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The white-lipped peccary (WLP) is a social ungulate that forms the largest groups 

documented for any tropical forest ungulate species. In the last 20 years WLP have become 

increasingly rare in Mexico and Central America and several researchers have suggested that 

more frequent reporting of smaller groups is related to an increased hunting pressure. Here I 

studied patterns of movement, home range size, and habitat preferences of WLP in a seasonally 

dry tropical forest, the Calakmul Biosphere Reserve (CBR) in Yucatan Peninsula, Southern 

Mexico. Additionally, I presented information relevant to the conservation of this species like 

group sizes and structure, breeding season, population density and hunting patterns of WLP for 

the Calakmul region of southern Mexico. Home range was among the largest reported ever on 

the literature for this species. White-lipped peccary preferred ponds, medium semi-perennial 

forest and low-flooded forest while avoided low-dry forest. Peccaries moved over a large range 

in the wet season and they performed long movements seasonally. WLP movements are 

influenced by water availability at least during the dry season and they behave like central place 

foragers around water sources during this time of the year. Groups performed searching 

strategies that resembles the Lévy-walk movement pattern, as well as coordinate traveling. These 
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strategies seem to be very efficient for searching resources that are non-uniform distributed on 

the landscape like was demonstrated for the CBR. Groups of WLP were on average larger in the 

protected area than in four hunted sites, but groups were generally smaller than those reported in 

other forests along the geographic range of this species. The smaller groups in the hunted areas 

are a detrimental signal for the conservation of this species in the Calakmul region. Population 

density is smaller than some estimates being used for legal hunting purposes and subsistence as 

well as sport hunting occurs on the dry season mainly when this species is breeding and visiting 

the water-bodies, and consequently is more vulnerable. 
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CHAPTER 1 
INTRODUCTION  

Social Behavior in Ungulates with Emphasis on Peccaries 

 There are several explanations to why animals live in groups. The advantages of group 

living have been broadly classified into three main categories, avoiding predation, optimizing 

resource use, and recently, avoidance of con-specific threats (Wilson 1975, Kie 1999, Chapman 

and Chapman 2000a, Krause and Ruxton 2002). Several mechanisms have been stated as means 

to accomplish these benefits, for example, living in groups increases the overall vigilance rate 

while allowing the individual more time to forage, decreases the individual probability to be 

predated, creates a major confusion when escaping a predator, and serves as defense against 

predators or other con-specific groups. Advantages of group foraging, include access to food 

otherwise not available for solitary individuals, cumulative knowledge of the member of the 

group about food temporal and spatial distribution and a more efficient use of resources by 

avoiding patches previously visited (Jarman 1974, Wilson 1975, Kiltie and Terborgh 1983, 

Treves and Chapman 1996, Kie 1999, Chapman and Chapman 2000a, Krause and Ruxton 2002). 

However, living in groups may also present disadvantages due to increased sexual and resource 

access competition (Kie 199, Chapman and Chapman 2000a). Competing for access to limited 

resources has been proposed as one of the main constraints for increased group size. 

Ungulates (refers to species from the Artiodactyla and Perissodactyla taxonomic order), 

living in open areas form larger social groups than those living in closed habitats (Jarman 1974, 

Kie 1999). Kie (1999) suggest that the correlation between group size and habitat structure could 

be the result of strategies of avoiding predation and accessing resources. Generally, ungulate 

species living in open areas are subjected to coursing predators while those living in closed 

habitats to stealth predators. Therefore, ungulates living in open areas form large groups to 
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increase the overall rate of vigilance without increasing the individual rate of vigilance and 

maximizes the energy ingest. In the other hand, those living in closed habitats, live in small 

groups or solitary and behave secretively and spend much time on individual vigilance, 

consequently, minimizes the time spent foraging (Kie 1999). 

In this context, the White-Lipped Peccary (Tayassu pecari) the subject of this dissertation, 

is an unusual social ungulate that lives in closed habitats while forming large groups, generally 

from 10 to 300 individuals, but there are historic reports of groups larger than a thousand animals 

(Mayer and Wetzel 1987). Their social behavior is only matched temporary for the Bearded pig 

of Borneo (Sus barbatus) which form temporary groups or aggregations which travel searching 

for fruit mast (Caldecott et al. 1993). The main differences is that the Bearded pig groups are 

temporary while the white-lipped peccary are permanent, remaining cohesive all year around 

(Fragoso 1994, Sowls 1997, Chapter 2–this dissertation). The other two known living species of 

peccaries, the collared peccary (Pecari tajacu) and the Chacoan peccary (Catagonus wagneri) 

form smaller groups that range from 2 to 50 individuals (with a mean of 8 individuals) in the 

former and 2 to 8 (with a mean of 4 individuals) in the latter (Sowls 1997). The collared peccary 

groups present fusion-fission behavior and herds are not cohesive. The Chacoan peccary on the 

other hand remain stable in the small groups all year long (Taber et al. 1993). 

The White-Lipped Peccary (Tayassu pecari) 

Other names.  

Spanish: Jabalí, Pecarí Labios Blancos, Saino, Hauilla, Senso (Donkin 1985). 

Description.  

The white-lipped peccary (Tayassu pecari, Link 1795, Order: Artiodactyla, Fam: 

Tayassuidae) is one of the three recognized living species of peccaries (Sowls 1997). White-

lipped peccary is the largest of the peccary species of Mexico.  It is 1,100 mm in body length, 
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and the weight range from 25–40 kg.  Their body color is brown-black with a distinctive white 

beard on the chest of adult individuals.  

Ecological Features.   

White-lipped peccary is a diurnal species, which forms the largest groups of ungulates in 

the Neotropical forest ranging from 10 to 300 animals or even more.  The groups are very 

cohesive and remain together all year, traveling within sight of each other (Emmon and Feer 

1990, Fragoso 1994, Fragoso 1998).  Usually they travel long distances in non-predictable 

movements, moving in a line with and alpha individual leading the group.  Evidence of seasonal 

movements have been found for some places, however these movements are inside large home 

ranges (Fragoso 1998, Altrichter et al. 2002).  In other areas its presence is episodic and 

unpredictable (Bodmer 1991).  The white-lipped peccary likes to wallow in muddy soils around 

water ponds and rivers, especially during the dry season.  They are mainly frugivorous and can 

eat hard nuts not consumed by other species, e.g., Buriti palm (Mauritia flexuosa; Kiltie and 

Terborgh 1983).  White-lipped peccary as with collared peccary, are prey of great cats like puma 

(Puma concolor) or jaguar (Panthera onca), which often follow the herds, waiting for an 

opportunity to catch one.  Small herds of white-lipped peccary are seen in areas where they seem 

to be disappearing (Leopold 1959, Emmons and Feer 1990).  This species shows little tolerance 

for humans and avoids or disappears quickly from highly populated areas when the habitat 

changes dramatically (Leopold 1959, Alvarez del Toro 1991, Sowls 1997, Reyna-Hurtado and 

Tanner 2007). 

Distribution and Status.   

White-lipped peccary distribution once ranged from Veracruz (Mexico) to northern 

Argentina.  However, this species has been reduced in its distribution range from several regions 

due to over hunting and forest fragmentation.  The white-lipped peccary is on CITES Appendix 
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II, but its status is poorly known.  The IUCN Red-List (2007, www.iucnredlist.org) classified it 

as Lower Risk/Least Concern due to the wide range of the species. However, in a recent 

workshop organized by the Wildlife Conservation Society (WCS 2005), experts on this species 

discuss its present and historic status and it was clear that the species is facing rapid decline in 

several parts of its range with the worst part in Mesoamerica (Mexico and Central America). In 

this region the white-lipped peccary is threatened by habitat destruction and overhunting.  It is 

becoming extremely rare in Mexico since it is the first large species to disappear when the 

humans colonize a new area.  More than 40 years ago, Leopold (1959) pointed out the reduction 

in numbers and range of this species in Mexico due to habitat loss and excessive hunting 

(Leopold 1959, Emmons and Feer 1990). So true was his predictions that in Mexico white-lipped 

peccary have disappeared from Veracruz, Tabasco and Yucatan states, and isolated population 

remains in Oaxaca and Quintana Roo, and the only stable populations can be found only in 

Chiapas and Campeche (March 1993, Naranjo 2002, WCS 2005).  Despite this reduction of the 

range, the species was not classified in the national list of endangered species (NOM-Norma 

Oficial Mexicana de Especies en Peligro de Extincion) issued by the Environmental Secretary of 

Mexican Government (SEMARNAT), and sport hunting is allowed in Campeche and Quintana 

Roo states under the official scheme of Conservation and Management Units (UMAs for its 

Spanish initials). The current situation is even worst when we considered that subsistence 

hunting (Naranjo 2002, Reyna-Hurtado 2002, Weber et al. 2006, Reyna-Hurtado and Tanner 

2007) and forest fragmentation are affecting this species outside the protected areas without any 

conservation plan at any scale (regional or national). 

Current Knowledge  

White-lipped peccary has been studied in several parts of its geographic range. There have 

been many studies/reports on this species, but the ones that focus entirely on this species started 

http://www.iucnredlist.org/
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with Kiltie (1981) and Kiltie and Terborgh (1983) who studied the ecology of the groups and the 

differences between collared peccary and white-lipped peccary in Manu National Park in the 

Peruvian Amazon forest. They stated that differences in masticator anatomy forces allow the 

white-lipped peccary to access to different resources than the collared peccary. Kiltie and 

Terborgh (1983) also were the first that ask the question: Why do white-lipped peccary form 

herds? And their main conclusions were that avoiding predation was the main force for this 

species to live in large groups.  

Fragoso (1994, 1997, 1998, 1999, 2004) has conducted the longest study on the field with 

more than 15 years of monitoring a population of white-lipped peccary on Maraca Island in 

Roraima state, Brazil. This researcher was the first on radiocollared individuals and determines a 

home range that is the largest known with 109-200 km2 for a large group. Another important 

result was the supporting evidence of diseases transmission between domestic pigs (Sus scrofa) 

and white-lipped peccaries that can lead the latter to suffer population crashes. White-lipped 

peccary has been studied also in Corcovado National Park, Costa Rica by Altrichter et al. (2001, 

2002) and Carrillo et al. (2002). This study provided the first detailed accounted of movements, 

daily habits and food habits of groups on this species. Home range was also determined and an 

“super-herd” concept was developed where groups do not behave individually but belong to a 

“super-herd” that aggregated and divided temporary. Keuroghlian et al. (2004) studied white-

lipped peccary on fragments of the Atlantic forest (Southern, Brazil) and determine the species 

can tolerate high levels of forest fragmentation if the fragment is protected. Habitat use and home 

range were determined here too. A. Keuroghlian (pers. comm.) is also studying this species in 

the Pantanal area of Brazil with a high success of capture and developing models of age 

structure. 
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Recently, Altrichter (2005) and Altrichter and Boaglio (2004) studied the distribution of 

this species and the hunting patterns for peasants in the dry forest of the Argentine Chaco. In 

South America to my knowledge at today’s date (December 2007) there are only a couple of 

studies more in Bolivia (Madidi National Park and Chaco dry-forest, by Wildlife Conservation 

Society researchers) and one study in Peru (Los Amigos-Madre de Dios Parks, by World 

Wildlife Fund researchers). In Mesoamerica, there is one ongoing study in the Peten forest, 

which forms a continuing forest with Calakmul Biosphere Reserve in Mexico (WCS-

Guatemala). In Mexico, March (1990) did a seminal study on distribution of the species and 

habitat available on the country. Naranjo and his team (Naranjo 2002) captured and radio-

collared two animals but they could not follow for a long time. This researcher also studied 

white-lipped peccary’s population abundance in hunted and non-hunted areas as part of the 

ungulates guild of the Lacandon forest in Chiapas, Mexico (Naranjo 2002, Naranjo and Bodmer 

2007). Quijano (2001) studied patterns of subsistence hunters for a Maya community in Quintana 

Roo on peccaries. Reyna-Hurtado and Tanner (2007) studied habitat preferences of the ungulates 

guild of Calakmul including the white-lipped peccary by counting tracks in different forest types 

and under different hunting pressure. There is one on-going study of habitat use in the Lacandon 

forest, Chiapas using camera-trapping method (K. Tavera, comm. pers.) and one finished study 

on diet and food habits of the two species of peccaries in the Calakmul region (S. Perez-Cortez 

and Reyna-Hurtado). 

This dissertation is the first ecological study on Mexico that focuses entirely on this 

species where wild animals are captured and successful followed by radio-telemetry.  

The Great Calakmul Region 

This study was conducted in the southern area of the Calakmul Biosphere Reserve (CBR) 

in the Mexican state of Campeche (Fig.1). The CBR is the largest protected tropical forest in 



 

21 

Mexico with 7,238 km2 and was decreed as protected area in 1989. The CBR is part of the Great 

Calakmul Region (Galindo 1999) that includes the Maya Biosphere Reserve in Guatemala and 

the Rio Bravo-Dos-Milpas conservation area in Belize, which together conform one of the 

largest tropical forests in Meso-America with more than 20,000 km2. The CBR is divided into 

two core areas with mitigation areas around them. The CBR is bordered on the west, north and 

east sides by more than 100 human communities (ejidos) with a total population around of 

35,000 people (INEGI 2005). The reserve is divided east-west by a highway along which some 

ejidos are causing a belt of deforestation that probably limits animal dispersal. The southern area 

of the CBR is contiguous with the Maya Biosphere Reserve in Guatemala without any dispersal 

barrier between them.  

According to Köppen (modified by Garcia 1988) the Calakmul climate is warm and sub-

humid (Aw), with a mean annual temperature of 24.6o C.  There is seasonal rainfall, mainly in 

summer and early fall, with an annual average of 1,076.2 mm. Of the different forest associations 

(Pennington and Sarukhan 1998), four are widely distributed: Medium Sub-Perennial Forest 

(Medium), the more humid of the region, where trees are between 15 to 25 m high; Low-Flooded 

Forest (Flooded) that gets seasonally inundated after two to three 3 months of heavy rains, and 

where trees are between 5 to 15 m high; and the Medium and Low Semi-Deciduous Forests, 

which both can be classified as dry forest (Dry) where trees range from 8 to 25 m high, but 

species composition differs from that of the Medium Semi-Perennial Forest. These four types of 

forest are highly intermingled within the area, although the humidity from northwest (driest) to 

southeast (wettest) has an impact on the forest types too. The area’s topography is very flat with 

some gently rolling hills. Mean elevation is 250 m above sea level with some hills that reach 340 

m. The water in the area is obtained through precipitation since there is no permanent river 
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system. Most of the rainfall percolates through the limestone, but some drains superficially and 

stores in ponds. These ponds constitute the only source for water for wildlife through the dry 

season. 

Despite the presence of some jaguar-hunters, chicle-tappers and archeological looters, this 

region has remained almost undisturbed since the Mayans abandoned it 1,100 years ago.  In the 

1940’s the colonization of the area began with the creation of the Zoh Laguna village as a center 

for logging operations and a base-camp for the extraction of the chicle gum (Ericson 1997).  In 

the 1970’s when the Mexican government encouraged the colonization of the “last frontier” in 

Mexico- the humid tropics - Calakmul as well as other parts of Mexico’s tropical forests, 

received a large influx of people from the central and southern states of Mexico.  This 

colonization process brought environmental changes to the region, and a municipality that 

presently includes 114 human settlements and an estimated population of 30,000 persons (INEGI 

2005).  Then in 1989 the CBR was granted its protection status. Calakmul Biosphere Reserve 

(CBR) is now the second largest reserve and the largest protected tropical forest in Mexico. 

Today, the CBR is the hope for the conservation of the tropical forest in Mexico. A mosaic of 

social conditions and land tenures surround it, and hunting as well as other extractive activities 

are common in the area (Reyna-Hurtado et al. 1999, Escamilla et al. 2000, Weber 2000, Weber 

et al. 2006, Reyna-Hurtado and Tanner 2007).  
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Figure 1-1. Localization of the Calakmul Biosphere Reserve (in dark gray) and study area (white 
oval) in Mexico (light gray). 
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CHAPTER 2 
HOME RANGE AND HABITAT SELECTION OF WHITE-LIPPED PECCARY 

GROUPS (Tayassu pecari) IN A SEASONAL TROPICAL FOREST OF THE 
YUCATAN PENINSULA, MEXICO 

Introduction 

Selection of home range area, habitat types and resources are key decisions that 

enable a wildlife species to survive in a determined site. These decisions greatly influence 

the ecological relationships between that species and its environment. Knowing when and 

how far an animal moves, and how it uses the resources available to satisfy its 

requirements are important information that will enable to understand how the species 

have adapted to specific ecological conditions (Kernohan et al. 2001).  Johnson (1980) 

stated that selection of resources for a wildlife species occurs at different levels and he 

defined four orders of selection that goes from the selection of the geographic area (1st 

order), selection of a home range area (2nd order), selection of habitat types within the 

home range (3rd order) and selection of specific resources inside a particular habitat type 

(4th order). 

 For social species that move in groups across the landscape these selections are 

even more interesting because additional factors like group size, group leadership, and 

probably a cumulative knowledge of the members of the group are involved (Boinski and 

Garber 2000, Chapman and Chapman 2000).  The white-lipped peccary (WLP; Tayassu 

pecari) is a social ungulate that forms the largest cohesive groups of any species living in 

dense tropical forest. Groups up to 300 are common on the Amazon forest (Kiltie and 

Terborgh 1983, Fragoso 2004) and there are anecdotic reports of 700 and more than 

1,000 individuals in a single group (Mayer and Wetzel 1987). WLP is a very mobile 

species that performs large scale movements through the landscape searching for food 
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patches and water bodies (Kiltie and Terborgh 1983, Fragoso 1999, Altrichter et al. 2002, 

Carrillo et al. 2002, Keuroghlian et al. 2004).  WLP has been found to highly select areas 

where fruit abundance is high and water is not a limitation (Fragoso 1998, Altrichter et al. 

2002, Reyna-Hurtado and Tanner 2005). Where WLP home range has been determined it 

spanned between 18.7 km2 for a forest fragment in the Atlantic Forest, Brazil 

(Keuroghlian et al. 2004) to more than 200 km2 for a large virtually unlimited forest in 

Roraima State also in Brazil (Fragoso 1998). Consequently, the social and ecological 

characteristics make this species a unique opportunity to study how highly cohesive 

groups living under dense forest select habitats types, move throughout the landscape, 

and how these decisions are affected by group size and habitat features. 

Almost 50 years ago Leopold (1959) stated that the WLP was among the first 

species to disappear when a forest became disturbed. So true was his prediction that in 

Mexico as well as in Centro America, WLP have disappeared from most of its 

distribution range during the last 20 years (WCS 2005). The Calakmul Biosphere Reserve 

(CBR, hereafter), the largest protected tropical forest in Mexico, is one of the few places 

where WLP survive. Calakmul is a seasonally tropical forest that lies close to the 

northern limit of the WLP historic distribution range and represent different conditions 

from the areas where WLP have been studied.  

In this study I determined annual and seasonal home range sizes and investigated 

selection of home range and habitat types (which correspond to the second and third 

order resources selection according to Johnson 1980) for four sympatric groups of WLP 

living in the semi-dry forest of the CBR. To gain insight into the factors promoting WLP 

movements, I incorporated additional information such as group size, overlap among 
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groups and food and water availability. This provided a detailed understanding of the 

selective pressure shaping habitat selection and group size in a unique species with 

exceptionally large group sizes. This is the first study involving wild groups of WLP in 

Mexico. The goal was to obtain insights into the ecological strategies that this highly 

mobile, social ungulate has developed to survive in a resource-limited forest such as the 

Calakmul forests and valuable information for conservation purposes of this endangered 

species in Mexico.     

Material and Methods 

Study Area 

   This study was conducted in the southern area of the Calakmul Biosphere 

Reserve (CBR) in the Mexican state of Campeche (See map in Chapter 1). The CBR is 

the largest protected tropical forest in Mexico with 7,238 km2 and was decreed as 

protected area in 1989. The CBR is part of the Great Calakmul Region (Galindo 1999) 

that includes the Maya Biosphere Reserve in Guatemala and the Rio Bravo-Dos-Milpas 

conservation area in Belize, which together conform one of the largest tropical forests in 

Meso-America with more than 20,000 km2. The CBR is divided into two core areas with 

mitigation areas around them. The CBR is bordered on the west, north and east sides by 

more than 100 human communities (ejidos) with a total population around of 30000 

people (INEGI 2005). The reserve is divided east-west by a highway along which some 

ejidos are causing a belt of deforestation that probably limits animal dispersal. The 

southern area of the CBR is contiguous with the Maya Biosphere Reserve in Guatemala 

without any dispersal barrier between them.  

According to Köppen (modified by Garcia 1988) the Calakmul climate is warm and 

sub-humid (Aw), with a mean annual temperature of 24.6o C.  There is seasonal rainfall, 
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mainly in summer and early fall, with an annual average of 1076.2 mm. Of the different 

forest associations (Pennington and Sarukhan 1998), four are widely distributed: Medium 

Sub-Perennial Forest (Medium), the more humid of the region, where trees are between 

15 to 25 m high; Low-Flooded Forest (Flooded) that gets seasonally inundated after two 

to three 3 months of heavy rains, and where trees are between 5 to 15 m high; and the 

Medium and Low Semi-Deciduous Forests, which both can be classified as dry forest 

(Dry) where trees range from 8 to 25 m high, but species composition differs from that of 

the Medium Semi-Perennial Forest. These four types of forest are highly intermingled 

within the area, although the humidity from northwest (driest) to southeast (wettest) has 

an impact on the forest types too. The area’s topography is very flat with some gently 

rolling hills. Mean elevation is 250 m above sea level with some hills that reach 340 m. 

The water in the area is obtained through precipitation since there is no permanent river 

system. Most of the rainfall percolates through the limestone, but some drains 

superficially and stores in ponds. These ponds constitute the only source for water for 

wildlife through the dry season.  

Capture of WLP for this study took place at a pond near the Calakmul 

archeological site. This pond is the largest in several kilometers and is believed to have 

been modified by the Mayans more than 1,100 years ago to augment storage of water. 

The whole study area is located at latitude of 18°07’21”N and longitude of 89°48’56”W, 

and lies in the heart of the southern area of the CBR. The area historically has been 

isolated since the Mayan abandoned it more than 1,100 years ago, and only some chicle-

tappers, jaguar hunters and archeological looters visited occasionally there before 

archeological studies began in Calakmul on a permanent basis about 25 years ago. The 
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study area is protected effectively against hunting and other human activities by two 

checkpoints along the only existing narrow road. During the whole time there, no recent 

signs of human activities inside the forest were detected. Human activity was only 

present at the Archeological site and on the road leading to it, and was limited to tourism 

and archeological research. 

Study Design 

  I captured and radio-collared individuals from four groups of WLP in the dry 

season of 2005. Given the high group cohesiveness in this species, I only radio-collared 

between two and three individuals in each group to keep contact with the group. I used 

radio-telemetry mainly to locate the groups, but observations about habitat preferences as 

well as home range localizations were collected mostly by walking toward the animals 

(homing) after receiving a signal and following the groups.  Simultaneously, I collected 

monthly data on food and water availability by walking between 14 to 20 km of a 

transects grid building in a semi-randomly way thorough the study area. 

Capture 

Seventeen WLP were captured by using a remote injection system (Dan-Inject Inc. 

and Telinject Inc.) between March and August 2005. They were captured when they 

approached the pond, and that usually happened early in the morning to midday. They 

were anesthetized using a combination of Ketamine and Xilazine Hydrochloride at doses 

of 7.72 and 4.34 mg/kg respectively. All veterinarian procedures were performed by a 

field wildlife veterinarian. The induction time was 3 minutes approximately.  Following a 

protocol established in advance (IACUC permit # D594) I weighted, aged (by examining 

teeth wear following Leo Maffei, WCS-Bolivia) sexed and measured each individual. I 

fitted all 17 individuals with white radio-collars weighting 400 g (Telonics Mod 400, 
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Signal range: 150/154 MHz). Animals usually recovered within 1 to 3 hours, after which 

they started searching for their group. Individuals were able to rejoin their group as soon 

as the same day in some cases, but others spent more than 5 days separated from their 

groups before rejoining. I followed the animals by foot the same day as far as possible 

until the animal was strong enough to walk continuously.  

Radiotelemetry 

Following capture I intended to locate each radio-collared animal twice at month 

using a two-element handheld Yagui antenna (Model: RA-14, Telonics) and portable 

receivers (Model TR-4, Telonics). Because the area is relatively flat and WLP groups 

range over huge areas, I used the two highest Maya Temples located in the Calakmul 

Archeological Site as the main points to retrieve directions of the groups and then locate 

and follow the groups for as much time as possible. I found that the maximum detection 

range of the signal was between 8 to 9 km from the Maya Temples and 1.5 km when 

locating from the forest floor. Due to the large range of detection and because the two 

Maya Temples are separated by only 700 m, I found that the triangulation error was 

larger than 500 m. Consequently I used the temples just to find directions. When animals 

traveled further than 9 km from the Temples (that happened in rain season mostly) I 

searched for them from a network of transects, high hills and large trees. By September 

2005 I had two additional high sites (Hill 1 and Hill 2) from where I found radio signals 

of the groups, and several temporal points (high trees mostly) from where I were able to 

locate the animals by triangulation with an error less than 100 m.  Hills 1 and 2 were 13 

and 15 km, respectively, away from the Maya Temples; they allowed me to document the 

seasonal ranging area of three of the four groups. On two occasions I had the opportunity 

to use airplanes (Cessna bi-motor airplane from SEMARNAT-Mexico; and an ultra-light 



 

 30

airplane from Light Hawk Volunteers) to search for the groups, but searching time was 

limited to 20 minutes and 1 hour, respectively. 

Home Range Data Collection 

Home range data were collected for 18 months. When groups were detected, I tried 

to maximize data collection by the method of homing. Once directions from the Maya 

Temples were obtained, I walked into the forest to locate the group. Once the group was 

contacted, ranging locations were collected every 15 min with a GPS (Garmin XL, 

Global Position System) device. The group was identified as the Red, Blue, Green and 

Yellow group. The group sizes were 31, 25, 20, and 25 respectively. I also recorded ad 

libitum, group cohesiveness, food habits and other interesting behaviors whenever the 

vegetation allowed us to have full or partial view of the animals. The two field assistants 

were skilled hunters, and knew how to approach the groups against the wind to reduce the 

possibility of being detected. When groups became aware of me presence they would run 

but typically they stopped approximately 100 m away. When I scared a given group off 

twice in a day, I left and came back another day. On such days only the original location 

was recorded for home range purposes. However, after some time, at least three groups 

seemed to tolerate my presence. I could sit and walk between 20 to 40 meters from the 

group. Using the homing method I collected 70 % of the home range fixes as GPS points, 

while the other 30 % were obtained through radio-telemetry triangulation from temporal 

points, and in some rare occasions from the highest points (Maya Temples and Hills 1 

and 2).  

Habitat use Data Collection 

To estimate habitat preferences for each group, I recorded the forest type where the 

group was observed and thereafter at 15-minute intervals while in contact with the group. 
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I never attempted to estimate forest type based on the radio-telemetry locations; all forest 

type use data were obtained by direct observations of the four groups. Forest types 

availability in the study area and inside the home ranges was estimated by using a 

supervised classification of a satellite image (2000) using ERDAS Imagine 8.7and Arc 

View 3.3. The training points were obtained from coordinates of the most typical forest 

types I encountered during fieldwork.  

Food and Water Availability 

Food availability was estimated monthly for 15 months by walking the transects 

(for the first 7 months there were only 14 km of transects, and 20 km of transects for the 

remaining 8 months) to get an index of fruit abundance on the forest floor. I followed 

Altrichter et al. (2001)’ index to estimate fruit availability whereby I recorded all fruits 

found within 1 meter of the transect line, then located the parent tree and counted all the 

ripped, larger than 5 mm, fruits that were in 2 m2 under the tree. I also recorded the forest 

type (Medium, Flooded or Dry forest) where fruits and parent trees were present. At the 

end I corrected for the differences in distances walked among months by getting an 

average of fruit abundance index per km walked. I also collected information on presence 

or absence of earthworms and other invertebrates under the leaf litter in the three forest 

types (Medium, Flooded and Dry) by sampling three 5 m2-square plot in each of these 

habitats monthly. I did this only for the last dry and rain seasons after I learned that these 

invertebrates were an important source of food for WLP. Finally, I kept monthly records 

of water presence in the flooded forest, in all the ponds I knew, as well as in some stones 

(locally called sartenejas) that naturally store water. I learned, after followed the groups, 

that peccaries visited these sartenejas and that they are very important water source. I 
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used monthly precipitation figures obtained from the closest weather station 40 km north 

of the archeological site (CNA, Mexico technical report). 

Analysis of Home Range Data 

Home range sizes were estimated for each group by the Fixed-kernel, Adaptive-

kernel, and Minimum-convex-polygon (MCP) methods (Kernohan et al. 2001).  Fixed-

kernel has proved to perform better and has a lower bias than the adaptive-kernel 

(Seaman and Powell 1996); however when the fixed-kernel was performed for the whole 

sample size in each group with the method of least square cross validation (LSCV) to 

estimate the smoothing parameter, I found that home ranges were highly skewed towards 

highly sampled areas (close to the pond and more accessible areas) whereas the areas 

where sample size was low home ranges were underestimated. Consequently, I randomly 

reduced the data in the oversampled areas to equal monthly sample size. After performing 

this procedure, 95 % and 50 % fixed-kernel estimates were obtained in Arc View 3.3 

using the Animal Movement Analyst Extension (Hooge and Eichenlaub 1997). The 

smoothing parameter (h) obtained by LSCV method for the reduced data set for each 

group was subsequently used to estimate seasonal home ranges. Because fixed-kernel 

were performed with a reduced data set that was close to the minimum required-

suggested sample size (30-50 fixes, Seaman 1999), I also estimated home range sizes by 

the adaptive-kernel method (at 95 %) using the Calhome program (Kie 1996). I 

performed this method because it is better suited when locations have different estimation 

errors, e.g., for fixes obtained at the edge of the home range (Kernohan et al. 2001), and 

because for some groups I could use larger portion of the sample size than in fixed-

kernel. To perform adaptive-kernel I reduced the data to a single randomly selected 

location per day, and analyses were performed per group. Finally, I estimated home range 
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by the Minimum Convex Polygon (MCP) (100 %) method, which is a simple method that 

encompasses the whole area where animals have been located.  However, although MCP 

does not give any estimate of preferences of areas inside the polygon, it is not subjective, 

uses the whole sample size, and is useful for comparisons with other data from the 

literature. 

Seasonal home range estimates were also obtained for the dry and rainy seasons of 

2005 for the four groups, for the dry and rainy season of 2006 for the Blue group and for 

the rainy season of 2006 for the Red group. The degree of overlap was calculated for the 

dry and rainy seasons of 2005, when seasonal home ranges of the four groups were 

available as percentage of area shared by two groups using the 95 % fixed-kernel home 

range estimates. I compared dry and wet season home range size estimates for each group 

with a Student-t test for paired means. Since the reduced data consist in few observations 

per month for the fixed-kernel and one fix daily for the adaptive-kernel, I consider the 

autocorrelation issue irrelevant in this case. Moreover, I estimated that WLP groups can 

travel up to 3 km per hour (Chapter 4), so that they can cover their home range in 24 

hours, which is considered as a raw measure to define independence among observations 

(Rooney et al. 1998). Additionally, Kernel methods have proved to be robust to 

autocorrelation (De Solla et al. 1999, Kernohan et al. 2001).  

Analysis of Habitat Use Data 

I used Compositional-Analysis (Aebischer et al. 1993) as the main method for 

contrasting the use of habitat types by WLP groups versus habitat availability. 

Compositional-analysis is a technique that uses the individual as the experimental unit. 

Due to the high cohesion in WLP groups, I pooled all the data for individuals of the same 

group, and used the group as the experimental unit. In this method, estimates of use and 
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availability come from the individual (here group) home ranges instead of the study area. 

By using differences in log ratios between use and availability for any given habitat, 

compositional-analysis accounts for the problem when a habitat highly used will 

invariably lead to an apparent avoidance of other habitat types (Aebsicher et al. 1993). 

Compositional-analysis provides ranks of selection (analogous to the Johnson Ranking 

Method; Johnson 1980), and the differences between habitats can be tested by a 

Student’s-t test with the null hypothesis of no preference.  

To test for Johnson (1980) second order habitat selection for WLP groups, habitat 

availability in compositional-analysis was estimated from a study area defined as a 30 x 

30 km area that encompassed the four home ranges and intermediate areas where the 

protection status and the forest types are similar to the home ranges. Forest type 

composition was estimated for the whole study area and contrasted with that of the 95 % 

(total home range) and the 50 % fixed -kernel (core areas) estimates, but not with the 

forest composition of MCP estimates, as expected. I performed this analysis because FK 

is per se a selection of space whereas MCP is only the area circumscribing the space 

where the animal has been found.  

For the third order selection (Johnson 1980) I contrasted forest type composition 

within the 100% MCP home range area of each group with the percentage of 

observations of this group in each forest type. I used MCP home ranges since they 

estimate the whole area that a WLP group visited, including these areas that are not used, 

therefore the actual use of forest types inside this polygon would be an estimation of the 

actual group’s preferences among the forest types.  
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Finally, to confirm results  the overall study area’ forest proportions were tested 

versus group preferences by using the program HABUSE (Neu et al. 1974, Byers et al. 

1984) with Chi-square analyses and Bonferroni intervals to test selection within 

individual forest types. Finally I also ranked preferences using the Johnson Ranking 

Method (Johnson 1980) which contrasts the ranks of preferences and availability of the 

different habitat types. To deal with the autocorrelation issue regarding the use of forest 

types, I only considered observations 30 minutes apart, given that forest types are so 

intermingled in the CBR, and that WLP can move up to 3 km per hour (Chapter 4) so 

they can move easily among them. All statistical analyses were performed to the 0.05 

confidence level either in Microsoft Excel-XP or SPSS (Statistical Package for Social 

Science1997). 

Results 

Home Range 

During the 18 months of the study I encountered the groups on 203 days. The 

radio-collared animals were always in their respective groups despite times when the four 

groups were within 5 m of each other. I did not detect mixing of individuals among the 

groups and only in two occasions I sighted solitary individuals that I could not assigned 

to any group at all. Consequently I used the radio-marked animals as a true indicator of 

group movements and habitat preferences. I maintained contact with the groups from 10 

to 17 months. The Blue group was followed 17 months with the exception of January 

2006; the Green group was followed 12 continuous months until February 2006. The Red 

group was followed 11 continuous months from March 2005 to January 2006; after that 

they disappeared for 5 months and reappeared for the last 2 months of the study. The 

Yellow group was followed 7 months during a 10 month period from March to December 
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2005. Given the different durations over which individual groups were followed, I 

considered annual home range estimates are only well represented for the Blue and Green 

groups. Data for Red and Yellow groups were considered seasonal and partial estimates 

of their home range sizes (Table 2-1).  

I estimated fixed-kernel, adaptive-kernel and MCP home range sizes based in fixes 

collected during this time (Table 2-1). According with Seaman and Powell (1996) and 

Seaman et al. (1999), I considered the 95% fixed-kernel estimates to best represent the 

home range of the groups for their respective period of time (Fig. 2-1). With 95% fixed-

kernel the Blue group had the large home range followed by the Green group. The 

adaptive-kernel method provided relatively similar results but tended to uplift estimates 

for the two groups with larger home ranges, as compared with the fixed-kernel method. 

The MCP estimates showed the whole area the groups used over the respective periods 

they were followed, with the Green group using an area more than five times the size of 

that used by the Yellow group (Table 2-1, Fig. 2-1). The smoothing parameter obtained 

for each group in the 95% fixed-kernel analyses was similar among the groups; therefore, 

this estimate was used for subsequent analyses of seasonal and monthly home ranges.  

For none of the groups did the MCP home range estimates reach an asymptote 

when sampling stopped (Fig. 2-2).  Thus, all groups were moving into new areas, as was 

illustrated in the dry season of 2006 (January 2006) when the Calakmul pond dried up 

and the Red and Green groups entered new areas after having a relatively stable home 

range for several months. Only the Blue group showed a pattern of seasonal movements 

by visiting the Calakmul pond during the two dry seasons and then traveling 17 km to the 

North during the peak of the two rain seasons. In 2005, the four groups increased their 
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home range substantially during the rain season with a maximum increase of three times 

in the Blue group (Table 2-2). The differences between the 2005 dry and rain seasons for 

the four groups estimates were statistically significant (Student’s t-test for paired means = 

3.05, df = 3, p = 0.02). The Red group home range for the rain season of 2006 was not 

only larger than that of the dry season of 2005, but also larger than the rain season of 

2005. On the other hand, the Blue group showed similar sizes for the two seasons in 

2006, with the home range of the rain season of 2006 almost half the size of that of 2005 

(Table 2-2). 

Groups shared the same space almost completely during the dry season of 2005 

with a 91.7% degree of overlap for the four groups combined (Table 2-3; Fig.2-3). 

During the rain season of 2005, the Blue, Green and Yellow groups traveled to different 

areas to the north whereas the Red group stayed in the dry season area. The degree of 

overlap dropped to 34.5% for the rain season of 2005 (Table 2-3; Fig. 2-4) for all the 

groups.   

In 2005, the Blue and Green groups traveled between their respective northern 

areas and the Calakmul pond several times until the rain season peaked and the flooded 

forest was indeed flooded. Thereafter, they stayed in the northern areas until the next dry 

season, when the Blue group came back close to the Calakmul pond. The Green group 

traveled to different areas to the east and then to the south where I lost contact with them 

during the dry season of 2006. The Yellow group moved to the north at the beginning of 

the rain season of 2005 but never returned during the rest of the 10 month tracking 

period. The Red group was the only who stayed close to the Calakmul pond for 11 

months, but it moved eventually farther than 10 km to the south when the pond dried up 
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completely in 2006.  No radio contact was made for 5 months after this southerly move, 

even with the aid of an airplane. In July 2006, however, the Red group returned to the 

Calakmul pond area where it remained in the 2006 rain season.  

Habitat Use 

I performed compositional-analysis for Johnson’s (1980) second order selection to 

compare habitat types within the fixed-kernel home range for each group and the whole 

study area and (Fig. 2-5). When using 95% estimates from the four groups there were no 

differences among the forest types (Table 2-4a). However, when contrasting the study 

area vs. 50% fixed-kernel (the core area of activity of the groups), I found a significant 

preference for Ponds and Flooded forest, with the least preferred being the Dry forest 

(Table 2-4b).  

Compositional-analysis for Johnson’s (1980) third order selection (MCP home 

ranges vs. group localizations) showed that inside their home ranges areas all groups 

significantly preferred Ponds and Medium forest and avoided the Dry forest (Table 2-5a). 

I performed an additional analysis taking away observations in Ponds; the results 

consistently showed that all WLP groups significantly preferred Medium forest and 

avoided Dry forest (Table 2-5b). Flooded forest was also very important for the four 

groups and for the Green group was ranked even above Medium forest, just below Ponds.  

I ran compositional-analysis for the dry (four groups) and rain (only Red and Green 

groups) seasons 2005 separately, and found, not surprisingly, that Ponds were the 

preferred habitat type in both seasons. However, in the Dry season they also selected 

Medium forest and avoided Flooded and Dry forest totally (Table 2-6a). In the rain 

season selection of Flooded forest outranked that of the Medium forest (Table 2-6b) at 
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least for the Red and Green groups. Not enough data were collected in the rain season for 

the other two groups to be included in the analysis.  

Finally, to confirm results from the compositional-analysis, I contrasted the group 

localizations with the MCP estimates for each group, and all the observations combined 

versus the proportions of habitat types for the whole area using two methods: Neu X2 

analyses (Byers et al. 1984) and Johnson Ranking Method (Johnson 1980). In general 

they confirmed the strong selection of Ponds and Medium forest with the Dry forest 

being the least preferred habitat type (Table 2-7).  

Food and Water Availability 

I found around 54 plant species along the transects within the study. Four species 

known to be consumed by WLP (Brosimum alicastrum, Manilkara zapota, Talisia 

olivaeformis, and Cordia dodecandra; Sowls 1997, Fragoso 1998, Altrichter et al. 2001, 

Beck 2006) accounted for the majority (73.6%) of the fruits on the forest floor. Brosimum 

alicastrum and Manilkara zapota accounted for 48.15 and 18.37 %, respectively, and 

have been found to be heavily consumed by WLP in the Calakmul region (S. Perez-

Cortez and R. Reyna-Hurtado, in prep.). 

 Seasonal availability of fruits varies among species. During the study B. 

alicastrum fruited in the early rain season (June to September) and Manilkara zapota 

fruited in both seasons with a peak in the dry season (February to May). Talisia 

olivaeformis fruit was present in large amounts only in May, and Cordia dodecandra 

produced low quantities of fruit in May-June (Fig. 2-5). Fruit production also varied 

among forest types. I found B. alicastrum mainly in the Medium forest (83%), while 

Manilkara zapota was abundant in several forest types with the majority in the Dry forest 

(56%).  
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Earthworms, an invertebrate food item used seasonally by WLP, occurred in the 

rain season and mainly in the Flooded forest (68 %). I observed WLP spending extended 

periods of time during the rain season rooting under the leaves in the Flooded forest 

searching for earthworms. I did not see any other food item in that specific time in this 

type of forest. I also found that during the dry season WLP fed on a species of eel fish 

(Ophisternon aenigmaticum, Fam: Synbranchidae) that inhabits the mud at pond edges. 

Water was available during the dry season of 2005 only at the Calakmul pond. 

Despite some early rains in May 2005 (Fig. 2-6), I only saw water in other ponds, 

Flooded forest and the sartenejas stones after late June 2005.  These sartenejas have 

depressions that retain water long after rainfall has ceased. They appear to be used 

frequently by WLP given the trampling of the forest floor around them and the prominent 

trails leading to them. Water was widely available until November 2005, when the 

flooded forest and the ponds started to drain out. By December the flooded forest had 

nearly completely dried and by January-February 2006, all ponds had completely dried; 

even the Calakmul pond dried up for the fist time in 16 years (Calakmul Archeological 

Site guards, pers. comm.). There was water only in some sartenejas at that time. During 

those months I observed that the Blue group performed straight movements as far as 4 

km aimed to locate sartenejas. I assume they previously knew the locations of these 

stones given the precision of their movements (Chapter 4). The last two weeks of April 

and the first two weeks of May 2006 were the driest because even the sartenejas dried 

up. The rain season of 2006 began abundantly in late May. 
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Discussion 

Home Range 

The home ranges of the four WLP groups in this study were estimated from 

different periods of time, ranging from 10 to 17 months. Nevertheless, the four groups’ 

home range continuously increased throughout the study period, suggesting that WLPs 

move over large areas and that these movements cannot be predicted on a yearly basis. In 

fact it may take several years for the WLPs to return to previously visited areas, as has 

been documented elsewhere (Siono-Secoya area in Ecuador, Vickers 1991; Yuqui area in 

Bolivia, Stearman 1992).  

WLP at Calakmul, with group sizes that never exceeded 31 individuals, had one of 

the largest reported home ranges, only being surpassed by a very large group (>200 

individuals) in Maraca Island, Roraima, Brazil (Fragoso 2004). WLP home ranges 

estimated elsewhere were fairly smaller than my estimates. For example, in Corcovado 

National Park in Costa Rica, Carrillo et al. (2002) estimated the largest annual home 

range of a herd of between 40–70 animals as 37.2 km2. Keuroghlian et al. (2004) 

estimated annual home ranges for groups (mean 41.7 individuals per herd) living in 

fragments of the Atlantic forest in Brazil to average 18.71 km2.  

Groups in Corcovado and the Atlantic forest were bigger than groups in Calakmul 

and interchanged repeatedly individuals, suggesting to the authors to name them as 

“superherds” composed by several sub-herds (Carrillo et al. 2002, Keuroghlian et al. 

2004). My study, as well as Fragoso’s (1998) study in Roraima, did not reveal frequent 

switching of individuals between groups. If migration of individuals occurred between 

groups it happened in very low numbers that were undetected.  
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In the two studies where herd mixing occurred, the study areas were a small 

fragmented forest (Atlantic fragment forest with 21.78 km2; Keuroghlian et al. 2004) or a 

medium-sized reserve (Corcovado National Park with 500 km2; Carrillo et al. 2002). On 

the other hand both studies where no mixing of individuals occurred happened in sites 

where habitat size seemed not be a constraint (Maraca Island, Roraima Brazil with more 

than 1,100 km2 plus 100,000 km2 of adjacent forest belonging to Indigenous groups, 

Fragoso 2004; and Calakmul Biosphere Reserve with 7,231 km2 plus 25,000 km2 of 

adjacent forest in Mexico, Guatemala and Belize, this study). These observations suggest 

that when habitat is limited or fragmented, groups remaining close to each other for long 

periods of time exchange individuals more frequently than groups roaming over large 

areas.  

I did not detect fission-fussion among the groups. However, some behavioral 

patterns that I observed might be associated with the ability to form a “super-herd” 

because of the great degree of overlap among home ranges both spatially and temporally. 

When the four groups met at the Calakmul pond, they would often rest as close as 5 

meters each other. Additionally, I saw twice two groups travel together for several days 

(Chapter 4). Given that WLPs may have knowledge of common areas, and the fact they 

tolerated each other and traveled together, suggests the possibility that they may have 

belonged to an original single group that at some point in time split into subgroups. It 

would be interesting to see if contiguous groups on the area present a similar behavioral 

pattern.  

Groups of WLP substantially increased their home ranges when the rain season 

arrived to the CBR suggesting that water availability was more important for determining 
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movements than food availability. During the dry season the Blue, Green and Yellow 

groups left the pond only during rains but returned after 2 or 3 days if the rain stopped. 

These three groups left the pond definitely in late May 2005 when the rain abundantly 

fell. Although I observed large amounts of Talisia olivaeformis fruit in early May on the 

forest floor, the groups were eating herbs and rooting for eel at the edges of the pond 

without venturing far from water. The same pattern was repeated for the Red group in the 

beginning of the dry season 2006, and for the Blue group throughout the whole 2006 dry 

season, when both groups were observed eating herbs and roots around the pond without 

traveling to different areas in the forest to search for food. 

Apparently, three of the four groups (Blue, Green and Yellow) that were found 

sympatric in the dry season of 2005, traveled from northern areas to the Calakmul pond 

(the only source of water at that time). When the rain season arrived they returned to their 

original areas with the Red group being the only group to stay close to the pond. The next 

year, in the dry season of 2006, the Calakmul pond dried for the first time in 16 years. I 

believe this event forced the Red group to leave the area in January 2006 when the pond 

had very little water and the dry season was just starting. They traveled south to an 

undetermined area (radio contact was lost) but returned after the rain season has filled the 

Flooded forest. This event had even more dramatic consequences for the Blue group that 

returned in March 2006 when there was no water in Calakmul pond. For 10 weeks they 

were observed searching desperately in the few ponds and sartenejas for the remaining 

water. They were in critical physical condition by late April when there was no water in 

the area. I could then sit within 4 meters from the group without the animals to run away. 

Not other group showed up at the Calakmul pond during the dry season of 2006. 
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The larger home ranges and the smaller groups sizes reported in this study can be 

interpreted as an adaptation strategy of the species to the particular conditions of the 

Calakmul forests. These forests are drier than Corcovado National Park, the Atlantic 

forests and the Amazon forest. According to several authors the availability of high 

energy food, like fruits, is higher in primary humid forest than in secondary or dry forests 

(Bodmer 1989, Sowls 1997, Altrichter et al. 2001, Beck 2006). The WLP small group 

sizes in our study agree with the Ecological Constraint Model (ECM), which predicts that 

species feeding on patches and living in groups will have to travel further or more 

frequently as the group size increase; otherwise they would have to split in smaller 

groups (Chapman and Chapman 2000, Gillespie and Chapman 2001). WLP groups’ 

survival strategies in Calakmul agree with the predictions of the ECM because they have 

increased their range and live in smaller groups than elsewhere.  

Additionally, the increase in home range demonstrates that this species has the 

ability to perform movements at the landscape scale as was predicted by Fragoso (1999). 

This ability appears to be matched with some kind of spatial memory or orientation skills 

that allow them to search and find specific landmarks such as ponds or sartenejas in this 

large –and relatively featureless- landscape (pers. obs.).  

Habitat Use 

WLP groups in Calakmul as well as in several parts of their range (Sowls 1997, 

Fragoso 1998) depend on water bodies (ponds) to wallow, refresh and forage. I observed 

that WLP visited the ponds daily unless there was water in the Flooded forest. In the 

CBR, aside from the ponds WLP highly preferred patches of Medium forest throughout 

the year. During the rain season, however, the Flooded forest was preferred. The Dry 

forest that is very abundant in the area was used mainly to travel between patches of 
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preferred forest or ponds. Those preferences were self-evident when following the groups 

when, on repeated occasions, I observed them travel in a single file through the Dry 

forest but then disperse to forage when they encountered a Medium or Flooded forest 

(pers. obs). Data suggest that the ideal habitat composition for this species in Calakmul 

would be Medium forest intermixed with Flooded forest and permanent ponds. In effect, 

the four groups spent almost all the time visiting an area where there are mixed patches of 

Medium and Flooded forests to the north of the Calakmul pond, but they rarely visited 

the huge patch of Flooded forest that lies to the west of the Calakmul pond. Likewise, the 

groups never visited the huge patch of Medium forest located to the southeast of the 

Calakmul pond. Both of these areas are in a close proximity to the mixed forest and are 

part of the extended home ranges of the Red, Blue, and Green groups’ home ranges. 

The selection for Flooded forest is highlighted in the analysis of a second order 

selection when using the 50% of the home range, and for the rain season in the third order 

selection analysis. The Medium forest was selected all year long and by the four groups. 

These results clearly matched the food habits of this species. WLP depends largely on 

fruits (Kiltie and Terborgh 1983, Bodmer 1989, Sowls 1997, Fragoso 1998, Altrichter et 

al. 2001, Beck, 2006), and it has been confirmed that in the study area fruits compose 

81% of their diet (S. Perez-Cortez and R. Reyna-Hurtado in prep.). It has been 

demonstrated also that they consume animal protein and feed on invertebrates and fish 

(Sowls 1997, Fragoso 1998). I observed that they used the Medium forest mainly to find 

fruits (B. alicastrum, M. zapota, T. olivaeformis and C. dodecandra) and to rest during 

midday (Medium forest is taller than Flooded and Dry forests; consequently it is cooler 
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than the shorter forests), and visited the Flooded forest mainly when earthworms were 

abundant (rain season) and to wallow on mud patches when they were flooded.  

Ponds were visited all year round, but especially during dry season. Besides the 

water and the mud, Ponds also provide herbs at the edges, eels and other invertebrates in 

the soft mud around the open water. On several occasions I observed the peccaries 

moving in a single day between the Medium forest, where they ate B. alicastrum, to the 

Flooded forest where they searched for earthworms and took mud baths. These 

observations suggest that the amount of Medium forest patches intermixed with Flooded 

forest and the number of Ponds or sartenejas can determine the density and the group 

sizes in this species in the area.  

The forests of the Yucatan Peninsula show a strong northwestern-southeastern 

ecocline, where the forests are drier to the north and more humid to the south. Therefore, 

the pattern of habitat use documented in this study would lead me to predict that in the 

northern areas of the CBR the density of WLP will be lower and group size will be 

smaller, while the opposite will occur in the southern forests of the CBR and in the 

neighboring Guatemala forests. This prediction seems to be true for the North because in 

the north core area of the CBR (north of the Escarcega-Chetumal road) where the Dry 

forest is dominant, WLP seems to be absent from most parts of the Reserve. During 

informal conversations for the past five years with informants who know the area, I was 

told that no WLP lives in large portions of this forest. Additionally, WLP group sizes 

living in the southern area are larger that groups living in the northern edge were ejidos 

are closer (Chapter 5) However, it is not known if this is a consequence of hunting 

pressure or habitat quality. 
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WLP is unique in that it is a highly selective, social species that moves at the 

landscape scale. This study demonstrated their long distance movements and their use of 

the forest and of ponds at the landscape scale. Also, I found that they can survive in a 

semi-dry landscape where patches of preferred forest are interspersed with non-optimal 

forest by increasing their movements, decreasing the group size, and taking advantages of 

many sources of food other than fruits, such as earthworms, eels, and herbs, and by using 

their amazing sense of orientation, or spatial memory, to locate and use additional 

sources of water as small as a stone (sartenejas).  

Conservation Implications 

Groups of WLP are smaller and range over a larger area in Calakmul forests 

suggesting that density is probably lower than in other, more humid forests where the 

species lives. Thus to sustain viable populations of this species it will be necessary to 

conserve larger areas in this ecosystem.  Additionally, WLP must be able to visit a source 

of water on a daily basis. WLP also showed a high preference for Medium and Flooded 

forest intermixed in the landscape, and used complementary resources from these two 

habitat types. CBR and the surrounding forests (in Guatemala and Belize) form the single 

largest forest in Central America, and as such represent the largest contiguous habitat 

available for the WLP. However, hunting pressure exists in the communities that 

surround these reserves, and WLP populations are not doing well near human settlements 

(Weber 2000, Escamilla et al. 2000, Weber et al. 2006, Reyna-Hurtado and Tanner 

2007). To conserve WLP in northern Central America it will be necessary to preserve 

intact this piece of the Maya forest and the attributes that allow WLP to survive in it. 

Conservation measures will likely include effective protection against hunting, no further 

road development to maintain the area isolated, the availability of ponds and/or other 
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sources of water, and the maintenance of a landscape composed of interspersed Medium 

and Flooded forests. Active conservation measures would be to assure WLP groups have 

access to water sources (could even be worth to strategically locate artificial water 

containers for the extreme dry years as the dry season 2006). Also, conserving large 

intact patches of forest would maintain WLP populations on human dominated 

landscapes if hunting pressure can be controlled. Finally, maintaining the continuity of 

the forest that currently extends from the study area to Guatemala and Belize seems the 

major conservation priority for species that, like WLP, move over the landscape.  
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Table 2-1. Home range sizes (km2) as estimated by three methods of the four groups of white-
lipped peccary. Calakmul Biosphere Reserve, Campeche, Mexico. 

 
Groups Fixed Kernel Adaptive 

Kernel 
Minimum 
Convex 
Polygon 

Months 

 95% 50% H 95% 100% N 
Red* 43.9 (n=80) 5.9 1200 37.7 (n=57) 43.6 (n=286) 13** 
Blue 97.5 (n=33) 10.4 1264 109.7 (n=68) 77.2 (n=214) 17 
Green 82.4 (n=60) 10.9 1364 105.0 (n=60) 121.8 (n=137) 12 
Yellow* 38.8 (n=18) 5.7 1213 32.7 (n=41) 23.2 (n=41) 10** 
* Partial annual home range. **Non continuous months  

 
Table 2-2. Home range sizes (km2) for dry and rain season of 2005 and 2006 using Fixed Kernel 

with 95% of the observations for the four groups of white-lipped peccary. Calakmul 
Biosphere Reserve, Campeche, Mexico 

Groups Dry season 
2005 

Rain season 
2005 

Dry season 
2006 

Rain season 
2006 

Red 17.8 24.7 Out of area 33.8 
Blue 19.3 61.6 36.1 31.9 
Green 22.6 50.1 Lost Contact Lost Contact 
 Yellow 19.8 36.2 Lost Contact Lost Contact 
 
 
Table 2-3. Overlap among the home range of the four white-lipped peccary groups during the dry 

and rain season of 2005. Calakmul Biosphere Reserve, Campeche, Mexico. 
Groups 
Combination 

Dry Season 2005 
% overlap 

Rain Season 2005 
% overlap 

Blue/Red 89.7 36.9 
Blue/Green 99.8 40.6 
Blue/ Yellow 91.7 6.0 
Green/Blue  85.0 49.9 
Green/Red 78.4 41.3 
Green/ Yellow 84.8 19.3 
Red/Blue 97.0 92.0 
Red/Green 99.6 83.9 
Red/ Yellow 99.2 0.0 
 Yellow/Blue 89.0 11.3 
 Yellow/Green 96.6 29.7 
 Yellow/Red 88.9 0.0 
All groups overlap 91.6 34.25 
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Table 2-4. Compositional analysis of the study area and home ranges (second order selection 
Johnson 1980) for the four groups of white-lipped peccary. Calakmul Biosphere 
Reserve, Campeche, Mexico. 

a) Study area vs. 95% kernel home ranges * 
Habitat types Habitat types  
 Medium Flooded Dry Ponds Rank 
Medium NA - - - 0 
Flooded + NA + + 3 
Dry + - NA - 1 
Pond + - + NA 2 
 
b) Study area vs. 50% kernel home ranges  
Habitat types Habitat types  
 Medium Flooded Dry Ponds Rank 
Medium NA --- + --- 1 
Flooded +++ NA +++ --- 2 
Dry - --- NA --- 0 
Ponds +++ +++ +++ NA 3 
* + and – signs denote preference or avoidance and a triplicate sign means statistical significance 
 
 
Table 2-5. Compositional analysis of MCP home ranges and usage (third order selection Johnson 

1980) of forest types for the four white-lipped peccary groups. Calakmul Biosphere 
Reserve, Campeche, Mexico. 

a) MCP home range vs. group locations for all four habitat types  
Habitat types Habitat types  
 Medium Flooded Dry Ponds Rank 
Medium NA + +++ --- 2 
Flooded - NA + --- 1 
Dry --- - NA --- 0 
Ponds +++ +++ +++ NA 3 
 
b) MCP home range vs. group location in the three forest habitats 
Habitat types Habitat types  
 Medium Flooded Dry Rank 
Medium NA + +++ 2 
Flooded - NA + 1 
Dry --- - NA 0 
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Table 2-6. Compositional analysis of seasonal MCP home ranges and usage (third order selection 
Johnson 1980) of forest types for the four groups of white-lipped peccary. Calakmul 
Biosphere Reserve, Campeche, Mexico. 

 
a) Compositional analysis of the third order selection for the dry season 2005 (all 
groups) 
Habitat types Habitat types  

 Medium Flooded Dry Ponds Rank 
Medium NA + +++ --- 2 
Flooded - NA - --- 0 
Dry --- - NA --- 0 
Ponds +++ +++ +++ NA 3 
 
b) Compositional analysis of a third order selection for the rain season 2005 (only for 
Red and Green groups) 
Habitat types Habitat types  
 Medium Flooded Dry Ponds Rank 
Medium N/A - +++ --- 1 
Flooded + N/A + --- 2 
Dry --- - N/A - 0 
Ponds +++ +++ +++ N/A 3 
 
 
Table 2-7. Habitat selection with Neu X2 and Johnson Ranking Methods analyses for individual 

groups and all groups of white lipped peccary combined. Calakmul Biosphere 
Reserve, Campeche, Mexico.   

Groups Neu X2 Analysis Johnson Ranking Analysis * 
 Medium Flooded Dry Ponds X2, 

p value 
Medium Flooded Dry Ponds 

Red = + - + X2=93570
p=0.00 

1 1 1 -3 

Blue + - - + X2=26332 
p=0.00 

-2 1 2 -2 

Green - = - + X2=8463 
p=0.00 

1 0 2 -3 

 Yellow = - - + X2=53315 
p=0.00 

0 0 3 -3 

All 
groups 

+ - - + X2=47530 
p = 0.00 

1 0 2 -3 

* In Johnson ranking method negative values mean preference while positive values indicate 
avoidance 
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Figure 2-1. All seasons fixed kernel (95 and 50 % represented as total area, and circles inside 
respectively) home ranges for the four groups of white-lipped peccary in the 
Calakmul Biosphere Reserve, Campeche, Mexico.  
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Figure 2-2. Cumulative home range sizes (km2) using MCP for the four groups of white-lipped 

peccary in the Calakmul Biosphere Reserve, Campeche, Mexico. 
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Figure 2-3. Fixed kernel home range estimation for the dry season of 2005 for the four groups of 

white-lipped peccary in the Calakmul Biosphere Reserve, Campeche, Mexico. 

 

 
 
 
 

Figure 2-4. Fixed kernel home range estimation for the rain season of 2005 for the four groups of 
white-lipped peccary in the Calakmul Biosphere Reserve, Campeche, Mexico. 
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Figure 2-5. Monthly fruit abundance index (# occurrence/km) on the forest floor for the four 

most abundant species in the Calakmul Biosphere Reserve, Campeche, Mexico. 
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Figure 2-6. Water availability for the study period (rainfall in mm, water in flooded forest and 

Calakmul pond has two values, 100=presence, 0=absence) in the Calakmul Biosphere 
Reserve, Campeche Mexico 
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CHAPTER 3 

DO MOVEMENTS AND GROUP SIZE IN WHITE-LIPPED PECCARY (Tayassu pecari) FIT 
THE PREDICTIONS OF THE ECOLOGICAL CONSTRAINT MODEL? 

Introduction 

Benefits of group living have been broadly classified into three main categories, namely 

avoidance of predation, optimization of resource use, and recently, avoidance of con-specific 

threats (Wilson 1975, Kie 1999, Chapman and Chapman 2000a, Krause and Ruxton 2002). 

Several mechanisms have been stated as means to accomplish these benefits. For example, living 

in groups increases the overall vigilance rate while allowing individuals more time to forage, 

decreases the individual probability to be predated, creates a major confusion when escaping a 

predator, and serves as defense against predators or from con-specifics for those species where 

aggressive encounters between groups may occur. Advantages of group foraging include access 

to food otherwise not available for solitary individuals probably due to a cumulative knowledge 

of the members of the group about the temporal and spatial distribution of food, and a more 

efficient use of resources by avoiding patches previously visited (Jarman 1974, Wilson 1975, 

Kiltie and Terborgh 1983, Treves and Chapman 1996, Kie 1999, Chapman and Chapman 2000a, 

Krause and Ruxton 2002). However, living in groups also presents disadvantages due to an 

increased sexual and resource access competition (Kie 1999, Chapman and Chapman 2000a). 

Competition for access to limited resources has been proposed as one of the main constraints on 

group size (Chapman and Chapman 2000a).  

The Ecological Constraint Model (Chapman 1990, Wrangham et al. 1993, Chapman and 

Chapman 2000a, Gillispie and Chapman 2001) deals with the disadvantages of group living, 

such as within-group competition. This model was developed to explain how food competition 

can limit group size, and is better suited for species that feed on patchy distributed food while 
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living in cohesive groups (Chapman and Chapman 2000a). The model predicts that when group 

size increases, then patch depletion time decreases; consequently, groups have to travel farther or 

faster to visit another patch. When increase in movement rate reaches a limit where the energy 

spent on traveling is not matched by the energy gained on food consumption then is better for the 

group to split into smaller groups (Chapman and Chapman 2000a). The Ecological Constraint 

Model fits very well the behavior of several species of primates and carnivores (Chapman 1990, 

Wrangham et al. 1993, Chapman et al. 1995, Chapman and Chapman 2000a, 2000b; Gillispie 

and Chapman 2001, Ganas and Robins 2005), but some exceptions exist, especially in 

folivourous species (Chapman and Pavelka 2005, Snaith and Chapman 2007). 

Group living among ungulates has evolved mainly for species living in open habitats (e.g., 

grasslands, savannas; Jarman 1974, Kie 1999). Therefore, the white-lipped peccary (WLP; 

Tayassu pecari), a Neotropical ungulate, represents a unique social phenomenon by living in the 

largest and most cohesive groups for ungulates inhabiting dense tropical forests. WLP groups 

usually contain from 20 to 300 individuals (Leopold 1959, Kiltie and Terborgh 1983, Emmons 

and Feer 1990, March 1993, Fragoso 1994, Sowls 1997, Altrichter et al. 2000, Carrillo et al. 

2002) with anecdotal reports of up to 1000 members (Mayer and Wetzel 1987).  In addition, 

WLP groups travel long distances in such a way that their movements have been called nomadic, 

migratory, episodic, unpredictable (Donkin 1985, Vickers 1991, Hernandez et al. 1995, Sowls 

1997, Bodmer et al. 1997), seasonal (Altrichter and Almeida 2002) or seasonal within a huge 

home range (>100 km2 for Maraca Island; Fragoso1998, 2004). Groups of white-lipped peccaries 

are highly cohesive and are know to demonstrate a dietary preference for fruit in excess of 60 % 

of their diet (Sowls 1997). All over the distribution range they depend largely on palm fruits (up 

to 37 palm species, Beck 2006) that usually have a patchy spatial distribution.  
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It is not clear yet why this species performs large scale movements, although they are 

believed to be a response to food scarcity (Fragoso 1998, Altrichter et al. 2001). The long-

distance movements showed by this species, its constantly increasing rarity of the species due to 

human encroachment (Leopold 1959, WCS 2005) and living in dense tropical forest have 

prevented long-term detailed studies on this species with some valuable exceptions (Maraca 

Island, Brazil, Fragoso 1994, 1998, 1999, 2004; Corcovado National Park, Costa Rica, Altricher 

et al. 2000, 2002; Carrillo et al. 2002; Atlantic Forest, Brazil, Keuroghlian et al. 2004). Altrichter 

et al. (2001) demonstrated that WLP moves among habitats types following fruit production. 

However, the unpredictable nature of some long distance movements of WLP hints at food patch 

depletion as a better explanation  than scattered food resources, making the Ecological Constraint 

Model very suitable for testing several hypotheses regarding WLP movements. In the semi-dry 

tropical forests of Calakmul Biosphere Reserve where this study was carried out, not only food 

but water too can be scarce or even absent seasonally. Water scarcity exercises an additional 

constraint on WLP groups, also adding complexity to the relationship of the species with its 

environment.  Using the Ecological Constraint Model as a theoretical framework, I explore the 

following questions: What are the stronger factors related to differences in area used by groups 

of WLP living in the semi-dry forest of Calakmul Biosphere Reserve (CBR)? Can the 

relationship among area used, group size, and food, and water availability on WLP be explained 

by the Ecological Constraint Model? And, is there a positive correlation between group size of 

WLP and rainfall across the distribution range of this specie?  

Methods 

Study Area 

This study took place in the southern portion of the Calakmul Biosphere Reserve, a large 

protected area (7,238 km2) located in the Mexican state of Campeche at latitude 18°07’21”N and 
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longitude 89°48’56”W (See map in Chapter 1). The area represents one of the northernmost and 

driest distribution area for the species. All the area is covered by semi-dry tropical forest with 

three highly intermingled major vegetation types (the medium semi-perennial forest; the low 

semi-deciduous forest; and the low flooded forest; named hereafter: Medium, Dry and Flooded 

respectively). The weather is classified as warm and sub-humid (Aw), with a mean annual 

temperature of 24.6o C. There is seasonal summer rainfall, with an annual average of 1,076.2 mm 

(CONAGUA, -Mexican Agency for Water- unpublished data). No major rivers transverses the 

region; rain water is stored in ponds that become the only source of water during the dry season. 

The landscape is characterized by gentle rolling hills that reach 320 m above sea level. The 

southern portion of Calakmul Biosphere Reserve forms a continuous forest along with the Maya 

Biosphere Reserve in Guatemala. No human communities exist on the study area; the only 

human activity within the study site is limited to tourism (about 8 cars per day. Calakmul Guards 

Pers. Comm.) and archeological research in Calakmul Archeological City. 

White-Lipped Peccary Groups Locations and Behavior 

As part of an integral study that included other aspects of the ecology of this species, 

individuals from four groups of white-lipped peccary (named Blue, Red, Green and Yellow) 

were captured and radio tagged (detailed capture and radio-telemetry description can be found in 

Chapter 2). The high cohesiveness of the groups of this species allowed me to monitor group 

movements by having only two or three individuals with radio-collars in each group. Groups 

were monitored basically by the homing method (White and Carroll 1990) that consisted in 

obtaining the broad directions of the groups from the only existing elevated points, two Mayan 

temples from Calakmul Archeological City, and then walking towards the groups. Once groups 

were visually contacted, initial and subsequent locations were recorded every 15 minutes with a 

GPS device (Garmin eTrex), while contact lasted (from 1 to 6 hours). Seventy percent of the data 
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was recorded by homing, but 30 % of the data are triangulated radio-telemetry fixes as the only 

way to determine group locations. Groups were monitored for different period of times during 

the 18 months that encompassed the study time (from March 2005 to August 2006). The Blue 

group was contacted for 17 months, the Red group for 11 continuous months, then left the area to 

an undetermined area for 5 months, until contact was made again for another 2 months. The 

Green group was contacted for 12 continuous months, and the Yellow for 7 months within a 10 

months period. 

Groups of white-lipped peccary move at a large scale over the landscape, with some of the 

largest home ranges for ungulate species (Fragoso 1998, 1999, 2004; Chapter 2-this dissertation). 

Consequently, collecting detailed continuous movement data (every 15 minutes) was very 

challenging logistically and not always available for all group and months. Therefore, I estimated 

movements at the landscape scale by using location data to estimate a minimum convex polygon 

(MCP) that represent the area used every month for the groups. I contrasted average polygon 

area for dry and rain season with the available data on movement rates for the same seasons to 

test if these variables were positively correlated.   

In this study I observed high fidelity of members to their groups and I did not see mingling 

of individuals between groups despite periodic close encounters, as close as 5 m in some 

occasions. However, group sizes varied mainly as a consequence of mortality and breeding 

during the study period (pers. obs.). Therefore, I kept a record of group size by accurately 

counting individuals in each group monthly while in contact with them (with exception of July 

2006 for the Blue and Red group, February 2006 for the Green group and September 2005 for 

the Yellow group).  Contact over time was maintained until the last radio-collared animal died or 
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when I lost contact with that group. While in contact with groups, I also recorded observations 

on feeding and drinking habits. 

Food and Water Availability 

Simultaneously to the collection of group location data, I estimated fruit abundance on 

forest floor by counting fruits on randomly placed 2 m2 plots under each fruiting tree that was 

encountered on a 20 km network of transects. This grid of transects was semi-randomly (by 

using some transects placed at random and others used to access areas where peccaries have 

moved) placed on the whole study area and encompassed the home range of the four groups. 

Two fruit species were included in analyzes because I found that these fruits (Brosimum 

alicastrum Ramon, Manilkara zapota Zapote, and Talisia olivaeformis Guaya) accounted for the 

majority of the fruits on the forest floor (73.6 %), and because the former two species have been 

found to be heavily consumed by WLP in the Calakmul region (S. Perez-Cortez and R. Reyna-

Hurtado, unpublished data). Fruit abundance was calculated by summing the number of fruits 

counted in each 2 m2 plot in a given vegetation type on a given month. An index of abundance 

was then expressed as the number of fruits per kilometer of transect.  

 Water availability was estimated by rainfall records from the nearest weather station 

located to the north of the study area. Flooded forests provided a significant source of water 

during the wet season, while ponds were basically the only source during the dry season. 

Therefore, I kept a record of the presence of water in ponds and flooded forests over time. 

Additionally, I recorded the presence / absence of invertebrates in the forest soil. I observed that 

during the wet season, white-lipped peccaries spent large amounts of time in the flooded forest 

eating earthworms and other invertebrates. Data were collected on three 15 m2 plots in each of 

the three vegetation types for the last dry and wet season. I found that these invertebrates were 

only present in the wet soils of the Flooded forest during the wet season. Therefore, I calculated 
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the percentage of flooded forest inside each polygon as an index of animal protein component on 

the diet of white-lipped peccary during the wet season. This percentage was calculated using Arc 

View 3.3 on a 2000 satellite image classified with ERDAS. 

Group Size and Precipitation 

Finally, I collected white-lipped peccary group size estimates and associated rainfall at 11 

sites within their distribution range from Mexico to Argentina (Table 3-5). Nine of these counts 

came from published studies where researchers had the opportunity to record repeated full counts 

of group sizes. A couple more observations were included from projects in progress where 

accurate counts have been provided, too.  

I explored the relationship between group size and rainfall on other areas of the geographic 

range by using rainfall as an indicator of forest productivity under the assumption that primary 

wetter forest produces more fruit than dryer forest by having more primary humid tall forest with 

more tall-large fruit trees and by the demonstrated positive relationship between tree’s basal area 

and fruit productivity (Chapman et al. 1992, Wallace and Painter 2002), between rainfall and 

fruit productivity (Chapman et al. 2005), and between primary humid forest and fruit production 

(Altrichter et al. 2001, this study). I collected published and non-published data from typical 

areas where WLP has been studied and where confident estimates of group size have been 

reported. As a second step, from these 11 sites I selected only large areas (n=9; >1000 km2) 

where humans are absent, and fragmentation did not play a major role on group size. The list is 

not exhaustive but encompasses the more extreme areas (in terms of rainfall) where this species 

occurs (Table 3-5). I did not take in consideration anecdotic or historic counts of group sizes. 

Statistical Analyses  

I used analysis of variance (ANOVA) and Post Hoc Tukey statistics to test if monthly 

estimates of group size and area used varied among groups. I used multiple linear regressions to 
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determine the relationships between the area used monthly (as a repeated measure from each 

group) and several independent variables: group size (# of individuals), monthly rainfall (mm), 

presence / absence of water in flooded forest using dummy variables (0 = absence, 1 = presence), 

and abundance index of fruits of B. alicastrum, M. zapota and T. olivaeformis  (# fruits per km of 

transect), and percentage of flooded forest on the group’s home range. These independent 

variable were tested for correlation among them and I found B. alicastrum was positively 

correlated with rainfall and water availability on flooded forest and negatively with M. zapota 

and T. olivaeformis, so I used only B. alicastrum on the analyzes because I observed that was the 

most consumed fruit and appears to be the most important food resource for WLP.  B. alicastrum 

was included with group sizes, and percentage of flooded forest in home range as final 

independent variables on the analyzes. The fit and parsimony of the resulting models were tested 

by the Akaike Information Criterion for small sample size (AICc; Burnham and Anderson 1998). 

Subsequently, I ran additional regressions by removing the non (or the less) significant variables 

one at a time in order to attribute more variance to the remaining significant variables (Ganas and 

Robbins 2005). I estimated the standardized regression coefficient, β, which describes the change 

on the response variable caused by a change in one of the independent variable (measured on SD 

units) while all other variables are held constant (Ganas and Robbins 2005). To explore the 

relationship between group size of WLP and annual rainfall from other areas of the species’ 

geographic range, I used simple linear regression. Analyzes were performed in SPSS 11.5 

(Statistical Package for Social Science 1997) and SAS 9.1. 

Results 

Water availability in Calakmul forest was highly seasonal, with no water available even at 

the Calakmul pond at the peak of the 2006 dry season (April-May 2006). After June in both 

years rainfall was present, and the flooded forests started to fill up (Fig. 3-1). Food availability as 
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represented by the three main fruits consumed by WLP was also highly seasonal. Talisia 

olivaeformis fruited once a year, in April-May, but fruit production was much higher in 2005 

than 2006. B. alicastrum fructification coincided with the rain season peak on both years. Fruits 

of Manilkara zapota were available almost all year round, but a peak was clearly distinguished 

during the dry season (Fig. 3-2). Earthworms and other invertebrates were only present in the 

wet season and mainly in the Flooded forest. 

The four studied groups of white-lipped peccary differed significantly in size: the largest 

group (Red) had at one point 31 members, whereas the smallest (Green) had only 15 individuals 

left when the study finished. Testing group’s monthly sizes I found the difference among groups 

was highly significant (F=88.7, p<0.01, n=4; Table 3-1). A post hoc Tukey test showed that the 

Red was different from the other three groups (p values <0.01). There was a significant 

differences also in area used among groups where the two smallest groups (Green and Blue) used 

an area on average larger than the other two groups (F=3.1, p=0.03, n=4; Table 3-1). A post hoc 

Tukey test showed that the main difference was between the Blue and the Yellow groups, 

although not significant (p=0.06).  

Both the Blue and Green groups increased the area they used in the dry season compared to 

the wet season in 2005, whereas the areas used by the Red and Yellow groups remained 

unchanged. For the 2006 dry season the three groups remaining in contact (Red, Blue and Green) 

performed huge movements. These large movements were most probably in order to locate water 

given that the original source of water (Calakmul Pond) dried up for first time in more than 16 

years. For the 2006 wet season, only the Blue and Red groups remained in contact. The Blue 

group maintained a similar range area to that of the 2005 wet season, while the Red group ranged 

over a larger area than during the 2005 wet season (Table 3-1).  
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I tested if my estimates of area used truly represent the movement rate on which the 

Ecological Constraint Model is based, in order to be able to use the former as a proxy for the 

latter (Ganas and Robbins 2005). I used the available data for movement rate, and found first that 

hourly movement rate was identical for dry and wet season (dry season mean: 338 m/hour, 

SE=38.3 m, n=93; wet season mean: 339 m/hour, SE=42.4 m, n=80; Chapter 4). Second, when 

contrasting daily displacements, I found that WLP moved more during the wet season than 

during the dry season (dry season mean: 930 m/day, SE=156.2 m, n=49; wet season mean: 1266 

m/day, SE=247.5 m, n=33; Chapter 4). A similar result was obtained using the average area used 

by the four groups during dry and wet seasons 2005 (dry season monthly mean MCP: 3.33 km2, 

SE=0.6, n=11; wet season monthly mean MCP: 11.40 km2, SE=2.63, n=20). Thus I conclude 

that WLP moved at the same speed in both seasons, but spent more time on the move daily 

during the wet season, and that these differences were accurately represented by the area used. 

Therefore area used is a confident proxy for movement rate.  

 I pooled the data from the four groups and tested the effects of independent variables on 

area used for all the time study period (2005 and 2006), then for 2005 dry and wet season 

combined, and for these seasons separated. Insufficient location data in 2006 precluded statistical 

analyses among seasons for that year; contact with the Yellow group was lost and the Green 

group was in contact only during the dry season. The non-correlated variables included in the 

final models were group size, B. alicastrum abundance index (who was positively correlated 

with rainfall, water availability in flooded forest and negatively with M. zapota and T. 

olivaeformis), and percentage of flooded forest on home range. When these models were 

developed we found that group size was significant negatively related to area used in both 2005 

and 2005-2006 periods; B. alicastrum has a positive effect on area used for both, all time and 
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2005 period but was only statistically significant for the 2005 period, and percentage of flooded 

forest was only significant positively related with area used for the all-time period (Table 3-2; 

Fig. 3-3). For the 2005 wet and dry seasons separately, only group size was significantly and 

negatively related to area used for both seasons (Table 3-2). When I reduced one variable at a 

time, the best parsimonious model according with AICc values, was the one including the three 

variables for the all-time study period and for the dry and wet season of 2005 the better model 

selected includes only group size and B. alicastrum index (Table 3-3) 

The negative relationship between group size and area used suggested that larger groups 

might range in habitat of better quality. I tested this possibility by using home range habitat 

composition to evaluate home range habitat quality. I found that compared to the other three 

groups, the largest group (Red) had the lowest amount of Dry forest a forest type previously 

detected in this same study as the least preferred by the same groups (Chapter 2), and had similar 

proportions of Medium and Flooded forest (the two forest types that were highly selected by the 

same groups, Chapter 2) (Table 3-4). On the other side, the other three groups had lower 

proportions of Flooded forest (Green and Yellow) or Medium forest (Blue). 

  A simple linear regression on the relationship between group size from 11 sites across the 

geographic range of WLP and rainfall demonstrated that there is a positive relationship, where a 

small but steady increases in rainfall is associated with an increase in group size (Fig. 3-4; n=33, 

β=0.048, R2=0.43, p<0.01). I ran a second analysis leaving out areas lesser than 1,000 km2 where 

habitat fragmentation may affect group size (i.e. Caetetus Ecological Station, Brazil, with 21.78 

km2, Keuroghlian et al. 2004; and Corcovado National Park, Costa Rica, with 467.74 km2, 

Altrichter and Almeida 2002, Carrillo et al. 2002). The results were very similar and only 

slightly stronger (n=30, β=0.053, R2=0.48, p<0.01).  
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Discussion 

Our data on areas used by white lipped peccaries in relation to food and water availability 

did not support the predictions of the Ecological Constraint Model as originally stated by 

Chapman and Chapman (2000a). The ECM predicts that given certain food availability, an 

increase in group size would cause an increase in movement rate for that group. In this study, 

smaller groups ranged over larger areas than larger groups in Calakmul Biosphere Reserve. 

Additionally, movements were strongly associated with the search for water in the seasonally 

dry, water limited forest of Calakmul. Does that mean that the Ecological Constraint Model is 

worthless for this species? I believe not and there are several explanations why in this case WLP 

group movement behavior did not fit well the model.  

Habitat Quality 

The Ecological Constraint Model assumes that food availability must remain similar for 

groups of different sizes to detect an increase in movement rate in larger groups. Despite the fact 

that the groups of WLP in this study shared the same space temporarily, they occupied different 

areas at other times and had different home ranges on the annual scale. Because areas differences 

might arise from differences in habitat quality, in particular food availability, I tested this 

possibility by quantifying the proportion of the three vegetation types in the monthly home 

ranges for each group. I had determined previously that fruit abundance index was highest in the 

Medium forest (Chapter 2), while the Flooded forest provided earthworms and other 

invertebrates in high density during the wet season. I had determined also that the Dry forest was 

the least preferred forest type, which they only crossed when moving between patches of other 

forest types (Chapter 2).   

The largest group’s (Red) home range had the least amount of Dry forest. Conversely, the 

home ranges of the other groups not only included higher proportions of Dry forest, but also a 
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lower proportion of the preferred Flooded forest (Green and Yellow groups) or Medium forest 

(Blue group). In other words, the Red group seemed to range in a better combination of forest 

types as well as having the Calakmul pond in the center of its home range. These differences in 

forest types, i.e. potential food availabilities, within the home ranges could explain partially the 

lack of fit to the predictions of the Ecological Constraint Model and why group sizes were 

always negatively related with area used.  

Water Dependence 

White-lipped peccaries need to visit water sources daily (Sowls 1997, Fragoso 1998). It 

has been demonstrated that even on the driest areas where they inhabit, such as the Chaco, they 

forage around the few existing water bodies (Sowls 1997). Clearly, several of the long 

movements and range behavior I observed were aimed at locating water sources. I also observed 

that the four groups were living sympatrically around the Calakmul pond during the dry season 

of 2005, most probably because it was the only available source of water at that time. During 

water scarcity time groups only traveled to close areas where they could return daily to the 

Calakmul pond. They even foraged on sub-optimal foods items like herbs and flowers around the 

edge of the pond. When rain was abundant enough to fill the flooded forest three groups (Blue, 

Green and Yellow) returned to what I called their original areas, and only the largest (Red) group 

remained around year, Calakmul pond. Behavior on the wet season was contrasting. WLP groups 

then traveled farther and did not return to the pond for weeks, staying in the flooded forest where 

they satisfied their water requirements and fed on invertebrates, and traveling to the Medium 

forest where they fed on fruits (B. alicastrum mainly).  

Additional evidence of water dependence in this species came during the dry season 2006, 

when as result of a weak 2005 rainy season, Calakmul pond dried up for first time in more than 

16 years (Archeological City guards pers. comm.).The Red group, which had stayed there for 11 
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months, then traveled to an undetermined southern site (as was determined by the direction they 

headed to before signal was lost), and did not return until the 2006 rain season. The Blue group 

returned to the Calakmul pond during the dry season 2006, when only a little water remained that 

later dried up. They stayed around for 10 weeks, and it was evident that almost all their 

movements were aimed at locating water. Several times they walked 2-3 km straight paths, 

ignoring food encountered (mainly M. zapota), to visit some stones locally known sartenejas that 

usually stored water. At that time, however, these stones only had mud at the bottom.  It was 

evident the WLP knew the location of the stones given the directionality of their movements and 

how highly steeped the soil was around the stones, as well as the several paths that originated 

from there.  

Water dependence was also supported by the statistical model with the positive 

significance of B. alicastrum index for the dry-wet 2005 period. It is good to remember that this 

index was highly positively correlated with rainfall and water presence in the Flooded forest, so 

it is maybe possible that the increase in area used were due to a combination of B. alicastrum and 

water availability during the rain season. There was also a time lag between rainfall events and 

accumulation of water on the forest floor and in ponds (2 months approximately, Fig. 3-1). 

Therefore, it is highly probable that the landscape-scale movements performed by white-lipped 

peccary groups in Calakmul were linked to the spatial and temporal distribution of water sources. 

This caused food availability to play a secondary role, and the Ecological Constraint Model 

probably only apply at a short temporal and spatial scale that was undetectable during this study. 

Group Sizes and Home Ranges 

Not only the smallest WLP groups in my study had the largest home range sizes (Blue and 

Green groups: respectively 97.5 and 82.4 km2 for 95 % with Fixed Kernel Method and 77.3 and 

121.8 km2 for 100% Minimum Convex Polygon; Chapter 2), but these estimates were the largest 
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ever reported in the literature, with the single exception of a large group on Maraca Island (134-

200 individuals; home range: 109.6 - 200 km2; Fragoso 1998, 2004). These large estimates are 

totally unusual for small groups like the ones ranging in Calakmul. For example in Corcovado 

National Park in Costa Rica, Carrillo et al. (2002) estimated the largest annual home range of a 

herd of between 40–70 animals as 37.2 km2; in the Atlantic forest of Brazil Keuroghlian et al. 

(2004) estimated annual home ranges for groups (mean 41.7 individuals per herd) living in 

fragments to average 18.7 km2. Therefore, the small group sizes and large home ranges found in 

my study lead us to hypothesize that the Calakmul forest landscape has strongly limiting 

resources for WLP, especially water. The large home range behavior observed in these small 

groups could be an adaptation to the spatial and temporal distribution of water as well as 

preferred food on the Calakmul landscape. Additional support for the hypothesis of food 

limitation comes from the fact that the Calakmul Biosphere Reserve lacks large palm trees 

species, one of the most important food items for white-lipped peccary (Kiltie and Terborgh 

1983, Fragoso 1994, Beck 2006). In Calakmul, only a small palm (Chamaedora spp) inhabits the 

area.  

 The most important and abundant fruits in Calakmul forest for the white-lipped peccary, 

as well as for other species such as black howler monkeys Alouatta pigra (Rivera and Calmé 

2006), are B. alicastrum and M. zapota. The availability of the former is highly seasonal and 

coincides with the rain season. Therefore, the positive effect of this fruit abundance on group 

movement (Table 3-3) is confounded by the simultaneous availability of water in the Flooded 

forest that also entices group movement. On the other hand the effect of the M. zapota and T. 

olivaeformis which are negatively correlated with B. alicastrum remained undetected here, 

although these species could be potential key resource for the white-lipped peccary and other 
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frugivorous species given that their fruit production peaks during the dry season (March-May) 

when other resources are limited.  

Group Sizes and Rainfall 

For areas where estimates of home range were absent but full counts of groups of white-

lipped peccary were available, I found a positive correlation of this latter variable with annual 

rainfall. Assuming annual rainfall truly represents forest productivity, at least in terms of fruit 

production (the food type major represented in WLP diet; Kiltie and Terborgh 1983, Sowls 

1997), and water is not a limiting factor in areas with high rainfall, then this finding matches the 

predictions of the Ecological Constraint Model that larger group sizes should exist in areas with 

greater food abundance. This prediction, in combination with the fact that the home ranges 

reported in literature are almost all (with the exception mentioned above) smaller than in 

Calakmul despite groups being larger elsewhere, implies that the increase in group size 

associated with increased rainfall is likely due to an increase in food abundance. 

 I conclude that this study supports the Ecological Constraint Model as applied for white-

lipped peccary on a broad, distribution-wide scale, even if the effect was not directly evident for 

the groups ranging over the Calakmul Biosphere Reserve because differential habitat quality per 

group and due to the effect of water scarcity. Thus, the scale at which the model is evaluated is 

very important. Additionally, this study highlighted the importance of including other limiting 

resources such as water availability to fully evaluate the model. I showed that food availability 

plays a secondary role when water is scarce, and that landscape-scale movements in Calakmul 

could be more a consequence of searching for water than food. 

Living in cohesive but small groups and ranging over large areas allows the white-lipped 

peccary to survive in a forest like Calakmul Biosphere Reserve where resources (water and food) 

are seasonally limited and scattered over the landscape. Groups living in Calakmul Biosphere 
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Reserve represent an example of the extreme variation in the socio-ecological behavior of this 

species and a successful strategy for cohesive groups that depend on patchily distributed 

resources. The Ecological Constraint Model provided a well suited theoretical framework for the 

analysis of the movements and group size of WLP. Scale issues and data collection need to be 

carefully considered to better understand the relationship between group size, travel rate and 

food availability in this species. 
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Table 3-1. Mean group size, monthly area used (km2) and test for differences among groups for 
both variables using analysis of variance on groups of white-lipped peccary in 
Calakmul Biosphere Reserve, Mexico. 

Groups 
Variables 

Blue Red Green Yellow F P 

Mean group size  
(# of indiv.) 

19.0+/-0.7 
N=16 

30.0+/-0.3 
n=12 

17.0+/-0.5 
n=12 

20.0+/-0.8 
n=5 

88.7 <0.001

Mean  monthly 
area used in the 
all study period  

16.3+/-2.8 
n=16 

6.6+/-3.3 
N=12 

12.0+/-3.2 
N=12 

2.2+/- 0.0 
n=5 

3.1 0.03 

Mean monthly 
area used in dry 
season 2005   

4.3+/-1.8 
n=3 

1.5+/-0.0 
n=3 

4.8+/-0.5 
n=3 

2.2+/-0.0 
n=2 

  

Mean monthly 
area used in wet 
season 2005   

20.9+/-4.8 
n=6 

1.6+/-0.3 
n=6 

14.8+/-4.3 
N=6 

2.1+/-0.0 
n=3 

  

Mean monthly 
area used in dry 
season 2006   

17.9+/-5.4 
N=5 

14.9+/-11.8 
n=2 

13.7+/-10.0 
n=3 

--   

Mean monthly 
area used in wet 
season 2006   

16.6+/-0.0 
n=2 

35.7+/-0.0 
n=1 

-- --   

 
 
Table 3-2. Models selected developed by all-time and 2005 study periods of the factors affecting 

area used by groups of white-lipped peccary in Calakmul Biosphere Reserve, Mexico. 
Time frame Response variables F n df adj.  

R2 
std. 
β 

P 

All study 
period  

MODEL 
Group size 
B. alicastrum (index) 
% of flooded forest 

4.32 45 3 0.185 --- 
-0.400 
0.257 
0.333 

0.010 
0.007 
0.069 
0.023 

Dry and 
Wet 2005 

MODEL 
Group size 
B. alicastrum (index) 
% of flooded forest 

4.83 31 3 0.277 --- 
-0.477 
0.333 
0.181 

0.008 
0.005 
0.043 
0.265 

Dry 2005* Group size 5.19 11 1 0.295 -.605 0.049 

Wet 2005* Group size 5.15 20 1 0.180 -.472 0.036 

Notes: * For the dry and wet 2005 separately, the only variable that has a significant correlation 
with area used was group size. For the dry and wet 2006 separated not enough sample size was 
collected.  
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Table 3-3. Selection of models explaining the area used by WLP in Calakmul Biosphere 
Reserve, Mexico, using Akaike Information Criterion for small sample sizes AICc 
using Maximum Likelihood Estimation Method. 

Time frame Independent variables included in the model AICc 
All study Group size; Ramon fruit; % flooded forest 760.3 
 Group size; % flooded forest 761.3 
 Group size; Ramon fruit 763.5 
 Group size 763.6 
2005 Group size; Ramon fruit; % flooded forest 515.7 
 Group size; % of flooded forest 517.8 
 Group size; Ramon fruit 514.3 
 Group size 515.8 
 
 
Table 3-4.  Mean and standard errors of the proportions of the three vegetation types in the 

monthly home ranges of white-lipped peccary groups in Calakmul Biosphere 
Reserve, Mexico. 

Group ID Medium forest Flooded forest Dry forest 

Blue 0.23 +/- 0.04, n=16  0.38 +/- 0.03, n=16 0.37 +/- 0.02, n=16 
Red 0.42 +/- 0.06, n=12 0.34 +/- 0.06, n=12 0.21 +/- 0.02, n=12 
Green 0.53 +/- 0.05, n=12 0.08 +/- 0.02, n=12 0.36 +/- 0.03, n=12 
Yellow 0.40 +/- 0.01, n=5 0.23 +/- 0.01, n=5 0.35 +/- 0.00, n=5 
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Table 3-5. Group sizes of white-lipped peccary as reported along the range of the species, and 
associated annual rainfalls. Sources are ordered in increased order of annual rainfall. 

Site Source Group size 
average (range) 

Vegetation 
Types 

Annual 
rainfall 

average (mm) 
Chaco Forest, 
Argentine 

Altrichter 2005 23 (7-50) Medium-tall 
xerophilous forest 

575 

Chaco Forest, 
Argentine 

Sowls 1997 45 (40-50) Medium-tall 
xerophilous forest 

575 

Calakmul 
Biosphere 
Reserve, Mexico  

This study 21 (14-35) Semi-dry tropical 
forest 

1043 

Caetetus 
Ecological 
Station, Brazil  

Keuroghlian et al. 
2004 

42 (33-51) Tropical semi-
deciduos, 
mesophytic, 
broadleaf forest 

1400 
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Figure 3-1. Water availability for the study period in Calakmul Biosphere Reserve, Mexico. 

Rainfall is in mm and presence of water in flooded forest and Calakmul pond has two 
values, 100=present, 0=absent.  
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Figure 3-2. Index of abundance per km of the three most abundant fruit species for the study 

period. Calakmul Biosphere Reserve, Mexico. 
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Figure 3-3. Linear relationship between area used and group size, % of flooded forest in home 

range for the all time study period, and between area used and B. alicastrum 
abundance index for the dry-wet 2005 period, for groups of white-lipped peccary in 
the Calakmul Biosphere Reserve, Mexico. 
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Figure 3-4. Linear relationship between rainfall and group size of white-lipped peccary for 11 

sites from Mexico to Argentina along the species distribution range. 
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CHAPTER 4 
SEARCHING STRATEGIES OF WHITE-LIPPED PECCARY (Tayassu pecari) GROUPS IN 

A SEASONALLY-DRY TROPICAL FOREST 

Introduction 

A very important question in ecology is how animals find resources they need for their 

survival on heterogeneous natural landscapes (Stephen and Krebs 1986). Different searching 

strategies have been developed for finding specific resources. Central place foraging is a 

searching strategy where animals forage on an area but return periodically to a specific site 

(Orians and Pearson 1979, Schoener 1979). This model has received scientific attention and 

qualitative and quantitative support since the last 25 years (Giraldeu and Kramer 1982, Stephen 

and Krebs 1986). It has been demonstrated that animals behave like central-place foragers when 

they returned to a nest, burrow or sleeping site periodically, or that they can have multiple sites 

(Ateles geoffroyi, Chapman et al. 1989). 

Recently, the Lévy-walk model, a model that originated in physics for describing the 

behavior of moving particles, has been applied to animal movements (Shleinger and Klafter 

1986, Viswanathan et al. 1996). Lévy-walks are a special type of random walks where the length 

of steps is not constant but chosen from a power-law tail distribution (Viswanathan et al. 1996), 

which confers the ability of searching at different spatial scales because of its scale-invariant 

properties.  

Lévy-walk scale invariance movements have been demonstrated in nature in species like 

Wandering Albatross (Diomedea exulans; Viswanathan et al. 1996), Jackal (Canis adustus; 

Atkinson et al. 2002), Reindeer (Rangifer tarandus; Mårrel et al. 2002), and more recently in 

Spider Monkeys (Ateles geoffroyi; Ramos-Fernandez et al. 2004), and Artic seals (Halichoerus 

grypus; Austin et al. 2004). Additionally, it has been demonstrated by simulation that searching 

following Lévy-walk movements confers advantage of finding more resources than Brownian 
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(random) walk movements (Viswanathan et al. 1996). Additionally, some modifications that 

include random walks with Lévy-walks have been proposed (Levy-modulated correlated random 

walk; Bartumeus et al. 2005). However, recently the existence of Lévy-walk movements has 

been challenged, and it has been proposed that Lévy-walk patterns could be consequence of 

“classical” random (Brownian) walk patterns generated by living in a patchy environment 

(Benhamou 2007).  Additionally, there is a growing sense that the classical method of simple 

log-log plot does not provide the best way to detect Lévy-walk pattern and some alternatives 

methods are provided (Sims et al. 2007; see materials and methods). 

Finding resources for species that live in groups on unpredictable environments, like 

tropical forest, is a problem that has been solved differently. Some species split in sub-groups 

presenting the fusion-fission behavior (Chimpanzee, Pan troglodytes Balcom et al. 2000; Spider 

monkey, A. geoffroyi, Chapman et al. 1989, Ramos-Fernandez et al. 2004), while other species 

remain together all year-round (Gorillas, Gorilla beringei, Ganas and Robbins 2005; Howler 

monkeys, Alouatta pigra Chapman and Pavelka 2005; White-lipped peccary, Tayassu pecari, 

Fragoso 1999; Chapter 3 -this dissertation, but see, Carrillo et al. 2002, Keuroghlian et al. 2004). 

White-lipped peccary (Tayassu pecari; WLP hereafter forms the largest groups of 

ungulates living on dense tropical forest. These groups perform long and continuous movements 

proposedly to allow the groups to find enough food while maintaining group cohesion. This 

species feeds on high energy food like fruits and nuts that generally have a patchy distribution on 

the landscape and requires visit water-bodies on an almost daily basis (Kiltie and Terborgh 1983, 

Atrichter et al. 2001). It has been demonstrated also that WLP range over the largest home range 

for ungulate species living on tropical forest (Fragoso 1998, Chapter 2-this dissertation).  
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However, it is not known how this species finds specific resources that have a much 

localized distribution on the landscape, or how they cope with environmental seasonality and 

unpredictability which characterizes some tropical forests. The Calakmul Biosphere Reserve 

(CBR hereafter) in Southern Mexico is one of the ideal places to study how WLP groups search 

for resources in a heterogeneous landscape. This area is a seasonal forest where water and 

resources are temporarily scarce and highly localized over a huge landscape and represents very 

different conditions from where WLP has been studied before.  

In this study I explored the searching strategies that WLP groups performed to find 

essential resources for its survival using a combination of radio-telemetry and direct 

observations. First, I described the distribution of the important resources for this species, such 

as preferred habitat type and water sources, on the Calakmul landscape. WLP movement patterns 

were then analyzed under the Lévy-walk (Viswanathan et al. 1996) and the central place 

foraging models (Orians and Pearson 1979, Schoener 1979). Finally, I described and 

documented for first time on this species coordinate travel behavior among groups and discussed 

it possible role as important searching strategy. 

Material and Methods 

Study Area  

This study was conducted in the southern area of the Calakmul Biosphere Reserve (CBR) 

in the Mexican state of Campeche (see map in Chapter 1). The CBR is the largest protected 

tropical forest inMexico with 7,238 km2 and was decreed as protected area in 1989. The center of 

the study area is located at latitude of 18°07’21”N and longitude of 89°48’56”W, and lies in the 

heart of the southern area of the CBR. According to Köppen (modified by Garcia 1988) the 

Calakmul climate is warm and sub-humid (Aw), with a mean annual temperature of 24.6o C.  

There is seasonal rainfall, mainly in summer and early fall, with an annual average of 1076.2 
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mm. Of the different forest associations (Pennington and Sarukhan 1998), four are widely 

distributed: Medium Sub-Perennial Forest (Medium), the more humid of the region, where trees 

are between 15 to 25 m high; Low-Flooded Forest (Flooded) that gets seasonally inundated after 

two to three 3 months of heavy rains, and where trees are between 5 to 15 m high; and the 

Medium and Low Semi-Deciduous Forests, which both can be classified as dry forest (Dry) 

where trees range from 8 to 25 m high, but species composition differs from that of the Medium 

Semi-Perennial Forest. These four types of forest are highly intermingled within the area, 

although the humidity from northwest (driest) to southeast (wettest) has an impact on the forest 

types too. The water in the area is obtained through precipitation since there is no permanent 

river system. Most of the rainfall percolates through the limestone, but some drains superficially 

and stores in ponds. These ponds constitute the only source for water for wildlife through the dry 

season. The study area is protected effectively against hunting and other human activities by two 

checkpoints along the only existing narrow road. During the whole time there, no recent signs of 

human activities inside the forest were detected. Human activity was only present at the 

Archeological site and on the road leading to it, and was limited to tourism and archeological 

research. For purposes of the analyses here, I further defined a more accurate study area as the 

Minimum Convex Polygon (MCP) that encompasses all the locations obtained from the study of 

four WLP groups (Fig 4-1). This MCP was made in Arc View 3.3 with the Animal Movement 

Analyst Extension (Hooge and Eichenlaub 1997). 

White-Lipped Peccary Data Collection.  

With the assistance of  two persons a total of 17 white-lipped peccaries from four groups 

(named Red, Blue, Green and Yellow) were captured during the 2005 dry season and fitted with 

radio transmitters (details of capture and radio-marked are in Chapter 2). These groups were 

living sympatrically around the Calakmul pond. Given the cohesiveness of WLP groups, I only 
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radio-collared between two or three individuals in each group to keep contact with the group. 

Groups were monitored using the homing method (White and Garrot 1990) that consisted on 

getting directions to the groups from the only existing high points, the two Mayan temples of the 

Calakmul Archeological city, and then walking towards the group. Once groups were contacted, 

initial and subsequent locations were recorded as frequently as every 15 minutes with a GPS 

device (Garmin eTrex) while contact lasted (from 1 to 6 hours). Initially, groups responded to 

our presence by fleeing up to 100 m. When this happened twice in a day I left the groups and 

came back the next day. Subsequently, groups were more tolerant to our presence to the degree 

that I could sit as close as 4 m from them. The four groups were monitored for different periods 

of times during 18 months that encompassed the study time. WLP groups have some of the 

largest home ranges for ungulate species (109-200 km2 for groups living in Maraca Island, 

Brazil, Fragoso 1998, 2004; and 98-121 km2 for the groups in this study, Chapter 2). 

Consequently, it was very difficult to locate and follow groups in regular basis. Therefore, 

detailed continuous movement data (every 15 minutes) was not always available for all group 

and months.  

Distribution of Resources on the Study Area 

As part of a complementary study with the same WLP groups using Compositional 

Analysis (Aebischer et al. 1993), I found these WLP groups to selectively use ponds and 

Medium and Flooded forest while avoiding the two types of Dry forest (Chapter 2).  The 

selection of Medium forest is mainly due to the presence of Ramon fruit (Brosimum alicastrum). 

Groups of WLP were observed foraging on B. alicastrum several times under the Medium forest. 

It was also demonstrated that B. alicastrum is produced in 83 % on the Medium forest (Chapter 

3) and that this species is very important item in WLP diets (S. Perez-Cortez and R. Reyna-

Hurtado, unpublished data, Sowls 1997, Fragoso 1998, Altrichter et al. 2001, Beck 2006). WLP 
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visited the Flooded forest, especially on the wet season, to forage on earthworms and other 

larvae present at that time, and to wallow in the flooded areas (pers. obs.). 

Therefore, to know the spatial distribution of these resources I used also a previous 

classification of the forest types and other features of the landscape made in GIS (Gerardo 

Garcia-Gil, ECOSUR-Chetumal) to identify the ponds existing within the MCP-derived group 

home ranges on the study area. I estimated the density of ponds by dividing the number of ponds 

over the MCP area. Additionally, the mean distances from ponds to the middle point of the MCP 

was obtained by using Arc View 3.3 with the Animal Movement Analyst Extension (Hooge and 

Eichenlaub 1997). In the course of the study I found that WLP also used some stony outcrops 

that store water temporarily; these stones are called sartenejas. I documented and geo-referenced 

the ones found with WLP’ use present.  

I used ERDAS and Arc View 3.3 to do a supervised classification of a satellite image to 

portray the spatial distribution of the two forest types (Fig. 4-2). I measured number of patches, 

density, the coefficient of variation of patch area (CV=100 * standard deviation / mean), and the 

Contagion Index per forest type by using FRAGSTATS 3.3 (McGarigal and Marks 1994). The 

Contagion index measured the degree of aggregation and distribution of patches on the landscape 

(McGarigal and Marks 1994, Gergel and Turner 2002). Contagion indices have values from 0 to 

1; lower values mean patches are dispersed uniformly over the landscape, while higher values 

result from patches with a high degree of aggregation (clumpiness). 

Lévy Walk Pattern 

Detailed data on group movement and sequential data of many locations were very 

difficult to obtain given the large scale over which the groups moved (>100 km2, Chapter 2). 

Therefore, I could only use hourly and daily displacement as the step length for analyses of the 

Lévy-walk pattern.  
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For data on hourly displacement I selected all the consecutive locations from the four 

groups where I knew the position before and after one hour and the distances between those 

locations using Arc View 3.3. These hourly displacement data were gathered between 8:00 am 

and 5:00 pm, which encompasses the time of the day that I was able to follow the groups given 

the remote locations where they usually foraged. Localizations were recorded with a GPS 

(Garmin eTrex, Global Position System Device) that has accuracy between 5 -20 m.  

Daily displacements were recorded as the step length (measured using Arc View 3.3) 

between the two locations where I made first contact with the group in two consecutive days. 

Usually the first contact was made early in the morning, after an initial search for groups that 

lasted from 1 to 3 hours.  I used 173 hourly displacements and 82 distances from consecutives 

days of the four groups. 

I analyzed the presence of Lévy-walk pattern in these two time scales by obtaining the 

regression slopes of the log10 transformation of frequency vs. log10 of the displacement distances 

divided in bins. I used the 2k logarithmic binning with prior normalization method (Sims et al. 

2007).  This method recently was proved to be a better method to minimize error at detecting 

Lévy-walk pattern than the other three methods (the simple log-log transformation plot, the 2k 

binning without transformation and the cumulative distribution function). The 2k binning with 

prior normalization method consisted in defining the bins used to plot the frequencies by a 2k 

logarithmic way, where the bin k increase logarithmically (e.g.: instead of 1,2,3,4, etc. they 

increase 1,2,4,8, etc.). The accuracy of this method is further refined by a normalization of the 

data by dividing the frequency per logarithmic bin by bin width and n (the total number of steps) 

to obtain the probability density of each bin (Sims et al. 2007).  I performed this analysis to all 

the hourly and daily displacements separately, and then I divided this set of data for the dry and 
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the wet season respectively to detect possible seasonal differences on movement patterns. I tested 

the differences between the regression slopes with an F test (Sokal and Rohlf 1994). 

Central Place Foraging 

To determine if WLP group movements in relation to a focal water source (the Calakmul 

pond) were following the Central Place Foraging Model, I constructed for each group a 2x2 

contingency table to perform Chi Square analyses between the total days that I did contact with 

any groups in dry and the wet season and the number of times they visited the Calakmul pond 

during these two seasons. Additionally, I performed a t- test between the mean distances from 

the locations where the four groups were found to this pond during the 2005 dry season (n=181) 

versus the distances from the 2005 wet season locations to the same pond (n=316). I also 

observed that during the 2005 dry season they performed occasional trips far away on days when 

there was some precipitation, but later returned to this pond. Therefore, I performed a regression 

analysis of the monthly distances of the four groups from the pond versus rainfall. 

Travel Behavior 

While following the groups during the whole study period, I recorded several additional 

behaviors and interactions among groups. By having animals radio-marked in the groups, I was 

able to confirm the identity of the groups and how these interactions were performed. In this way 

I documented instances where groups travel together in a coordinate way. I described how these 

interactions took place on time and form.  

All statistical analyzes were performed on Microsoft-Excel (Microsoft XP), SPSS 11.5 

(Statistical Package for Social Science 1997) and SAS 9.1. 
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Results 

Distribution of Resources  

I found a very low density (1 pond every 9.3 km2) of water sources (ponds) within the 

MCP-derived home ranges of the four WLP groups (242.3 km2). Additionally, the temporal 

factor of water availability is also important given that not all the ponds stored water every year. 

The Calakmul pond stored water during the 2005 dry season but dried completely (for first time 

in at least 16 years; Archeological City Guards, pers. comm.) during the harsh time (April-May) 

of 2006 dry season. I detected the same pattern in at least three other ponds that I visited 

regularly. The ponds were also dispersed over the landscape with a mean distance from ponds to 

the central point of the MCP of 6.5 km (SE=0.7 km; n=26).  

I documented and geo-referenced eight sartenejas that were visited by the WLP groups 

when they were searching for water, especially during the 2006 dry season. These eight 

sartenejas were only detected by following the groups during the dry season; however, it is 

possible that others exists and were visited but remained undetected.  Therefore, I did not 

estimate density or spatial distribution of them. However, the eight known stony outcrops were 

dispersed over the landscape with a maximum distance of 13.5 km between the two most 

separated. These reservoirs of water also were temporary; while some of them stored a little 

water even after the Calakmul pond dried up, others dried up at the same time as all ponds. These 

sartenejas are important because they can be filled with a small amount of precipitation while 

the ponds need significant large amounts of rain to start filling up (pers. obs.). 

 Medium and Flooded forest presented a clumped spatial distribution as was showed by 

the Contagion index of 0.70 and 0.74, respectively. Mean patch size for Medium forest was 5.6 

ha (SD=219.8 ha, CV= 3,896), and for Flooded forest 2.1 ha (SD=57.2, CV=2,705). There were 

2,032 patches of Medium forest with a density of 8.3 patches/ km2, representing in total 47.3 % 
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of the MCP, while there were 2,596 patches of Flooded forest with a density of 10.7 patches/ 

km2, representing 22.6 % of the total MCP area. The remaining area was composed for dry forest 

and some open areas.  

Lévy Walk Pattern 

Hourly displacements for WLP ranged for 20 to 2,656 m with a mean of 339 (SE=28, 

n=173). During the dry season the mean was 338 m (SE=38.3 m, n=93), and during the wet 

season the mean was 339 m (SE=42.4 m, n=80). Daily displacement data ranged from 80 to 

5,179 m with a mean of 1,056 m (SE=136 m, n=82). Daily movements were greater during the 

wet season than in the dry season (dry season mean: 930 m/day, SE=156.2 m, n=49; wet season 

mean: 1,266 m/day, SE=247.5 m, n=33). 

I found evidence of the Lévy-walk pattern in the two time scale movements (hourly and 

daily; Table 4-1). Because the data were collected with a GPS that has an accuracy of 5 to 20 m, 

I analyzed the hourly data at three starting bin size: 20, 50 and 100 m and all of them showed a 

coefficient (μ) that fit the Lévy-walk pattern (Table 4-1, Fig.4-2, 4-3). Based on the higher R2 

value I decided to use 100 m as the start bin to perform additional analyses on the hourly data 

comparing dry and wet season. I found a very similar coefficient between the seasons for the 

hourly data (F=35.15, p=0.00, df=1; Table 4-1 Fig. 4-4, 4-5). 

Daily movement data were analyzed at 100 and 200 m start bins and both of them showed 

the coefficient (μ) fits well under the expected values for the Lévy-walk pattern (1<μ<3; Table 4-

1, Fig 4-6, 4-7). However, the coefficient of the regression slope was lower than the hourly 

displacement, showing that more frequent long steps are present on the daily displacements than 

for the hourly movements. Due to the better fit of the 200 m start bin (higher R2) I compared wet 

and dry season movements using the 200 m start bin. I found that during the wet season the WLP 
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performed longer steps than in the dry season. The difference between the two regression slopes 

was statistically significant (F=33.04, p=0.001, df=1; Table 4-1, 4-8, 4-9) 

Central Place Foraging Model 

WLP behaved like central place foragers around the Calakmul pond during the dry season 

of 2005 when this pond was the only source of water. During this time the WLP foraged around 

the pond on low-quality food, like herbs, but occasionally  visiting patches of Zapote (Manilkara 

zapota) and Guaya fruits (Talisia olivaeformis) present in the forest (Chapter 2). Chi Square 

analyzes of the number of times groups were contacted on ponds versus non ponds on both 

seasons during 2005 showed that WLP visited ponds disproportionately during the dry season 

(Red group: X2=12.82, p=0.001, df=1, n=63; Blue group: X2=13.81, p=0.001, df=1, n=65; Green 

group: X2=18.19, p=0.001, df=1, n=59; Yellow group: X2=11.25, p=0.001, df=1, n=28), with the 

Calakmul pond being the one more visited (>90%) for all the groups. Also, I found that during 

2005, the mean distance from where the WLP groups foraged to the Calakmul pond was smaller 

for the dry season (mean= 595 m, SE=59 m, n=181) than for the wet season (mean=2560 m, 

SE=170, n=316), showing that they stayed closed to this water source during the dry season.  

 Finally, I found that from March to September 2005, the mean distance from where all 

the groups foraged to the Calakmul pond increased positively with the amount of precipitation 

that fell during these months (F=23.68, p=0.004, R2=0.82, n=7). After that month, precipitation 

was not longer a good predictor of the distances from the pond.  

Coordinate Travel Behavior 

The four groups were living sympatrically around the Calakmul pond when I first 

contacted them during the dry season 2005. While maintaining individual group cohesion, the 

groups tolerated each other very well when meeting at the pond edges. Groups were observed to 

rest 5 m apart at times. I documented on two occasions the green group joined another group and 
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travel together for periods greater than 20 days but then separated again. The Green group 

probably joined the Blue group around 4 May  2005, when some rain allowed them to leave the 

pond and travel to a patch of Medium forest 8 km to the north. I located the two groups together 

for first time in the Medium forest.  For the next 33 days they traveled together with the Green 

group always behind and following the Blue group from 40 to 100 m. In that way they visited the 

Calakmul pond several times and foraged in areas around a radius of 8 km from the pond. On 6 

June 2005, the groups split and they remained on the same numbers and with their respective 

radio-marked animals as before.  

 After these events the Blue, Green and Yellow groups left the area and travel to three 

separate areas in the North (separated by 17 km approximately).  I believe these areas were their 

original home areas. The Red group remained around the Calakmul pond. However, between 23 

to 25 September 2005, the Green group traveled back to the Calakmul pond and joined the Red 

group in the same way that they did with the Blue group before. They stayed close from 28 

September to 19 October 2005, when they separated again keeping the same numbers and the 

same radio-marked animals. The groups traveled in a radius of 6 km from the Calakmul pond 

without visiting the pond given it was the core of the wet season. The way they traveled was very 

similar to before, with the Green group behind 40 to 100 m the Red group. I observed that when 

together both groups (Blue-Green and Red-Green) not only traveled together but behaved 

similarly, resting and foraging at the same time. It is worth mentioning that at the time the Green 

joined the Blue group the former group size was 20 to19 individuals, while the latter was 25 to 

23 individuals in size. When the Green group joined the Red group this latter group was 31 

individuals, while the former group was only 16 in size. 
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Discussion 

In this study I demonstrated that important resources such as water reservoirs for WLP are 

dispersed and non-uniformly spatially-distributed over the landscape at Calakmul Biosphere 

Reserve and can be temporally scarce. Preferred forest types that host patches of selected food 

like fruits (Medium forest: Brosimum alicastrum, Talisia olivaeformis and Manilkara zapota) or 

earthworms (Flooded forest) are also dispersed over the landscape and intermingled with other 

less preferred forest such as Dry forest. White-lipped peccary must visit water on a daily basis 

and they feed on high energy food such as fruits and invertebrates for more than 60% of their 

diet (Kiltie and Terborgh 1983, Fragoso 1994, Sowls 1997, this study).  

To access water in Calakmul Biosphere Reserve during the dry season WLP must travel 

long distances or stayed close to the few existing storage sites. Available food also was widely 

distributed spatially and seasonally scarce. Additionally, this species lives in highly cohesive 

groups that feed, travel and rest together all year long. So a question arises: How do WLP groups 

survive in a place like Calakmul where the resources are temporarily scarce, spatially dispersed, 

while keeping the groups’ cohesiveness?   

It is possible that the three searching strategies I focused on in this study play an important 

role on the WLP survival while preventing groups from splitting. I found evidence that WLP 

groups move over the landscape in a pattern resembling the Lévy-walk model. Lévy-walk 

movements are scale invariant (Shlesinger and Klafter 1986, Viswanathan et al. 1996; Bartumeus 

et al. 2005, Benhamou 2007), this allows the group to search for resources in detail at the small 

scale (with lots of small steps), while occasionally making extended searches into the landscape 

scale (with few long movements) (Atkinson et al. 2002, Mårrel et al. 2002, Ramos-Fernandez et 

al. 2004, Austin et al. 2004). In my study the evidence for Lévy-walk pattern in WLP movements 

is present at two time scales (hourly and daily), implying that this pattern is scale invariant as 
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groups move in different spatial scale. The movements of WLP over the study time confirm this 

pattern of movement. Some WLP groups ranged over 100 km2 area (Blue and Green, and 

possible Red group; Chapter 2) and performed direct movements as long as 17 km in 2 or 3 days. 

When WLP move, they can travel to areas far away that have not been visited recently; therefore, 

they access patches of resources that are temporarily new for them. It is possible then, that by 

performing Lévy-walk movements this searching strategy allows them to reach patches of forest 

or water-bodies in a landscape scale of tens of km, and by living in cohesive groups make an 

efficient uses of resources by visiting patches that have less probability of being visited by other 

groups, and uses spatial memory in conjunction (Kiltie and Terborgh 1983). 

I did not find seasonal differences in the Lévy-walk pattern for the hourly data. However, 

the daily data showed a lower coefficient for the wet season which means the group performed 

longer trips during the wet season than the dry season. This could be consequence of groups not 

being constrained by water availability since the flooded forest is filled, and/or searching for B. 

alicastrum fruits that are available in the rain season and are present almost entirely in the 

Medium forest or invertebrates in the Flooded forest.  The differences between hourly and daily 

data could be interpreted as WLP moving at a same hourly pattern (speed, distance, frequency) 

either in dry or wet season, but during the wet season they keep moving longer (more hours) than 

during the dry season, which reflects at the daily scale. 

I also demonstrated that at least for the 2005 dry season  the four WLP groups behave like 

central place foragers around the only existing water source, the Calakmul pond. They performed 

occasional long trips (>8 km) in search of resources, but returned always to the pond until the 

rainfall was enough to fill the Flooded forest and other ponds. When they were constrained to the 

pond they were seen even eating low-quality food like herbs around the edges of the pond.  
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Rainfall seems to be a good predictor of how far the groups will venture from the 

Calakmul pond during a dry season, at least from March to September 2005. Initiation of the rain 

season potentially stimulated the groups to move farther from ponds, maybe visiting sartenejas 

which are easy to fill at that time, eventually moving to the areas where they spend the rest of the 

wet season.  This pattern was demonstrated by the Yellow and Blue group after the Flooded 

forest was filled which started around July and lasted until November same year. After the 

Flooded forest was filled they not longer depend on the rainfall pattern so this explains why the 

relationship was not significant after September. This time lag between rainfall and movements 

has also been documented for elephant movements in Botswana where some herds performed 

movements aimed to visit patches of vegetation only after 3 to 4 weeks of rainfall (Cushman et 

al. 2005). 

The combination of central place foraging and Lévy-walk movements seems to be an 

efficient strategy for WLP living in Calakmul Biosphere Reserve. Because they have access to 

resources that are secure (such as water) they can also explore from time to time areas far away 

and monitor when the conditions change that allow them to move away. 

WLP need in addition some kind of spatial memory to find resources very localized and 

small like ponds or even smaller like sartenejas.  I found evidence this trait while following the 

groups. Several times during the core of the dry season they performed straight movements 

between 2-4 km moving in a single line, ignoring fruit patches, until they arrived at some 

sartenejas or ponds. Additionally, finding these sartenejas did not seems to be a fortuitous event, 

given that there was physical evidence of high WLP use of the area around them (the soil was 

compacted from hooves prints, several paths approached from different directions, and the 

vegetation was absent around the stony outcrops).  Use of ponds and sartenejas also indicate 
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multiple central place foraging behavior around these water sources. Multiple central place 

foraging was demonstrated for Spider monkeys in Costa Rica where they selected different 

sleeping sites and temporarily behaved like central place foragers around them, but moving after 

some time to a new site (Chapman et al. 1989). This model remains to be tested for WLP when 

more evidence is collected. 

If this spatial knowledge is storage within the group’s memory, then living in large groups 

confers advantages in this sense. Probably, the association of two groups while traveling, as I 

documented here, increased the chances of finding these highly localized resources. It could be 

that the Green group, which was always the smaller-sized group, associated with larger groups to 

learn where and when the resources were available. Additional evidence supporting this 

hypothesis is the fact that the Green group always followed the larger Blue or the Red group. 

In total the four groups moved over a huge area of almost 250 km2. Although they showed 

different home ranges inside this area, they shared common knowledge of areas around the 

Calakmul pond (Chapter 2). However, not all groups seemed to know the whole area. For 

example when the Calakmul pond dried up in 2006, the Red group left the area and traveled to 

the South to an undetermined area, and returned 5 months later (as determined for the radio-

telemetry fixes when they left and when they returned).  During this time the Blue and Yellow 

groups headed north and the Green traveled to the southeast where I lost contact with them after 

12 months. Another evidence of limited knowledge of resource availability was when in the dry 

season 2006 the Blue group returned to the Calakmul pond. They found that it dried up, but 

instead of leaving the area, they spent around 10 weeks visiting some sartenejas that had little 

water (some only had mud at the bottom at that time). By the end of that dry season the group 

was in a very bad physical condition and in reduced numbers (group size=16). When the rain 
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season started they immediately headed to the north area. It seemed like this group was trapped 

without water in an area that always have had water but that was located on the border of their 

spatial knowledge and they do not know where else to go.  

Ramos-Fernandez et al. (2004) interpreted the Lévy-walk pattern found in Spider monkeys 

as movements aimed to localize fruiting trees that are in the detection range.  However, the 

authors pointed that their movements also indicate that they were searching for trees that were 

found out of this immediate detection range and where spatial memory could also play a role, 

similarly to what I found in this study with the WLP. Apparently a combination of searching 

strategies like Lévy-walk movements, central place foraging and travel association between 

groups allows WLP groups to forage efficiently over a landscape where resources are spatially 

dispersed, temporarily available and where unpredictability also plays a role. The searching 

strategies showed here seems to be complementary strategies with living in small groups and 

ranging over large areas as was demonstrated for these groups in comparison with much larger 

groups of the same species inhabiting other forests (Chapter 3). The combination of all these 

strategies allows WLP to survive in a sub-optimal forest like Calakmul Biosphere Reserve. If we 

want to conserve WLP in Calakmul Biosphere Reserve and maintain this area as the stronghold 

for the conservation of the species in Mexico, as has been previously identified (March 1990; 

Chapter 5- this dissertation), we need to assure that the natural conditions of the landscape are 

preserved for the species to perform all these amazing strategies for its survival. A better 

understanding of the possible role of the memory and the spatial knowledge related to detailed 

group movement would be very interesting ecological research on this species.  
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Table 4-1. Regression slopes coefficients (μ) for log10 of frequency of hourly and daily 
displacement length versus log10 of 2k logarithmic bin with normalization, staring at 
20, 50 and 100 m for hourly data, and 100 and 200 m for daily data, for groups of 
white-lipped peccary (Tayassu pecari), Calakmul Biosphere Reserve,Mexico. 

 
Time 
Scale 

Period and 
sample 

Bin Size μ  
(2k Binning w/normal.) 

N 
sample 

Hour All-Seasons 20 m -1.61 (r2=0.84) 173 
  50 m -1.72 (r2=0.90)  
  100 m -2.19 (r2=0.95)  
 Dry Season 100 m -2.16 (r2=0.93) 93 
 Wet Season 

 
100 m -2.22 (r2=0.96) 80 

Day All-Seasons 100 m -1.22 (r2=0.81) 82 
  200 m -1.57 (r2=0.94)  
 Dry Season  200 m -1.65 (r2=0.93) 49 
 Wet Season 200 m -1.46 (r2=0.94) 33 
 

       

 
Figure 4-1.  Minimum convex polygon of all the localizations from the four groups of white-

lipped peccary (Tayassu pecari), and forest type patch distribution in Calakmul 
Biosphere Reserve, Mexico. 
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Figure 4-2. All-seasons frequency of steps length per hour with a bin size of 100 m, for white-
lipped peccary. 
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Figure 4-3. Regression slope for all-seasons hourly data with a bin size of 100 m and 2k 
logarithmic binning with normalization method 
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Figure 4-4. All-seasons frequency of steps length per day with a bin size of 200 m, for white-
lipped peccary. 
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Figure 4-5. Regression slope for all-seasons daily data with a bin size of 200 m with 2k 

logarithmic binning with normalization method. 

μ = - 1.57 
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CHAPTER 5 
HUNTING PATTERNS, POPULATION DENSITY, GROUP SIZE AND THE 

CONSERVATION OF WHITE-LIPPED PECCARY (Tayassu pecari) IN THE CALAKMUL 
REGION OF MEXICO  

Introduction 

The white-lipped peccary (WLP; Tayassu pecari, L. 1795), a social Neotropical ungulate, 

forms large groups typically ranging in size from 10 to 300 animals; however, anecdotal 

sightings of more than 1,000 individuals have been reported (Leopold 1959, Mayer and Wetzel 

1987, Emmons and Feer 1990, Alvarez del Toro 1991, Bodmer et al. 1997, Sowls 1997, Fragoso 

1998). This is an exceptional behavior for an ungulate that lives in dense tropical forests, and 

only the bearded-pig (Sus barbatus) of Borneo has been observed to form similar groups, as 

large as 300 individuals (Caldecott et al. 1993).   

In the last 20 years WLP has become increasingly rare in Mexico and Central America.  

Leopold (1959) noted more than 40 years ago that in Mexico WLP was among the first species 

to disappear when a forest becomes perturbed, and that smaller herds were a consequence of 

human perturbation.  Today, WLP have disappeared from the Veracruz, Tabasco, and Yucatan 

states and survive only in a few reserves of Oaxaca, Chiapas, Campeche, and Quintana Roo 

(March 1993, WCS 2005).  Some researchers argue that in areas where this species seems to be 

disappearing, small herds of fewer than 10 are common (Emmons and Feer 1990).  March (1993) 

states that frequent reporting of smaller groups in some areas is probably correlated with 

increased hunting pressure.  In some instances, hunters can eliminate an entire group as Peres 

(1996) reported when a group of 20 hunters killed 82 WLP in one day.  Reyna-Hurtado (2002) 

documented that 13 individuals were killed in a single day by a group of hunters in the Calakmul 

region of Mexico.   
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The Calakmul Region in Campeche State is one of the few places where this species 

survives in Mexico, and it has been documented that the WLP is among the top five preferred 

species for subsistence hunters (Escamilla et al. 2000, Weber 2000, Reyna-Hurtado et al. 1999, 

2002, Weber et al. 2006). The relative abundance of this species was estimated to be three times 

lower in the hunted areas than in the protected area (Reyna and Tanner 2007). Additionally, legal 

sport hunting on this species is taking place under the UMA’s scheme (Unit for Wildlife 

Management, SEMARNAT 1997).  However, there is evidence that UMA’s are suffering several 

flaws in their administration, that population estimates are weak and that there is a lack of 

information regarding breeding season and other sound biological information that are essential 

to manage the species (Weber et al. 2006).  

To provide an initial understanding of the natural range of group sizes of WLP and the 

status of groups and population in areas under human influence, I quantified WLP group sizes in 

the largest protected tropical forest in Mexico, the Calakmul Biosphere Reserve (CBR), where 

hunting and other human activities have been officially prohibited since 1989, and, for three 

adjacent communal forests (ejidos) where subsistence hunting, as well as logging and other 

extractive activities, are currently taking place. A fourth hunted place (Calakmul-limit) was 

included that lies in an area between the Reserve and one ejido where illegal hunting has been 

documented occasionally. Additionally, I estimated WLP density in the CBR and collected 

information on the birth season and age structure of the groups. These data constituted the first 

report of WLP group size, density, breeding season, and age structure for the area and one of the 

few in Mexico (see Leopold 1959, Alvarez del Toro 1991, March 1990, March 1993, Naranjo 

2002). 
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Methods 

Study Area 

This study was conducted in the municipality of Calakmul, Campeche, Mexico (See map 

in Chapter 1).  The Calakmul region is located in the southern-central part of the Yucatan 

Peninsula (19o15’00’-17o45’00’ N, and 90o10’00’- 89o15’00’W).  The region is mostly a 

protected tropical forest surrounded by areas cleared for the slash and burn agriculture.  

Calakmul is a mosaic of different types of tropical forest, ranging from low-deciduous forest in 

the north to tall-evergreen forest in the extreme southeast.  These differences in habitat are 

associated with a moisture gradient that increases from north to south and less clearly from west 

to east (Ucan et al. 2000).  Despite the occasional presence of jaguar-hunters, chicle-tappers, and 

archeological looters during the fist half of the past century, this region has remained largely 

undisturbed since the Mayans abandoned it 1,100 years ago.  In the 1940’s the colonization of 

the area began with the creation of the Zoh Laguna village as a center for logging operations and 

a base-camp for the extraction of chicle-gum (Ericson 1997).  In the 1970’s, when the Mexican 

government encouraged the colonization of the “last frontier” in Mexico, the humid tropics, 

Calakmul received a large influx of people from the central and southern states.  This 

colonization process brought environmental changes, and a municipality that presently includes 

114 human communities and an estimated population of 30,000 people (INEGI 2005).  In 1989, 

7,231.85 km2 of the forest in the region were decreed as biosphere reserve.  Calakmul Biosphere 

Reserve (CBR) is now the second largest reserve and the largest protected tropical forest in 

Mexico.  The CBR is adjacent to the Maya Biosphere Reserve in Guatemala and together with 

the Rio Bravo-Milpas conservation area in Belize, they conform the largest protected tropical 

forest in Mesoamerica with almost 20,000.00 km2.  Today a mosaic of social conditions and land 

tenure systems surround the reserve, and sport and subsistence hunting, as well as other 
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extractive activities, are common (Reyna-Hurtado et al. 1999, Weber 2000, Escamilla et al. 

2000, Reyna-Hurtado 2002). 

Group Sizes, Age Structure and Breeding Season 

Group sizes, age structure and breeding season of WLP were recorded during field surveys 

at five sites (Fig. 5-1). Three sites were communal forests (formally called ejidos: Nuevo Becal: 

520 km2; 20 de Noviembre: 280 km2; and Xbonil: 400 km2) where subsistence hunting, as well 

as selective logging and extraction of forest products (palm leaf, honey, mahogany seed, etc.) are 

common activities.  The fourth site (Calakmul-limit) encompasses some ponds located in the 

border between the southern core of the CBR and an ejido in which hunting occurred. In this site 

I detected recent hunting activity (fresh cartridges) on the area bordering the CBR and the ejido, 

I also include observations from another pond which lies 4 km south of this border because I 

determined, based in the radio-telemetry study, that WLP groups can range over 120 km2 in the 

CBR (Chapter 2).  Therefore, is highly probable that groups visiting this pond also travel near the 

ejido and become subject to hunting pressure there. The last site was the southern core area of 

the CBR (with approximately 3,500 km2). This site was at least 40 km south of the nearest 

human population center and no hunting occurred there due to the natural isolation of the area 

and to the law enforcement with two check points along the only road existing on the area.  

The number of individuals and age compositions of several groups were collected for each 

area.  Age was estimated based on size, and animals were categorized into three classes: juvenile 

(from 1 day old to half size of an adult), sub-adult (from half size of an adult to slightly smaller 

than adults), and adults (full grown). I recorded birth season (at least the month when the birth 

took place) by noting the first time when newborns were observed and in a few occasions by 

examining fetus from animals hunted and projecting a time to be born basis on their develop. 
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Data on group sizes were obtained from different sources.  First, I searched for and located 

groups of WLP with the assistance of two local resident hunters on the CBR and Calakmul-Limit 

site.  Searches and data collection were made between January to May 2001 and for a second 

period between March 2005 and August 2006 (Chapter 2).  Searches were made primarily 

between 7:00 and 14:00 and concentrated on permanent and temporary water sources, the main 

source of water for wildlife in the region during the January to May dry season.  I primarily 

stayed near water sources and waited for the peccaries to come to the water.  

WLP are not territorial and more than one group can be seen together (Fragoso 1994, 

Carrillo et al. 2002, Chapter 4-this dissertation).  For example, in Corcovado National Park, 

Costa Rica, Carrillo et al. (2002) found several groups being sympatric in what appear to be a 

single “super herd”. For purposes of a radio-telemetry study I radio-marked individuals in four 

groups in the 2005-2006 period (Chapter 2), so I could differentiate the individual groups. In the 

CBR I found spatial and temporal overlap among the four groups’ use patterns and for the groups 

to travel together. I found groups to be very cohesive without exchange of individuals (Chapter 

2). Consequently, to reduce the possibility of counting the same group twice only sightings made 

in different locations or years were recorded. When several groups were seen at the same time 

and place, only groups who could clearly be differentiated (through direct observations or 

because they were radio-marked) were counted.  

In addition to field observations, information of group sizes was collected also from 

hunters in the three ejidos (January-May 2001) and from direct observations made by me while 

doing fieldwork and from my assistants (March 2005-August 2006) while performing their daily 

subsistence activities (raising corn, collecting honey, cutting timber, etc).  I only considered 

observations made by hunters and assistants in openings (e.g., ponds, forest clearings) and when, 
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based on a structured interview, I concluded that the observer was confident of group size.  In 

several cases, observations were made by more than one person, so I interviewed each separately 

and decided to keep or delete the sighting based on the consistency of the information.  Seven 

reports were discarded since the observer was not confident of the group size or they saw only a 

portion of the group.  In all cases I asked questions to confirm that WLP was the species sighted 

and not collared peccary.  On three occasions I saw skulls, hair and body parts of the animals 

hunted and positively identified them as WLP remains (Aranda 1981).  Finally, a single sighting 

of a group made by me in May 2000 at one of the water sources in the CBR was also included in 

the results.  

Density Estimation 

I  estimated WLP density for the CBR based on a Minimum Convex Polygon constructed 

from location fixes obtained while searching the area several times every month (from the period 

of 2005-2006) when trying to make contact with the four radio-marked groups (named Red, 

Blue, Green and Yellow) during a 10 months period. I favored this estimate because from March 

to December 2005, I had continuous contacted with the four groups and had precise counts of the 

size of at least three groups (with the exception of the Yellow group). Additionally, during 

intense field work on these 10 months I did not see any WLP sign that could not attributed to the 

four groups. Every time I encountered a WLP sign I confirmed the identity of the group traveling 

there by using the radio-marked animals in each group. Group observations for more than 200 

days confirmed high fidelity of marked individuals to their respective group (Chapter 2). 

After this 10 month period I lost radio contact with the Yellow group. At that time, I was 

not confident if any unmarked group sighted was the Yellow or a new group. Additionally, two 

groups (Green and Red) left the area and traveled to an unidentified area during the dry season 

2006. Therefore, I calculated a minimum estimate of density by dividing the sum of individuals 
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from the four groups over the whole area searched (that encompassed the four groups’ home 

ranges) during this period of time in which I was confident no additional group was living there. 

Additionally I estimated the number of individuals and groups existing on the Southern area of 

the CBR by extrapolating these estimates to a larger polygon that include the study area and 

almost all the southern area of the CBR, with an exception of 5 km buffer from the border with 

the ejidos. This extrapolated area shares similar protection status and the habitat type have not 

changed dramatically.  

Seasonally of the Hunting Patterns 

Data about subsistence hunting events in the three ejidos were collected on an 

opportunistic way during the period 2005-2006, by informal talks with subsistence hunters and 

through the help of field assistants who lived there. I also included data that were collected in 

2001 (Reyna-Hurtado 2002) by systematic surveys on the same three communities. Additionally, 

for the sport-legal hunting I consulted the people in charge of the program (SEMARNAT, 

Campeche-office, Mexico) to obtain the dates about legal times to hunt WLP under UMA’s 

guidelines (SEMARNAT 1997). Here I focus in the season when WLP hunting took place. 

Statistical Analyses 

A Mann-Whitney U-test was used to compare group size from non-hunted vs hunted areas 

together (hunted and Calakmul-limit). A subsequent analysis where the three different areas 

(non-hunted, hunted and Calakmul-limit) were compared was done using Kruskal Wallis test for 

differences among groups. Home range estimates were obtained in Arc View 3.3 using the 

Animal Movement Analyst Extension (Hooge and Eichenlaub 1997). All statistical analyses 

were performed on SPSS (Statistical Package for Social Sciences, 1997).  
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Results 

Group Size in Hunted and Non-Hunted Areas 

The sizes of 24 WLP groups were recorded in the four sites from 2001 to 2007 (Table 5-1). 

Ten observations were obtained from ejidos, 9 from the CBR and 5 from Calakmul-limit. 

Considering Calakmul-limit as a hunted site, groups were larger on the non-hunted area 

(Median=25, SE=1.84 n=9), than in the hunted areas (Median=16, SE=1.84, n=15) (Fig. 5-2) and 

the difference was significant (Mann-Whitney test p=0.02, n=24). If I compare ejidos, Calakmul-

limit and the CBR independently, groups were smaller on Calakmul-limit (Median=15, SE=0.86, 

n=5) than in the ejidos (Median=20, SE=2.41, n=10) and in the non-hunted areas (Median=25, 

SE=1.84, n=9), and the differences were significant (Kruskal Wallis test p=0.01). When 

contrasting only observations from ejidos versus those from the CBR, groups were bigger on the 

CBR but the differences were not statistically significant (Mann-Whitney test p=0.18, n=19). 

Group Age Structure 

Age structure was recorded in detail from 21 groups. These 21 groups summed a total of 

444 WLP individuals observed. I found that adults comprised 90.3 % (401) of the population, 

sub-adults 3.2 % (14), and juveniles 6.5 % (29) (Fig. 5-3). Eight of these groups contained only 

adults. In 6 groups I observed three age classes: 78.9 % adults, 8.8 % sub-adults and 12.3 % 

juveniles. In 6 I observed only adults (89.4 %) and juveniles (10.6 %), and just in 1 group I 

observed adults (84.6 %) and sub-adults (15.4 %) without juveniles (Table 5-1).  

Breeding Season 

From 2001 to 2007, I recorded 19 birth events on at least 17 different groups from all the 

study sites except from one of the ejidos (20 de Noviembre). In 18 cases the birth events took 

place in a period between late December and May with the peak of the breeding season being in 
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January–February (Fig.5-4). The single exception was a group with newborns sighted in 

October. In 5 times I observed that females have given birth to twins.  

Seasonality of Hunting 

I recorded 21 hunting events during the study period. These events were done by 

subsistence hunters (19) on the three ejidos and sport hunters (2) on one ejido where legal hunts 

of this species are allowed through the UMA’s system. All the hunting events but three took 

places in the dry season, from late December to mid May. The exceptions were two hunting 

events recorded on November 2002 and October 2004 in the Nuevo Becal ejido and one from an 

undetermined season. The legal time to hunt this species is always from early April to mid May 

(Direccion General de Vida Silvestre, Campeche, pers. comm.).  Of these 21 events 17 were 

successful and hunters took between 1 to 13 white-lipped peccaries per event. Sport and 

subsistence hunters did not discriminate against females, whether they are lactating or pregnant 

(pers. obs.).  Finally, I recorded that in two months of 2005, subsistence hunters in combination 

with sport hunters harvested 27 WLP from a group of 29 individuals, leaving a single mother and 

her newborn (Weber et al. 2006).  This occurrence documented the almost complete elimination 

of a group in an ejido where a previous survey done 4 months before had detected just 3 to 4 

groups inhabiting the whole ejido (R. Reyna-Hurtado unpublished data).  

Density Estimation 

 The entire area searched where only the four radio-marked groups lived during a 10 

month period of continuous radio contact was estimated to be 236.7 km2. The sizes of the four 

groups were 31, 25, 25 and 20 at the beginning of the radio-telemetry study for a total of 101 

white-lipped peccaries. Therefore, the estimated density was 0.43 / km2, or 1 WLP/2.34 km2. I 

used this density to estimate WLP density on the whole southern area of the Calakmul Biosphere 

Reserve. For the extrapolation exercise, I defined a larger area that encompassed almost all the 
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southern area of the CBR except a buffer of 5 km between the reserve and the ejidos (Fig. 5-5). 

This area selected comprised 3,509.41 km2 and has the same status of legal protection, similar 

level of isolation and, more importantly, they have similar proportions of forest types (according 

to analyzes performed in Arc View 3.3 using the classification originated in 1995 by ECOSUR-

G. Garcia-Gil unpublished data; Table 5-2). Therefore, assuming the white-lipped peccaries 

equally disperse over this area, I estimate 1,493 individuals on the whole southern area of 

Calakmul Biosphere Reserve. Considering that the mean size of the 9 groups recorded in the 

CBR was 25.7 individuals per group, then approximately 58 groups could exist on the total 

southern area of the Calakmul Biosphere Reserve. 

Discussion 

Group Size 

The data reported here are the first for the Calakmul region and among the first data for 

WLP groups in Mexico (Leopold 1959, Alvarez del Toro 1991, March 1993, Naranjo 2002). The 

largest group I saw was 35 animals; therefore, WLP groups in Calakmul region appear to be 

smaller than in other parts of their range.  Calakmul groups are smaller than those from Peru, 

Brazil and Bolivia where group sizes larger than 100 are common (Kiltie and Terborgh 1983, 

Fragoso 1994, Peres 1996, Sowls 1997, L. Maffei pers. comm., R. Bodmer pers. comm., S. 

Carrillo pers. comm), but are within the range reported for groups in a seasonally dry forest of 

Venezuela (14-60; Hernandez et al. 1995), for the dry forest of the Chaco in northern Argentine 

(7-50; Altrichter 2005) and for the Lacandon forest in Chiapas, Mexico (5-60; Naranjo 2002).  

There is evidence that the differences in group size across the geographic range for areas where 

humans do not seems to have an impact could be a consequence of differences associated with 

rainfall pattern, where a higher rainfall could increase habitat quality in terms of fruit abundance 

(Chapter 3).  
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Among groups of WLP in the Calakmul region, groups were bigger on the CBR than in the 

hunted sites. Several authors have stated that sightings of smaller groups can be a consequence of 

hunting pressure as well as differences in ecological factors like habitat quality (Leopold 1959, 

Kiltie and Terborgh 1983, Emmons and Feer 1990, March 1993, Naranjo 2002). Assuming the 

habitat types and quality, as well as other ecological factors such as humidity and weather are 

similar for the Calakmul region as a whole, the fact that WLP groups in communal forest are 

smaller than in the CBR suggests that this species is being affected by human factors in the 

communal forests. It has been demonstrated that hunting is one of the main activities that affect 

population abundance in this species (Altrichter and Boaglio 2004, Naranjo and Bodmer 2007, 

Reyna-Hurtado and Tanner 2007). The cohesive behavior of the groups when facing danger 

(Peres 1996, Sowls 1997, Local hunters Pers. Com.) makes the group vulnerable to human 

hunting because a hunter can kill several individuals at one time (Peres 1996; Reyna-Hurtado 

2002).  Furthermore, this species is highly prized for hunters, to the point that when a group is 

spotted hunters organize short trips (two or three days long) to hunt them (Reyna-Hurtado 2002). 

Besides reducing group size by physically removing individuals, it is not known what specific 

effects hunting has on the social structure.  It is likely that the chasing associated with hunting 

can cause groups to split (Local hunters, pers. comm.).  The results of this study suggest hunting 

is affecting WLP sub-populations living in communal forest by reducing group size and 

depleting complete groups in some cases, therefore reducing the density of this species. 

Additionally, at least in two ejidos (Nuevo Becal and 20 de Noviembre) groups are becoming 

isolated from the population living in the CBR.  In these areas a road that runs North-South and 

the growing croplands that have been appearing along this road are separating the reserve from 

the communal forests. It is not known what effects this growing isolation may have on these 
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population, but forest fragmentation could be another important cause for group size reduction 

given the requirements of large areas for groups of this species. This is especially true for the 

Calakmul groups where it has been demonstrated they range over large areas (>100 km2), a home 

range size that is among the largest reported in the literature for this species (Chapter 2). 

Age Structure and Breeding Season 

The proportion of non-adults (juveniles and subadults) in WLP groups was similar to that 

reported for groups in the Lacandon forest (Naranjo and Bodmer 2007).  I did not detect 

differences in non-adult proportions between groups in hunted and non-hunted areas. However, 

my field observations of hunting patterns indicate that hunting could have a potential effect on 

age structure of groups. For example, I observed three cases where hunters killed females that 

were pregnant or had newborns. In two cases the hunters took the newborns and tried to raise 

them with no success (pers. obs.).  

 Data from this study indicate that the breeding is seasonal, peaking at the beginning of 

the dry season (January-February) and extending into the dry season. Unfortunately, in Calakmul 

the dry season is when WLP are more vulnerable to hunting losses because they become attached 

to the only remaining water sources (Chapter 3). In this time is very easy to find and hunt 

peccaries once a water-body has been localized and fresh signals of this species have been 

detected there (Local hunter, pers. comm.). 

 Hunting Seasons 

 Hunting of WLP in Calakmul appears to be a dry season activity when the groups are 

easy to encounter at the few remaining water-bodies. This situation can be of particularly danger 

for the species in a place like Calakmul where the rainfall patterns and water availability differ 

year to year. For example it has been observed that some ponds can storage water some years 

and not the following year (Chapter 4), making the search for water a priority for the species at a 
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degree that in few occasions they have been observed close to large villages that have permanent 

ponds nearby (Zoh Laguna residents pers. comm.). During this time subsistence hunters can kill 

as many individuals as they want given that groups are easily detected. Additionally, sport 

hunters are allowed to hunt this species during the last two months of the dry season (April-May) 

a time of potential maximum stress on WLP groups. I have documented sport and subsistence 

hunters to almost completely exterminate a group in a single dry season (Weber et al. 2006). 

Density 

 Estimated WLP population density in the Calakmul Biosphere Reserve is among the 

lowest estimates across the distribution range on this species. The only similar estimate came 

from the Argentine Chacoan dry forest (0.33 ind/km2 for hunted sites and 1.04 ind/km2 for non-

hunted sites; Altrichter 2005). This similarity is relevant given that the Chaco dry forest and 

Calakmul represent the drier areas where this species is found. Estimates from more humid areas 

are larger. For example, in the Lacandon forest population density varies from 1.08 ind/km2 in 

persistently hunted sites to 7.93 ind/km2 in slightly hunted sites (Naranjo and Bodmer 2007). In 

two fragmented sites of the Atlantic forest in Brazil, density of this species was determined at 6.3 

and 6.9 ind/km2 (Cullen 1997, and Keuroghlian et al. 2004 respectively). Interestingly enough, in 

the Peten forest of northern Guatemala (which forms a continuous forest with Calakmul) a 

density of 9.59 ind/km2 was determined for a non-hunted site using line transect methodology 

(Novack et al. 2005). These differences could be associated with the method used; in line 

transects the same group could be counted several times because of their large home range. 

Another explanation could be the increase in rainfall that makes the Peten forest taller and more 

humid than the drier forest of Calakmul.  Finally, the WLP population in Calakmul may have 

cyclical changes in density that span decades. Fragoso (1994; 2004), studying a WLP population 

inhabiting the Maraca Island in Roraima State, Brazil, reported density to vary from 139-542 



 

111 

ind/km2 in 1988 to 1.4-8.3 ind/km2 in 1992 after an apparent population crash following a 

diseases transmission (Fragoso 2004). However, I lack long-term data for Calakmul region 

needed to determine if long-term population cycles exist in that region. A more plausible 

explanation could be that this species is living in Calakmul in one of the extremes of its 

distribution range, and the habitat conditions there may be sub-optimal for the species.  

Recently, WLP population densities in the Calakmul region were estimated using line 

transects for purposes of developing sport harvest guidelines under the UMAs scheme (Direccion 

General de Vida Silvestre, Campeche state, technical report). However, several flaws were 

detected in the estimation method (See Weber et al. 2006 for a more detailed description) that 

includes non-systematic sampling. These surveys maybe overestimated WLP populations. For 

example for a 500.00 km2 ejido that lies just north of the CBR, the WLP population was 

estimated to be from 1,350 to 4,000 individuals (Direccion General de Vida Silvestre, Campeche 

state, technical report). These numbers highly contrast with my estimate of almost 1,500 

individuals for the whole southern area of Calakmul which is seven times larger than this ejido. 

This overestimation can lead authorities to allow a high harvest rate, resulting in potential 

negative effects of sport hunting, especially when combined with subsistence hunting harvest, an 

activity not regulated at all in the Calakmul region. I believed the density estimation of my study 

is more accurate because it was obtained from the actual range of the groups and the area shared 

and used and should be used as a conservative reference point for other estimates.  

Conservation Implications 

WLP groups in the Calakmul region inhabit a forest that lies in the northern extreme of it 

distribution and where conditions are sub-optimal for its survival. These conditions make WLP 

vulnerable to hunting and other human induced effects because the low density and smaller 

group sizes occurring there. Additionally, the breeding season coincide with the time of the year 
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when they become more vulnerable to hunting. It is a priority that the government institution in 

charge of sport hunting (Direccion General de Vida Silvestre), as well as other NGOs involved, 

consider banning the sport hunting on this species until more sound biological information is 

obtained, or allowing hunting seasons only during the rainy season and limiting the number of 

individuals harvested from any one group. Also, development of WLP conservation plans must 

actively involve subsistence hunters from ejidos, or it is highly probably that the WLP will 

disappear from communal forests in a near future. The future disappearance of WLP on 

communal forests could have significant consequences for the ecological processes of these 

forests and for the remnant WLP population in the CBR.  Conservation of WLP only within a 

few, large, well protected reserves, like the CBR, will not represent the best scenario for 

conservation of this species in Mexico. 
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Table 5-1. Group size, group age composition and area classification for white-lipped peccary 
groups observed in Calakmul Region, Campeche, Mexico. 

Area 
Classification 

Group 
Size 

Group 
Composition 

Date Place Source 

Non-hunted 
area 

30 25 adults 
5 juveniles 

April 3, 2001 Pond near km 46 in road 
to Calakmul 
Archeological Site (CBR) 

Biologist, 
students, 
custodian  

Non-hunted 
area 

35 30 adults 
2 sub-adults 
3 juveniles 

April 25, 2001 Pond 2 km South of 
Calakmul Archeological 
Site (CBR) 

R. Reyna-
Hurtado 

Non-hunted 
area 

26 26 adults April 27, 2001 Pond near km 46 in road 
to Calakmul 
Archeological Site (CBR) 

R. Reyna-
Hurtado 

Non-hunted 
area 

20 18 adults 
2 juveniles 

May 3, 2000 Pond in Heliport (CBR) R. Reyna-
Hurtado and 
others 

Non-hunted 
area 

31 28 adults 
2 sub-adults 
 1 juveniles 

March 7, 2005 Pond in Heliport (CBR) R. Reyna-
Hurtado and 
others 

Non-hunted 
area 

25 20 adults 
3 sub-adults 
2 juveniles 

March 7, 2005 Pond in Heliport (CBR) R. Reyna-
Hurtado and 
others 

Non-hunted 
area 

25 20 adults 
2 sub-adults 
3 juveniles 

March 7, 2005 Pond in Heliport (CBR) R. Reyna-
Hurtado and 
others 

Non-hunted 
area 

20 18 adults 
2 juveniles 

March 7, 2005 Pond in Heliport (CBR) R. Reyna-
Hurtado  

Non-hunted 
area 

19 19 adults December 18, 
2005 

Pond in Heliport (CBR) R. Reyna-
Hurtado 

Close to 
hunted area 

14 8 adults 
1 sub-adult 
5 juvenile 

February 28, 
2001 

Pond 2 km East of 
checkpoint at km 20 in 
road to Calakmul 
Archeological Site 
(Calakmul limit) 

R. Reyna-
Hurtado  
and others   

Close to 
hunted area 

11 10 adults 
1 juvenile 

April 14, 2001 Pond 2 km East of 
checkpoint at km 20 in 
road to Calakmul 
Archeological Site 
(Calakmul limit) 

Field 
assistant 

Close to 
hunted area 

16 16 adults April 2005 Pond called “Ramonal” 
(Calakmul limit) 

Biologist  

Close to 
hunted area 

15 12 adults 
2 sub-adults 
1 juveniles 

April 2006 Pond called “Oxpemul” 
(Calakmul limit) 

R. Reyna-
Hurtado  

Close to 
hunted area 

15 14 adults 
1 juvenile 

February 2007 Pond called “Oxpemul” 
(Calakmul limit) 

Biologist 

Hunted area 25 25 adults March 
2001 

Pond “El Verdin” in the 
communal forest of 20 de 
Noviembre Ejido  

Local hunter 

Hunted area 12 12 adults April 15, 2001 Pond “Los Muñecos” in 
the communal forest of 
Xbonil Ejido 

Local hunter 

Hunted area 15 15 adults May 2001 Pond “El Güiro” in the 
communal forest of 
Xbonil Ejido 

Field 
assistant 
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Table 5-1.(continued)  
Hunted area 30 27 adults, 3 

juveniles 
October 2004  Pond “Nosaya”  Nuevo 

Becal Ejido 
Local and 
sport hunters 

Hunted area 35 Undetermined November 
2005 

Area  known as “Area 
Semillera” 
Nuevo Becal Ejido 

Local hunter 

Hunted area 20 Undetermined December 26, 
2005 

Area of “El Naranjalito” 
Nuevo Becal Ejido 

Local hunter 

Hunted area 27 27 adults April 2006 Pond located at 400 
meters to south of Km 92 
of the road Escarcega – 
Chetumal Xbonil Ejido 

Local hunter 

Hunted area 13 11 adults, 2 sub-
adults 

April 6, 2005 Pond “Chumakil” in the 
communal forest of 
Nuevo Becal Ejido 

Field 
assistant 

Hunted area 17 Undetermined April 25, 2006 Aguada “2 Lagartos” 
Nuevo Becal Ejido 

Field 
assistant 

Hunted area 20  20 adults April 15, 2005 Pond “Dos Guineas” in 
the communal forest of 
Nuevo Becal Ejido  

Field 
assistant 

 
 
Table 5-2. Proportions (%) of forest types for the area used and shared by the four groups and the 

southern area of the Calakmul Biosphere Reserve, Campeche, Mexico. 
Forest Types Area Used-Shared for the 

Four Groups (MCP) 
Southern Area of Calakmul 

Biosphere Reserve 

Medium semi-perennial 
forest 

77.76 63.00 

Low flooded forest 14.14 19.31 

Low dry forest 00.07 00.04 

Ponds and other water-
bodies 

08.00 13.8 

Others 00.00 03.80 

Total 99.9 % 99.9 % 

Area total (km2) 236.66 km2 3 509.41 km2 
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Figure 5-1. Calakmul Biosphere Reserve and sites where white-lipped peccary groups were 

sighted in Calakmul region, Campeche, Mexico. 
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Figure 5-2. Median of white-lipped group size recorded in the Calakmul Biosphere Reserve 

(Non-Hunted Area) and four sites (Hunted Areas) where hunting and other human 
activities are taking places in Calakmul region, Campeche, Mexico. 
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Figure 5-3. Age structure observed in groups of white-lipped peccary in the Calakmul Region, 

Campeche, Mexico. 
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Figure 5-4. Seasonality of the birth events observed in groups of white-lipped peccary in the 

Calakmul region, Campeche, Mexico. 
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Figure 5-5. Area used and shared for four groups where density was estimated (encircled by light 
green line) and area where density was extrapolated (encircled by the blue line) of 
white-lipped peccary in the southern area of the Calakmul Biosphere Reserve, 
Campeche, Mexico 
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CHAPTER 6 
CONCLUSIONS 

Social Ecology of White-Lipped Peccary (Tayassu pecari) 

The social behavior and ecological aspects of white-lipped peccaries were studied for 18 

months on the Calakmul Biosphere Reserve in Southern Mexico. This was the first study with 

wild animals in Mexico. Among the main results I found that WLP in Calakmul, with group 

sizes that never exceeded 35 individuals, had one of the largest reported home ranges, only being 

surpassed by a very large group (>200 individuals) in Maraca Island, Roraima, Brazil (Fragoso 

2004). WLP home ranges estimated elsewhere were fairly smaller than my estimates. WLP 

substantially increased their home ranges when the rain season arrived to the CBR suggesting 

that water availability was more important for determining movements than food availability.  

The larger home ranges and the smaller groups sizes reported in this study can be 

interpreted as an adaptation strategy of the species to the particular conditions of the Calakmul 

forests. These forests are drier than other forest where home ranges have been estimated like 

Corcovado National Park (Costa Rica; Carrillo et al. 2002), and the Atlantic forests and the 

Amazon forest (Brazil; Fragoso 1998, Keuroghlian et al. 2004). According to several authors the 

availability of high energy food, like fruits, is higher in primary humid forest than in secondary 

or dry forests (Bodmer 1989, Sowls 1997, Altrichter et al. 2001, Chapman et al. 2005, Beck 

2006). Additionally, the increase in home range demonstrates that this species has the ability to 

perform movements at the landscape scale as was predicted by Fragoso (1999). This ability 

appears to be matched with some kind of spatial memory or orientation skills that allow them to 

search and find specific landmarks such as ponds or sartenejas in this large –and relatively 

featureless- landscape of the CBR (pers. obs.).  
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WLP groups in Calakmul as well as in several parts of their range (Sowls 1997, Fragoso 

1998) depend on water bodies (ponds) to wallow, refresh and forage. I observed that WLP 

visited the ponds daily unless there was water in the Flooded forest. In the CBR, aside from the 

ponds WLP highly preferred patches of Medium forest throughout the year. During the rain 

season, however, the Flooded forest was preferred. The Dry forest that is very abundant in the 

area was used mainly to travel between patches of preferred forest or ponds. 

Regarding ranging area and the Ecological Constraint Model, in this study, smaller groups 

ranged over larger areas than larger groups in Calakmul Biosphere Reserve. Additionally, water 

was strongly associated with movements on the seasonally dry forest of Calakmul. Therefore, it 

is highly probable that the landscape-scale movements performed by white-lipped peccary 

groups in Calakmul are linked to the spatial and temporal distribution of water sources. Food 

availability may play a secondary role causing the Ecological Constraint Model to apply only at 

a short temporal and spatial scale. Groups living in Calakmul Biosphere Reserve represent an 

example of the extreme variation in the social-ecological behavior on this species and a 

successful strategy for cohesive groups that depend on patchy distributed resources. The 

Ecological Constraint Model provided a well suited theoretical framework for the analysis of the 

field and published data on WLP. More refinement needs to be done on scale issues and data 

collection to better understand the relationship between group size, travel rate and food 

availability on this species. 

It was found that important resources such as water reservoirs for WLP are dispersed and 

non-uniformly spatially-distributed over the landscape at Calakmul Biosphere Reserve and can 

be temporally scarce. I found evidence that WLP groups move over the landscape in a pattern 

resembling the Lévy-walk model. Lévy-walk movements are scale invariant (Shlesinger and 
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Klafter 1986, Viswanathan et al. 1996, Bartumeus et al. 2005, Benhamou 2007). This allows the 

group to search for resources in detail at the small scale (with lots of small steps), while 

occasionally making extended searches into the landscape scale (with few long movements). 

Additionally, groups behave like central-place foragers around the Calakmul pond during the dry 

season 2005. The combination of central place foraging and Lévy-walk movements seems to be 

an efficient strategy for WLP living in Calakmul Biosphere Reserve. Because they have access 

to resources that are secure (such as water) while exploring from time to time areas far away to 

monitor when the conditions change that allow them to move away. 

I found that groups travel coordinately, in a couple of times the smallest group (Green), 

followed one larger group (Blue and Red) and perform similar behavior and move to the same 

areas without mixing individuals, then after a period of 33 and 20 days respectively they 

separated. If this species is using some kind of spatial knowledge storage within the group’s 

memory, then living in large groups confers advantages in this sense. Probably, the association 

of two groups while traveling, as I documented here, increased the chances of finding these 

highly localized resources. It could be that the Green group, which was always the smaller-sized 

group, associated with larger groups to learn where and when the resources are available. 

Apparently a combination of searching strategies like Lévy-walk movements, central place 

foraging and travel association between groups allows WLP groups to forage efficiently over a 

landscape where resources are spatially dispersed, temporarily available and where 

unpredictability also plays a role. The combination of all these strategies allows WLP to survive 

in a sub-optimal forest like Calakmul Biosphere Reserve. 

When contrasting size of groups between the CBR and communal forest where hunting 

pressure exists, I found that groups were bigger on the CBR than in the hunted sites, which 
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suggests that this species is being affected by human factors in the communal forests. Data from 

this study indicate that the breeding is seasonal, peaking at the beginning of the dry season 

(January-February) and extending into the dry season. Unfortunately, in Calakmul the dry season 

is when WLP are more vulnerable to hunting losses because they become attached to the only 

remaining water sources. In this time is very easy to find and hunt peccaries once a water-body 

has been localized and fresh signals of this species have been detected there (Local hunter, pers. 

comm.). Hunting of WLP in Calakmul appears to be a dry season activity when the groups are 

easy to encounter at the few remaining water-bodies. This situation can be of particularly danger 

for the species in a place like Calakmul where the rainfall patterns and water availability differ 

year to year. During this time subsistence hunters can kill as many individuals as they want given 

that groups are easily detected. Additionally, sport hunters are allowed to hunt this species during 

the last two months of the dry season (April-May) a time of potential maximum stress on WLP 

groups.  

Conservation of White-Lipped Peccary in Calakmul Region 

To conserve WLP in northern Central America it will be necessary to preserve intact this 

piece of the Maya forest and the attributes that allow WLP to survive in it. Conservation 

measures will likely include effective protection against hunting, no further road development to 

maintain the area isolated, maintaining the availability of ponds and/or other sources of water, 

and the maintenance of a landscape composed of interspersed Medium and Flooded forests. 

Active conservation measures would be to assure WLP groups have access to water sources 

(could even be worth to strategically locate artificial water containers for the extreme dry years 

as the dry season 2006). Also, conserving large intact patches of forest would maintain WLP 

populations on human dominated landscapes if hunting pressure can be controlled.  
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WLP groups in the Calakmul region inhabit a forest that lies in the northern extreme of it 

distribution and where conditions are sub-optimal for its survival. These conditions make WLP 

vulnerable to hunting and other human induced effects because the low density and smaller 

group sizes occurring there. Additionally, the breeding season coincide with the time of the year 

when they become more vulnerable to hunting. It is a priority that the government institution in 

charge of sport hunting (Direccion General de Vida Silvestre), as well as other NGOs and 

academic institutions involved, consider banning the sport hunting on this species until more 

sound biological information is obtained, or allowing hunting seasons only during the rainy 

season and limiting the number of individuals harvested from any one group. Also, development 

of WLP conservation plans must actively involve subsistence hunters from ejidos, or it is highly 

probably that the WLP will disappear from communal forests in a near future. The future 

disappearance of WLP on communal forests could have significant consequences for the 

ecological processes of these forests and for the remnant WLP population in the CBR.  

Conservation of WLP only within a few, large, well protected reserves, like the CBR, will not 

represent the best scenario for the conservation of this species in México. 
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