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Abstract

Using the distributional information from approximately 22,000 georeferenced records of the 53 currently
recognized species of the genus Eurysternus Dalman, 1824, we explore the main macroclimatic determinants
capable of explaining the distribution of these species. We also estimate the potential distribution of these
species using a previously established protocol. Our results show that annual mean temperature and annual
precipitation are the variables with the greatest explanatory capacity. Our results also show that species with
wide climatic niches would primarily inhabit the rainiest and coldest American locations. The potential
species-richness map derived from the overlap of individual potential distributions has allowed us to identify
suitable areas that are not yet adequately surveyed. Future investigations must be conducted in these areas
to improve the biogeographical and taxonomic knowledge of this genus.
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Introduction

Catalogues of species names and atlases of distributions are essential to describe and understand the
patterns of biological diversity [1]. Unfortunately, almost-universal biases and incompleteness in the
available distributional information on invertebrate species [2-4] hinder the reliability and usefulness of this
information. In the case of distributional information, several methodological procedures seek to derive
geographical representations of “real” or “potential” distributions from partial chorological data and
different environmental predictors [5]. These so-called species distribution models (SDMs) or ecological
niche models (ENM) have used the exponentially growing number of massive biological and environmental
databases that are freely available on the World Wide Web [6, 7], aided by increasing computational and
statistical capacity [8].The modeling procedures use different conceptual and methodological approaches.
We highlight those approaches that use the available information on species occurrence to determine the
environmental conditions prevailing where the species are present (the species’ Grinnellian niches [9]) in
order to predict the suitable region (“potential distribution” [10]). Because these potential distributions are
partial geographical representations of localities with climatic conditions similar to those where the species
of interest are known to occur, these simulations are useful for designing future surveys to improve
biogeographical and taxonomic knowledge [11-17].

|ll

The genus Eurysternus Dalman, 1824 is the only genus of the tribe Eurysternini and one of the three
Neotropical endemic dung beetle groups, together with the Eucraniini and Phanaeini [18]. The genus
presents many morphological and ecological particularities within the subfamily Scarabaeinae. Eurysternus
is distributed from central Mexico to southern Brazil. This genus occurs across a broad range of forest
conditions and consumes a varied diet of carrion, faeces, and even leaves [19-21]. The taxonomy of the
genus has recently been revised [22], increasing the number of recognized species from 31 to 53. In this
study, we compile and georeference the distributional information on the Eurysternus species available in
an exhaustive number of natural history collections and bibliographic sources. The purposes of the study
are: i) to examine the general macroclimatic determinants associated with the occurrence of these species,
ii) to estimate the potential distributions of each of these species for the American continent, and iii) to
distinguish those climatically suitable areas that have not been adequately surveyed to pinpoint the regions
that need to be explored in the future.

Methods

Information from the Musée Canadien de la Nature (CMNC) database was the primary source of
distributional and taxonomic information [22]. This information was complemented by data from other
museum specimen labels (see Appendix 1) and bibliographic sources (see Appendix 2). All of this
information was included in the MANTIS v. 2.0 [23] database system. The resulting database currently
includes approximately 22,000 records belonging to the 53 currently recognized Eurysternus species [22].
The locations were georeferenced using freely available gazetteers at GeoNet Names (see
http://www.geonames.org/ [24]). Due to differences in the geographical precision of the information
sources, a cautious approach was applied through the use of relatively high resolution (0.08° cells;
approximately 100 km?, depending on the latitude) to fit both climatic and biological information. All of
these data will be freely available in www.biogeografia.org.

The potential distributions were estimated with a multidimensional envelope procedure according to the
protocol recently proposed by Jiménez-Valverde et al. [10] and the former conceptual proposals [25, 26].
The aim of these methods is to obtain geographical representations of the set of locations with climatic
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conditions similar to those where the organisms of interest are known to be present. The goal is to
geographically represent the set of abiotic requirements in which a species can maintain a net positive rate
of population increase without immigration (i.e. a geographical representation of the species’ Grinellian
niche [10]). Presence data are the unique source of information used to determine potential distributions;
this implies the assumption that the environmental conditions in these presence localities constitute a
partial but reliable description of the whole climatic requirements of the species.

The 19 freely available bioclimatic variables provided by WorldClim (see www.worldclim.org [27].) obtained
by the interpolation of climate-station records from 1950 to 2000 (for details, see [7]) were used as
predictors. As the number of used predictors may condition the obtained potential representation, most
relevant predictors were selected by using Ecological Niche Factor Analysis (ENFA; see [28]), which is a
method firmly rooted in the niche concept [29]. ENFA computes new uncorrelated factors by comparing
climatic data in presence locations with conditions in the entire study area. This procedure serves to
maximize both the marginality (the distance between the optimum recorded for the species and the
average climatic conditions in the area) and the specialization values of the species (the ratio between the
climatic variability in the study area and that existing at the points where the selected species occurs). The
factors were retained based on their eigenvalues relative to a broken-stick distribution [28]. The original
bioclimatic variables selected for each species are those that show the highest correlation values with these
retained ENFA factors (absolute factor scores > 0.30). After the most relevant bioclimatic variables were
selected individually for each species, we calculated the maximum and minimum scores (the extreme
bioclimatic values) in all observed presence cells. All of the cells with climatic values falling within that range
were selected as suitable to derive a binary potential distributional hypothesis. This procedure assumes that
the recorded occurrences provide a reliable representation of the full spectrum of climatic conditions in
which the species can survive and reproduce [10, 30].

Based on the ENFA analyses, the two most relevant bioclimatic variables were used to obtain further
estimates. Specifically, the maximum and minimum scores for these variables in the observed presence cells
were used to estimate the bioclimatic tolerance of species (maximum-minimum), as well as their averaged
conditions (maximum-minimum/2 + minimum). The correlation between the tolerance and the average
bioclimatic value was determined with a Spearman rank correlation coefficient (rs). Because the tolerance
values depend on the scale measurements, both the temperature and the precipitation values were
transformed to a 0-100 scale. Subsequently, minimum and maximum values in the observed localities for
each one of the two previously selected variables were used to calculate the climatic area covered by each
species, according to the rectangle defined by the ranges in temperature and precipitation values. These
climatic-area values were used to estimate the percentage of climatic area overlapped among all possible
pairwise species comparisons. Species with fewer than five 0.082 presence cells are excluded from these
calculations (n = 6).

Multidimensional envelopes were obtained for each species. The potential distributions obtained from
these analyses were overlaid to obtain a map of the potential species richness. This map showed a
geographical picture that represented the capacity of a locality to harbor suitable climatic conditions
without considering the limits imposed by contingent forces such as biotic factors or dispersal limitations.
For the four species occurring in three or fewer 0.082 cells, multidimensional envelopes were constructed
by increasing by 10% the minimum and maximum climatic values found at the occurrence points for the five
most relevant variables (see Appendix 3). The location of the available database records was superimposed
on this potential richness map to identify those potentially diverse regions that were not sufficiently
surveyed. As we develop geographical representations of potential distributions, comparing the derived
potential species richness map to current knowledge of realized distributions suggest that some climatically
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suitable areas may be uninhabited due to dispersal limitations (as in the case of Caribbean islands or
northern zones above the Isthmus of Tehuantepec). However, when the relevance of these dispersal
limitations decreases, as in the case of tropical South American areas, we assume that the comparison of
the obtained potential species map with the distribution survey may provide useful information on the
location of unrecorded places.

Results

The bioclimatic variables that most frequently showed statistically significant correlations with the retained
ENFA factors are the annual mean temperature (in 96% of the species), the annual precipitation (in 43% of
the species) and the mean diurnal range of temperature (in 51% of the species). Only two other bioclimatic
variables appear in at least 20% of the species: the maximum temperature of the warmest month and the
annual range of temperature (Appendix 3). ENFA analyses also indicate that the different factors selected
generally explain more than 97% of the total species information. The marginality values range between
0.37 and 3.30 (mean * standard deviation; 1.17 + 0.70) and the vast majority of species show high values of
specialization (Appendix 3).

The tolerances of Eurysternus species for the annual mean temperature and the annual precipitation, which
are the most relevant variables, are significantly correlated (rs = 0.705; n = 47; P < 0.001). Tolerance values
(Fig. 1) are negatively correlated with the average annual temperature (rs = -0.731; P < 0.001) but positively
correlated with the average annual precipitation (rs = 0.682; P < 0.001).
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Fig. 1. Relationship between the averaged annual mean temperature and annual precipitation values of the 0.082
presence cells for each species (open circles) and the tolerance values (maximum-minimum) represented by whisker
plots. Only those species with at least five occurrence cells are represented. The species (X-axes) are ordered
according to their average temperature and precipitation values.
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From the 1,081 possible pairwise estimates of the shared climatic area for the 47 species considered, in only
61 instances (5.6 %) does a pair of species share more than 50% of the total estimated climatic area. The
average percentage of overlap was 15.4 = 15.9% (mean * standard deviation).

The sum of the individual potential distributions indicates that the highest values of potential
species richness for Eurysternus species can be found in lowland areas below 1000 meters in altitude
throughout the North America's east coast, South Florida, the Caribbean islands, the continent’s southern
Andean highland zone and the Amazonian region (Fig. 2).

Fig. 2. (A) Potential species
richness map for Eurysternus
derived from the overlap of
individual potential distributions.
The records available in the
database are represented by black
dots with sizes corresponding
linearly with the number of
database records. (B) Areas with
greater potential richness (upper
quartile > 19 species) and location
of the database records.
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Discussion

Temperature-related variables appear to play the most important role in explaining American Eurysternus
distributions. Because the marginality values range between 0 and 1 in 95% of the cases where the
distribution is normal [28], approximately one-half of the species would have a climatic "optimum” similar
to that of the averaged tropical American climatic conditions (marginality < 0.90); almost one-quarter would
occur in climatic conditions relatively distant from the mean conditions (marginalities between 0.9 and 1.5);
and one-quarter would occur under distinctive climatic conditions (marginality > 1.5).

While the derived climatic optimum of Eurysternus species is relatively variable, the obtained high
specialization values suggest that these species generally live under highly restricted climatic conditions. In
all, fifteen species show specialization values between 6 and 10, twenty-four species show values greater
than 10, and seven species (E. cavatus, E. cambeforti, E. fallaciosus, E. gilli, E. truncus, E. calligrammus and
E. uniformis) inhabit extremely specialized climatic conditions. The remaining twelve species have
specialization values of approximately 5 or less, showing that they occupy a range of climatic conditions
approximately five times smaller than the climatic range of the entire continent. The specialization
character of Eurysternus species is related to low average percentage of overlap in the climatic conditions
between all pairwise comparisons. Thus, although most species are typically associated with semitropical or
tropical conditions, each appears to occur under relatively specific climatic conditions.

The correlation between species tolerance values for the two most important climatic variables suggests
that the occurrence of these species in a broad range of temperature conditions is associated with their
occurrence in a broad range of precipitation values. Therefore, we infer that a broader climatic niche in
Eurysternus species implies at the same time a tolerance for different temperature and precipitation values.
As was to be expected, the more temperature-tolerant species are those capable of living under colder
conditions, whereas the most precipitation-tolerant species generally tend to occur under rainier
conditions. As a consequence, the Eurysternus species with wider climatic niches would primarily inhabit the
rainiest and coldest suitable American localities, which are mainly located in the Andean mountains (Fig. 3).
Subsequent analyses should try to determine the ancestral or derived phylogenetic position of these
tolerant Andean species.

As in other groups [31], dispersal constraints and historical factors seem to have played a determining role
in the conformation of current American Eurysternus distributions, because these species are currently
absent from certain a priori favorable climatic regions. Both the whole potential species richness map (Fig.
2) and individual predictions (Figs. 4 to 53) indicate that southern North America, Central America, the
Caribbean islands and the southwestern portion of South America are frequently climatically suitable but
uninhabited by many species. However, the role of dispersal limitation and historical factors should be
minimized when the connectivity of the potential localities increases. Under these conditions it is more
probable that the available records of Eurysternus species are incomplete and biased such that “real”
distributions are wider than observed ones. How to detect these unsurveyed localities?
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Implications Implications for conservation

Distribution models can be applied in conservation when we are able to generate reliable predictions of
realized distributions that can be coupled with reserve selection algorithms. Unfortunately, the lack of
reliable absence information seriously hinders this approach [25]. When only partial representations of the
potential distribution can be estimated (as in this case and in most exercises that use invertebrate data), the
obtained simulations may help to delimit those areas that are potentially rich in species but not yet
adequately surveyed [32]. In the future, new species may even be found in these areas [11, 12], allowing to
generate more accurate distributional maps and a better taxonomical knowledge that can be subsequently
used for conservation purposes.

According to our results, many of the areas with greater potential richness values (upper quartile > 19
species) are located in Central America, extending from the Yucatdn Peninsula to the Panama Canal. As a
substantial number of database records exist for this area, we suspect that most species that potentially
inhabit this region are in fact absent due to dispersal limitation. In South America, the areas with the
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greatest potential richness generally correspond to lowland zones: inter-Andean valleys, Andean lowlands,
the western, central and southern regions of the Amazon and lowlands of the Guyana Shield. However, only
a few of these areas have a substantial number of records: the upper Amazon at the frontier between Peru
and Bolivia, the Amazon region of Leticia in the north of Perd and the south of Colombia, as well as the
Andean region in northern Ecuador. The remaining climatically favorable areas include few records.

These findings suggest that future collection surveys aimed at improving the present taxonomic and
biogeographical knowledge of Neotropical Eurysternus should be conducted in the upper Brazilian Amazon
(Jurua and Rio Branco basins), the lower Amazon region between Manaus and Santarem, Amapd and the
Guyanas, Mato Grosso to Paraguay, and in Central America, in Honduras and Nicaragua.

Acknowledgments

The authors thank the Departamento de Biologia and Facultad de Ciencias of Universidad Nacional de
Colombia, as well as Museo Nacional de Ciencias Naturales de Madrid for facilitating this work. We
particularly thank Frangois Génier at Musée Canadien de la Nature, Gatineau - Canada (CMNC) for allowing
us to use all of the information regarding Neotropical Eurysternus, and we thank biologist Diana Catalina
Ramos for her assistance in gathering information. For their cooperation in lending their collections, we
thank Instituto de Ciencias Naturales de la Universidad Nacional de Colombia, Instituto de Investigacion de
Recursos Bioldgicos Alexander von Humboldt, Museo de la Universidad Nacional de La Plata - Argentina and
biologists Alejandro Lopera Toro, Luis Carlos Pardo Locarno, Jorge Ari Noriega, Betselene Murcia and
William Yara.

References

[1] Chapman, A.D. 2005. Uses of Primary Species-Occurrence Data, version 1.0. Report for the Global
Biodiversity Information Facility, Copenhagen. Available from: http://www.gbif.org/orc/?doc id=1300.

[2] Cayuela, L., Golicher, D.J., Newton, A., Kolb, M., De alburquerque, F.S., Arets, E.J., Alkemade, R.M. and
Pérez, A.M. 2009. Species distribution modelling in the tropics: Problems, potentialities, and the role of
biological data for species conservation. Tropical Conservation Science 2:319-352.

[3] Lomolino, M.V. 2004. Conservation biogeography. In: Frontiers of Biogeography: New Directions in the
Geography of Nature. Lomolino M.V. and Heaney L.R. (Eds.), pp. 293-296. Sinauer Associates,
Sunderland.

[4] Rocchini, D., McGlinn, D., Ricotta, C., Neteler, M. and Wohlgemuth, T. 2011. Landscape complexity and
spatial scale influence the relationship between remotely sensed spectral diversity and survey-based
plant species richness. Journal of Vegetation Science 22:1-11.

[5] Franklin, J. and Miller, J. 2009. Mapping species distribution: Spatial interference and Prediction.
Cambridge University Press, London, U.K. 320 pp.

[6] Graham, C.H., Ferrier, S., Huettman, F., Moritz, C. and Peterson, A.T. 2004. New developments in
museum-based informatics and applications in biodiversity analysis. Trends in Ecology and Evolution
19:497-503.

[7] Hijmans, R.J., Cameron, S.E., Parra, J.L,, Jones, P.G. and Jarvis, A. 2005. Very high resolution interpolated
climate surfaces for global land areas. International Journal of Climatology 25:1965-1978.

[8] Hilbert, M. and Lépez, P. 2011. The world’s technological capacity to store, communicate and compute
information. Science 332:60-65.

[9] Soberdn, J. 2007. Grinnellian and Eltonian niches and geographic distributions of species. Ecology Letters
10:1115-1123.

Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org

232

Downloaded From: https://complete.bioone.org/journals/Tropical-Conservation-Science on 16 Jul 2025
Terms of Use: https://complete.bioone.org/terms-of-use


http://www.gbif.org/orc/?doc_id=1300
http://www.worldclim.org/worldclim_IJC.pdf

Mongabay.com Open Access Journal - Tropical Conservation Science Vol.5 (2):225-244, 2012
e e s e s me e s = = = =

[10] Jiménez-Valverde, A., Peterson, A.T., Soberdn, J., Overton, J.M., Aragdn, P. and Lobo, J.M. 2011. Use of
niche models in invasive species risk assessments. Biological Invasions 13:2785-2797.

[11] Raxworthy, C.J., Martinez-Meyer, E., Horning, N., Nussbaum, R.A., Schneider, G.E., Ortega-Huerta, M-A.
and Townsend, A. 2003. Predicting distributions of known and unknown reptile species in Madagascar.
Nature 426:837-841.

[12] Hopkins, M.J. 2007. Modeling the known and unknown plant biodiversity of the Amazon Basin. Journal
Biogeography 34:1400-1411.

[13] Pearson, R.G., Raxworthy, C.J., Nakamura, M. and Peterson, A.T. 2007. Predicting species distribution
from small numbers of occurrence records: a test case using cryptic geckos in Madagascar. Journal of
Biogeography 34:102-117.

[14] Ferreira de Siqueira, M., Durigan, G., De Marco, P. and Peterson, A.T. 2009. Something from nothing:
using landscape similarity and ecological niche modeling to find rare plant species. Journal for Nature
Conservation 17:25-32.

[15] Aragdn, P., Baselga, A. and Lobo, J.M. 2010. Global estimation of invasion risk zones of the western
corn rootworm: integrating climatic similarity and physiological thresholds. Journal Applied Ecology
47:1026-1035.

[16] Camero-R., E. and Lobo, J.M. 2010. Distribucién conocida y potencial de las especies del género
Eurysternus Dalman, 1824 (Coleoptera: Scarabaeidae) de Colombia. Boletin de la Sociedad Entomoldgica
Aragonesa (SEA) 47:257-264.

[17] Varela, S., Lobo, J.M., Rodriguez, J. and Batra, P. 2010. Were the Late Pleistocene climatic changes
responsible for the disappearance of the European spotted hyena populations? Hindcasting a species
geographic distribution across time. Quaternary Science Reviews 29:2027-2035.

[18] Cambefort, Y. 1991. Biogeography and Evolution. In: Dung Beetle Ecology. Hanski, | and Cambefort, Y.
(Eds.), pp. 51-62. Princeton University Press, New Jersey.

[19] Jessop, L. 1985. An identification guide to Euristernine dung beetles (Coleoptera, Scarabaeidae). Juornal
of Natural History 19:1087-1111.

[20] Hanski, I. and Cambefort, Y. 1991. Dung beetle ecology. Princeton University Press, Princeton, New
Jersey, 481 pp.

[21] Camero-R., E. 2010. Los escarabajos del género Eurysternus Dalman, 1824 (Coleoptera: Scarabaeidae)
de Colombia. Boletin de la Sociedad Entomoldgica Aragonesa (SEA) 46:147-179.

[22] Génier, F. 2009. Le genre Eurysternus Dalman, 1824 (Scarabaeidae: Scarabaeinae: Oniticellini) révision
taxonomique et clés de détermination illustrées. Pensoft Press, Sofia, Bulgaria, 430 pp.

[23] Naskrecki, P. 2008. Mantis v. 2.0. A Manager of Taxonomic Information and Specimens. Available from:
http://insects.oeb.harvard.edu/mantis.

[24] GEOnet Names 2010. National Imagery and Mapping Agency. Available from:
http://www.nima.mil/gns/html/index.html.

[25] Jiménez-Valverde, A., Lobo, J.M. and Hortal, J. 2008. Not as good as they seem: the importance of
concepts in species distribution modelling. Diversity Distribution 14:885-890.

[26] Lobo, J.M., Jiménez-Valverde, A. and Hortal, J. 2010. The uncertain nature of absences and their
importance in species distribution modelling. Ecography 33:103-114.

[27] Worldclim 2010. Global Climate Data. Available from: http:// www.worldclim.org.

[28] Hirzel, A.H., Hausser, J., Chessel, D. and Perrin, N. 2002. Ecological-niche factor analysis: how to
compute habitat suitability maps without absence data?. Ecology 83:2027-2036.

[29] Calenge, C. and Basille, M. 2008. A general framework for the statistical exploration of the ecological
niche. Journal of Theoretical Biology 252:674-85.

Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org

233

Downloaded From: https://complete.bioone.org/journals/Tropical-Conservation-Science on 16 Jul 2025
Terms of Use: https://complete.bioone.org/terms-of-use


http://www.springerlink.com/content/?Author=A.+Jim%c3%a9nez-Valverde
http://www.springerlink.com/content/?Author=A.+T.+Peterson
http://www.springerlink.com/content/?Author=J.+Sober%c3%b3n
http://www.springerlink.com/content/?Author=J.+M.+Overton
http://www.springerlink.com/content/?Author=P.+Arag%c3%b3n
http://insects.oeb.harvard.edu/mantis
http://gcmd.nasa.gov/KeywordSearch/RedirectAction.do?target=S6cqF6vMwKw69fNA3nfLshFEonOYnJPoIunvbo9teD%2FpafkK29Dszg%3D%3D
http://gcmd.nasa.gov/KeywordSearch/RedirectAction.do?target=S6cqF6vMwKw69fNA3nfLshFEonOYnJPoIunvbo9teD%2FpafkK29Dszg%3D%3D
http://gcmd.nasa.gov/KeywordSearch/RedirectAction.do?target=S6cqF6vMwKw69fNA3nfLshFEonOYnJPoIunvbo9teD%2FpafkK29Dszg%3D%3D

Mongabay.com Open Access Journal - Tropical Conservation Science Vol.5 (2):225-244, 2012

[30] Hortal, J., Jiménez-Valverde, A., Gomez, J.F., Lobo, J.M. and Baselga, A. 2008. Historical bias in
biodiversity inventories affects the observed environmental niche of the species. Oikos 117:847-858.
[31] Munguia, M., Peterson, A.T. and Sanchez-Cordero, V. 2008. Dispersal limitation and geographical

distributions of mammal species. Journal of Biogeography 35:1879-1887.
[32] Williams, J.N., Seo, C., Thorne, J., Nelson, J.K., Erwin, S., O’Brien, J.M. and Schwartz, M.W. 2009. Using

species distribution models to predict new occurrences for rare plants. Diversity Distribution 15:565-
576.

Tropical Conservation Science | ISSN 1940-0829 | Tropicalconservationscience.org

234

Downloaded From: https://complete.bioone.org/journals/Tropical-Conservation-Science on 16 Jul 2025
Terms of Use: https://complete.bioone.org/terms-of-use



Mongabay.com Open Access Journal - Tropical Conservation Science Vol.5 (2):225-244, 2012
e e s e s me e s = = = =

Appendix 1. Examined collections whose taxonomical and distributional information was included in the
Eurysternus database.

ABTS: Personal Collection. Andrew B. T. Smith, Kanata-Canada.

AFIC: Personal Collection. Adrian Forsyth, Washington D.C.-U.S.A.

BCRC: Personal Collection. Brett C. Ratcliffe, Lincoln-U.S.A.

BDGC: Personal Collection. Bruce D. Gill, Ottawa-Canada.

BMNH: Natural History Museum. London-United kingdom.

CECR: Personal Collection. Edgar Camero-R., Bogota D.C.-Colombia.

CJAN: Personal Collection. Jorge Ari Noriega, Bogota D.C.-Colombia.

CLCPL: Personal Collection. Luis Carlos Pardo-Locarno, Palmira-Colombia.

CMNC: Musée Canadien de la Nature, Ottawa-Canada

CMNH: Carnegie Museum of Natural History, Pittsburgh-U.S.A.

CNC: Agriculture et Agroalimentaire Canada, Ottawa-Canada.

CPALT: Personal Collection. Alejandro Lopera Toro, Bogota D.C.-Colombia.
CPBM: Personal Collection. Betselene Murcia, Florencia-Colombia.

CPWY: Personal Collection. William Yara, Bogota D.C.-Colombia.

DGMF: Personal Collection. David G. Marqua, Fort Davis-U.S.A.

EGRC: Personal Collection. Edward G. Riley, College Station-U.S.A.

FSCA: Museum of Entomology, Florida State Collection of Arthropods, Gainesville-U.S.A.
FVMC: Personal Collection. Fernando Z. Vaz de Mello, Cuiba-Brasil.

IAVH: Instituto de Investigacion de Recursos Bioldgicos “Alexander von Humboldt”, Villa de Leyva-Colombia.
IBSP: Coleccion Entomoldgica “Adolph Hempel”, Instituto Bioldgico Sao Paulo, Sao Paulo-Brasil.
ICN-MHN: Instituto de Ciencias Naturales, Bogota D.C.-Colombia.

INBio: Instituto Nacional de Biodiversidad, Santo Domingo de Heredia-Costa Rica.
MACN: Museo Argentino de Ciencias Naturales, Buenos Aires-Argentina.

MHIC: Personal Collection. Martin Hardy, Québec-Canada.

MHNG: Muséum d’Histoire Naturelle de la Ville de Geneve, Genéve-Switzerland.
MIZA: Museo del Instituto de Zoologia Agricola de la Universidad Central de Venezuela, Maracay-Venezuela.
MLIJC: Personal Collection. Mary Liz Jameson, Lincoln-U.S.A.

MLP: Museo de Historia Natural de La Plata, La Plata-Argentina.

MNHN: Muséum National d’Histoire Naturelle, Paris-France.

MNRJ: Museu Nacional Rio de Janeiro, Rio de Janeiro-Brasil.

MTD: Staatliches Museum Fiir Tierkunde, Dresden-Germany.

MZSP: Museu de Zoologia Universidade de Sao Paulo, Sao Paulo-Brasil.

NHRS: Naturhistoriska Riksmuseet, Stockholm-Sweden.

NMPC: Narodni Muzeum, Prague-Czech Republic..

OUMNH: Oxford University Museum of Natural History, Oxford-United Kingdom.
PAIC: Personal Collection. Patrick Arnaud, Saintry sur Seine-Francia.

PMOC: Personal Collection. Philippe Moretto, Toulon-Francia.

PSIC: Personal Collection. Paul Schoolmeesters, Herent-Bélgica.

QCAZ: Museo de Zoologia Universidad Catdlica del Ecuador, Quito-Ecuador.
ROME: Royal Ontario Museum, Toronto-Canada.

SEMC: Snow Entomological Museum, Lawrence-U.S.A.

SMF: Forschungsinstitut Senckenberg, Francfort-Germany.

TAMU: Texas A & M University, College Station-U.S.A.

UASC: Museo de Historia Natural “Noel Kempff Mercado”, Santa Cruz-Bolivia.
UNSM: University of Nebraska State Museum, Lincoln-U.S.A.

USNM: National Museum of Natural History, Washington D.C-U.S.A.

UVGC: Coleccion de la Universidad del Valle de Guatemala, Guatemala-Guatemala.
VMPC: Personal Collection. Vladislav Maly, Praga-Republica Checa.

WBWTC: Personal Collection. William B. Warner, Phoenix-U.S.A.

WNDEC: Personal Collection. W. David Edmonds, Marfa-U.S.A.

ZMHB: Museum fir Naturkunde, Berlin-Germany.
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Appendix 2. Examined bibliography whose taxonomical and distributional information was included in the
Eurysternus database

Amézquita, S., A. Forsyth, A. Lopera & A. Camacho. 1999. Comparacion de la composicién y
riqueza de especies de escarabajos coprofagos (Coleoptera: Scarabaeidae) en remanentes de
bosque de la Orinoquia colombiana. Acta Zoologica Mexicana 76:113-126.

Barbero, E. 2001. Scarabaeidae (Coleoptera) copronecréfagos interesantes del departamento de
Rio San Juan, Nicaragua. Revista Nicaraguense de Entomologia 55/58:11-21.

Bustos-Gémez, L. & A. Lopera. 2003. Preferencia por cebo de los escarabajos coproéfagos
(Coleoptera: Scarabaeidae: Scarabaeinae) de un remanente de bosque seco tropical al norte
del Tolima (Colombia). Monografias Tercer Milenio Sociedad Entomoldgica Aragonesa 3:59-65.

Celi, J., E. Terneus, J. Torres & M. Ortega. 2004. Diversidad de escarabajos del estiercol
(Coleoptera: Scarabaeinae) en una gradiente altitudinal en la cordillera del Cutuct, Morona
Santiago, Amazonia ecuatoriana. lyonia 7(2):37-52.

Escobar F. & P. Chacén de Ulloa. 2000. Distribucidon espacial y temporal en un gradiente de
sucesion de la fauna de coledpteros copréfagos (Scarabaeinae, Aphodiinae) en un bosque
tropical montano, Narifio-Colombia. Revista de Biololgia Tropical 48(4):961-975.

Escobar F. 2000. Diversidad de coledpteros coprofagos (Scarabaeidae:Scarabaeinae) en un
mosaico de habitats en la Reserva Natural Nukak Guaviare, Colombia. Acta Zooldgica Mexicana
79:103-121.

Medina C., A. Lopera, A. Vitolo & B. Gill. 2001. Escarabajos copréfagos (Coleoptera: Scarabaeidae:
Scarabaeinae) de Colombia. Biota Colombiana 2(2):131-144.

Montes de Oca, E. & G. Halffter. 1995. Daily and seasonal activities of a guild of the coprophagous,
burrowing beetle (Coleoptera Scrabaeidae Scarabainae) in tropical grassland. Tropical Zoology
8:159-180.

Noriega, J. 2001. Estudio de la actividad diaria de colonizacién del recurso alimenticio, en una
comunidad de escarabajos coprofagos (Coleoptera: Scarabaeidae) a lo largo de un gradiente
altitudinal en la Sierra Nevada de Santa Marta. Tesis de grado Universidad de los Andes.

Noriega, J., C. Solis, F. Escobar & E. Realpe 2007. Escarabajos coproéfagos (Coleoptera:
Scarabaeidae) de la provincia de la Sierra Nevada de Santa Marta. Biota Colombiana 8(1):77-86.

Noriega, J., E. Realpe & G. Fagua. 2007. Diversidad de escarabajos croproéfagos
(Coleoptera:Scarabaeidae) en un bosque de galeria con tres estadios de alteracién. Universitas
Scientiarum 12: 51-63.

Pardo-L. L.C,, J.E. Arroyo & F. Quifionez. 2001. Observaciones de los escarabajos copronecrofagos y
sapromelifagos de San Luis Robles, Narifio. Boletin Cientifico del Centro de Museos de La
Universidad de Caldas 8:113-139.

Pulido L. A,, R. A. Riveros, F. Gast & P. von Hildebrand. 2003.Escarabajos copréfagos (Coleoptera:
Scarabaeidae: Scarabaeinae) del Parque Nacional Natural "Serrania de Chiribiquete", Caqueta,
Colombia (Parte |). Monografias Tercer Milenio Sociedad Entomoldgica Aragonesa 3:51-58.
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Appendix 3. Minimum (m) and maximum (M) altitudinal values of the 0.08° cells with observed presences
for each Eurysternus species, as well as maximum and minimum values of the five bioclimatic variables
best correlated with the significant ENFA factors (see methods). Marg is the marginality or climatic
distance between the detected optimum for the species and the climatic conditions of the entire territory
considered. Spec is the specialization, the ratio between the climate variability in the study area and that
characterizing the presence localities of the species. DR is the number of records available in the
database, and OP is the number of 0.08° cells in which each species is present. ND: not determined, due to
the low number of presence localities. AMT = annual mean temperature, AP = annual precipitation, MDR
= mean diurnal range of temperature, MTWM = maximum temperature of warmest month, TAR = annual
range of temperature.

Altitude AMT AP MDR MTWM TAR
m M m M m M m M m M m M | Marg Spec DR OP
Eurysternus spp 0 3500 23 284 355 8214 56 16.0 9.2 362 119 4958 140 229 21183 2818

1 E. navajasi 100 100 176 242 1231 1828 103 128 28.2 33.8 1144 3647 053 9.23 25 14
2 E. hirtellus 50 700 20.2 246 899 1529 7.6 11.8 279 31.7 1295 2234 0.62 7.82 43 14
3 E.nanus 800 800 254 254 1534 1534 124 124 342 342 773 773 ND ND 6 1

4 E.squamosus 50 1200 211 27.0 2713 4007 88 106 26.7 341 206 986 194 855 91 36
5 E.lanuginosus 200 1900 18.3 26,5 1736 4437 94 141 244 322 213 1606 0.58 552 239 45
6 E. strigilatus 100 300 25.0 275 1667 3135 83 123 31.0 334 286 1065 0.84 13091 73 19
7 E.martinsi 1000 1300 17.8 18.0 1604 1526 114 114 258 26.0 1793 1918 ND ND 2 2

8 E.nigovirens 400 800 18.1 259 749 3277 7.7 144 256 347 719 3574 084 438 186 40
9 E.aeneus 50 500 176 235 1191 1733 103 13.7 282 33.7 2747 3832 081 1512 92 18
10  E. atrosericus 50 500 20.8 279 1085 3114 83 129 294 358 286 1135 217 38.76 346 53
11 E. cavatus 0 300 24.8 27.0 2060 2626 9.3 132 324 335 277 423 216 >100 35 6

12 E. cambeforti 0 200 245 265 2229 3779 80 91 312 329 441 707 330 >100 23 11
13 E. fallaciosus 0 100 26.1 26.7 2120 2358 94 95 326 327 388 552 ND ND 4 2

14 E. cayennensis 0 1200 115 279 1143 4291 7.7 128 177 356 119 1202 271 3487 2743 150
15 E.gilli 50 200 240 269 1367 3306 89 135 303 33.0 28 1353 205 >100 326 15
16 E. gracilis 25 300 249 272 2025 3248 88 110 314 335 370 1069 0.73 23.63 15 10
17 E. vastiorum 0 1000 214 272 1337 4291 77 138 281 335 240 2097 0.77 10.07 1250 90
18 E. ventricosus 0 1200 17.1 276 1557 3805 7.1 131 235 357 307 895 086 1143 107 35
19 E. deplanatus 500 1500 13.8 19.7 1313 2412 94 137 213 282 2212 2974 0.78 9.92 26 14
20 E. parallelus 70 1000 149 235 1161 2412 71 139 238 343 1417 4031 0.74 6.48 438 77
21 E.inflexus 0 1200 16.5 232 1339 2412 76 119 238 305 1736 2285 0.85 3112 245 12
22 E. wittmerorum 0 3400 204 279 1629 3814 88 146 26.7 356 213 2097 153 529 546 57
23 E. jessopi 100 1000 182 251 1175 1695 6.6 134 259 342 758 3594 091 7.16 83 20
24 E. foedus 0 1300 8.7 279 35 8214 56 150 144 357 170 2202 105 3.67 1619 268
25 E.streblus 100 1200 134 266 756 8214 7.8 112 186 333 166 784 0.74 1122 112 40
26 E. howdeni 200 1000 23.2 27.0 1302 2571 86 135 30.7 346 440 1450 063 11.21 42 16
27 E. truncus 0 2000 183 22.0 1824 2237 9.7 114 243 287 340 426 084 >100 6 4

28 E. sulcifer 0 1800 16.2 21.7 1339 2412 9.2 134 238 303 2077 3174 040 7.90 11 10
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Figs. 4-53
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