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CHAPTER I. 
 
 

INTRODUCTION  
 
 

Joel N. Strong 
 
 

Hunting is one of the most serious threats facing wildlife in the neotropics 

(Bodmer et al. 1997; Redford 1992; Robinson & Redford 1991) and potentially 

affects up to 98.8 % of the 3.7 million km2 Brazilian Amazon (Peres & Lake 2003).  

Within the Brazilian Amazon, approximately 20 % of the land area is designated as 

indigenous reserves (Peres & Terborgh 1995).  Wildlife of these areas sustain large 

populations of indigenous people, but the value of these lands as conservation tools 

remains debatable as some tribes are known to deplete their natural resources through 

overhunting, overfishing, and overharvesting of timber (Peres 1994).  Therefore, 

understanding the impacts of hunting on game populations and developing 

management strategies for sustainable wildlife use are important, particularly on 

lands controlled by indigenous peoples.  Impacts of hunting on population density 

and demography have been well documented for mammals, birds, and some reptiles 

in the neotropics (Alvard et al. 1997; Cullen Jr. et al. 2001; Peres 2000; Robinson & 

Redford 1991), yet similar data on chelonian populations, particularly tortoises, are 

lacking. 

At the international level, both the red-footed (Geochelone carbonaria) and 

yellow-footed tortoise (G. denticulata) are listed in Appendix II of the Convention on 

International Trade of Endangered Species of Wild Fauna and Flora (CITES 2002) 
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and G. denticulata is listed as “Vulnerable” according to The World Conservation 

Union’s (IUCN) Red List of Threatened Species (IUCN 2000).  Habitat destruction, 

harvesting for both subsistence and market economies, and to a lesser degree, 

collecting for the pet trade, have all been cited as contributing factors leading to 

population declines (Pritchard & Trebbau 1984; Walker 1989a, 1989b) and numerous 

indigenous and rural non-indigenous groups have been documented to consume these 

species.  In addition to being socially important in the diet of rural peoples, both 

tortoise species are potentially important components of forest and savanna 

ecosystems, due to their highly frugivorous diet, long seed retention time, and 

defecation of a high percentage of viable seeds (Strong & Fragoso 2006).  This role is 

poorly understood, however, and more work is necessary to better quantify the 

effectiveness of tortoises as seed dispersal agents. 

Maintaining viable populations of G. carbonaria and G. denticulata is of both 

socio-economic and ecological importance.  To better understand their ecological 

roles as seed dispersers, I used radio telemetry and thread-trailing of tortoises to 

determine daily displacement and movement patterns and combined this information 

with the gut retention time of seeds to model a tortoise-generated seed shadow across 

the landscape.  Additionally, I collected tortoise fecal samples to determine the 

diversity and quantity of seeds being consumed and their viability.  To document the 

impact of hunting on G. carbonaria and G. denticulata populations, I carried out 

distance sampling along line transects at an unhunted site (Maracá) and a hunted site 

(Manguiera).  Specifically, the objectives of distance sampling were to compare: (1) 
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density and biomass, (2) size structure, (3) age structure, (4) sex ratio, and (5) species 

ratio between unhunted and hunted areas to evaluate the sustainability of tortoise 

hunting in Mangueira.  I then combined this information with the seed dispersal data 

to predict how hunting may affect the tortoises’ roles as seed dispersers and discuss 

the potential ecological implications.  In chapter II, “Density, biomass, and 

population structure of red-footed tortoises (Geochelone carbonaria) and yellow-

footed tortoises (G. denticulata) in northwestern Brazil”, I analyze my distance 

sampling data and information from incidental captures at Maracá to examine the 

density and population structure in unhunted, natural tortoise populations and 

compare these parameters to other estimates for G. carbonaria and G. denticulata, as 

well as other chelonian species in other regions.  In chapter III, “The scale and impact 

of hunting on populations of red-footed tortoises (Geochelone carbonaria) and 

yellow-footed tortoises (G. denticulata) in the Mangueira Macuxi Indigenous 

Reserve, northwestern Brazil”, I compare population density and structure of the 

unhunted Maracá population to the hunted Mangueira population and discuss the 

implications of my findings for the sustainability of tortoise hunting.  Additionally, I 

compare the size structure of harvested tortoises in Mangueira to the standing tortoise 

population to further examine how hunting is impacting this population.  Finally, in 

chapter IV, “Seed dispersal and the ecological implications of harvesting red-footed 

tortoise (Geochelone carbonaria) and yellow-footed tortoises (G. denticulata) in 

northwestern Brazil”, I quantify the role of tortoises as seed dispersers in terms of 
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quantity of seeds dispersed and quality of their dispersal.  I then assess how hunting 

may affect tortoises’ ecological roles as seed dispersers. 
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CHAPTER  II. 

 

Density, biomass, and population structure of red-footed tortoises (Geochelone 

carbonaria) and yellow-footed tortoises (G. denticulata) in northwestern Brazil 

 

Joel N. Strong 

 

ABSTRACT 

Red-footed tortoises (Geochelone carbonaria) and yellow-footed tortoises (G. 

denticulata) are of both ecological and socio-economic importance in South America 

as potential seed dispersers and important game species to rural and indigenous 

communities.  However, populations of both species are declining and yet we lack 

basic data on population structure and biology that can assist in developing 

management strategies for the conservation of these species.  I used distance 

sampling along line transects and incidental captures to estimate density, biomass, 

and population structure of tortoise populations in northwestern Brazil from January 

2002 to July 2004.  Estimated densities were 0.45 ind/ha and 0.10 ind/ha for G. 

carbonaria and G. denticulata, respectively, with 4.38:1 G. carbonaria: G. 

denticulata detected.  Male: female sex ratios were 4.83:1 for G. carbonaria and 3:1 

for G. denticulata and biomass estimates were 2.87 kg/ha and 0.61 kg/ha, 

respectively.  Juveniles comprised 8% of the G. carbonaria population, yet no 

juvenile G. denticulata was found.  At my study site, G. carbonaria were slightly 
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larger whereas G. denticulata were smaller than populations in the southern, core 

regions of these species’ ranges.  Combined biomass estimates are greater than those 

reported for all other game species at the study site.  These data provide baseline 

population data for unhunted populations of these species in an area with an 

undisturbed flora and fauna, an important element in developing management 

strategies to maintain viable populations of these threatened species elsewhere.  

 

Key words: biomass, Brazilian Amazon, density, distance sampling, Geochelone 

carbonaria, Geochelone denticulata, population structure, red-footed tortoise, 

yellow-footed tortoise 
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INTRODUCTION  

Both the red-footed tortoise (Geochelone carbonaria) and yellow-footed 

tortoise (G. denticulata) are highly frugivorous and pass viable seeds in their feces 

(Moskovits 1985; Strong & Fragoso 2006), potentially acting as important seed 

dispersers.  In addition, they are important components in the diets of rural peoples 

(Peres 2000).  Therefore, maintaining viable populations of G. carbonaria and G. 

denticulata is of both ecological and socio-economic importance.  However, both 

species are listed in Appendix II of the Convention on International Trade of 

Endangered Species of Wild Fauna and Flora (CITES 2002) and G. denticulata is 

listed as “Vulnerable” according to The World Conservation Union’s (IUCN) Red 

List of Threatened Species (IUCN 2000).  In the Red Book of Colombian Reptiles 

(Castaño-Mora 2002), G. carbonaria is “Critically Endangered” at the national level 

whereas G. denticulata is “Endangered” in the Orinoco and Guiana Shield regions 

and “Vulnerable” in the Amazon region.  Habitat destruction, harvesting for both 

subsistence and market economies, and, to a lesser degree, collecting for the pet trade, 

have all been cited as contributing factors leading to population declines (Pritchard & 

Trebbau 1984; Walker 1989a, 1989b).  Indigenous groups documented to consume 

these species, include the Siriono of lowland Bolivia (Townsend 1995), the Ka’apor 

of southeastern Amazonia (Balée 1985), the Yekuana of Venezuela (Fidenci 2001), 

the Siona-Secoya of northeastern Ecuador (Vickers 1991), the Mekranoti of Brazil 

(Werner 1984), the Txukamanei of Brazil (Pritchard and Treabbau 1984), the 

Huaorani of Ecuador (Mena et al. 2000), the Waimiri-Atroari of northern Brazil (de 
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Souza-Mazurek 2001), the Macuxi of northwestern Brazil (Fragoso, pers. comm.), 

and the Ache of Paraguay (Hill & Padwe 2000).   

To maintain viable populations and prevent further declines, management 

strategies that integrate biological and ecological parameters of the species are needed 

(Heppell 1998; Klemens 1989).  Studies that provide baseline data on natural 

populations are therefore important steps in meeting these management needs. 

To contribute to a better understanding of these species and provide baseline 

data from unhunted populations, I studied G. carbonaria and G. denticulata 

populations at the Maracá Ecological Station in northwestern Brazil, an intact old-

growth forest and savanna region contiguous with the greater Amazon forest.  The 

objectives of this study are to: (1) estimate adult population density, and based on 

captured individuals, determine (2) species ratio, (3) sex ratio, (4) proportion of 

juveniles in the population, (5) size distribution of adults, and (6) estimate adult 

biomass based on density and adult mass for each species. 

 

MATERIALS  AND METHODS 

Study Species 

G. carbonaria is found in southern Panama, Colombia, Venezuela, the 

Guianas, northern Brazil, Bolivia, Paraguay, and northern Argentina (Walker 1989a).  

It also occurs on several islands in the Caribbean, where it has been introduced as a 

food source (Pritchard & Trebbau 1984).  G. denticulata has a somewhat smaller 

range, occurring in Amazonian Colombia, Ecuador, Peru, and Bolivia, southeastern 
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Venezuela, the Guianas, and northern Brazil (Pritchard & Trebbau 1984).  G. 

carbonaria occurs more frequently along forest margins, gallery forests, and 

savannas, whereas G. denticulata tends to be restricted to the moister forest interiors 

of the Amazon Basin (Pritchard & Trebbau 1984).  However, the two species occur 

sympatrically in many areas, including northern Brazil (Balée 1985; de Souza-

Mazurek et al. 2000; Moreira 1991; Moreira 1989; Moskovits 1988) , and Colombia 

(Castaño-Mora & Lugo-Rugeles 1981).  Although there is some geographic variation 

in size, G. carbonaria tends to be smaller than G. denticulata, with average linear 

carapace lengths (LCL) of 30 cm and 40 cm, respectively (Walker 1989a, 1989b).  

Home ranges vary from 0.6 ha to 117.5 ha for G. carbonaria and 5.1 ha to 35.5 ha for 

G. denticulata (Moskovits & Kiester 1987).  Both species are highly frugivorous, but 

also eat flowers, leaves, carrion, and some insects (Moskovits & Bjorndal 1990).   

 

Study Site 

Maracá Ecological Station is a 110,000 ha riverine island formed by the 

branching of the Rio Uraricoera, a tributary to the Rio Branco.  In 1978 it was 

designated an ecological reserve and received protected status (Milliken & Ratter 

1998).  Situated in northwestern Brazil in the state of Roraima (3° 20’N, 61° 20’W), 

the island is located on the Guiana Shield region at the northeastern edge of the 

Amazon basin where it meets the Rio Branco-Rupinuni savanna (Moskovits 1985).  

Thus, the area consists of an ecological convergence of lowland Amazonian/Guiana 

Shield forest with savanna vegetation.  The study site is composed mainly of terra 
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firme, lowland evergreen rainforest that borders savanna vegetation (Milliken & 

Ratter 1998).  Annual rainfall ranges from 1750 mm to 2000 mm, with over 75% of 

that falling during the wet season between April and August (Moskovits 1985).  Due 

to its protected status as an ecological reserve and a history of minimal human 

habitation, Maracá supports healthy populations of characteristic megafauna for this 

region (Fragoso 1998; Moskovits 1985).  The study site is located at the eastern end 

of the island where a grid system of trails established by Moskovits (1985) and later 

expanded by J.M.V. Fragoso covers approximately 1000 ha (Figure 1).    

 

Distance sampling 

I established ten, one-kilometer line transects to cover the entire study area.  

Transects were spaced at least one kilometer apart to avoid overlapping the same 

ranges of individual tortoises.  Five transects were randomly located within the grid 

and another five transects were randomly located along segments of the established 

trail system.  Trails at the reserve were about one meter wide, used only by a small 

group of researchers, and established independently of vegetation type, and thus 

should yield unbiased population estimates.  Transects were not surveyed for at least 

two weeks after cutting to allow local wildlife to acclimate to the disturbance.  A pair 

of observers (a Macuxi indigenous assistant and J. Strong or two Macuxi assistants) 

then walked the transects at a rate of 0.5-1.0 km/hr every three weeks between 19 

March and 5 July 2004.  The perpendicular distance of the tortoises to the transect 

was measured using a 50 m fiberglass tape (to the nearest 10 cm).  The location along 
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the transect was also recorded with the aid of flags placed every 100 m along the 

transect.  In addition, time of observation, species, sex, and body measurements were 

recorded for all tortoises, as described below.  Density estimates were generated with 

the program DISTANCE 4.1 Release 2 (Thomas et al. 2004).  Models that achieved 

the lowest Akaike’s Information Criterion (AIC) and coefficients of variation were 

selected as the best fit.  I also radio-tracked and/or thread-trailed 24 tortoises (19 G. 

carbonaria and 5 G. denticulata) daily during the same period that the distance 

sampling was conducted to estimate the proportion of tortoises above ground or not 

completely concealed in debris piles.  These proportions were used to calculate the 

correction factor (g0) for each species, representing the proportion of tortoises visible 

for detection using distance sampling.    

 

Additional captures and body measurements 

To increase rates of tortoise captures, I searched for tortoises along the trails 

in the study area daily, between 0700 hrs and 1800 hrs from 5-26 January, 2002, and 

from 16 February to 16 July 2004, spanning both the wet and dry seasons of the study 

area.  Tortoises were also found opportunistically away from the trail system while 

tracking other tortoises fitted with radio transmitters or thread-trailing devices as part 

of another component of the study.  Once a tortoise was found, its location was 

recorded (± 10 m) with a Garmin GPS 315.  Individuals were marked using a unique 

combination of notches filed into the marginal scutes of the tortoises after Moskovits 

(1985).  Tortoises were either processed in the field and released immediately or 
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taken back to the station and housed overnight to collect fecal samples (for another 

component of the study) before release at the capture point.  Sex was determined 

based on secondary sex characteristics specific to the species (Pritchard & Trebbau 

1984).  Males of G. carbonaria have a dorso-lateral constriction at mid-carapace, a 

very pronounced concavity to the plastron, and a much smaller gap between the 

supracaudal and anal scutes, compared to females.  Males of G. denticulata have a 

slightly concave plastron and longer gular scutes compared to females, which have no 

concavity and shorter gulars.  Individuals of both species with a linear carapace 

length less than 20 cm could not be easily sexed and were considered juveniles 

(Pritchard & Trebbau 1984).  For each tortoise, the following was measured: (1) 

linear carapace length (LCL), (2) curved carapace length (CCL), (3) linear carapace 

width (LCW), (4) curved carapace width (CCW), (5) linear plastron length (LPL), (6) 

curved plastron length (CPL), (7) curved plastron width (CPW), (8) anal gap 

(measured as the distance between the midpoint of the supracaudal and anal scutes), 

(9) height, and (10) mass.  I used tree calipers to measure linear lengths and height (to 

the nearest 0.1 cm) and a flexible measuring tape to measure curved lengths (to the 

nearest 0.1 cm).  Tortoise weights were measured to the nearest 0.1 kg using 20 kg 

spring scales.   

Estimates of adult biomass (kg/ha) were calculated for each species by 

multiplying the mean mass of adult males and females by their respective proportion 

of the population (based on the ratios calculated from distance sampling) and then the 

number of individuals per hectare.   
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RESULTS 

Distance sampling transects (n = 10) were surveyed six times each for a total 

of 60 km walked during the study period.  I observed 35 adult G. carbonaria and 8 

adult G. denticulata along the transects. Based on individuals with radio transmitters 

and those thread-tracked, correction factors (g0) of 0.595 (SE = 0.08) and 0.714 (SE = 

0.17) were calculated for G. carbonaria and G. denticulata, respectively.  Correction 

factors represent the proportion of individuals available for detection during the 

surveys.  The raw data for G. carbonaria were grouped into 5 m intervals to generate 

a best fit using a uniform cosine model with one adjustment term (AIC = 86.34).  The 

raw data for G. denticulata were best modeled using a uniform key function with one 

cosine adjustment and grouped at 3 m intervals (AIC = 47.26).  Both estimated 

density and encounter rate for G. carbonaria (0.45 ind/ha and 0.58 ind/km, 

respectively) were 4.5 times higher than those for G. denticulata (0.10 ind/ha and 

0.13 ind/km, respectively), and estimated strip half-width was similar for both species 

(Table 1).   

I detected a ratio of 4.38:1 G. carbonaria: G. denticulata.  The male: female 

sex ratio of 4.83:1 for G. carbonaria was male-biased, while the sex ratio for G. 

denticulata was not different from parity (Table 2).  No juveniles from either species 

were encountered along line transects.   

The estimated biomass for G. carbonaria, based on a male: female sex ratio of 

4.83:1 is 2.87 kg/ha (1.99 – 4.56, 95 % CI) and that for G. denticulata, based on a 3:1 
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sex ratio, is 0.61 kg/ha (0.14 – 1.14, 95% CI).  Thus, the two species attain a 

combined biomass value of 3.48 kg/ha (2.13 – 5.70, 95 % CI).   

An additional 159 G. carbonaria (83 males, 59 females, and 17 juveniles) and 

41 G. denticulata (34 males, 7 females, and no juveniles) were captured incidentally 

while searching trails and tracking other tortoises (Table 2).  The resulting 

G.carbonaria: G. denticulata species ratio of 3.87:1 is not different from 4.38:1 from 

distance sampling (X2 = 0.08, df = 1, p = 0.779).  The pooled species ratio for all 

captures (204 G. carbonaria and 49 G. denticulata) is 4.16:1.  Juveniles detected 

represented 8% and 0% of the populations of G. carbonaria and G. denticulata, 

respectively.  The resulting male: female sex ratio of 1.41:1 for G. carbonaria was 

not different from parity, but the sex ratio of 4.86:1 for G. denticulata was different 

from parity (Table 2).  When distance sampling and incidentals are pooled, the sex 

ratios for both species are different from unity (Table 2). 

 Males of G. carbonaria were larger than females for all body measurements 

except for anal gap (females significantly larger) and height (no difference).  Male G. 

denticulata were larger than females for only linear carapace length (LCL), curved 

carapace length (CCL), and curved plastron length (CPL; Table 3, Figure 2).     

Mean linear carapace length (LCL) for both male and female G. carbonaria is 

somewhat larger at my study site than for two populations measured in Colombia and 

Venezuela (Table 4).  For G. denticulata however, populations from the periphery of 

their range, such as the present study, French Guiana, and Venezuela, had smaller 
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individuals than populations located in the central part of the species’ range, such as 

those from western Brazil, Peru, and Colombia (Table 4).   

 

DISCUSSION 

Notably, the density and biomass values for G. carbonaria (0.45 ind/ha; 2.71 

kg/ha) and G. denticulata (0.10 ind/ha; 0.61 kg/ha) are high with respect to other 

vertebrates found in the study area. Knowing how tortoise biomass compares to that 

of other vertebrates on Maracá allows us to better understand their potential 

ecological role in neotropical communities and provides a standardized comparison to 

other species and communities.  Silvius and Fragoso (2003) estimated adult red-

rumped agouti (Dasyprocta leporina) density at Maracá to be ca 0.40 ind/ha.  With an 

average individual mass of 3-6 kg (Emmons & Feer 1997), this translates to a 

biomass of 1.20-2.40 kg/ha.  The lowland tapir (Tapirus terrestris) has a reported 

density and biomass of 4.10 x 10-3-4.70 x 10-3 ind/ha and 0.61-0.70 kg/ha, 

respectively in unhunted areas of southeastern Brazil (Cullen Jr. et al. 2001).  Density 

estimates for white-lipped (Tayassu pecari) and collared (T. tajacu) peccaries at 

Maracá are 0.02 ind/ha and 0.01-0.03 ind/ha, respectively (Fragoso 1999).  White-

lipped peccaries attain a mass of 35 kg and collared peccaries reach 18 kg at Maracá 

(Fragoso 1994, 1998), resulting in biomass values of 0.56 kg/ha and 0.18-0.61 kg/ha, 

respectively.  Thus, it appears that tortoises potentially comprise a large portion to the 

overall vertebrate biomass where they occur.   



 16

Compared to estimates of terrestrial chelonian biomass in other regions, G. 

carbonaria and G. denticulata are not particularly high.  Standing crop biomass 

estimates for terrestrial turtles reviewed by Iverson (1982) ranged from 2.05 kg/ha for 

Gopherus agasizzi to 583.5 kg/ha for Geochelone gigantea, with a mean biomass of 

103.8 kg/ha (n = 9).  However, because the data are strongly skewed left, the median 

value of 10.8 kg/ha is a better representation of the data.  Also, Iverson’s (1982) 

estimates were based on the maximum value of biomass whenever a range was given.  

When only the minimum values are used, the mean and median biomass values drop 

to 40.3 kg/ha and 3.1 kg/ha, respectively (range = 0.56-220 kg/ha), which compares 

more favorably to the estimated biomass of G. carbonaria and G. denticulata.  In 

another study of two sympatric species, Mason et al. (2000) estimated angulate 

tortoise (Chersina angulata) biomass to be 0.06 kg/ha and leopard tortoise 

(Geochelone pardalis) biomass to be 6.02 kg/ha. 

The density estimates of 0.45 ind/ha for G. carbonaria and 0.10 ind/ha for G. 

denticulata are approximately half of Moskovits’(1988) estimates of 1.05 ind/ha (G. 

carbonaria) and 0.2 ind/ha (G. denticulata).  Moskovits’ (1988) estimates for her 570 

ha study site were based on the Peterson mark-recapture method for estimating closed 

population sizes.  Because the study spanned 20 months, the closure assumption was 

most likely violated, resulting in an overestimate of population size (Lindeman 1990).  

My distance sampling estimates could be underestimates, however, resulting from 

violating the key assumption that all detectable tortoises (those not in burrows or 

debris piles) are counted (Thomas et al. 2002).  This proved problematic because 
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juveniles and even adults on or near the transect can be overlooked in thick forest 

cover.  Anderson et al. (2001) used model desert tortoises (Gopherus agasizzii) to test 

distance sampling methods with known densities and found that survey teams missed 

17% of subadult models (LCL = 18 cm) and 54% of juvenile models (LCL = 6.5 cm) 

on or near (±5 m) the centerline.  Thus, density estimates can be negatively biased 

using this method, particularly for smaller size classes and in thick vegetation where 

vision is obscured.  While my correction factors (g0) accounted for concealed 

tortoises, they did not account for differential detectability of juveniles.  I met the 

other assumptions that tortoise distances were accurately measured from the 

centerline and tortoises were detected at their initial location prior to any movement 

in response to the observer(s) (Thomas et al. 2002).  Thus, since distance sampling 

may provide negatively biased density estimates, the true tortoise densities in the 

study area most likely fall between Moskovits’ (1988) and my distance sampling 

estimates.  

Density estimates from Maracá are relatively low for G. carbonaria in relation 

to elsewhere in the species’ range.  In an unpublished study comparing G. carbonaria 

populations in protected and unprotected sites in a savanna/forest mosaic in 

northwestern Venezuela, Escalona (1996) used belt transects (10 m x 2 km bands) to 

estimate densities of 2.75 – 3.07 ind/ha ( = 2.91) for protected sites and 0.25 – 2.50 

ind/ha (  = 1.13) for unprotected sites.  In another Venezuelan study comparing a G. 

carbonaria population that was isolated by permanent flooding to a mainland 

population, Aponte et al. (2003) reported densities of 12.90 and 5.51 ind/ha for island 
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and mainland populations, respectively.  The island density of 12.9 ind/ha, based on 

the Schnabel mark-recapture method, is nearly 30 times larger than my estimate for 

Maracá.  The island population was comprised of 50% of individuals younger than 

the island (16 yrs) and was likely a result of increased recruitment due to lack of egg 

and hatchling predators, rather than a lingering effect of tortoises forced on the island 

from flooding (Aponte et al. 2003).  Therefore, changes in tortoise density could be 

attributed to changes in predator populations.  Habitat quality may also play a role in 

determining tortoise densities or the possibility that in regions of sympatry, such as 

Maracá, interspecific competition between G. carbonaria and G. denticulata could 

limit density. 

 The G. carbonaria: G. denticulata species ratio of 4.16:1 is not different from 

Moskovits’ (1988) estimate of 4.97:1 (189 G. carbonaria: 38 G. denticulata; X2 = 

0.028, df = 1, p = 0.84).  One explanation for this skewed ratio at Maracá, suggested 

by Moskovits (1988), is that in the survey area the G. denticulata population 

represents a peripheral population to the main population located deeper in the forest 

where they competitively displace G. carbonaria, an edge/savanna species.  Data 

presented on game species taken by the Waimiri Atroari Indians, located closer to the 

center of the range of G. denticulata, near Manaus, reported a species ratio of 0.31:1 

(193 G. carbonaria:630 G. denticulata; de Souza-Mazurek 2001).  The Waimiri 

Atroari do not favor one species over the other (Strong, pers. obs.), and thus, the ratio 

most likely reflects that in the natural population.  Both species seem to be equally 

inconspicuous and use similar habitats in the study site (Moskovits 1985) and the bias 
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is therefore not likely from different detection rates among species.  These results 

suggest that G. denticulata becomes relatively more abundant towards the center of 

its range, possibly as a function of distance from the forest-savanna ecotone. 

 All estimates of male: female sex ratios for G. carbonaria and G. denticulata 

were biased toward males (Table 2).  Possible reasons for biased sex ratios include: 

(1) one sex moves more frequently and/or greater distances and is more likely to be 

observed than the other sex, (2) differential mortality between sexes, leading to bias 

towards the sex with lower mortality (Gibbs & Steen 2005; Hailey 1990), (3) 

different timing in maturity between sexes, with the sex ratio favoring the faster-

maturing sex (Lovich 1996; Lovich & Gibbons 1990), and (4) skewed sex ratios of 

the hatchlings due to environmental sex determination (ESD) (Janzen 1994; 

Mrosovsky 1994).  Survival rates are not known for either species, let alone any 

differences between sexes, so the importance of differential mortality remains 

unknown.  Sex ratios tend to be female-biased in species in which males are larger 

than females (Lovich 1996); therefore, if there should be a bias in these populations, 

it would be expected to favor females because males are the larger sex for both 

species, which is not what I observed.  Although ESD can cause short-term variation 

within cohorts (Janzen 1994), sex ratios tend to remain constant over the long term 

(Mrosovsky 1994) and are unlikely to cause the observed bias.  The observed bias 

was likely due to a sampling methodology that favored detecting males, the more 

active sex.  Radio- and thread-tracking results from a separate component of this 

study (chapter IV) and Moskovits and Kiester (1987) show that males tend to be more 
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active in both G. carbonaria and G. denticulata during the wet (mating) season, 

resulting in their higher detectabilities and subsequent numerical dominance in this 

study.  Moskovits’ (1988) work spanned both the dry (non-breeding) season when 

females tend to be more active and the wet (breeding) season when males tend to be 

more active, and thus sampled when both sexes had higher detectabilities.  The male: 

female sex ratios reported by Moskovits (1988) were 1.3:1 for G. carbonaria and 

1.5:1 for G. denticulata, neither of which was different from parity.  In contrast, this 

study occurred primarily during the wet season, sampling the population when males 

were more active than females and were therefore likely to be over-represented in the 

sample.  Sex ratios, as determined by searching method (Table 2), indicate that 

distance sampling took place primarily during the wet season and resulted in a larger 

male bias for G. carbonaria than did the incidental captures, which took place over 

more of the dry season.  These discrepancies in sex ratio demonstrate the need for 

long-term studies that accommodate the seasonal and annual variability in activity by 

sex and species to estimate vital rates and trends more accurately.       

Juveniles represented just eight percent of the G. carbonaria population 

sampled and no juvenile G. denticulata were found during the study period.  These 

numbers are likely underestimates of the actual proportion of juveniles due to their 

cryptic nature (Anderson et al. 2001).   

The frequency of adult LCL for G. carbonaria males and females is slightly 

right-skewed, with a gradual increase in larger adults and a sharper drop-off of very 

large individuals (Figure 2).  The sample size for G. denticulata was too small to 
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properly model the size structure.  Males of both species were significantly larger 

than females (Table 3), suggesting that males are territorial and engage in male-male 

combat to maintain their territories (Berry & Shine 1980).  Although no combat was 

observed between G. carbonaria males, it was observed on two occasions between G. 

denticulata males (Strong, pers. obs.), supporting this type of sexual dimorphism.         

The mean LCL values for G. carbonaria and G. denticulata (Table 3) were 

similar to those of Moskovits (1985), indicating a potentially stable population 

structure on Maracá over the past 20 years.  Both male and female G. carbonaria are 

larger at Maracá than populations in Colombia and Venezuela, whereas G. 

denticulata at Maracá and other northerly populations are somewhat smaller than 

populations located within the core range and non-ecotone forests of this species to 

the south (Table 4).  Differences in size between populations can be attributed to 

geographic variation (Pritchard & Trebbau 1984) or to the effects of hunters or 

collectors, who select for larger individuals, resulting in a greater proportion of 

smaller individuals in the population (Klemens & Moll 1995).  It is more likely that 

hunting pressure is playing a role in the difference of LCL for G. carbonaria among 

the three sites, rather than geographic variation because the three sites are within the 

same contiguous range for the species in a relatively small geographic area (Pritchard 

and Trebbau 1984).  My study population is located in a region of very low human 

population density and no hunting takes place at Maracá, so the tortoise population is 

not affected by human pressures, whereas for the sites in Colombia and Venezuela, 

the extent of hunting and/or collecting is unknown.  For G. denticulata however, the 
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difference in size between regions could be a cause of geographic variation, as sites 

located in the core of this species’ range, which are also areas of unbroken forest (i.e. 

Peru, Colombia, and western Brazil) show larger mean LCL’s than do the regions 

located on the periphery of the range, which are near the forest-savanna ecotone (i.e. 

northwestern Brazil, French Guiana, and Venezuela), despite hunting pressure in the 

Peruvian and west Brazilian sites (Fachín-Terán et al. 1996; Fachín-Terán et al. 

2004).  Larger sample sizes across more of these species’ ranges are needed, 

however, to properly assess the degree of geographic variation in size throughout 

their range.  In addition, understanding how the degree of hunting and/or collecting 

pressure affects population density and structure is necessary to begin development of 

sound conservation strategies and management plans for these ecologically and socio-

economically important species.  

In conclusion, I found that although G. carbonaria and G. denticulata achieve 

high densities and biomass values on Maracá compared to other vertebrate species, 

these values are low in comparison to estimates in other parts of their range.  Data on 

population structure and density, from an area with little direct human impact, 

provide baseline data that is important in developing management strategies 

elsewhere in their ranges where populations may be threatened.  Furthermore, I show 

the need for studies in other regions to better understand the geographic variation in 

size and population structure, as well as long-term studies that extend over both wet 

and dry seasons to capture the seasonal variability in tortoise activity levels.  
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TABLES 

 

Table 1. Estimated strip half-width (ESW), encounter rate (n/L), and tortoise density 

(D) estimates generated from DISTANCE 4.1 Release 2 for Geochelone carbonaria 

and G. denticulata at Maracá Ecological Station in northwestern Brazil from March 

to July 2004.  

Parameter
Point 

Estimate
Standard 

Error % CV
Lower   

95% CL
Upper   

95% CL

ESW (m) 10.83 0.97 8.96 9.03 12.99
n/L (tortoises/km) 0.58 0.10 17.69 0.39 0.87
D (tortoises/ha) 0.45 0.11 23.96 0.27 0.75

ESW (m) 9.00 0.82 9.08 7.26 11.15
n/L (tortoises/km) 0.13 0.03 25.00 0.08 0.23
D (tortoises/ha) 0.10 0.04 35.70 0.05 0.22

G. carbonaria

G. denticulata
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Table 2. Number of males (M), females (F), juveniles (J), and resulting sex ratio 

(M:F) for Geochelone carbonaria and G. denticulata captured during distance 

sampling surveys and incidentally at Maracá Ecological Station between January 

2002 and July 2004.   

 

 

 

 

 

 

 

 

 

 

Capture method M F J M:F X2
df p M F J M:F X2

df p
Distance sampling 29 6 0 4.83 8.47 1 0.004 6 2 0 3 1.06 1 0.302
Incidentals 83 59 17 1.41 2.04 1 0.153 34 7 0 4.86 9.97 1 0.002
Pooled 112 75 17 1.49 3.7 1 0.054 40 9 0 4.44 10.9 1 0.001

G. carbonaria G. denticulata
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Table 3. Summary statistics of body measurements for adult Geochelone carbonaria 

and G. denticulata captured in northwestern Brazil between January 2002 and July 

2004.  Significant differences between means for males and females are indicated by 

* (p �  0.05) and ** (p �  0.001). 

 

 

 

 

 

 

 

Measurement (abbreviation) Mean SD Range n Mean SD Range n

Linear carapace length (LCL)** 35.1 3.5 22.3-42.2 100 30.4 3.7 20.0-38.7 55
Curved carapace length (CCL)** 48.4 5.0 33.0-58.4 112 40.2 4.8 25.7-54.3 75
Linear carapace width (LCW)* 19.6 1.7 15.0-23.5 100 18.1 1.8 13.4-21.3 55
Curved carapace  width (CCW)** 37.4 3.5 28.7-44.3 110 35.8 3.9 24.7-48.6 74
Linear plastron length (LPL)** 28.0 2.6 20.0-33.0 100 23.9 2.3 17.7-28.7 55
Curved plastron length (CPL)** 30.6 4.2 3.4-45.7 111 25.4 2.5 18.3-35.3 75
Curved plastron width (CPW)** 19.4 2.0 14.1-27.5 112 17.2 2.0 12.2-24.9 75
Anal gap1** 3.8 0.8 2.4-6.4 110 5.7 1.3 2.3-7.9 70
Height 13.5 1.2 9.5-16.5 96 13.4 1.4 9.4-16.5 50
Mass (kg)** 6.7 1.5 2.5-10.1 100 4.8 1.4 1.4-7.6 55

Linear carapace length (LCL)* 35.2 2.6 30.8-42.6 34 32.6 3.1 26.6-36.0 9
Curved carapace length (CCL)** 44.4 3.0 38.7-50.7 40 40.2 3.2 32.6-43.0 9
Linear carapace width (LCW) 21.1 1.3 18.5-23.7 34 21.1 2.1 17.7-23.9 9
Curved carapace  width (CCW) 38.4 3.0 32.4-48.4 40 39.6 4.1 31.3-43.7 9
Linear plastron length (LPL) 30.0 2.1 26.2-35.0 33 28.2 2.8 22.5-31.5 9
Curved plastron length (CPL)** 31.5 2.3 26.7-36.9 40 28.7 3.0 22.5-32.5 9
Curved plastron width (CPW) 21.5 1.8 18.0-26.2 40 19.8 2.3 15.2-22.2 9
Anal gap1 4.9 0.9 2.5-6.7 39 5.6 1.1 3.3-6.6 9
Height 14.5 1.0 12.9-16.4 26 14.6 1.3 12.1-15.7 9
Mass (kg) 6.2 1.1 4.4-9.1 34 5.9 1.8 2.3-7.9 9
1 Distance between the midpoints of the anal and supracaudal scutes

Geochelone denticulata

Males Females

Geochelone carbonaria
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Table 4. Mean linear carapace length (LCL; cm) for adult male (M) and female (F) 

Geochelone carbonaria and G. denticulata in different regions of South America. 

 

 

 

 

 

 

Region M LCL (n) F LCL (n) M LCL (n) F LCL (n) Source
northwestern Brazil 35.1 (100) 30.4 (55) 35.2 (34) 32.6 (9) Present study
northwestern Brazil 33.5 (63) 30.5 (75) 35.1 (17) 33.5 (10) Moskovits, 1985
western Brazil - - 44.4 (9) 42.3 (9) Fachin-Teran et al., 2004
Peru - - 36.5 (10) 32.4 (9) Fachin-Teran et al., 1994
Colombia 30.4 (15) 28.9 (15) 39.4 (15) 36.1 (15) Castaño and Lugo, 1981
French Guiana - - 33.5 (8) 29.7 (8) Fretey, 1977
Venzuela 29.8 (31) 29.1 (20) 32.4 (12) 31.0 (14) Pritchard and Trebbau, 1984

G. carbonaria G. denticulata
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FIGURES 

Figure 1. The study region and trail system at Maracá Ecological Station in Roraima, 

Brazil. 

 

Figure 2. Size distribution of a) adult male, adult female, and juvenile Geochelone 

carbonaria and b) adult male and female G. denticulata in northwestern Brazil 

between January 2002 and July 2004. 
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Figure 2 
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CHAPTER  III. 

 

The scale and impact of hunting on populations of red-footed tortoises 

(Geochelone carbonaria) and yellow-footed tortoises (G. denticulata) in the 

Mangueira Macuxi Indigenous Reserve, northwestern Brazil 

 

Joel N. Strong 

 

ABSTRACT 

The neotropical tortoises, Geochelone carbonaria and G. denticulata, are important 

game species to both indigenous and non-indigenous peoples in South America, yet 

little is known about the demographic impacts and sustainability of hunting on their 

populations.  To assess the impact of hunting on Geochelone populations in 

northwestern Brazil, I conducted distance sampling along line transects in an 

unhunted site at Maracá Ecological Station and a hunted site at the Mangueira 

Macuxi Indigenous Reserve.  I compared density, biomass, size structure, age 

structure, sex ratios, and species ratios between the two sites.  I also conducted 

interviews with villagers and measured harvested tortoises to compare structure of the 

harvested population to that in the standing population.  I found no detectable effect 

of hunting on density and biomass.  However, size and age structure were skewed 

towards smaller and younger individuals of G. carbonaria in the hunted site and had 

a reduced bias towards males compared to the unhunted population.  Based on 
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interviews, G. carbonaria was the most important species numerically and in terms of 

harvested biomass to the Macuxi in Mangueira and the size structure of harvested 

tortoises was representative of the standing population.  Hunting may be leading to 

changes in the population structure of Geochelone tortoises and a skew towards 

younger animals could lead to reduced recruitment into the population.  To more 

accurately assess the sustainability of tortoise harvests and develop sound 

management strategies, however, a better understanding of their reproductive biology 

and population growth rates are needed. 

 

Key words: biomass, Brazil, density, distance sampling, Geochelone carbonaria, 

Geochelone denticulata, indigenous hunting, population structure, red-footed tortoise, 

yellow-footed tortoise  
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INTRODUCTION  

Overhunting is one of the most serious threats facing wildlife in the neotropics 

(Bodmer et al. 1997; Redford 1992; Robinson & Redford 1991) and potentially 

affects up to 98.8 % of the 3.7 million km2 Brazilian Amazon (Peres & Lake 2003).  

Within the Brazilian Amazon, approximately 20 % of the land area is designated as 

indigenous reserves (Peres & Terborgh 1995).  Wildlife of these areas sustain large 

populations of indigenous people, but the value of these lands as conservation tools 

remains debatable as some tribes are known to deplete their natural resources through 

overhunting, overfishing, and overharvesting of timber (Peres 1994).  Therefore, 

understanding the impacts of hunting on game populations and developing 

management strategies for sustainable wildlife use are important, particularly on 

lands controlled by indigenous peoples.  Impacts of hunting on mammalian 

population density and demography have been well documented in the neotropics 

(Alvard et al. 1997; Cullen Jr. et al. 2001; Peres 2000; Robinson & Redford 1991), 

yet similar data on chelonian populations, particularly tortoises, are lacking. 

At the international level, both the red-footed tortoise (Geochelone 

carbonaria) and yellow-footed tortoise (G. denticulata) are listed in Appendix II of 

the Convention on International Trade of Endangered Species of Wild Fauna and 

Flora (CITES 2002) and G. denticulata is listed as “Vulnerable” according to The 

World Conservation Union’s (IUCN) Red List of Threatened Species (IUCN 2000).  

Habitat destruction, harvesting for both subsistence and market economies, and to a 

lesser degree, collecting for the pet trade, have all been cited as contributing factors 
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leading to population declines (Pritchard & Trebbau 1984; Walker 1989a, 1989b).  

Numerous indigenous and rural, non-indigenous peoples consume these species, and 

rural peoples of the Brazilian Amazon are estimated to consume between 404,634 and 

992,065 tortoises annually, equaling 1,820.9 - 4,464.3 tons of meat (Peres 2000).  

These estimates do not include harvesting of tortoises from savanna habitats along the 

periphery of the Amazonian rainforest, where G. carbonaria are most prevalent and 

more accessible to hunters.  In addition to being important in the diet of rural peoples, 

both tortoise species are potentially important components of forest and savanna 

ecosystems, as they are highly frugivorous and pass viable seeds in their feces 

(Moskovits 1985; Strong & Fragoso 2006), potentially acting as important seed 

dispersal agents.  Therefore, maintaining viable populations of G. carbonaria and G. 

denticulata is of both socio-economic and ecological importance.  To maintain viable 

tortoise populations and ensure they continue to carry out their socio-economic and 

ecological roles, management strategies that incorporate both the biological 

limitations of tortoise populations and the hunting needs of people are needed.  

Studies that aim to provide baseline data on natural populations in comparison to 

hunted populations, are therefore, important first steps in addressing these needs.  To 

date, I am aware of no such published studies that quantify the scale and impact of 

hunting on Geochelone population density and demographics in the neotropics. 

 To document the impact of hunting on G. carbonaria and G. denticulata 

populations, I carried out distance sampling along line transects at an unhunted site 

(Maracá Ecological Station) and a hunted site (Manguiera Macuxi Indigenous 
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Reserve) in northwestern Brazil to compare: (1) density and biomass (2) size 

structure, (3) age structure, (4) sex ratio, and (5) species ratio between unhunted and 

hunted areas.  These data were used to evaluate the sustainability of tortoise hunting 

in Mangueira village, a Macuxi community in the Amazon forest-savanna ecotone 

region of northwestern Brazil.  I examined the relationship between tortoise 

abundance on transects as a function of the distance from a Macuxi population center.  

To document the scale and importance of tortoise hunting at Mangueira, I conducted 

weekly game harvesting interviews throughout the village and measured harvested 

tortoises to compare these to the wild population in the hunted area.   

 

METHODS AND MATERIALS  

Study Species  

G. carbonaria is found in southern Panama, Colombia, Venezuela, the 

Guianas, northern Brazil, Bolivia, Paraguay, and northern Argentina (Walker 1989a).  

It also occurs on several islands in the Caribbean, where it was likely introduced as a 

food source (Pritchard & Trebbau 1984).  G. denticulata has a somewhat smaller 

range, occurring in Amazonian Colombia, Ecuador, Peru, and Bolivia, southeastern 

Venezuela, the Guianas, and northern Brazil (Pritchard & Trebbau 1984).  G. 

carbonaria occurs more frequently along forest margins, gallery forests, and 

savannas, whereas G. denticulata tends to be restricted to the moister forest interiors 

of the Amazon Basin (Pritchard & Trebbau 1984).  However, the two species occur 

sympatrically in many areas, including northern Brazil (Balée 1985; de Souza-
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Mazurek et al. 2000; Moreira 1991; Moreira 1989; Moskovits 1988) , and Colombia 

(Castaño-Mora & Lugo-Rugeles 1981).  Although there is some geographic variation 

in size, G. carbonaria tends to be smaller than G. denticulata, with average linear 

carapace lengths (LCL) of 30 cm and 40 cm, respectively (Walker 1989a, 1989b).  

Home ranges vary from from 0.6 ha to 117.5 ha for G. carbonaria and 5.1 ha to 35.5 

ha for G. denticulata (Moskovits & Kiester 1987).  Both species are highly 

frugivorous, but also eat flowers, leaves, carrion, and some insects (Moskovits & 

Bjorndal 1990).  Indigenous and rural, non-indigenous groups have been documented 

to consume both species (Table 1). 

 

Study Sites 

Maracá Ecological Station (Maracá) is a 110,000 ha riverine island formed by 

the branching of the Rio Uraricoera, a tributary to the Rio Branco (Figure 1).  In 1978 

it was designated an ecological reserve and received protected status (Milliken & 

Ratter 1998).  Maracá is located in northwestern Brazil in the state of Roraima (3º 

20’N, 61º 20’W), situated in the Guiana Shield region at the northeastern edge of the 

Amazon basin where it meets the Rio Branco-Rupinuni savanna (Moskovits 1985).  

Thus, the area consists of an ecological convergence of lowland Amazonian/Guiana 

Shield forest with savanna vegetation.  The study site is composed mainly of terra 

firme, lowland evergreen rainforest that borders savanna vegetation (Milliken & 

Ratter 1998).  Annual rainfall ranges from 1750 mm to 2000 mm, with over 75% of 

that falling during the wet season between April and August (Moskovits 1985).  Due 
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to its protected status as an ecological reserve and a history of minimal human 

habitation, Maracá supports healthy populations of characteristic megafauna for this 

region (Fragoso 1998; Moskovits 1985).  The study site is located at the eastern end 

of the island where a grid system of trails established by Moskovits (1985) and later 

expanded by J.M.V. Fragoso covers approximately 1000 ha.    

Mangueira Macuxi Indigenous Reserve (Mangueira) is a 4,238 ha indigenous 

reserve located 5 km to the south of Maracá (Figure 1).  Terra firme, lowland, 

evergreen rainforest covers approximately 60 % of the reserve and is contiguous with 

the forests covering Maracá, separated only by the Rio Uraricoera.  Manguiera is 

composed of ten families totaling 65 individuals.  Some livestock and poultry are 

raised for trade and consumption, but the majority of dietary protein is procured from 

hunting (J.M.V. Fragoso, pers. com.).  There is some subsistence farming of corn, 

rice, and manioc by households on the reserve as well as a small coffee plantation as 

a cash crop.   

 

Distance sampling  

Ten, one-kilometer line transects were established in the forested areas at each 

site.  Transects were spaced at least one kilometer apart to avoid overlapping the 

ranges of the same individual tortoises.  At Maracá, five transects were randomly 

located using a random number generator for starting point locations and directions.  

The other five transects were randomly located along the established trail system.  

These trails were approximately 1 m wide, used only by a small group of researchers, 
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and established independently of vegetation type, and thus could be surveyed without 

biasing population estimates by vegetation type.  All transects in Mangueira were 

located perpendicularly to any established trails, so they were not negatively biased 

by hunting activities of the Macuxi and game avoidance of trails.  The distance of 

transect midpoints to the research station or the village ranged from 1.1 – 5.9 km at 

Maracá and 1.2 – 8.8 km at Mangueira, allowing us to examine the relationship of 

tortoise abundance and distance from the human population centers.  After opening 

the transects, they were not surveyed for at least two weeks to allow the local wildlife 

to acclimate to the disturbance.  

A pair of observers (a Macuxi assistant and J.N. Strong or two Macuxi 

assistants) walked the transects at a rate of 0.5-1.0 km/hr every three weeks between 

19 March and 5 July 2004.  The perpendicular distance of each tortoise detected to 

the transect line was measured using a 50 m fiberglass tape (to the nearest 10 cm).  

The location along the transect was also recorded using flags placed every 100 m 

along the transect.  Individual-specific notches were filed into the carapace of each 

individual after Moskovits (1985).  In addition, time, species, sex, and body 

measurements were recorded for all tortoises.  Tortoises were easily identified to 

species and sex was determined based on secondary sex characteristics specific to the 

species (Pritchard & Trebbau 1984).  Males of G. carbonaria have a dorso-lateral 

constriction at mid-carapace and a very pronounced concavity to the plastron 

compared to females.  Males also have a much smaller gap between the supracaudal 

and anal scutes.  Males of G. denticulata have a slightly concave plastron and longer 
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gular scutes compared to females, which have no concavity and shorter gulars.  

Individuals of both species with a linear carapace length less than 20 cm could not be 

easily sexed and were considered juveniles (Pritchard & Trebbau 1984).  A series of 

body measurements were taken for each tortoise and included: (1) linear carapace 

length (LCL), (2) curved carapace length (CCL), (3) linear carapace width (LCW), 

(4) curved carapace width (CCW), (5) linear plastron length (LPL), (6) curved 

plastron length (CPL), (7) curved plastron width (CPW), (8) anal gap (measured as 

the distance between the midpoint of the supracaudal and anal scutes), (9) height, and 

(10) mass.  I used tree calipers to measure linear distances to the nearest 0.1 cm and a 

flexible measuring tape to measure curved distances to the nearest 0.1 cm.  Tortoise 

mass was measured to the nearest 0.1 kg using 20 kg spring scales.   

The program DISTANCE 4.1 Release 2 (Thomas et al. 2004) was used to 

generate density estimates.  The models that achieved the lowest Akaike’s 

Information Criterion (AIC) and coefficients of variation were selected as the best fit.  

To calculate a correction factor (g0) for the density estimates, I radio-tracked and/or 

thread-trailed 24 tortoises (19 G. carbonaria and 5 G. denticulata) daily, during the 

same period that transects were conducted.  For each tortoise located, I recorded its 

visibility (i.e. if it was completely concealed in a debris pile, burrow, or hollow log).  

The mean proportion of visible locations for each individual was then used to 

calculate the overall g0 for each species.  We used simple linear regression to model 

the relationship between tortoise abundance and the distance from the research station 

at Maracá or the village in Mangueira.  
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Chi-square analyses were used to compare sex ratios, proportion of juveniles, 

and species ratios between sites.  Tortoise LCL measurements were broken down into 

four size classes (<30 cm, 30-35 cm, 35-40 cm, and >40 cm) to perform a chi-square 

analysis comparing size structure between sites.  I used t-tests to compare mean body 

measurements between sites for species by sex.   

Adult biomass (kg/ha) was calculated for each species by multiplying the 

mean mass of adult males and females by their respective proportion of the 

population and the number of individuals per hectare.     

 

Interviews 

Interviews were conducted weekly between 15 March and 18 July 2004.  Two 

male Macuxi assistants from Mangueira were responsible for conducting the 

interviews with the head of each household and J. N. Strong periodically checked 

reported hunting returns with the actual hunters to verify the data reported were 

accurate.  Data were collected on the species, sex, and age of all harvested tortoises 

and other game species.  When possible, tortoise carapace and plastron measurements 

were recorded to compare size structure of harvested tortoises to those encountered 

along the transects.  Chi-square analyses were used to test for differences between sex 

ratios, species ratios, and size structure of harvested tortoises versus tortoises 

encountered along the transects. 
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RESULTS 

Distance sampling 

We walked each transect six times at a both sites for a total of 60 km at each 

site.  We encountered 35 G. carbonaria and 8 G. denticulata along transects at 

Maracá and 21 G. carbonaria and 11 G. denticulata in Mangueira.  The only 

juveniles encountered were four G. carbonaria at Mangueira, reflecting a greater 

proportion of juveniles (19 %) in the Mangueira population (X2 = 7.18, df = 1, p < 

0.01).  The resulting G. carbonaria: G. denticulata species ratios of 4.38:1 and 1.91:1 

for Maracá and Mangueira, respectively, were not different (X2 = 2.41, df = 1, p = 

0.12).   

Based on radioed and thread-tracked individuals, correction factors (g0) of 

0.595 (SE = 0.08) and 0.714 (SE = 0.17) were used for G. carbonaria and G. 

denticulata, respectively, representing the proportion of individuals available for 

detection on the line transects. Data for G. carbonaria, were best modeled using a 

uniform key function with one cosine adjustment, grouping the data into 5 m intervals 

and truncating at a width 20 m, to eliminate outliers and better model the detection 

function.  This resulted in a density estimate for G. carbonaria of 0.45 ind/ha (0.29 – 

0.69 ind/ha, 95 % CI) at Maracá and 0.29 ind/ha (0.19 – 0.45 ind/ha, 95 % CI) at 

Mangueira (Table 2).  Data for G. denticulata were modeled using a uniform key 

function with one cosine adjustment, grouping the data into 3 m intervals, and 

truncating the data at 18 m.  The resulting density estimates for Maracá and 

Mangueira were 0.10 ind/ha (0.06 – 0.18, 95 % CI) and 0.13 ind/ha (0.06 – 0.27, 95 
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% CI), respectively (Table 2).  Densities for both G. carbonaria and G. denticulata 

were not different between Maracá and Mangueira (p = 0.23, df = 23.32; p = 0.70, df 

= 18.13, respectively).  I developed curves for both species representing: 1) change in 

p-value as a function of coefficient of variation for densisty (% CV), while holding 

the observed effect size (difference in density between unhunted and hunted site) 

constant, 2) change in p-value as a function of effect size, while holding the observed 

% CV constant, and 3) necessary total transect length (L) required to achieve a 

desired % CV (G. carbonaria, Figure 2a,b,c; G. denticulata, Figure 3a,b,c).  

Equations and calculations used to estimate transect length for the desired % CV are 

presented in Appendix I.        

 More tortoises were found with increasing distance from the village at 

Mangueira (p = 0.01), but at Maracá, abundance was independent of distance from 

the research station (p = 0.11; Figure 4).   

Male: female sex ratios were male-biased for G. carbonaria at Maracá, but 

not at Mangueira (Table 3).  Sex ratios for G. denticulata were not different from 

parity at either site.  No difference was detected in sex ratios for either species 

comparing the unhunted site to the hunted site. 

 The Mangueira population of G. carbonaria contained more individuals in 

smaller size classes than the Maracá population (Figures 5a, 6).  Chi-square analysis 

revealed that the proportion of individuals in each size class was dependent on site 

(X2 = 8.48, df = 3, p = 0.04).  Sample sizes for G. denticulata were too small to allow 

valid chi-square analyses (Figure 5b).  When comparing sexes between sites, G. 
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carbonaria males and females were generally larger for most measurements, but not 

significantly so (Table 4).   Body measurements for G. denticulata also tended to be 

greater for individuals at Maracá compared to Mangueira, except for the anal gap.  

For this measurement, the mean was smaller for Maracá (Table 4).   

The biomass values for G. carbonaria and G. denticulata at Maracá were 2.98 

(1.99 – 4.56, 95% CI) and 0.63 kg/ha (0.14 – 1.14, 95% CI), respectively, for a total 

of 3.61 kg/ha (2.13 – 5.70, 95% CI).  At Mangueira, values were 1.72 (1.13 – 2.68, 

95% CI) for G. carbonaria and 0.77 kg/ha (0.36 – 1.59, 95% CI) for G. denticulata, 

for a total of 2.49 kg/ha (1.49 – 4.27, 95% CI).  

 

Interviews 

A total of 69 tortoises (54 G. carbonaria, 11 G. denticulata, and four 

unrecorded) were harvested at Mangueira between 15 March and 18 July 2004 during 

the interview period.  Tortoises represented 34.9% of harvested game species and 

29.6% of the total biomass harvested (Table 5).  Of the 54 G. carbonaria harvested 

(45 males and nine females), nine were juveniles (19%).  This ratio was not different 

from the line distance sample (X2 = 0.002, df = 1, p = 0.965).  The resulting 5:1 male: 

female sex ratio was different from parity (X2 = 13.50, df = 1, p < 0.001), but was not 

different from the standing population in Mangueira (X2 = 1.33, df = 1, p = 0.25).  

Eleven G. denticulata (six males and five females) were harvested, resulting in a sex 

ratio of 1.2:1.  This was not different from parity (X2 = 0.05, df = 1, p = 0.83) or from 

the standing population (X2 = 1.69, df = 1, p = 0.19).  The G. carbonaria: G. 
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denticulata species ratio of 4.9:1 was more biased towards G. carbonaria compared 

to the sampled population in Mangueira (X2 = 3.72, df = 1, p = 0.054). 

 Mean LCL was not different between harvested tortoises and the standing 

population, except for G. denticulata males (Table 6).  The mean carapace linear 

length for harvested G. denticulata males was 39.05 cm (n = 4) and the mean 

carapace linear length for the standing population was 32.79 cm (n = 8; p < 0.01).  

When linear carapace length was broken into four size classes to compare proportion 

of G. carbonaria in each class there was no relationship between size class of 

harvested tortoises or those measured along line transects at Mangueira (X2 = 1.52, df 

= 3, p = 0.68; Figure 7). 

 

DISCUSSION 

 Although hunting at Mangueira did not appear to reduce the density of G. 

carbonaria (Table 2), differences in the population structure and a positive 

relationship between tortoise abundance and distance from the village suggest that 

hunting is impacting the population and that it may be unsustainable (Table 3; Figures 

4,5, and 6).  Sample sizes for G. denticulata were restrictively small and no 

differences between the unhunted and hunted sites were detected.  I also failed to 

detect any difference in species composition between the unhunted and hunted sites, 

suggesting that the Macuxi show no preference for either species. 

The density and biomass estimates for G. carbonaria at Mangueira (0.29 

ind/ha; 1.72 kg/ha) were 36% and 42% lower, respectively, than at Maracá (0.45 
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ind/ha; 2.98 kg/ha), but not significantly so.  The relatively small sample sizes for G. 

carbonaria (35 at Maracá and 21 at Mangueira) make it difficult to detect any subtle 

changes in density.  Based on our values for the coefficient of variation (% CV) for 

the density estimate (Table 2) we would have been able to detect a difference in 

density of 0.24 ind/ha at alpha = 0.05 (Figure 2a,b).  This represents a 53 % reduction 

in density (Figure 2b).  In an unpublished study comparing G. carbonaria populations 

in protected and unprotected sites in a forest-savanna mosaic in northwestern 

Venezuela, Escalona (1996), using belt transects, estimated densities of 2.75 – 3.07 

ind/ha (  = 2.91) for protected sites and 0.25 – 2.50 ind/ha (  = 1.13) for unprotected 

sites.  This represents a 61% reduction in density for unprotected sites.  However, 

hunting intensity and the contribution of differences in vegetation type to changes in 

density were not known.   

If there was a true reduction in the density of G. carbonaria in Mangueira 

however, it does not necessarily reflect overhunting, as harvested populations are 

expected to have lower density and biomass estimates.  Rather, comparisons of 

density and biomass are useful in determining the susceptibility of a species to 

overhunting (Bodmer & Robinson 2004).  Long-lived species with low intrinsic rates 

of natural increase (rmax) and long generation times are more vulnerable to 

overhunting than short-lived species of high rmax and shorter generation times 

(Bodmer et al. 1997).  Although some studies suggest that chelonians may be 

particularly vulnerable to chronic adult mortality, such as hunting, due to their 

extreme longevity and very long generation times (Brooks et al. 1990; Congdon et al. 
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1993), these studies take place in temperate regions where turtles are only active a 

few months out of the year.  Demographic data from a population of spur-thighed 

tortoises (Testudo graeca) in northern Greece suggest tortoises can achieve high 

population growth rates (Hailey 2000).   Over a ten-year period, the study population 

achieved an rmax value of 0.137, resulting in a doubling time of just five years.  This is 

comparable to many neotropical primate species and tapirs (Tapirus terrestris) 

(Robinson & Redford 1991), suggesting that sustainable harvesting may be possible 

for some chelonian populations, particularly in tropical regions where the growing 

season is year-long.  

An advantage of distance sampling over other techniques is that all objects 

need not be detected in order to reliably estimate density, provided that three critical 

assumptions are met: (1) all tortoises on the centerline that are not completely 

concealed in burrows or debris piles are detected (g0 = 1), (2) perpendicular distances 

from the centerline to the detected tortoise are measured accurately, and (3) tortoises 

are detected at their initial position (Thomas et al. 2002).  I was confident in my 

ability to satisfy assumptions (2) and (3) because perpendicular distances were 

measured with a fiberglass tape from a clearly marked centerline and tortoises tend to 

freeze once they become aware of the observer(s).  Assumption (1) was a likely cause 

for bias however, because tortoises, especially the smaller juveniles, can remain 

undetected at very close range (Anderson et al. 2001), a problem exacerbated by thick 

forest vegetation.  Therefore, my density estimates are likely to be underestimates of 

the actual population.  For comparative purposes between the unhunted and hunted 
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sites however, the bias should be equal across sites, and therefore are valid 

comparisons.   

While the unhunted population showed a normally-distributed size structure 

and no juveniles, the hunted population contained a higher proportion of smaller size 

classes and more juveniles.  The skew towards juveniles in the population is a 

possible consequence of hunters selectively taking the larger, older adults at 

Mangueira.  This selective taking could lead to a further decrease in density by 

reducing the number of reproductive adults in the population, thus limiting 

recruitment.  Escalona’s (1996) study also showed a relationship between size class 

and protection status, with a higher proportion of smaller size-classed individuals in 

the unprotected sites.   

However, interpreting changes in age structure of a population can be 

problematic.  Other reasons for increased proportion of juveniles could be: (1) 

increased recruitment rates as a density-dependent response, (2) behavioral shifts 

making older individuals less vulnerable to detection, (3) reduction in predators in the 

hunted area, resulting in less egg and hatchling mortality, or (4) increased 

immigration of younger animals into depressed hunted areas from outside source 

areas (Bodmer & Robinson 2004).  Density-dependent responses on recruitment may 

be a possibility for G. carbonaria and G. denticulata.  In a study comparing G. 

carbonaria populations on an island recently created by flooding to a mainland 

population in Venezuela, Aponte et al. (2003) showed that growth rates were 

considerably smaller for the high-density island population (12.9 ind/ha).  This could 
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lead to changes in female reproduction and demographic changes, as age of maturity 

for chelonians is associated with size (Shine & Iverson 1995).  Behavioral differences 

between juveniles and adults should favor the detection of adults, rather than 

juveniles, as mentioned previously.  The Macuxi do harvest species that act as 

predators on tortoise eggs and hatchlings, such as lizards (Tupinambis teguxin), large 

birds (Crax alector and Psophia crepitans crepitans), peccaries (Tayassu tajacu and 

T. pecari), and small felines (Felis pardalis; Table 5), whose decreased densities 

could result in increased tortoise recruitment.  Finally, dispersing juveniles moving 

into the hunted area from outside source areas may also increase the number of 

juveniles in the area.  Mangueira’s forests are contiguous with a large tract of 

rainforest that includes that of Maracá (Figure 1).  Thus, distant areas are available as 

a possible source for the Mangueira population.  A long-term mark-recapture study 

using the Jolly-Seber open population model, which estimates immigration and death, 

may address this issue. 

When comparing population morphometrics based on species and sex, no 

difference in size was evident (Table 4), suggesting that the difference in size 

structure between sites is attributable to the difference in sex ratios and age structure.  

Females and juveniles are smaller than males for both species (chapter II).  Therefore, 

a population with a greater proportion of females and juveniles, as seen at Mangueira, 

should be composed of smaller size-classes than a population that is more adult male-

biased, as I observed.   
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The sex ratios I report are strongly male-biased compared to other studies.  

Moskovits’ (1988) reports male: female sex ratios of 1.3:1 and 1.5:1 for G. 

carbonaria and G. denticulata, respectively.   Escalona’s (1996) study showed no 

difference in sex ratios between protected and unprotected sites (0.86:1 and 0.75:1 for 

protected and unprotected populations, respectively).  In a study documenting hunting 

by the Waimiri Atroari of northern Brazil, de Souza-Mazurek (2001) reported sex 

ratios of and 2:1 and 1.67:1 for harvested G. carbonaria and G. denticulata, 

respectively.  At the Mamirauá Sustainable Development Reserve in the western 

Amazon, Fachín-Terán et al. (2004) reported a G. denticulata harvest sex ratio of 

1.4:1 for three villages.  My estimates may be more male-biased because I conducted 

the distance sampling primarily during the wet season, when tortoises are breeding 

and males move longer distances than females (Moskovits & Kiester 1987), thereby 

giving the males a higher detection probability.  The fact that most other studies 

document male-biased sex ratios could suggest a typical bias in natural populations or 

be the result of a sampling strategy that tends to detect more males. 

The decrease in sex ratio from the unhunted to the hunted site to favor females 

may appear favorable from a population standpoint because one male can mate with 

multiple females, and the female is therefore the more important sex in terms of 

population growth.  In fact, artificially producing female-biased populations by 

manipulating incubation temperatures of turtle species that exhibit temperature-

dependent sex determination (TSD) has been suggested as a possible conservation 

strategy (Vogt 1994).  However, greatly altering sex ratios from those in natural 
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populations can have negative demographic and ecological consequences on the 

tortoise population by limiting sperm competition and multiple paternity, decreasing 

female fertility, and disrupting patterns of resource partitioning between the sexes 

(Lovich 1996).   

The increase in tortoise abundance with increasing distance from the village 

of Manguiera, and a lack of a similar relationship at Maracá (Figure 4) suggests an 

incipient negative change due to hunting.  Both the village and the research station 

are located on the forest edge and transects were located at increasing distances from 

this edge into the forest.  Thus, the increasing distance from the forest-savanna edge 

could be a cause for a change in tortoise abundance.  However, because no distance 

effect was seen at Maracá, this factor can likely be ruled out as being responsible for 

the observed differences between the sites.  In Manguiera, tortoises are not always 

actively hunted by the Macuxi, but rather are opportunistically captured during other 

game hunts or while traveling to work their gardens (Strong, pers. obs.).  Therefore, 

increased activity near the village and the adjacent gardens is likely to cause the 

observed gradient in tortoise abundance.   

  The structure of the harvested and the standing population of tortoises at 

Mangueira was similar, the only difference being a greater proportion of G. 

carbonaria to G. denticulata and a male-biased sex ratio in the harvested population.  

The greater proportion of G. carbonaria may be a reflection of hunting that takes 

place in the adjacent savanna region (Figure 1) where G. denticulata may occur at 

much lower densities or be absent altogether.  The male-biased sex ratio supports the 



 51

hypothesis that because males are more active during the breeding season, they have a 

greater detectability and harvest rate than females.  The proportion of juveniles and 

size structure were comparable to the standing population.  I expected a higher 

proportion of adults and larger size classes in the harvested sample as these would be 

selectively harvested by hunters.  The fact that the harvested sample is relatively 

similar to the standing population sample in Mangueira might suggest that larger 

individuals and adults are at a lower proportion and therefore hunters are forced to 

harvest more younger and smaller tortoises.   

I used multiple harvesting models to measure the impacts of hunting on G. 

carbonaria and G. denticulata populations.  Although each by itself does not provide 

a convincing argument for overharvesting, the fact that multiple models were 

affected, including: 1) size structure, 2) age structure, 3) sex ratio, 4) and tortoise 

abundance in relation to distance from the village, suggests that hunting may not be 

sustainable and may lead to demographic and structural shifts in the population.  

Notably, this study is a five-month “snapshot” of a dynamic and long-term 

relationship between hunting activity by the Macuxi and tortoise population 

dynamics.  Longer-term studies are necessary to accurately assess the severity and 

sustainability of harvesting.  In addition, to better evaluate the sustainability of 

hunting tortoises, we need to estimate basic reproductive parameters of these 

tortoises.  Data such as age of first and last reproduction and egg and hatchling 

mortality are necessary to estimate reproductive productivity and population growth 
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rate to allow the use of harvest and production models (Bodmer & Robinson 2004; 

Heppell & Crowder 1996)   
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TABLES 

 
Table 1.  Indigenous and non-indigenous peoples documented to harvest Geochelone 

spp. and their respective region in South America. 

 

 

 

Group Region Source

Siriono lowland Bolivia Townsend 1995
Ka’apor southeastern Amazonia Balée 1985, 2000
Yekuana Venezuela Fidenci 2000
Siona-Secoya northeastern Ecuador Vickers 1980, 1991
Mekranoti Brazil Werner 1984
Txukamanei Brazil Pritchard and Treabbau 1984
Huaorani Ecuador Mena V. et al. 2000
Ache Paraguay Hill and Padwe 2000
Waimiri Atroari northcentral Brazil Souza-Mazurek et al. 2000, Souza-Mazurek 2001
Macuxi northwestern Brazil Fragoso, pers. obs.

caboclos Amazonas, Brazil Fachin-Teran et al. 2004
lumberman and goldminers Venezuela Gorzula 1989

Indigenous Groups

Non-indigenous Groups
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Table 2. Estimated strip half-width (ESW), encounter rate (n/L) and density (D) 

estimates for Geochelone carbonaria and G. denticulata in an unhunted (Maracá) and 

hunted (Mangueira) site in northwestern Brazil between 19 March and 5 July 2004. 

 

 

 

Coefficient Coefficient 
Parameter Estimate of Variation Lower Upper Estimate of Variation Lower Upper

ESW (m) 10.83 8.96 9.03 12.99 10.04 7.58 8.57 11.76
n/L (tortoises/km) 0.58 17.69 0.39 0.87 0.35 18.03 0.23 0.52
D (tortoises/ha) 0.45 23.96 0.27 0.75 0.29 23.73 0.18 0.49

ESW (m) 9.00 9.08 7.27 11.15 9.00 8.12 7.49 10.81
n/L (tortoises/km) 0.13 25.00 0.08 0.23 0.17 33.33 0.08 0.35
D (tortoises/ha) 0.10 35.70 0.05 0.22 0.13 41.76 0.05 0.32

G. carbonaria

G. denticulata

Maracá Mangueira
95 % CI 95 % CI
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Table 3. Distance sampling sex ratios and chi-square results for Geochelone 

carbonaria and G. denticulata for an unhunted (Maracá) and hunted (Mangueira) site 

in northwestern Brazil between 19 March and 5 July 2004. 

 

 

Site Males Females M:F Sex Ratio Parity p1 Between-site p 2 

Maracá 29 6 4.83 < 0.01
Mangueira 12 5 2.4 0.23 0.31

Maracá 6 2 3.00 0.30
Mangueira 8 3 2.67 0.27 0.91
1Testing if M:F sex ratio differs from 1:1 
2 Testing if M:F sex ratios differ between Maracá and Mangueira 

Geochelone carbonaria

Geochelone denticulata
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Table 4. Mean, standard deviation (SD), sample size (n), and p-value, of body 

measurements for Geochelone carbonaria and G. denticulata in an unhunted 

(Maracá) and hunted (Mangueira) site in northwestern Brazil between 19 March and 

5 July 2004. 

 

 
 

Measurement (abbreviation) Maracá SD n Mangueira SD n p Maracá SD n Mangueira SD n p

Linear carapace length (LCL) 35.43 3.08 29 34.72 3.64 11 0.29 32.75 3.07 6 31.24 6.86 5 0.33
Curved carapace length (CCL) 49.06 5.52 27 47.50 6.43 11 0.25 41.95 1.81 6 39.36 7.24 5 0.24
Linear carapace width (LCW) 38.09 3.40 27 36.10 4.02 11 0.08 38.23 5.18 6 35.22 4.79 5 0.17
Curved carapace  width (CCW) 19.78 1.68 27 22.01 4.27 11 0.06 18.30 0.59 6 17.48 2.37 5 0.25
Linear plastron length (LPL) 28.71 2.04 27 25.43 6.92 11 0.07 23.77 2.08 6 24.32 4.38 5 0.40
Curved plastron length (CPL) 30.29 6.29 27 33.09 4.63 11 0.07 25.93 1.22 6 25.70 3.93 5 0.45
Curved plastron width (CPW) 18.83 1.43 27 18.75 2.18 11 0.45 17.12 1.07 6 15.88 2.36 5 0.16
Anal gap1 3.76 0.62 27 3.62 0.50 11 0.24 5.75 0.71 6 5.20 1.70 5 0.26
Height 13.56 1.28 27 13.36 1.00 11 0.31 13.83 0.29 6 12.52 1.645 0.08
Weight (kg) 6.90 1.50 27 6.20 1.74 11 0.13 5.23 0.62 6 5.54 2.01 5 0.38

Linear carapace length (LCL) 34.77 2.19 6 32.79 4.19 8 0.14 33.70 2.55 2 33.17 10.39 3 0.47
Curved carapace length (CCL) 44.20 3.36 6 42.98 3.74 8 0.27 41.50 0.71 2 34.70 12.56 3 0.22
Linear carapace width (LCW) 38.58 5.62 6 36.89 3.89 8 0.2739.40 2.12 2 33.30 12.24 3 0.24
Curved carapace  width (CCW) 20.77 1.25 6 20.69 3.26 8 0.48 20.90 1.27 2 19.63 4.05 3 0.32
Linear plastron length (LPL) 29.58 2.26 6 28.71 5.05 8 0.34 29.05 2.62 2 26.10 5.62 3 0.24
Curved plastron length (CPL) 30.68 2.46 6 28.49 4.21 8 0.12 29.20 1.84 2 23.67 4.98 3 0.09
Curved plastron width (CPW) 20.12 1.48 6 21.73 7.39 8 0.2820.05 1.77 2 23.40 9.57 3 0.31
Anal gap1 4.33 0.36 6 5.11 0.76 8 0.01 6.05 0.21 2 4.60 1.25 3 0.09
Height 14.58 1.22 6 14.10 2.46 8 0.32 15.00 0.00 2 13.27 2.83 3 0.20
Weight (kg) 5.80 0.85 6 6.10 1.42 8 0.32 7.40 0.71 2 5.30 2.10 30.10
1 Distance between the midpoints of the anal and supracaudal scutes

Geochelone carbonaria

Geochelone denticulata

Maracá MangueiraMangueiraMaracá
Males Females
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Table 5. Number and biomass of game species harvested between 15 March and 18 

July 2004 in Mangueira Macuxi Indigenous Reserve, northwestern Brazil. 

 

 
 

 

 

Proportion Mean body Total Proportion

Species Common name Tally of Total mass (kg)1 biomass (kg) of Total

Reptiles
Caiman crocodilus spectacled caiman 15 0.078 15.10 226.50 0.163
Geochelone carbonaria red-footed tortoise 54 0.281 5.99 323.46 0.232
Geochelone denticulata yellow-footed tortoise 11 0.057 5.88 64.68 0.046
Geochelone spp. tortoise spp. 4 0.021 5.93 23.72 0.017
lizard spp. lizard spp. 1 0.005 0.50 0.50 0.000
Podocnemis sp. turtle spp. 1 0.005 4.10 4.10 0.003

Mammals
Agouti paca paca 2 0.010 8.23 16.45 0.012
Ateles belzebuth long-haired spider monkey 1 0.005 7.50 7.50 0.005
Dasyprocta leporina red-rumped agouti 27 0.141 2.13 57.43 0.041
Dasypus noveminctus nine-banded armadillo 25 0.130 3.54 88.60 0.064
Felis pardalis ocelot 2 0.010 10.46 20.92 0.015
Hydrochaeris hydrochaeris capybara 2 0.010 31.50 63.00 0.045
Mazama americana red-brocket deer 3 0.016 26.10 78.30 0.056
Odocoileus virginianus whitetail deer 1 0.005 40.00 40.00 0.029
Tayassu pecari white-lipped peccary 2 0.010 28.55 57.10 0.041
Tayassu tajacu collared peccary 16 0.083 17.52 280.32 0.201

Birds
Ara ararauna blue and gold macaw 3 0.016 1.10 3.30 0.002
Ara spp. macaw spp. 3 0.016 1.10 3.30 0.002
Crax alector curassow 6 0.031 3.10 18.60 0.013
Dendrocygna autumnalis black-bellied duck 1 0.005 0.74 0.74 0.001
Ortalis motmot little chachalaca 1 0.005 0.45 0.45 0.000
Penelope purpurascens crested guan 6 0.031 1.70 10.20 0.007
Pipile pipile common piping guan 1 0.005 1.20 1.20 0.001
Pionus sp. parrot spp. 2 0.010 0.40 0.80 0.001

Psophia crepitans grey-winged trumpeter 1 0.005 1.30 1.30 0.001
Tinamus major grey tinamou 1 0.005 1.10 1.10 0.001
Total 192 1393.57
1Body mass based on Robinson and Redford 1986, de Souza-Mazurek 2001, Hilty 2003, and this study for 
Geochelone spp.
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Table 6. Morphometric data of adult Geochelone carbonaria and G. denticulata 

harvested in Mangueira between 15 March and 18 July 2004. 

 

 
 
 

Measurement (abbreviation) Mean SD n Mean SD n

Linear carapace length (LCL) 33.63 4.85 20 35.18 3.18 5
Curved carapace length (CCL) 43.65 7.98 19 38.78 12.41 5
Linear carapace width (LCW) 34.69 5.07 20 35.76 0.42 5
Curved carapace  width (CCW) 20.46 3.79 20 19.88 2.43 5
Linear plastron length (LPL) 25.62 4.09 20 25.94 3.01 5
Curved plastron length (CPL) 27.39 4.01 20 26.78 2.94 5
Curved plastron width (CPW) 18.11 2.08 20 19.94 1.78 5
Anal gap1 3.63 0.80 20 3.90 0.62 5
Height 12.40 2.54 20 13.06 2.83 5

Linear carapace length (LCL) 39.05 2.33 4 35.57 2.14 3
Curved carapace length (CCL) 41.08 12.14 4 43.70 4.20 3
Linear carapace width (LCW) 40.68 2.97 4 33.60 8.06 2
Curved carapace  width (CCW) 24.98 5.30 4 24.80 4.53 2
Linear plastron length (LPL) 29.30 2.00 4 23.95 2.76 2
Curved plastron length (CPL) 31.68 2.82 4 28.00 2.40 2
Curved plastron width (CPW) 21.55 1.84 4 19.25 0.50 2
Anal gap1 4.50 0.88 4 3.53 0.06 3
Height 13.05 1.28 4 14.50 0.57 2
1 Distance between the midpoints of the anal and supracaudal scutes

G. denticulata

FemalesMales

Geochelone carbonaria
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FIGURES 

Figure 1.  Locations of Maracá Ecological Station and Mangueira Macuxi Indigenous 

Reserve in Roraima, Brazil. 

 

Figure 2.  Curves generated for G. carbonaria representing the: a) change in p-value 

as a function of the coefficient of variation (% CV) for density, while holding 

observed effect size (0.16 ind/ha) constant, b) change in p-value as a function of 

effect size, while holding observed % CV (23.85) constant, and c) transect length (L) 

required to achieve desired % CV.  Dashed lines represent our observed values from 

distance sampling. 

 

Figure 3.  Curves generated for G. denticulata representing the: a) change in p-value 

as a function of the coefficient of variation (% CV) for density, while holding 

observed effect size (0.03 ind/ha) constant, b) change in p-value as a function of 

effect size, while holding observed % CV (38.73) constant, and c) transect length (L) 

required to achieve desired % CV.  Dashed lines represent our observed values from 

distance sampling. 

 

Figure 4.  Relationship between tortoise abundance and distance from research station 

(Maracá; a) and the village (Mangueira; b). 
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Figure 5. Size structure (linear carapace length; LCL) of Geochelone carbonaria (a) 

and G. denticulata (b) at unhunted (Maracá) and hunted (Mangueira) sites in 

northwestern Brazil between 13 March and 5 July 2005. 

 

Figure 6. Frequency of Geochelone carbonaria in four size classes for populations 

sampled at an unhunted site (Maracá) and a hunted site (Mangueira) northwestern 

Brazil between 19 March and 5 July 2004. 

 

Figure 7. Frequency of Geochelone carbonaria in four size classes for harvested 

individuals and those sampled using line-distance sampling (LDS) in Manguiera, 

northwestern Brazil between 19 March and 5 July 2004. 
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Figure 1 
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Figure 2
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Figure 3
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Figure 4 
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Figure 5 
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Figure 7 
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CHAPTER  IV. 

 

Seed dispersal and the ecological implications of harvesting red-footed tortoises 

(Geochelone carbonaria) and yellow-footed tortoises (G. denticulata) in 

northwestern Brazil 

 

Joel N. Strong 

 

ABSTRACT 

Red-footed (Geochelone carbonaria) and yellow-footed tortoises (G. denticulata) are 

an important food source for humans across their range and are experiencing 

population declines.  Both species are highly frugivorous and may play important 

roles as seed dispersers in plant communities.   I investigated the effectiveness of 

these tortoises as seed dispersal agents and the implications of hunting these species 

on the seed dispersal process.  Studies occurred at the Maracá Ecological Station and 

Mangueira Macuxi Indigenous Reserve in the Brazilian Amazon.  I determined the 

impact of hunting on population density and demography by conducting distance 

sampling along line transects in an unhunted site (Maracá) and a hunted site 

(Mangueira) to compare density, size/age structure, and sex ratios of captured 

tortoises.  I determined the role of tortoises as seed dispersers by analyzing movement 

patterns of radio- and thread-tracked individuals, estimating gut retention time of 

seeds in captive tortoises, and analyzing fecal samples for abundance, diversity, and 
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viability of seeds.  I failed to detect a significant change in population density 

between unhunted and hunted populations, but there was an increase in the proportion 

of smaller size classes, juveniles, and females at the hunted compared to the unhunted 

site.  Tortoises appear to be efficient and important seed dispersers.  Of 113 fecal 

samples, 92 % contained seeds of 19 plant species.  Fecal clumps averaged 2.2 

species (range 0-5) and 179 seeds per sample (range 0-1140).  Seventeen of the 19 

seed species sampled were viable.  Movement modeling suggests that a long gut 

retention time of 10-28 days for seeds, combined with long daily tortoise 

displacements ( =103 m), generate seed shadow curves that peaked between 350 m 

(females) and 450 m (males) and extended beyond 1 km from the seed source.  

Despite no difference in tortoise abundance at unhunted vs. hunted sites, hunting still 

can compromise the role of tortoises as seed dispersers by reducing the quantity of 

seeds handled and shifting the peak of the seed shadow closer to parent trees.      

  

Keywords:  empty forest, Geochelone carbonaria, Geochelone denticulata, seed 

germination, hunting, red-footed tortoise, seed dispersal, seed shadow, thread trails, 

vertebrate movements, yellow-footed tortoise 
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INTRODUCTION  

The neotropical tortoises, Geochelone carbonaria (red-footed) and G. 

denticulata (yellow-footed), may be important seed dispersers where they occur due 

to their highly frugivorous diet, long retention time of seeds, and defecation of a high 

percentage of viable seeds (Strong & Fragoso 2006).  However, both species are 

important food sources for humans throughout the neotropics.  The pressure of 

hunting, combined with habitat destruction and, to a lesser degree, collection for the 

pet trade, have been cited factors leading to population declines (Pritchard & Trebbau 

1984; Walker 1989a, 1989b).  It is important to understand how hunting may be 

impacting tortoise populations and the cascading effects this may have on ecosystem 

function and biodiversity patterns due to the loss or population reduction of an 

important seed disperser. 

Seed dispersal is the first step after seed production that limits seedling 

recruitment for plants.  Dispersal leads to spatial patterning of seeds in the 

environment and determines the microhabitat in which seeds must survive, germinate, 

and establish themselves (Wenny 2000).  This process ultimately contributes to the 

spatial structure and species diversity of plant communities (Fragoso et al. 2003; 

Hubbell 1979; Schupp et al. 2002; Silvius & Fragoso 2003). 

The effectiveness of a seed disperser depends on the quantity of seeds 

dispersed and the quality of dispersal (Herrera & Jordano 1981; Schupp 1993; Sun et 

al. 1997; Wehncke et al. 2003).  Seed dispersal quality is determined by the 

probability that a viable seed is deposited at a safe site, usually a location beyond the 
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crown of conspecifics (Janzen 1970) or beyond a patch of conspecifics (Fragoso et al. 

2003).  Thus, seed dispersal quality is determined by the movement patterns and 

digestive characteristics of the disperser (Fleming & Estrada 1993; Westcott et al. 

2005; Westcott & Graham 2000).  Dispersal quantity is affected by the disperser’s 

metabolism, diet, and population density in the landscape, along with feeding 

behavior, and probability of dispersing a viable seed (Schupp 1993).   

While most seed dispersal studies have investigated the role of birds and 

mammals as seed dispersers, saurochory, or seed dispersal by reptiles, has received 

limited attention (Moll & Jansen 1995; Travaset & Verdú 2002).  Although some 

studies have investigated the potential role of chelonians as agents of seed dispersal 

based on fecal analyses and/or seed germination rates (Hnatiuk 1978; Milton 1992; 

Rick & Bowman 1961; Rose & Judd 1982; Woodbury & Hardy 1948) or the retention 

times of seeds (Birkhead 2001; Braun & Brooks 1987; Cobo & Andreu 1988; Varela 

& Bucher 2002), there are few studies that combine this information with movement 

patterns of the seed disperser (but see Moll and Janzen 1995).  By including the 

movement patterns of a species with information on the quantity and diversity of 

seeds consumed, the retention time of seeds in the digestive tract, and the viability of 

defecated seeds, we can better quantify a species’ effectiveness as a seed disperser 

(Wehncke et al. 2003). 

I investigated the role of Geochelone carbonaria and G. denticulata as seed 

dispersers at Maracá Ecological Station in northwestern Brazil and examined how 

hunting of their populations by humans may impact this process.  Specifically, I used 
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radio telemetry and thread-trailing of tortoises to determine daily displacement and 

movement patterns and combined these data with the gut retention time of seeds to 

model tortoise-generated seed shadows.  Additionally, I collected tortoise fecal 

samples to determine the diversity and quantity of seeds ingested and their viability 

after defecation.  I combined this information with data on changes in tortoise density 

and population structure due to hunting by humans to predict how hunting may be 

affecting seed dispersal and discuss the ecological implications of these impacts. 

 

MATERIALS AND METHODS 

Study species 

G. carbonaria is found in southern Panama, Colombia, Venezuela, the 

Guianas, northern Brazil, Bolivia, Paraguay, and northern Argentina (Walker 1989a).  

It also occurs on several islands in the Caribbean, where it was likely introduced as a 

food source (Pritchard & Trebbau 1984).  G. denticulata has a somewhat smaller 

range, occurring in Amazonian Colombia, Ecuador, Peru, and Bolivia, southeastern 

Venezuela, the Guianas, and northern Brazil (Pritchard & Trebbau 1984).  G. 

carbonaria occurs more frequently along forest margins, gallery forests, and 

savannas, whereas G. denticulata tends to be restricted to the moister forest interiors 

of the Amazon Basin (Pritchard & Trebbau 1984).  However, the two species occur 

sympatrically at my study sites where G. carbonaria is approximately five times 

more abundant than G. denticulata (Moskovits 1988).  The two species are also 

sympatric in other parts of northern Brazil (Balée 1985; de Souza-Mazurek et al. 
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2000; Moreira 1991; Moreira 1989) and Colombia (Castaño-Mora & Lugo-Rugeles 

1981).  Although there is some geographic variation in size, G. carbonaria tends to 

be smaller than G. denticulata, with average linear carapace lengths (LCL) of 30 cm 

and 40 cm, respectively (Walker 1989a, 1989b).  Home ranges vary from 0.6 ha to 

117.5 ha for G. carbonaria and 5.1 ha to 35.5 ha for G. denticulata (Moskovits & 

Kiester 1987).  Both species are highly frugivorous, but also eat flowers, leaves, 

carrion, and some insects (Moskovits & Bjorndal 1990).   

 

Study site 

Maracá Ecological Station (Maracá) is a 110,000 ha riverine island formed by 

the branching of the Rio Uraricoera, a tributary to the Rio Branco (Figure 1).  In 1978 

it was designated an ecological reserve and received protected status (Milliken & 

Ratter 1998).  Maracá is located in northwestern Brazil in the state of Roraima (3 

20’N, 61 20’W), situated in the Guiana Shield region at the northeastern edge of the 

Amazon basin where it meets the Rio Branco-Rupinuni savanna (Moskovits 1985).  

Thus, the area consists of an ecological convergence zone of lowland 

Amazonian/Guiana Shield forest with savanna vegetation.  The study site is 

composed mainly of terra firme, lowland evergreen rainforest that borders savanna 

vegetation and is relatively species-poor with 80 species �  10 cm dbh recorded for a 

1.5 ha plot (Milliken & Ratter 1998).  Annual rainfall ranges from 1750 mm to 2000 

mm, with over 75% of that falling during the wet season between April and August 

(Moskovits 1985).  Due to its protected status as an ecological reserve and a history 
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of minimal human habitation, Maracá supports healthy populations of characteristic 

megafauna of this region (Fragoso 1998; Moskovits 1985).  The study site is located 

at the eastern end of the island where a grid system of trails established by Moskovits 

(1985) and later expanded by J. M. V. Fragoso covers approximately 1000 ha.    

Mangueira Macuxi Indigenous Reserve (Mangueira) is a 4,238 ha indigenous 

reserve located 5 km to the south of Maracá (Figure 1).  Terra firme, lowland, 

evergreen rainforest covers approximately 60 % of the reserve and is contiguous with 

the forests covering Maracá, separated only by the lower fork of the Rio Uraricoera.  

Manguiera is composed of ten families totaling 65 individuals.  Some livestock and 

poultry are raised for trade and consumption, but the majority of dietary protein is 

procured from hunting (Fragoso, pers. obs.).  There is some subsistence farming of 

corn, rice, and manioc by households on the reserve, as well as a small coffee 

plantation as a cash crop.   

 

Tortoise daily displacement and movement patterns 

 I radio-tracked and thread-trailed tortoises from 18 March to 8 July 2004.  I 

glued a radio transmitter to the fourth costal scute and covered it with duct tape to 

provide a durable seal.  Thread-trailers consisted of a plastic cylindrical jar (10 cm 

long x 4.5 cm diameter) containing approximately 1 km of polyester thread.  The 

thread was wound on a plastic axle and fed through a small hole in the side of the 

container.  The loose end of the thread was tied to vegetation so that as the tortoise 

traveled, the spool unwinds and leaves a thread trail after the tortoise.  Thread trailers 
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were attached with duct tape on the posterior vertebral scute of the tortoises where it 

would not interfere with movement through thick vegetation.  I located tortoises daily 

and recorded their location (± 10 m) using a hand-held Global Positioning System 

(GPS) device.  In addition, for thread-trailed tortoises, I used a 50 m fiberglass tape 

and compass to map each segment of the thread trail to the nearest 10 cm.  I also 

recorded time of observation, activity, visibility, and type of shelter used if the 

tortoise was inactive.  I used a chi-square contingency table to test whether sex/age 

class (adult males, adult females, and juveniles) affected activity (i.e. if a tortoise 

moved from the previous location or remained in the same position).  For active 

tortoises, I tested for an effect of species and sex/age class on daily displacement 

using a one-way analysis of variance (ANOVA) on log-transformed mean daily 

displacement distances of each tortoise.  

     

Fecal analyses and seed viability 

 I searched the trail system daily at Maracá for tortoises and brought captured 

individuals back to the research station to collect fecal samples.  Tortoises were 

housed in large plastic basins (0.6 m x 0.6 m x 0.4 m) overnight and their feces 

collected the following day, after which tortoises were released at their original 

capture site.  Each fecal sample was washed through metal screening (1 mm x 1mm 

opening size) to remove bolus material and separate out seeds and other food 

materials.  Seeds were identified to the lowest taxonomic level using a reference 

collection at Maracá, guides to fruits of the region (Ribeiro et al. 1999; van 
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Roosmalen 1985), and by comparing defecated seeds to those in fruits beneath 

marked trees of known species.  For each fecal sample, I recorded seed abundance per 

species and species diversity.  I tested for effects of tortoise species and sex/age class 

on defecated seed diversity and abundance using a one-way ANOVA on log-

transformed seed abundance data and a Kruskal-Wallis non-parametric test on seed 

diversity.  I also performed a linear regression of log-transformed seed abundance on 

tortoise size, as measured by linear carapace length (LCL). 

A subset of seeds was randomly selected from each fecal sample to test for 

viability.  I tested seed viability by first placing seeds on moist filter paper in covered 

petri dishes, and re-wetting the filter paper as needed to maintain moisture in the petri 

dishes.  Germination was considered successful when a radical emerged from the 

seed coat.  If seeds did not germinate by the end of the study period, they were cut 

open and the endosperm visually examined to determine viability based on coloration 

and physical appearance.  I present the percentage of viable seeds for each species.  

 

Retention time 

 To determine the retention time of seeds in digestive tracts of tortoises, 

captured individuals were housed in 1.5 m x 1.5 m outdoor enclosures at the research 

station.  These were fed marked seeds and seed mimics to determine passage rates.  

Seeds of Genipa americana and Duroia eriopila (Rubiaceae) were marked with small 

pieces of dental floss (1 cm long) sewn through and tied around the seed coat and fed 

to the captive tortoises.  They were also fed grape seeds and small plastic beads (5 
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mm) to assess retention time.  The seeds and mimics were offered to tortoises in a 

mixture of chopped mango (Mangifera indica) and remained with the tortoises for 

approximately one hour before they were removed.  Fecal samples were checked 

once daily.  For each trial, tortoises were fed primarily mangos and G. americana 

fruit every other day until all seeds and mimics were recovered or at least five days 

passed with no seeds detected in their feces.  I present retention time as the proportion 

of seeds defecated since ingestion in five-day intervals.   

 

Estimating seed shadows 

 I generated a tortoise-derived seed shadow using a movement simulation 

model that incorporated the parameters of observed seed retention time, daily 

displacements, and turning angles of tracked tortoises.  Daily displacements were 

plotted as the proportion of daily movements falling within 50 m intervals (including 

one interval for zero meters for inactive tortoises).  Turning angles were plotted as the 

proportion of daily movement angles falling within 45° increments between 0° and –

180° (left-hand turns) and 0° and 180° (right-hand turns).  Daily displacement values 

and turning angle values each corresponded to a cumulative proportion (0-1), based 

on their frequency in the distribution (e.g. displacement class “0 m” corresponded to 

0-0.220, “50 m” corresponds to 0.221-0.313, and so on).  A uniform random number 

was generated that corresponded to the cumulative proportion for each daily 

displacement and turning angle, and used to represent a tortoise’s daily movement 

and the corresponding proportion of seeds defecated for that day.  The process was 
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repeated for 30 days (the maximum retention time of seeds observed) to model 

movements of one tortoise and simulated 1000 times to produce a statistical 

description of tortoise-generated seed shadows.   

 

Estimating tortoise densities and population structure 

Ten one-kilometer line transects were established in the forested areas at each 

site with at least one kilometer between transects to avoid overlapping the same 

tortoise home ranges.  All transects in Mangueira were located perpendicularly to any 

established trails, so they were not negatively biased by hunting activities of the 

Macuxi.  After the transects were cut, they were not surveyed for at least two weeks, 

giving local wildlife time to acclimate to the disturbance.   

A pair of observers walked transects at a rate of 0.5-1.0 km/hr every three 

weeks between 19 March and 5 July 2004.  The perpendicular distance of each 

tortoise detected to the transect was measured to the nearest 10 cm using a 50 m 

fiberglass tape.  The location along the transect was also recorded using flags placed 

every 100 m along the transect.  Individual-specific notches were filed into the 

carapace of each individual based on Moskovits (1985).  In addition, time of 

observation, species, sex, and body measurements were recorded for all tortoises.  

Individuals with a linear carapace length (LCL) less than 20 cm could not be easily 

sexed and were considered juveniles for both species (Pritchard & Trebbau 1984).  I 

recorded linear carapace length  (LCL) and other body measurements (Chapter III).  

Tree calipers were used to measure LCL to the nearest 0.1 cm.  
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The program DISTANCE 4.1 Release 2 (Thomas et al. 2004) was used to 

generate density estimates.  The models that achieved the lowest Akaike’s 

Information Criterion (AIC) and coefficients of variation were selected as the best fit.  

To calculate an independent correction factor (g0) for the density estimates, I 

calculated the proportion of tortoises above ground or not completely concealed in 

debris piles for radio- and thread-tracked tortoises.  I estimated g0 for each species.  

Sex ratios, age structure (proportion of juveniles), and size structure were compared 

between sites using chi-square contingency tables. 

 

RESULTS 

Tortoise daily displacement and movement patterns 

 I radio-tracked six G. carbonaria (two males, one female, and three juveniles) 

and two male G. denticulata and I thread-trailed 12 G. carbonaria (seven males and 

five females) and three G. denticulata (one male and two females) for two to 36 days 

each for a total of 276 tortoise tracking days.  Chi-square analysis for adult males and 

females and juveniles revealed that the proportion of active tortoises is dependent on 

sex/age class for G. carbonaria (X2 = 9.32, df = 2, p = 0.009), but not for G. 

denticulata (X2 = 0.05, df = 1, p = 0.831).  For active tortoises, there was no 

difference between sex/age class and distance moved for G. carbonaria (F2,17 = 1.6, p 

= 0.231) or G. denticulata (F1,3 = 1.18, p = 0.356).  The distribution of daily 

movements is skewed right with short-distance movements occurring more frequently 
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than long-distance movements (Figure 2).  The ratio of total daily distance traveled 

(measured from thread trails) to the daily displacement was 2.7:1. 

 

Fecal analyses, seed viability, and retention time  

 I analyzed 113 fecal samples from 94 different tortoises (78 G. carbonaria 

and 16 G. denticulata).  I identified 19 seed species representing at least 8 plant 

families (Table 1).  Of 113 fecal samples, 104 contained seeds (92 %) ranging from 1 

to 1140 seeds per sample ( = 179 seeds/fecal clump).  Fecal samples averaged 2.23 

species of seeds per sample (range 0-5).  Percent viability ranged from zero to 82 % 

for seeds in germination trials and zero to 100 % for seeds whose endosperm was 

visually examined (Table 1).  Seed abundance in fecal samples and size (LCL) of 

tortoises was positively related (p = 0.001; Figure 3).  Seed abundance per feces was 

not affected by tortoise species (F1,98 = 0.43, p = 0.511) or by sex/age class (F2,97 = 

0.85, p = 0.43).  Seed diversity was also not affected by tortoise species (H = 0.28, p 

= 0.595, df = 1) or by sex/age class (H = 1.87, p = 0.394, df = 2).  I offered five 

tortoises (two G. carbonaria and three G. denticulata) a total of 538 seeds and/or 

mimics.  Retention time for the 240 recovered seeds ranged from 10 to 28 days, with 

a peak at 11-15 days (Figure 4).   
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Seed shadows 

 Seed shadow curves peaked at approximately 350 m for females and 450 m 

for males, with a higher proportion of the male-generated shadow extending farther 

from the parent tree in comparison to the female-generated seed shadow (Figure 5). 

 

Tortoise density estimates and population structure 

 I walked each transect six times at both sites for a total of 60 km at each site.  

I encountered 35 G. carbonaria and 8 G. denticulata along the transects at Maracá 

and 21 G. carbonaria and 11 G. denticulata in Mangueira.  The only juveniles 

encountered were four G. carbonaria in Mangueira, resulting in a greater proportion 

of juveniles (19 %) in the Mangueira population (X2 = 7.18, df = 1, p < 0.01).  The 

resulting G. carbonaria: G. denticulata ratios of 4.38:1 and 1.91:1 for Maracá and 

Mangueira, respectively, were not different (X2 = 2.41, df = 1, p = 0.12).   

Estimated density of G. carbonaria was 0.45 ind/ha (0.29 – 0.69 ind/ha, 95 % 

CI) at Maracá and 0.29 ind/ha (0.19 – 0.45 ind/ha, 95% CI) in Mangueira, based on a 

correction factor of 0.595 for radioed and thread-trailed individuals.  Estimated 

density of G. denticulata was 0.10 ind/ha (0.06 – 0.18 ind/ha, 95 % CI) at Maracá and 

0.13 ind/ha (0.06 – 0.27 ind/ha, 95 % CI) for Mangueira, based on a correction factor 

of 0.714. 

 Sex ratios of G. carbonaria were male-biased at Maracá, but not in 

Mangueira.  Sex ratios for G. denticulata were not different from parity at either site.  

Between sites, the sex ratios were not different for either species (Table 2).  The 
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Mangueira population of G. carbonaria contained more individuals in smaller size 

classes than the Maracá population (Figure 6) and the proportion of individuals in 

each size class was dependent on site (X2 = 8.48, df = 3, p = 0.04).  Sample sizes for 

G. denticulata were too small to allow valid chi-square analyses.   

 

DISCUSSION 

Geochelone carbonaria and G. denticulata are important seed dispersers at 

Maracá and likely influence plant recruitment success and spatial structure in plant 

communities of neotropical ecosystems at small to medium scales (sensu Holling 

1992).  In terms of quantity of seeds dispersed, individual tortoises ingest numerous 

seeds of many species.  Because tortoise populations occur at high densities, large 

amounts of seeds are moved by these animals.  Tortoises can be characterized as high 

quality seed dispersers for several reasons: 1) several species of ingested seeds 

showed high germination rates, 2) they generate a long seed shadow sometimes 

extending beyond 1 km from the source of seeds, 3) such long dispersal distances 

have been shown to provide escape from distance- and density-dependent seed 

predators, and 4) they potentially increase the variety of habitats where seeds can be 

deposited.  Therefore, the impacts of hunting, specifically the increased proportion of 

females, smaller size-classed individuals, and juveniles, and a possible reduction in 

density, all have important ramifications for the process of seed dispersal.  Hunting 

decreased the effectiveness of tortoises as seed dispersers, in terms of both quantity 

and distance that seeds are moved. 
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Quantity of seed dispersal 

 The Geochelone tortoises, particularly G. carbonaria achieve very high 

densities at Maracá compared to other vertebrates (chapter II), thus making them an 

important dispersal agent, in that they interact with a high proportion of plants in the 

landscape and disperse a large quantity of their seeds.  While other important seed 

dispersal agents such as the lowland tapir (Tapirus terrestris) may be handling large 

numbers of seeds per animal (Fragoso & Huffman 2000), the higher density and 

biomass of tortoises could make them comparable in terms of number of seeds 

handled at the population level.  My density estimates for G. carbonaria are low 

compared to previous estimates by Moskovits (1988; 1.05 ind/ha) and for other sites 

in South America.  For example, in Venezuela, densities as high as 12 ind/ha have 

been reported (Aponte et al. 2003), whereas tapirs have reported densities of 0.003-

0.0041 ind/ha in protected areas of the Atlantic forest (Cullen Jr. et al. 2001).  By 

occurring at such high densities, tortoises are more likely to encounter and disperse 

seeds of a greater number of individual plants and plant species, thereby making them 

a highly reliable disperser (Schupp 1993).   

Although the density estimate for G. carbonaria was 36 % lower in the hunted 

population, this was not a significant difference.  This is likely a function of the small 

sampling effort from line transects that resulted in a high sampling variance 

component (chapter III).  In addition, Mangueira’s forest is contiguous with the 

greater Amazonian forest, including that of Maracá (Figure 1) and this connectivity 
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probably allows dispersal of individuals from unhunted populations into Mangueira’s 

hunted population.  Nevertheless, I generated seed shadows for the unhunted Maracá 

population, one with a 28 % reduction in tortoise density, as seen at Mangueira, and 

one with a 50 % reduction in density, to demonstrate the effects of different levels of 

hunting (Figure 7).  These models assume that there will be no compensatory 

response by other seed dispersers.  Although the peak of the curve does not shift 

directionally, there is substantial reduction in the magnitude of the seed shadow 

curve.  Thus, a reduction in tortoise density reduces the magnitude of the seed 

shadow, in terms of quantity of seeds handled, and reduces the number of individual 

plants that tortoises can interact with.  Tortoises thereby become a less reliable seed 

disperser because fewer plants and plant species will be affected and benefit from 

tortoise seed dispersal.  Furthermore, there were several species of seeds found in 

only one or two fecal samples (Table 1), so the reduction in tortoise density can also 

reduce the diversity of rarely occurring seeds that are dispersed. 

Most tortoise feces (92 %) contained seeds, and for those that did, the mean 

number of seeds per sample was high ( = 179 seeds).  If I exclude Ficus sp. from the 

samples to make them comparable to tapir fecal samples analyzed by Fragoso and 

Huffman (2000), tortoise feces contain a greater abundance of seeds per fecal clump 

(  = 143.0) than those of tapirs ( = 101.6).  Although tortoises disperse a higher 

proportion of small-seeded species such as Genipa americana (Rubiaceae) and 

Brosimum latescens (Moraceae), I did record one seed of Maximiliana maripa, a 

large palm seed (5.5 cm in length) for which tapirs are important dispersers (Fragoso 
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1997).  Thus, tortoises are capable of dispersing large seeds.  To quantify the volume 

of seeds handled by tortoises at a temporal scale, I would have to determine their 

daily defecation rates.  Because tortoises have slow metabolic rates and long gut-

retention times (Birkhead 2001; Bjorndal 1989; Strong & Fragoso 2006), they may be 

handling seeds at a much slower rate than endothermic vertebrate dispersers such as 

mammals and birds.  However, when I housed tortoises overnight to collect fecal 

samples, they usually defecated by the following day, suggesting they defecate at 

least once or more per day.  

Larger tortoises tend to consume a greater abundance of seeds than smaller 

tortoises (Figure 3), and thus, may be more important seed dispersers.  Analysis of 

size structure between Mangueira and Maracá showed that the hunted population was 

composed of a higher proportion of smaller size classes and juveniles.  Therefore, 

hunting could affect the quantity of seeds dispersed by removing larger individuals 

that disperse more seeds.  This would also reduce the magnitude of the seed shadow 

(Figure 7) by reducing the number of seeds consumed at day zero.  

 Tortoises are also dispersing a relatively high diversity of seed species.  I 

documented 19 species in a five-month period, which represents approximately 24 % 

of tree species found in a 1.5 ha plot at the eastern end of Maracá (Milliken & Ratter 

1998).  In addition, I documented an additional species (Aechmea sp.; Bromeliaceae) 

during the dry season in January 2002 (Strong & Fragoso 2006) and Moskovits 

(1985) identified an additional 16 fruit species consumed and possibly dispersed by 

tortoises in a two-year study at Maracá.  Thus, tortoises may be dispersing seeds of at 
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least 36 species at Maracá, a number comparable to the 39 species of seeds dispersed 

by tapirs over a 14 month period (Fragoso & Huffman 2000).  Furthermore, my study 

site is considered relatively species poor (Milliken & Ratter 1998), and a study at the 

floristically richer western end of Maracá or more diverse western Amazon region, 

would likely reveal many more species of seeds dispersed by tortoises.  I did not 

detect any relationship between size or sex of a tortoise and number of seed species 

per fecal clump, so this may not be affected by hunting pressure on the population. 

 

Quality of seed dispersal 

 Tortoises dispersed viable seeds for all but two of the 19 species tested, and 

for 13 species, the percentage of viable seeds exceeded 80 %.  In addition, I found 

very few seed fragments in fecal samples, so tortoises do not appear to be significant 

seed predators.  For one of the species that did not germinate, Vitex schomburkiana 

(Verbenaceae), all the seeds examined appeared to have been attacked by insects 

before they were ingested, as they had insect exit holes and were easily crushed 

between two fingers.  The other species, “morphotype 4”, only had a sample size of 

two seeds.  Because I did not compare viability or germination rates of seeds digested 

by tortoises to undigested seeds, it remains unknown if passage through tortoises 

enhances, inhibits, or has no effect on germination success and rate.  This said, the 

high germination success of several species suggests that seed ingestion by tortoises 

does not inhibit germination.  The potential for tortoises to affect germination rate is 

an important aspect to examine, however, as a change in germination rate affects the 
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length of time a seed is exposed to predators and the probability of the seed 

encountering an ephemeral germination site (Schupp 1993), thus, influencing its 

probability of survival. 

 Viability and germination rate can be effected by gut retention time (Murrray 

et al. 1994), and the long retention time of tortoises (10-28 days) could have serious 

negative implications.  As already discussed however, my high germination 

percentages for almost all species suggest that the long gut retention times do not 

have a serious negative effect on seed viability.  A long gut retention time also means 

that seeds experience a higher probability of being dispersed over a greater variety of 

habitats and farther distances from the parent tree (Murrray et al. 1994).  This was 

exemplified in the modeled tortoise-generated seed shadow that peaked at 350 m for 

females and 450 m for males and the long tail of the dispersal curve that extended 

beyond one kilometer.  Tortoises kept in captivity, as ours were, may exhibit altered 

retention times since they were prevented from foraging for food, may be under 

greater stress, and ate a different diet than free-roaming tortoises.  Diet can effect 

retention time of seeds (Murrray et al. 1994), so this could have altered retention 

times for captive tortoises.   

Gut retention time in tortoises is considerably greater than the retention times 

reported for bird and mammal dispersers.  For birds, the longest retention times range 

from 108 min for African turacos (Sun et al. 1997) to over 12 hours for African 

hornbills (Holbrook & Smith 2000).  Mammals such as Old World fruit bats can 

retain seeds for over 12 hours (Shilton et al. 1999).  The long retention time of seeds 
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by tortoises promotes the escape of a seed in space, and possibly in time.  Some tree 

species are characterized by short-duration bursts in fruit production, lasting only a 

few days to a week (i.e. Ecclinusa guianensis; Strong, pers. obs.).  Density- and 

distance-dependent seed predators may concentrate their activities during this peak in 

fruit production.  Therefore, by retaining seeds in their digestive system for up to four 

weeks, tortoises may protect seeds from seed predators when the predators are most 

active.  The seeds are then defecated by tortoises once predator behavior may have 

subsided.    

 The seed shadows generated by male and female tortoises show that the 

majority of seeds escape beyond 100 m from the parent tree, where distance- and 

density-dependent seed predators are less likely to cause seed mortality (Clark & 

Clark 1984; Fragoso et al. 2003; Hubbell 1980; Janzen 1970).  Furthermore, the tail 

of the seed shadow extends well beyond 1 km, thereby increasing the variety of 

habitats where a seed can be deposited and potentially provide escape from the 

confines of conspecific tree patches (sensu Fragoso et al. 2003).  Thus, in comparison 

to other vertebrate seed dispersers, tortoises compare favorably.  Many bird and 

rodent species are characterized as generating seed shadows that peak no more than 

100 m from the parent tree (e.g. Forget 1990; Forget 1992; Murray 1988; Westcott & 

Graham 2000).  Escape distances of 100 m are probably insufficient to remove seeds 

from the high mortality zones in and around parent tree aggregations (Fragoso et al. 

2003).  Seed dispersers that deposit seeds beyond this threshold are vital to the 

regeneration of plant species and structuring plant communities at the larger meso-
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scale or landscape level (sensu Fragoso et al. 2003).  While tortoises may not always 

disperse seeds over many kilometers as do tapirs (Fragoso 1997; Fragoso et al. 2003), 

they do appear to reliably disperse seeds beyond the micro-scale of agoutis 

(Dasyprocta agouti) and other small rodents, as tortoises have home ranges that 

extend over 100 ha (Moskovits & Kiester 1987) and move the majority of seeds 

beyond 400 m from their source (Figure 5).  Tortoises, therefore, appear to be 

operating at a scale intermediate between rodents and tapirs.  This is particularly 

important at the forest-savanna ecotone at my study site where tortoises likely play an 

important role in transporting seeds from the forest into the savanna or forest islands 

and vice versa.  I tracked tortoises of both species that spent time in both the forest 

and savanna and traversed up to several hundred meters through the savanna to access 

a forest island in the savanna (Strong, pers. obs.).  This behavior has important 

implications for the maintenance of plant diversity in fragmented landscapes where 

tortoises could be transporting seeds over gaps of several hundred meters. 

Because males tend to be more active than females, they deposit a greater 

proportion of seeds farther from the parent tree than females (Figure 5).  For the same 

reason, however, males are also more likely to be detected and harvested by hunters, 

causing a higher proportion of females to remain in the population, as I observed.  

Therefore, hunting may cause a shift in the tortoise-generated seed shadow to a curve 

resembling that of females, with a higher proportion of seeds deposited at closer 

distances to the parent tree.   
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CONCLUSION  

Tortoises are important and effective seed dispersal agents.  The combination 

of long gut retention times and relatively large home ranges results in a tortoise-

generated seed shadow extending several hundred meters to over one kilometer from 

seed sources.  Due to their high densities and highly frugivorous diet, tortoises are 

handling a large number and diversity of viable seeds, a number and diversity that 

may be comparable to tapirs, another important seed dispersal agent in the neotropics.  

However, changes in population structure caused by hunting; that is, specifically a 

shift towards smaller size classes, more females and juveniles, and a possible 

reduction in density, potentially compromise tortoises’ roles as seed dispersal agents.  

These structural changes in tortoise populations result in fewer seeds being ingested 

and reduces the length of the seed shadow, causing more seeds to be deposited closer 

to the parent tree.   

This study is the first to model a tortoise-generated seed shadow and clearly 

demonstrates the proficiency and great distances at which tortoises disperse seeds.  

Thus, tortoises are an important component of neotropical areas, both ecologically 

and socially, whose populations should be carefully managed and conserved to ensure 

the continuity of their functional contribution to forest and savanna communities. 
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TABLES 

Table 1.  Species, frequency, abundance, and viability of seeds collected from 

Geochelone tortoise fecal samples at Maracá Ecological Station in northwestern 

Brazil between 19 March and 16 July 2004. 

 

 

 

 

 

Family Frequency Proportion Total Number Proportion Number Proportion
     Species in feces of feces seeds sown viable cut open viable
Anacardiaceae
     Spondias mombin 3 0.03 45 0 NA 12 1
Annonaceae
     Annona sp. 1 56 0.5 4601 230 0.004 30 1
     Annona sp. 2 2 0.02 9 9 0.67 0 NA
     Duguetia surunamensis 2 0.02 28 6 0 22 0.45
     morphotype 1 1 0.01 7 0 NA 5 1
Burseraceae
     Tetragastris sp. 9 0.08 50 30 0.4 10 0.9
Moraceae
     Bagassa guianensis 3 0.03 154 108 0 50 0.98
     Brosimum latescens 30 0.27 1026 175 0.22 30 1
     Ficus sp. 2 0.02 2000 100 0.5 0 NA
Palmae
     Desmoncus polyacanthos 3 0.03 3 2 0 2 1
     Maximiliana maripa 1 0.01 1 0 NA 1 1
Quiinaceae
     Quiina rhytidipus 16 0.14 862 204 0.025 162 0.92
Rubiaceae
     Genipa americana 72 0.64 9367 1440 0.82 0 NA
Sapotaceae
     Pradosia surunamensis 13 0.12 23 17 0.82 0 NA
     Ecclinusa guianensis 2 0.02 3 3 0.33 0 NA
Verbenaceae
     Vitex schomburkiana 8 0.07 89 77 0 28 0
Unknown
     morphotype 2 2 0.02 21 20 0 1 1
     morphotype 3 5 0.04 8 7 0 1 1
     morphotype 4 1 0.01 2 2 0 0 NA
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Table 2. Sex ratios and chi-square results for Geochelone carbonaria and G. 

denticulata derived from distance sampling at an unhunted (Maracá) and hunted 

(Mangueira) site in northwestern Brazil between 19 March and 5 July 2004. 

 

 

 

 

Site Males Females M:F Sex Ratio Parity p1 Between-site p 2 

Maracá 29 6 4.83 < 0.01
Mangueira 12 5 2.4 0.23 0.31

Maracá 6 2 3.00 0.30
Mangueira 8 3 2.67 0.27 0.91
1Testing if M:F sex ratio differs from 1:1 
2 Testing if M:F sex ratios differ between Maracá and Mangueira 

Geochelone carbonaria

Geochelone denticulata
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FIGURES 

Figure 1. Location of Maracá Ecological Station and Mangueira Macuxi 

Indigenous Reserve in Roraima State, northwestern Brazil. 

 

Figure 2. Distribution of daily displacements by all tortoises using thread trails 

and radio telemetry. 

 

Figure 3. Regression of seed abundance in fecal samples as a function of 

tortoise size as determined by linear carapace length (LCL).  (Regression 

equation: log (seed abundance) = 0.714 + 0.038 LCL; R-sq (adj) = 10.0 %; p 

= 0.001). 

 

Figure 4. Proportion of seeds retained by Geochelone tortoises over 30 days. 

 

Figure 5. Male and female tortoise-generated seed shadows. 

 

Figure 6. Frequency of Geochelone carbonaria in four size classes for 

populations sampled at an unhunted site (Maracá) and a hunted site 

(Mangueira) in northwestern Brazil between 19 March and 5 July 2004. 

 

Figure 7. Seed shadows generated by Geochelone tortoise populations with 0 

%, 28 %, and 50 % reduction in population densities. 
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Figure 1 
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Figure 5 

 

 

 

 

 

 

 

 

 

 

 

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0
20

0
40

0
60

0
80

0
10

00
12

00
14

00
16

00
18

00
20

00

Distance from parent tree (m)

P
ro

po
rt

io
n 

of
 s

ee
ds

 d
ef

ec
at

ed

Males

Females



 100

 

 

 

 

 

 

 

 

 

Figure 6 

 

 

 

 

0

2

4

6

8

10

12

14

16

18

<30 30-35 35-40 >40

LCL size class (cm)

F
re

q
u

en
cy

Nonhunted

Hunted



 101

 

 

 

 

 

 

 

 

 

 

 

Figure 7 
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APPENDIX I 
 

  To determine the length of line (L) necessary to achieve the desired level of 
precision, coefficient of variation of density (% CV), I used the following formula: 
 
L = (b/% CV2)*(L i/ni), where: 
 
L = estimated line length required 
b = unknown dispersion parameter or variance inflation rate 
% CV = coefficient of variation expressed as a proportion (e.g. 20 % = 0.20) 
L i = line length walked during sample 
ni = number of tortoises observed in sample 
 
      We first estimated b for each tortoise species by using our line length traveled 
(120 km) for L, and our estimates of % CV and Li/ni: 
 
Geochelone carbonaria: 
 
120 km = (b/ .23852)*(120 km/56 ind)  
b = 3.19 
 
G. denticulata: 
 
120 km = (b/ .38732)*(120 km/18 ind)  
b = 2.70 
 
 Now, we can use our estimates of b for each species to calculate the required 
length of line (L) to achieve our desired level of precision (% CV) using the same 
formula above. 
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