment.

References

Adámoli, J., Sennhauser, E., Acero, J., and Rescia, A. 1990. Stress and disturbance: Vegetation
dynamics in the dry Chaco region of Argentina. Journal of Biogeography 17:491500.

Altrichter, M. and Boaglio, G. I. 2004. Distribution and relative abundance of peccaries in the
Argentine Chaco: Associations with human factors. Biological Conservation 116:217225.

Altrichter, M., Taber, A., Noss, A., Maffei, L. & Campos, J. 2015. Catagonus wagneri. The IUCN
Red List of Threatened Species 2015: e.T4015A72587993.
http://dx.doi.org/10.2305/IUCN.UK.20152.RLTS.T4015A72587993.en. Downloaded on 05
June 2017.

Altrichter, M., Desbiez, A., Camino, M., Decarre, J. (eds.). 2016. Pecarí del Chaco o Taguá
Catagonus wagneri. Una estrategia para su conservación. Revisión de situación, análisis
de viabilidad poblacional y aptitud del hábitat. Asunción, Paraguay: UICN Grupo

Ecology and

Conservation

Fig. 5: Poster created by the CCCI with

support of the Rufford Foundation

distributed throughout the survey area,

to promote awareness of the critical

conservation status of the Chacoan

peccary.



Suiform Soundings 1 6(1 ) 48

Especialista en Pecaríes, SSC, Guyra Paraguay, CCCI Paraguay. 116 pag.
Altrichter M, Desbiez A, Beck H, Yanosky A and Campos JM. 2016. Chacoan Peccary Catagonus

wagneri conservation strategy. Suiform Soundings 15(1): 4452.
Areskoug, V. 2001. Utilization of remanten dry forest corridors by the native fauna in pastural

landscape in the Paraguayan Chaco. CBM:s Skriftserie 3; 2538.
Bellassai S. S. 2014. Status and threats to persistence of the Chacoan peccary (Catagonus

wagneri) in the Defensores del Chaco National Park Paraguay. Unpublished Master’s
Thesis. State University of New York. 101pp.

Benirschke, K, and Heuschele, W. P. 1993. Proyecto Taguá: the Giant Chaco peccary
conservation project. International Zoo Yearbook 32:2831.

Busby, J. R. 1991. Bioclim– a bioclimatic analysis and prediction system. In: Nature
Conservation: Cost Effective Biological Surveys and Data Analysis (Margules CR, Austin
MP, eds). 6468, CSIRO, Melbourne, Australia

Byrd, M. L., Benirschke, K. and Gould, G. C. 1988. Establishment of the first captive group of the
Chaco peccary, Catagonus wagneri. Zool. Garten 56:265274.

CamposKrauer, J. C., and Wisely, S. M., 2011. Deforestation and Cattle Ranching Drive Rapid
Range Expansion of Capybara in the Gran Chaco Ecosystem. Global Change Biology 17
(1): 206218

Caldas, M., Goodin, D., Sherwood, S., Campos Krauer, J. M., Wisely, S. 2013. Land Cover
Change in the Paraguayan Chaco: 20002011. Journal of Land Use Science. Journal of
Land Use Science 8: 118.

Costa, G. C., Wolfe, C., Shepard, D. B., Caldwell, J. P., Vitt, L. J. 2008. Detecting the influence of
climatic variables on species distributions: a test using GIS nichebased models along a
steep longitudinal environmental gradient. Journal of Biogeography 35:637646.

Decarre, J., 2015. Diversity and structure of bird and mammal communities in the Semiarid
Chaco Region: response to agricultural practices and landscape alterations. Imperial
College London.

Dirección del Servicio Geográfico Militar. 1998. Mapa Físico del Paraguay. 1st Ed. Dirección del
Servicio Geográfico Militar.

Eidt, R. C. 1968. The climatology of South America, Biogeography and ecology of South America.
Monographiae Biologicae 18:5481.

Elith, J., Phillips S.J., Hastie, T., Didik, M., Chee, Y.E., Yates, C.J. 2011. A statistical explanation
of MaxEnt for ecologists. Diversity and Distribution 17: 4357.

FAO. 1964. Report on the Soils of Paraguay, Food and Agriculture Organization of the United
Nations. United Nations Educational, Scientific and Cultural Organization UNESCO 24:1
50.

FAO / UNESCO. 1971. Soil map of the world  1:5 000 000. Vol IV: South America. UNESCO,
Paris.

Ferraz KM, Angelieri C, Altrichter M, Yanosky A, Campos JM, Torres R, Camino M, Cabral H,
Cartes J, Cuellar RL, Gallegos M, Giordano AJ, Decarre J, Maffei L, Neris N, Bellassai SS,
Wallace R, Lizarraga L, Thompson J and Velilla M. 2016. Predicting the current distribution
of the Chacoan peccary (Catagonus wagneri) in the Gran Chaco. Suiform Soundings
15(1):5253.

Franklin, J. 1995. Predictive vegetation mapping: geographic modeling of biospatial patterns in
relation to environmental gradients. Progress in Physical Geography 19:474499.

Ecology and

Conservation



Suiform Soundings 1 6(1 ) 49

Ecology and

Conservation

Glatzle, A. 1999. Compendio para el Manejo de Pasturas en el Chaco., Edición El Lector,
Asunción, Paraguay.

Gorham, J. R. 1973. The Paraguayan Chaco and its rainfall. In: Gorham JR (ed): Paraguay:
Ecological essays, Academic of Arts and Sciences of the Americas, Miami, 4:3960.

Graham, C. H., Moritz, C., Williams, S. E. 2006. Habitat history improves prediction of biodiversity
in a rainforest fauna. Proceedings of the National Academy of Sciences USA. 103:632
636.

Handen, C. E., Unger, J. and Meritt, D. 1994. Current status of the taguá (Catagonus wagneri) in
Paraguay. Der Zoologische Garten 64:338348.

Hirzel, A. H., Hausser, J., Chessel, D. and Perrin, N. 2002. Ecologicalniche factor analysis: How
to compute habitatsuitability maps without absence data? Ecology 83:20272036.

Holdridge, L. R. 1969. Estudio ecológico del los bosques de la región oriental del Paraguay.
Organización de la Naciones Unidas para la Agricultura y la Alimentación FAO: SF/PAR
15.

Huang, C., Kim, S., Alstatt, A., Townshend, J., Davis, P., Song, K., Musinskiy, J. 2007. Rapid loss
of Paraguay’s forest and the status of protected areas  A landsat assessment. Remote
Sensing of Environment 106(4):460–466.

Huang, C., Kim, S., Song, K., Townshend, J., Davis, P., Altstatt, A., Rodas, O., Yanosky, A., Clay,
R. and Tucker, C. 2009. Assessment of Paraguay's forest cover change using Landsat
observations. Global and Planetary Change 67:112.

Hutchinson, G. E. 1957. Concluding remarks. Cold spring harbor symposia on quantitative
biology 22:415427.

Hueck, K. 1966. Die Wälder Südamerikas. Ökologie, Zusammensetzung und wirtschaftliche
Bedeutung. Vegetationsmonographien der einzelnen Grossräume, Stuttgart, G Fischer
Verlag: 422.

Kraglievich, L., Rusconi, C. 1931. Restos de Vertebrados Vivientes y Extinguidos Hallados por
los señores E. R. Wagner y Hermano en Tumulos Precolombinos de Santiago del Estero.
Physis. 10: 553564.

Mayer, J. J. and Brandt, P. N. 1982. Identity, distribution, and history of the peccaries,
Tayassuidae. In: M. A. Mares and H. H. Genoways (eds.): Mammalian Biology in South
America, Spec. Publ. Ser., Pymatuning Lab. of Ecol., Univ. Pittsburgh: 433455.

Mayer, J. J. and Wetzel, R. M. 1986. Catagonus wagneri. Mammalian Species 259: 15.
Mereles, F., Degen, R. and Lopez de Kochalca, N. 1992. Humedales en el Paraguay:
Breve reseña de su vegetación. Amazoniana 12:305316.

Monteiro de Barros, F. S., de Aguiar, D. B., Freitas, R., Goreti, M., LuitgardsMoura, J. F., da
Costa, G. H., Nildimar Alves, H., de Arruda, M. E. et al. (2007) Distribution summaries of
malaria vectors in the northern Brazilian Amazon. Journal of Vector Ecology 32:161167.

Neris, N. N. 1993. El Tagua (Catagonus wagneri): Diet y uso del habitat en el Chaco Paraguayo.
M.S. Tesis, Universidad Nacional Experimental de los Llanos Occidentales “Ezequiel
Zamora”, Barinas, Venezuela.

Neris, N., Colman, F., Ovelar, E., Sukigara, N., Ishii, N. (2002). Guia de Mamiferos Medianos y
Grandes del Paraguay. Distribucion, Tendencia Poblacional y Utilización. Secretaria del
Ambiente, Agencia de Cooperación Internacional del Japón, Asunción, Paraguay.

Leus K, Altrichter M, Desbiez A, Camino M, Giordano A, Campos Krauer JM, Brooks DM,
Thompson, J and NunezRegueiro M. 2016. A vortex population viability analysis model for



Suiform Soundings 1 6(1 ) 50

Ecology and

Conservation

the Chacoan peccary (Catagonus wagneri). Suiform Soundings 15(1):6476.
Peterson, A. T. and Vieglais, D. A. (2001) Predicting species invasions using ecological niche

modeling: new approaches from bioinformatics attack a pressing problem. BioScience 51,
363371.

Phillips, S. J., Anderson, R. P. and Schapire, R. E. (2006). Maximum entropy modeling of species
geographic distributions. Ecological Modelling 190:231–259.

Redford, K. H., Taber, A., and Simonetti, J. A. 1990. Biodiversity: there is more to biodiversity than
the tropical rain forest. Conservation Biology 4: 328330.

Redford, K. H. and J. Eisenberg. 1992. Mammals of the Neotropics. The southern cone. Chile,
Argentina, Uruguay, Paraguay. University of Chicago Press 2:430.

Rusconi C. 1930. Las especies fósiles argentinas de pecaríes y sus relaciones con las del Brasil
y Norteamérica. An Mus Nac Hist Nat. Bernardino Rivadavia. 36:121–241.

Proyecto Taguá – Centro Chaqueño para la Conservación e Investigación. Fortin Toledo.
Boquerón. Paraguay (www.cccipy.org).

SEAM.http://www.seam.gov.py/servicios/serviciosambientales/normativasdeservicios
ambientales

SENACSA. 2016. Servicio Nacional de Calidad y Salud Animal Government of the Republic of
Paraguay.
(http://www.senacsa.gov.py/application/files/8414/9641/0412/EP2016IA_02_Sanidad_
Animal.pdf).

Soberon, J., Peterson, A. T. 2005. Interpretation of models of fundamental ecological niche and
species distributional areas. Biodiversity Informatics 2:110.

Sowls, L. 1984. The Peccaries. The University of Arizona Press, Tucson, Arizona, USA.
Sowls, L. K. 1985. Ecology, behavior and status of the Chacoan peccary (Catagonus wagneri) in

Paraguay. Nat Geogr. Res. Repts 21: 457462.
Stockwell, D. and Peters, D. 1999. The GARP modelling system: problems and solutions to

automated spatial prediction. International Journal of Geographical Information Science
13: 143158.

Taber, A.B. 1990. El Taguá, un Plan de Acción para su Conservación en el Paraguay. Editora
Litocolor, Asunción, Paraguay.

Taber, A. B. 1991. The status and conservation of the Chacoan peccary in Paraguay. Oryx 25:
147155.

Taber, A. B., Doncaster, C. P., Neris, N. N., and Colman, F. H. 1993. Ranging behavior and
population dynamics of the Chacoan peccary, Catagonus wagneri. Journal of Mammalogy
74(2): 443454.

Taber, A. B., Doncaster, C. P., Neris, N. N., and Colman, F. 1994. Ranging behavior and activity
patterns of two sympatric peccaries, Catagonus wagneri and Tayassu tajacu, in the
Paraguayan Chaco. Mamalia 58:61–71.

Vargas Gil, R. 1988. Chaco sudamericano: regiones naturales. In X Reunión Grupo Campos y
Chaco (pp. 16–20). FAO UNESCO MAB INTA.

Wetzel, R. M., Dubos, R. E., Martin, R. L. and Myers, P. 1975. Catagonus, an 'extinct' peccary
alive in Paraguay. Science 189: 379381.

Wetzel, R. M. 1977. The Chacoan peccary Catagonus wagneri (Rusconi). Bull. Carneg. Mus. Nat.
Hist 3:136.

Wetzel, R. M. 1981. The hidden Chacoan peccary. Carneg. Mag 55(2):2432.



Copyright of Suiform Soundings is the property of IUCN SSC Wild Pig Specialist Group and
its content may not be copied or emailed to multiple sites or posted to a listserv without the
copyright holder's express written permission. However, users may print, download, or email
articles for individual use.


