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The Old and Young Amazon: Dung Beetle Biomass, Abundance, and Species Diversity 
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ABSTRACT 
The Amazon Basin can be divided into two geomorphological regions based on the age of its soils: young (< 30 mya) and old (> 300 mya). We tested the effects of 
soil age on dung beetle communities by comparing biomass, abundance, and species between reserves in Ecuador on young soils and reserves in Brazil on old soils. 
Beetle biomass in the old Amazon was one-third that in the young Amazon, and beetle abundance in the old Amazon was one-fourth that in the young Amazon. 
Species richness, rarefied to equal sample sizes, was not significantly different between old and young soils. These data suggest young soils of the Amazon support a 
significantly greater biomass and abundance of dung beetles than old soils, but that species richness across the Basin is similar. As dung beetles are bio-indicators of 
mammals, our data support previous studies indicating a greater biomass of mammals on young versus old Amazon soils. 

Abstract in Portuguese is available at http://www.blackwell-synergy.com/loi/btp. 
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THE AMAZON BASIN IS GEOGRAPHICALLY ENORMOUS AND BIOTI- 

CALLY DIVERSE. Two factors contributing to its diversity are size and 

geomorphology. On a grand scale, these factors are confounded 

because the geologically young Amazon, containing soils of very 

recent origin (< 30 mya), and the geologically old Amazon, harbor- 

ing ancient soils (> 300 mya), are separated along geographic axes 

(Jordan 1985, Sombroek 2000). The young soils originated from 

the Andean uplift in the Western Amazon during the Cenozoic, 

whereas the old soils dominate the Central and Eastern portions of 

the Basin, having originated in the Paleozoic and Mesozoic (Jordan 

1985, Sombroek 2000). This vast difference in bedrock age between 

the West, draining the Andes, and the Central/East, draining the 

Guianan Shield and the Brazilian Highlands, demarcates differences 

in forest dynamics (Williamson et al. 2005). Plant productivity on 

older, weathered soils is much lower than on younger mineral-rich 

soils (Sombroek 2000), and turnover rates for large trees on older 

soils are only half those on younger soils (Phillips et al. 2004). 

How such differences in primary production reverberate up the 

food chain to higher trophic levels is largely unexplored (Henderson 

& Crampton 1997, Kay et al. 1997). Studies of specific vertebrate 

taxa have shown greater abundances in the regions of young versus 

old soils of the Amazon (Emmons 1984, Allmon 1991, Peres & 

Dolman 2000). As mammalian excrement is the limiting factor for 

dung beetles in the tropics (Peck & Forsyth 1982, Gill 1991) and 

as changes in dung production are known to affect dung beetle 

communities (Kadiri et al. 1997, Carpaneto et al. 2005, Ponce- 

Santizo etal. 2006), we applied a standardized methodology in Brazil 

and Ecuador to test for differences among dung beetle communities. 
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Our hypothesis was that geologically young soils in the Western 

Amazon (Ecuador) would sustain a greater biomass and abundance 

of dung beetles than old soils in the Central Amazon (Brazil). 

Further, we do not hypothesize a difference in species rich- 

ness between Ecuador and Brazil. Modern floristic studies for the 

two regions have indicated comparable species richness (Oliveira & 

Mori 1999, ter Steege et al. 2000). However, for mammals, plant 

productivity can potentially generate diversity differences if popu- 

lation densities are reduced below the viable population thresholds 

(Wright 1983, Kay et al. 1997). Applicability of this productivity 

argument to dung beetles is doubtful because scarab population 

densities are much larger than primate densities. Also, scarabs are 

not known to depend on one particular mammal species' dung, 

although they may specialize on herbivore, carnivore, or omni- 

vore dung (Gill 1991, Ponce-Santizo et al. 2006). Here, we test 

for differences in dung beetle biomass, abundance, and diversity 

across the young and old soils, and then discuss the implications for 

conservation. 

METHODS 

We chose three sites in the Central Amazon on old soils and two in 

the West on young soils (Sombroek 2000). In the Central Amazon 

of Brazil we sampled in Reserva Adolfa Ducke and the reserves Di- 

mona and Km 41 in the Biological Dynamics of Forest Fragments 

Project (BDFFP). In the Western Amazon of Ecuador, we sam- 

pled at Tiputini Biodiversity Station and Yasuni Research Station. 

Maps of these sites can be found in Ribeiro et al. (1999), Tuomisto 

et al. (2003), and Valencia et al. (2004). These reserves have similar 

elevations, latitude, and climate, but differ geomorphologically in 
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soil age. For example, at all reserves mean monthly rainfall is gen- 

erally > 100 mm, although annual totals vary as follows: 3500 mm 

at Tiputini, 2826 mm at Yasuni, 2651 mm at BDFFP, and 2100 

mm at Ducke (Lovejoy & Bierregaard 1990, Gascon & Bierregaard 

2001; Tiputini Research Station Records, Yasuni Research Station 

Records). Likewise, all reserves harbor evergreen, lowland rain for- 

est, although duration of the rainy season varies somewhat: 10 mo 

in Ecuador (February through November) and 7 mo (November 

through May) in Central Brazil. Average temperature is nearly uni- 

form: 27°C at Tiputini, 25°C at Yasuni, 26°C at BDFFP, and 

27°C at Ducke (Bruna 2002; Tiputini Research Station Records, 

Yasuni Research Station Records). Elevations where we sampled are 

around 200 m in Ecuador and around 100 m in Brazil (Lovejoy & 

Bierregaard 1990, Gascon & Bierregaard 2001; Tiputini Research 

Station Records, Yasuni Research Station Records). 

The Brazilian reserves are in the old Amazon landform classi- 

fied as the "Eastern Sedimentary Uplands," which consist of fluvatile 

sediments (xanthic ferralsols, also called yellow latosols) that were 

preweathered during the Cretaceous and Tertiary (Sombroek 2000, 

Fearnside & Filho 2001). In Ecuador, the reserves are located on 

a young landform classified as "Western Sedimentary Uplands," 

which are also fluvatile deposits (red clays, brown or gray alluvium) 

that were much less preweathered at the time of their deposition in 

the Miocene (Sombroek 2000, Tuomisto et al. 2003). Soil textures 

differed somewhat as young soils had a larger proportion of silt 

(~50%) with clays and sands contributing approximately 25 per- 

cent each (Tuomisto etal. 2003), whereas weathering of old soils has 

resulted in clays dominating ridges and plateaus and sands occur- 

ring near streams (Chauvel etal. 1987, Rebelo & Williamson 1996, 

Fearnside & Filho 2001, Powers 2004). All sampling was done on 

upland soils dominated by clay and silt. 

All sites are currently protected reserves at least 10,000 ha in 

size, and all have been reported to contain populations of large 

mammals with no record of species' extirpations (Emmons 1984, 

Peres 1997, Vulinec 1999, Peres & Dolman 2000). Mammalian 

faunas across the sites are quite similar (Peres 1997). Although 

floristics vary among sites, forest structure is similar with canopy 

emergents reported to reach 45 m in height (Rankin-de-Merona 

et al. 1992, Harms et al. 2004; Yasuni Research Station Records). 

Using pitfall traps baited with human dung, we sampled dung 

beetles during the rainy seasons at all sites. Along transects located 

at least 1 km from reserve edges, ten traps were spaced 50 m apart 

parallel to trails in a closed forest (Larsen & Forsyth 2005). Each 

trap consisted of a plastic drinking cup, 88 mm in diameter and 

121 mm in height, with a Styrofoam plate suspended over it to 

protect the trap from rainfall. Traps were baited with 20—30 g of 

dung, a quantity sufficient to attract the largest dung beetles at the 

sites (Peck & Howden 1984). We collected the contents from the 

traps daily for four to six consecutive days at approximately 24 h 

intervals. Traps were rebaited every other day to avoid substantial 

desiccation (Howden & Nealis 1975). Sampling occurred at the 

beginning and middle of the rainy season, with five samples taking 

place during both time periods. A preliminary analysis showed no 

correlation between samples taken at different times in the rainy 

season; therefore, these samples were considered independent of 

each other. Four trails were sampled once, and five other trails were 

sampled twice using the same trap locations. In the young Amazon, 

we sampled along three different trails at Tiputini, and two trails at 

Yasuni. In the old Amazon, we sampled one trail at Dimona, one 

trail at Km 41, and two trails at Reserva Ducke (Appendix SI). 

We used volume to determine biomass because volume is easier 

to obtain in the field and it is an extremely accurate predictor of 

biomass for dung beetles (Radtke & Williamson 2005). We mea- 

sured volume by inserting the tip of a number 2 insect pin into 

the elytron of a beetle. We then submerged the beetle in distilled 

water in a beaker resting on an electronic top-loading balance. The 

change in mass on the balance (i.e., the force of the beetle to displace 

the water) was recorded and converted into the volume of a beetle 

(1 g = 1 ml of water at sea level) (Radtke & Williamson 2005, 

Radtke et al. 2006). Volume measurements were generally per- 

formed on fresh specimens immediately after collection; however, 

in some instances specimens were stored in 70 percent ethanol until 

measurements could be taken at a later time. Short-term (less than 

1 yr) storage in alcohol does not affect dung beetle volume (Radtke 

gf aZ 2006). 

We identified species using collections at BDFFP, keys and 

species lists (Medina & Lopera-Toro 2000, Quintero 2002), and 

taxonomic experts. Where specific identification was not possible, 

specimens were identified to genus and then assigned to a morpho- 

species. Specimens were deposited at the Collection of Invertebrates 

at the Institute Nacional de Pesquisas da Amazonia, Manaus, Brazil 

and the Museum of Invertebrates at Pontificia Universidad Catolica 

del Ecuador, Quito, Ecuador. 

We examined species diversity by individual-based and sample- 

based rarefaction. For individual-based rarefaction, we randomly 

selected 90 beetles from each sample, choosing this number because 

it is less than the lowest number of beetles collected at any site. 

A Ranuni number generator was used to ensure the randomness 

of the rarefaction (SAS Institute 2001). We repeated this process 

20 times, each time using a different seed number for the number 

generator. Then we took the average to arrive at a final rarefied 

species number for each sample. We also rarefied by sample, using 

Estimates (Colwell 2005). 

We used an ANOVA model to test for differences in beetle 

biomass and species richness between young and old soils. For beetle 

biomass analyses, the trap-day was considered the sampling unit. 

We tested for differences in the volume of beetles collected during 

the first and second days after adding fresh bait to a trap. A greater 

volume of beetles was captured on the first day than the second (P < 

0.0001). Therefore, we pooled the data from days 1 and 2, days 3 

and 4, and days 5 and 6 of a trapping sequence for analysis. Biomass 

analyses were carried out pooling all data from each soil age class 

(young vs. old) for a total of nine samples (five from young soils 

and four from old soils). For sample-based rarefaction of species 

richness, we graphically compared 95% CI of the estimated species 

richness curves (eight in the young and six in the old Amazon). 

RESULTS 

A total of 5612 beetles were trapped on young soils during 322 trap- 

days, whereas 769 beetles were captured during 172 trap-days on 
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FIGURE 1. Mean ± SE for beetle volume (ml) per trap-day (left axis) and 

abundance per trap-day (right axis) for geomorphologically young and old soils 

of the Amazon Basin. 

old soils. At 17-4 beetles/trap-day, young soils supported nearly four 

times as many beetles as old soils at 4.5 beetles/trap-day. Curves of 

the number of species versus sampling effort indicated that species 

accumulation had slowed considerably after 4—6 d of sampling. 

The AN OVA for beetle volume as a function of soil age (young 

or old), was significant (f 1,245 = 19.5, P < 0.0001). Overall beetle 

volume and SE for young soils was 5.5 ± 0.41 ml/trap-day versus 

2.1 ± 0.05 ml/trap-day for the old soils. Individual sites varied: the 

means ranging from 3.6 to 9.3 ml/trap-day in the young Amazon 

and 1.3 to 3-7 ml/trap-day in the old Amazon (Fig. 1; Table 1). 

Using the same ANOVA model for abundance, we found a 

significant difference between the abundance of dung beetles on 

young and old soils (-£1,245 = 43.3, P < 0.0001). Overall beetle 

abundance and SE for young soils was 17.4 ±1.8 beetles/trap-day 

versus 4.5 ± 0.4 beetles/trap-day on old soils. Sites varied: the means 

ranging from 14.0 to 20.0 beetles/trap-day on young soils and 2.2 

to 7.0 beetles/trap-day on old soils (Fig. 1; Table 1). 

Although we collected 80 species in the young Amazon and 36 

in the old Amazon, different abundances mandated comparisons by 

rarefaction. Individual-based rarefied species number did not differ 

between young and old soils. Young soil sites ranged from 18 to 27 

rarefied species per site whereas old soil sites ranged from 13 to 23 

species (Table 1). 

For sample-based rarefaction, we graphically compared the 

95% CI from the 14 samples, using curves from Estimates (Colwell 

2005). Of 91 possible pairwise comparisons, only one pair exhib- 

ited nonoverlapping confidence intervals—the richest sample with 

the most depauperate sample, so statistically, the species richness 

estimates were not different among the 14 samples (1/91 = 0.01). 

DISCUSSION 

BlOMASS AND ABUNDANCE.—Our results indicate that young soils 

in the Amazon support 2.6 times as much dung beetle biomass as 

old soils. Abundance was even more exaggerated in the young Ama- 

zon, being 3.9 times that in the old Amazon. One large species, 

Coprophanaeus lancifer L., collected by us only in the old Ama- 

zon, reduced the magnitude of the biomass difference vis-a-vis the 

abundance difference. 

For dung beetles, the samples on young Amazonian soils were 

more variable than samples on old soils (Fig. 1; Table 1). Trail 

"Chorongo 1" in Yasuni yielded a much higher average beetle volume 

TABLE 1. Dung be etle volume per trap-day, abundance, raw and rarefied species numbers by sampling site. 

Volume per Abundance Raw Rarefied 

Soil Site trap-day (ml) per trap-day spp. number spp. number 

Young 

Maquisapa (early) 5.09 21.50 54 22 

Maquisapa (mid) 1.72 12.65 38 27 

Harpia (early) 4.45 21.10 52 18 

Harpia (mid) 5.81 17.25 40 21 

Chorango2 4.71 13.78 38 23 

Chorangol (early) 233 4.02 25 18 

Chorangol (mid) 18.1 43.05 52 20 

Peru 4.01 14.02 43 23 

Old 

Km 41 (early) 1.80 377 22 21 

Km 41 (mid) 2.44 3.46 18 18 

Dimona (early) 2.03 2.82 23 23 

Dimona (mid) 2.46 4.35 24 22 

Station 2.59 6.97 24 19 

Cidade de Deus 1.34 5.65 14 13 

Young Soils Overall 5.54 5612 80 n/a 

Old Soils Overall 2.12 769 36 n/a 
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(9.3 ml/trap-day) than did the other four volume samples taken on 

young soils (3-6—5.2 ml/trap-day); however, beetle volumes on old 

and young soils were still significantly different with 'Chorongo 1' 

removed from the data set (f 1,201 = 20.0, P < 0.0001). 

The variation among samples within a soil age may be a func- 

tion of the phenology of different dung beetle species. Timing of 

rain, temperature, and seasonal conditions can greatly influence the 

dung beetle population, causing surges and declines of particular 

species from one week to the next (Hanski & Cambefort 1991). 

We tried to control for rain and seasonal differences by limiting 

our sampling to the early and mid-rainy seasons on each soil type. 

(n.b., the rainy season in the Central Amazon normally begins in 

November, but was late in 2004, not arriving until January 2005.) 

We also acknowledge the difference in length of the rainy season, 7 

versus 10 mo, between sites in the old and young Amazon, but we 

were not able to reconcile it in our sampling design. With more field 

research, this problem may be reduced by sampling across more old 

and young soil sites or sampling monthly at our sites. 

Dung beetles are often considered as a bio-indicator for mam- 

mals as they rely directly on mammal excrement for food and nesting 

material (Gill 1991, Halffter & Arellano 2002) and respond to en- 

vironmental changes (Lumaret etal. 1992, Favila & Halffter 1997, 

Carpaneto et al. 2005). Environmental monitoring programs have 

been developed with dung beetles as the focal group in some ar- 

eas of the Neotropics (Cell & Davalos 2001). In this context, the 

greater dung beetle biomass in the young versus old Amazon may 

reflect differences in mammal biomass. Most dung beetle studies 

in the Amazon have been limited to only old or young soils, but 

Vulinec (1999, 2000) collected dung beetles at three sites in the 

Brazilian Amazon, one on young soils, and two on old soils. Beetle 

biomass from the young soil site was four times the biomass at her 

old sites, generally supporting our hypothesis. Furthermore, Vulinec 

etal. (2006) found an even larger biomass difference between varzea 

(generally young soil sediments) and terra firme old soils. 

Several researchers have suggested similar variation in mam- 

malian taxa. For nonvolant mammals, Emmons (1984) noted abun- 

dances of smaller species varied dramatically, generally following soil 

type and productivity (quantity of fruitfall), but changes in large 

mammal abundances were much less pronounced. Peres (1997), 

after surveying primate abundances across the Amazon, concluded 

that the geochemical gradient determining soil fertility was the best 

single predictor of howler monkey density, although for this taxon, 

he suggested low soil fertility leads to poor foliage quality, the pri- 

mary food source. Total primate biomass for old soils ranged from 

81 to 324 kg/km2 whereas it was 590 kg/km2 on young soils (Peres 

& Dolman 2000). Clearly, more studies of mammals, jointly with 

dung beetles, are needed (Vulinec 1999, 2000; Vulinec et al. 2006). 

Abundance of other taxa also may be related to productivity of 

soils in the Amazon Basin. Karr et al. (1990) and Stouffer (2007) 

have noted that some bird territories are much larger in the Western 

Amazon than in the Central Amazon. Allmon (1991) found densi- 

ties of forest floor frogs in the Central Amazon to be one-third of 

that at sites on young soils. Becker et al. (1991) noted the Central 

Amazon had the lowest abundances of Euglossine bees compared 

to young soils in Panama, Costa Rica, and Peru. 

Our beetle results together with studies of other fauna sug- 

gest that young soils in the Amazon support a greater biomass and 

abundance of organisms than older Amazonian soils. Fluvatile sed- 

iments in the old Amazon are physico-chemically inactive and lack 

a weatherable mineral reserve (Sombroek 2000). In contrast, the 

fluvatile deposits in the young Amazon have a higher ion-exchange 

capacity and a reserve of weatherable minerals (Sombroek 2000, 

Tuomisto et al. 2003). Consequently, the young soils of the Ama- 

zon have the potential to be more productive. Tree turnover rates 

are higher in the young Amazon, which supports the hypothesis 

of increased productivity in the Western Amazon (Emmons 1984, 

Phillips etal. 2004). We could not examine the link between produc- 

tivity and mammals and dung beetles in our study because mammal 

biomass is unknown for our sites; however, abundances recorded by 

other researchers generally conform to differences between young 

and old soils (Emmons 1984, Peres 1997, Peres & Dolman 2000). 

SPECIES RICHNESS.—Individual- and sample-based rarefaction indi- 

cated no differences in beetle diversity between soils. Historically, 

the Western Amazon was regarded as more speciose for some taxa 

than the Central Amazon (Gentry 1988, Valencia et al. 1994). 

However, comparable sampling efforts in the old and young regions 

have demonstrated similar species richness (Cohn-Haft et al. 1997, 

Oliveira & Mori 1999, ter Steege etal. 2000). 

We interpret our comparisons based on soil ages, as the soils of 

Ecuador differ in time of origin from those in Central Brazil. Soil 

age is determined geomorphologically and is a broad geographic 

feature, so it is impossible to sample both young and old soils in 

both the Western and Central portions of the Basin. We chose our 

sample sites to be comparable in other ecological factors, but it is 

not possible to find exact replicates in this regard. For example, our 

sites on young soils are wetter and slightly higher in elevation than 

our sites on old soils. Rainfall can increase dung beetle abundance 

by providing optimal reproductive and feeding conditions (Gill 

1991) or decrease abundance by reducing available flight time (Peck 

& Forsyth 1982). In this regard, our study should be considered 

preliminary until the Amazon Basin can be sampled more widely. 

Overall, our findings may bear importance for conservation. 

Current deforestation rates are much higher in the old Amazon 

than the young (Soares-Filho et al. 2006), and as continuous forests 

become fragmented, only remnants above threshold sizes will har- 

bor viable populations of some mammals. Viable population sizes 

will depend not just on fragment size, but also on productivity. If 

higher productivity generates higher abundances, then proportion- 

ally larger reserves in the old Amazon will be required to sustain 

population sizes of mammals comparable to smaller reserves in the 

young Amazon. 

ACKNOWLEDGMENTS 

We thank field assistants Gabriela Lopez, Fernando Pinto, and 

various woodsmen at BDFFP. Alejandro Lopera helped identify ma- 

terial from Ecuador. Kevina Vulinec and several anonymous review- 

ers provided extensive suggestions that improved the manuscript. 



Biomass and Diversity of Amazonian Scarabs   729 

Funding was provided by BDFFP, the Conservation, Food, and 

Health Foundation, Idea Wild, and Louisiana State University 

BioGrads. This is publication number 479 in the Technical Series 

of the BDFFP. 

SUPPLEMENTARY MATERIAL 

The following supplementary material is available for this article 

online at: www.blackwell-synergy.com/toc/btp. 

Appendix S1 

LITERATURE CITED 

ALLMON, W. D. 1991. Aplot study offorest litter frogs, Central Amazon, Brazil. 

J. Trop. Ecol. 7: 503-522. 

BECKER, P., J. S. MOURE, AND F. J. A. PERALTA. 1991. More about Euglossine 

bees in Amazonian forest fragments. Biotropica 23: 586—591. 

BRUNA, E. M. 2002. Effects of forest fragmentation on Heliconia acuminate 

seedling recruitment in central Amazonia. Oecologia 132: 235—243. 

CARPANETO, G. M, A. MAZZIOTTA, AND E. PIATTELLA. 2005. Changes in food 

resources and conservation of scarab beetles: From sheep to dog dung in 

a green urban area of Rome (Coleoptera, Scarabaeoidea). Biol. Conserv. 

123:547-556. 
CELI, J. AND A. DAVALOS. 2001. Manual de monitoreo los escarabajos peloteros 

como indicadores de la calidad ambiental. EcoCiencia, Quito, Ecuador. 

CHAUVEL, A., Y. LUCAS, AND R. BOULET. 1987. On the genesis of the soil 

mantle of the region of Manaus, Central Amazonia, Brazil. Experientia 

43:234-240. 

COHN-HAFT, M., A. WHITTAKER, AND P. STOUFFER. 1997. A new look at the 

"species poor" Central Amazon: The avifauna north of Manaus, Brazil. 

Ornithol. Monogr. 48: 205-235. 
CoLWELL, R. K. 2005. Estimates: Statistical estimation of species rich- 

ness and shared species from samples. Version 7.5. Persistent URL 

purl. oclc. orgi'estimates. 

DE OLIVEIRA, A. A., AND S. A. MORI. 1999. A Central Amazonian terra hrme 

forest. I. High tree species richness on poor soils. Biodivers. Conserv. 8: 

1219-1244. 

EMMONS, L. H. 1984. Geographic variation in densities and diversities of non- 

flying mammals in Amazonia. Biotropica 16: 210—222. 

FAV1LA, M. E. AND G. FiALFFTER. 1997. The use of indicator groups for mea- 

suring biodiversity as related to community structure and function. A. 

Zool. Mex. 72: 1-25. 

FEARNSIDE, P. M. AND N. L. FlLHO. 2001. Soil and development in Amazonia. 

In R. O. Bierregaard, Jr., C. Gascon, T E. Lovejoy, and R. C. G. 

Mesquita (Eds.). Lessons from Amazonia: The ecology and conservation 

of a fragmented forest, pp. 291—312. Yale University Press, New Haven, 

Connecticut. 

GASCON, C, AND R. O. BIERREGAARD Jr. 2001. The biological dynamics of forest 

fragments project. In R. O. Bierregaard, Jr., C. Gascon, T E. Lovejoy, 

and R. C. G. Mesquita (Eds.). Lessons from Amazonia: The ecology and 

conservation of a fragmented forest, pp. 31—45. Yale University Press, 

New Haven, Connecticut. 

GENTRY, A. H. 1988. Tree species richness of upper Amazonian forests. Proc. 

Natl. Acad. Sci. USA 85: 156-159. 
GlLL, B. D. 1991. Dung beetles in tropical American forests. In I. Hanski 

and Y. Cambefort (Eds.). Dung beetle ecology, pp. 211—229. Princeton 

University Press, New Jersey. 

HALFFTER, G., AND L. ARELLANO. 2002. Response of dung beetle diversity to 

human-induced changes in a tropical landscape. Biotropica 34: 144— 

154. 

HANSKI, I., AND Y. CAMBEFORT. 1991. Dung beetles in tropical American forests. 

In I. Hanski and Y. Cambefort (Eds.). Dung beetle ecology, pp. 330— 

349. Princeton University Press, New Jersey. 

HARMS, K. E., J. S. POWERS, AND R. A. MONTGOMERY. 2004. Variation in 

small sapling density, understory cover, and resource availability in four 

Neotropical forests. Biotropica 36: 40—51. 

HENDERSON, P. A., AND W. G. R. CRAMPTON. 1997. A comparison of fish 

diversity and abundance between nutrient-rich and nutrient-poor lakes 

in the Upper Amazon. J. Trop. Ecol. 13: 175-198. 

HowDEN, H. E, AND V. G. NEALIS. 1975. Effects of clearing in a tropical 

rain forest on the composition of the coprophagous scarab beetle fauna 

(Coleoptera). Biotropica 7: 77—83. 
JORDAN, C. E 1985. Soils of the Amazon rainforest. In G. T. Prance and T. E. 

Lovejoy (Eds.). Amazonia, pp. 83—94. Pergamon Press, Oxford, UK. 

KADIRI, N., J. M. LOBO, AND J. P. LUMARET. 1997. Consequences de l'interaction 

entre preferences pour f habitat et quantite de ressources trophiques sur 

les communautes d'insectes coprophages (Coleoptera, Scarabaeidae). A. 

Oecologica 17: 107-119. 
KARR, J. R, S. K. ROBINSON, J. G. BLAKE, AND R. O. BIERREGAARD Jr. 1990. 

Birds of four Neotropical forests. In A. H. Gentry (Ed.). Four Neotropical 

rainforests, pp. 237—269. Yale University Press, New Haven, Connecti- 

cut. 

KAY, R. E, R H. MADDEN, C. V. SHAIK, AND D. HIGDON. 1997. Primate 

species richness is determined by plant productivity: Implications for 

conservation. Proc. Natl. Acad. Sci. USA 94: 13023-13027. 

LARSEN, T., AND A. FORSYTH. 2005. Trap spacing and transect design for dung 

beetle biodiversity studies. Biotropica 37: 322—325. 

LOVEJOY, T E., AND R O. BIERREGAARD, Jr. 1990. Central Amazonian forests 

and the minimum critical size of ecosystems project. In A. H. Gentry 

(Ed.). Four Neotropical rainforests, pp. 60—71. Yale University Press, 

New Haven, Connecticut. 

LUMARET, J. P., N. KADIRI, AND M. BERTRAND. 1992. Changes in resources: 

Consequences for the dynamics of dung beetle communities. J. Appl. 

EcoL 29: 349-356. 
MEDINA, C. A, AND A. LOPERA-TORO. 2000. Clave ilustrada para la identifi- 

cacion de generos de escarabajos coprofagos (Coleoptera: Scarabaeinae) 

de Colombia. Caldasia 22: 299—315. 
PECK, S. B., AND A. FORSYTH. 1982. Composition, structure, and competitive 

behaviour in a guild of Ecuadorian rain forest dung beetles (Coleoptera: 

Scarabaeidae). Can. J. Zool 60: 1624-1633. 

PECK, S. B., AND H. E HOWDEN. 1984. Response of a dung beetles guild to 

different sizes of dung bait in a Panamanian rainforest. Biotropica 16: 

235-238. 
PERES C. A. 1997. Primate community structure at twenty western Amazonian 

flooded and unflooded forests. J. Trop. Ecol. 13: 381-405. 

PERES C. A., AND P. M. DOLMAN. 2000. Density compensation in Neotrop- 

ical primate communities: Evidence from 56 hunted and nonhunted 

Amazonian forests of varying productivity. Oecologia 122: 175— 

189. 
PHILLIPS, O. L., T R BAKER, L. ARROYO, N. HIGUCHI, T. J. KILLEEN, W. E 

LAURANCE, S. L. LEWIS, J. LLOYD, Y MALHI, A. MONTEAGUDO, D. A. 

NEILL, P. NUNEZ VARGAS, J. N. M. SILVA, J. TERBORGH, R VASQUEZ 

MARTINEZ, M. ALEXIADES, S. ALMEIDA, S. BROWN, J. CHAVE, J. A. 

COMISKEY, C. I. CZIMCZIK, A. DI FIORE, T. ERWIN, C. KUEBLER, S. 

G. LAURANCE, H. E. M. NASCIEMENTO, J. OLIVIER, W. PALACIOS, S. 

PATINO, N. C. A. PITMAN, C. A. QUESADA, M. SALIDIAS, A. TORRES 

LEZAMA, AND B. VINCETI. 2004. Pattern and process in Amazon tree 

turnover, 1976 - 2001. Phil. Trans. R. Soc. Lond. B 359: 381-407. 

PONCE-SANTIZO, G., E. ANDRESEN, E. CANO, AND A. D. CUAR6N. 2006. 

Dispersion primaria de semillas por primates y dispersion secundaria 

por escarabajos coprofagos en Tikal, Guatemala. Biotropica 38: 390— 

397. 
POWERS, J. S. 2004. New perspectives in comparative ecology of Neotropical 

rain forests: Reflections on the past, present, and future. Biotropica 36: 

2-6. 

QuiNTERO, I. 2002. Avaliacao do impacto da fragmentacao florestal sobre 

Scarabaeinae (Coleoptera: Scarabaeidae), na Amazonia Central. MSc 

Dissertation. Instituto Nacional de Pesquisas da Amazonia, Universi- 

dade Federal do Amazonas, Brazil. 



730    Radtke, da Fonseca, and Williamson 

RADTKE, M. G., AND G. B. WILLIAMSON. 2005. Volume and linear measure- 

ments as predictors of Scarabaeidae biomass. Ann. Entomol. Soc. Am. 

98:548-551. 
RADTKE, M. G., C. R. V. DA FONSECA, AND G. B. WILLIAMSON. 2006. Volume 

as a predictor for biomass: Equations for Neotropical Scarabaeidae. Ann. 

Entomol. Soc. Am. 98: 548-551. 

RANKIN-DE-MERONA, J. M., G. T. PRANCE, R. W. HUTCHINGS, M. F. DA SILVA, 

W A RODRIGUES, M. E. UEHLING. 1992. Preliminary results of a large- 

scale tree inventory of upland rain forest in the Central Amazon. A. 

Amazonica 22: 493-534. 

REBELO, C. E, AND G. B. WILLIAMSON. 1996. Driptips vis-a-vis soil types in 

Central Amazonia. Biotropica 28: 159—163. 

DA RIBEIRO, J. E. S., M. J. G. HOPKINS, A. VICENTINI, C. A. DA SOTHERS, M. 

A. S. COSTA, J. M. DE BRITO, M. A. D. DE SOUZA, L. H. P. MARTINS, L. 

G. LOHMANN, P. A. C. L. ASSUNCAO, E. C. DE PEREIRA, C. E DA SILVA, 

M. R. MESQUITA, AND L. C. PROOOPIO. 1999. Flora da Reserva Ducke. 

Midas Printing Ltd, China. 

SAS INSTITUTE. 2001. SAS User's guide, version 8.2. SAS Institute Inc., Gary, 

North Carolina. 

SOARES-FILHO, B. S., D. C. NEPSTAD, L. M. CURRAN, G. C. CERQUEIRA, R 

A. GARCIA, C. A. RAMOS, E. VOLL, A. MCDONALD, P. LEFEBVRE, AND 

P. SCHLESINGER. 2006. Modeling conservation in the Amazon Basin. 

Nature 440: 520-523. 
SOMBROEK, W 2000. Amazon landforms and soils in relation to biological 

diversity. A. Amazonica 30: 81-100. 

STOUFFER, P. C. 2007. Density, territory size, and long-term spatial dynamics of 

a guild of terrestrial insectivorous birds near Manaus, Brazil. Auk 124: 

291-306. 

TER STEEGE, H., D. SABATIER, H. CASTELLANOS, T. VAN ANDEL, J. DUIVENVO- 

ORDEN, A. A. DE OLIVEIRA, R EK, R LILWAH, P. MAAS, AND S. MORI. 

2000. An analysis of the noristic composition and diversity of Amazo- 

nian forests including those of the Guiana Shield. J. Trop. Ecol. 16: 

801-828. 
TUOMISTO, H., A. D. POULSEN, K. RUOKOLAINEN, R C. MORGAN, C. QULN- 

TANA, J. CELI, AND G. CAN AS. 2003. Linking noristic patterns with soil 

heterogeneity and satellite imagery in Ecuadorian Amazonia. Ecol. Appl. 

13:352-371. 
VALENCIA, R, H. BALSLEV, AND C. G. PAZY MINO. 1994. High tree alpha- 

diversity in Amazonian Ecuador. Biodivers. Conserv. 3: 21—28. 

VALENCIA, R, R B. FOSTER, G. VILLA, R CONDIT, J. SVENNING, 

C. HERNANDEZ, K. ROMOLEROUX, E. LOSOS, E. MAGARDS, AND H. 

BALSLEV. 2004. Tree species distributions and local habitat variation in 

the Amazon: Large forest plot in Eastern Ecuador. J. Ecol. 92: 214- 

229. 
VuLINEC, K. 1999. Dung beetles, monkeys, and seed dispersal in the Brazilian 

Amazon. PhD Dissertation. University of Florida, Florida. 

VuLINEC, K. 2000. Dung beetles (Coleoptera: Scarabaeidae), monkeys, and 

conservation in Amazonia. Fl. Entomol. 83: 229—241. 

VULINEC, K, J. E. LAMBERT, AND D. J. MELLOW. 2006. Primate and dung 

beetle communities in secondary growth rain forests: Implications for 

conservation of seed dispersal systems. Int. J. Primatolo. 27: 855— 

878. 

WILLIAMSON, G. B., M. G. RADTKE, AND J. L. DEICHMANN. 2005. How many 

tropical forests? Tropinet 16: 1—3 (supplement to Biotropica 37). 

WRIGHT, D. H. 1983. Species-energy theory: An extension of species-area the- 

ory. Oikos 41: 496-506. 


