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Abstract

Melozone biarcuata (Prevost’s Ground-sparrow) has traditionally been divided into two allopatric groups based on differ-
ences in vocalizations and plumage characteristics: M. b. cabanisi in Costa Rica and M. b. biarcuata/M. b. hartwegi in
northern Central America. However, the relationship between these subspecies has not been studied using a modern tax-
onomic approach. In this study, our objective was to provide the first detailed taxonomic comparison between these three
subspecies using an integrative multi-trait analysis. We analyzed morphometric features, qualitative plumage patterns, and
quantitative plumage measurements using spectral reflectance from all three subspecies, and we analyzed vocalizations
for subspecies M. b. biarcuata and M. b. cabanisi. Our results show that M. b. cabanisi can be readily distinguished from
the two other subspecies on the basis of morphometrics (M. b. cabanisi are smaller), plumage patterns (M. b. cabanisi have
different facial markings and plumage patches), color differences (M. b. cabanisi have plumage patches that differ in color
and brightness), and vocalizations (M. b. cabanisi have songs and calls that are acoustically distinct from those of M. b.
biarcuata). By contrast, the two northern subspecies M. b. biarcuata and M. b. hartwegi were very similar for most traits,
supporting previous suggestions that the two northern subspecies should be considered a single subspecies. Our data re-
veal that the differentiation in phenotypic characteristics between M. b. cabanisi versus M. b. biarcuata and M. b. hartwegi
is similar to that reported for other complexes of subspecies where species status has been recognized. We argue that M.
b. cabanisi should be treated as a species separate from M. biarcuata and propose that it be called Melozone cabanisi,
White-faced Ground-sparrow. Our findings will contribute to the conservation efforts of the White-faced Ground-sparrow,
which is endemic to Costa Rica’s Central Valley and Turrialba Valley, by bringing focus to conservation policies that pre-
serve ground-sparrow habitat (thickets, shade coffee plantations, and young secondary forest).
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Introduction

The taxonomy of the family Emberizidae, which includes sparrows and buntings, has been the focus of several
recent studies at different hierarchical levels. These studies have significantly altered our understanding of the
family, such that species that were previously considered members of the Emberizidae have been moved into other
families, and species from other families have been moved into Emberizidae (Klicka et al. 2000; 2007; Garcia-
Moreno et al. 2001; Barker et al. 2013, Klicka et al. 2014). Recent research has suggested that New World
sparrows should be classified as a new family called Passerellidae (Barker et al. 2013). The evaluation and
reorganization of species relationships within the family has involved (1) disentangling species relationships within
such problematic genera as Aimophila and Pipilo (DaCosta et al. 2009), and (2) studying subspecies relationships
in depth, such as in the genus Arremon (Cadena et al. 2007; Cadena & Cuervo 2010). Although these important
studies provide us with a better understanding of the relationships between species of the Emberizidae, it is still
necessary to carry out work on other species and genera to develop a more comprehensive understanding of species
relationships within this family.
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intermediate individuals (Cadena & Cuervo 2010), just as we observed for M. b. cabanisi versus the M. b.
biarcuata/M. b. hartwegi group. Arremon t. assimilis and A. t. atricapillus, and A. t. poliophrys and A. t. torquatus
showed 100% correct classification between the species groups based on discriminant analysis using acoustic
features of songs, whereas our analysis showed 96% correct classification between subspecies M. b. biarcuata and
M. b. cabanisi.

Conservation implications for White-faced Ground-sparrow. The White-faced Ground-sparrow is endemic
to the Central Valley of Costa Rica (from Atenas and San Ramoén in Alajuela province to Paraiso in Cartago
province), the Turrialba Valley on the Caribbean side of the country, and the western part of Monteverde mountain
range, Guanacaste province, from 500 to 1700 m (Stiles & Skutch 1989; Garrigues & Dean 2007; L. Sandoval pers.
obs.). This ground-sparrow inhabits mainly thickets, shade coffee plantations, and young secondary forest (Stiles &
Skutch 1989; Garrigues & Dean 2007; Sanchez et al. 2009), habitats that are not protected by any conservation
laws in Costa Rica. The intense levels of urbanization in Costa Rica’s Central Valley endanger these thicket
habitats and coffee plantations, reducing the total coverage of this habitat and fragmenting what habitat remains
(Joyce 2006; Biamonte et al. 2011). If urbanization of thicket and shade coffee habitat continues at its current pace,
the White-faced Ground-sparrow faces an uncertain future, potentially making this species one of the more
endangered birds in Costa Rica. This endemic taxon brings to light the importance of conserving early successional
habitats.

Acknowledgements

We thank the Museo de Zoologia Universidad de Costa Rica, Museo Nacional de Costa Rica, the Field Museum of
Natural History, the University of Michigan Museum of Zoology, and the Musée National d'Histoire Naturelle for
access to skins of the study species; and to the Macaulay Library of Natural Sounds, the Laboratorio de Bioacustica
Universidad de Costa Rica, Jesse Fagan, and Knut Eisermann for recordings. We thank Reserva Los Tarrales,
Guatemala, for logistic support. LS was supported by scholarships and grants from the Ministerio de Ciencia y
Tecnologia (MICIT) and the Consejo Nacional para Investigaciones Cientificas y Tecnoldgicas (CONICIT) of
Costa Rica, the Government of Ontario, the University of Windsor, and the Visiting Scholar program of the Field
Museum of Natural History. PPB was supported by a CGS D scholarship from the Natural Sciences and
Engineering Research Council of Canada (NSERC). Additional funding was provided by NSERC, the Canada
Foundation for Innovation (CFIl), and the Government of Ontario to SMD and DJM.

References

American Ornithologists’ Union (AOU) (1998) Check list of North American birds. 7th Edition. American Ornithologists’
Union, Washington, 829 pp.

Andersson, S. & Prager, M. (2006) Quantifying colors. /n: Hill, GE. & McGraw, K.J. (Eds.), Bird coloration. Vol. 1.
Mechanisms and measurements. Harvard University Press, Cambridge, pp. 41-89.

Barker, F.K., Burns, K.J., Klicka, J., Lanyon, S.M. & Lovette, [.J. (2013) Going to extremes: contrasting rates of diversification
in a recent radiation of New World Passerine birds. Systematic Biology, 62, 298-320.
http://dx.doi.org/10.1093/sysbio/sys094

Barrantes, G. (2009) The role of historical and local factors in determining species composition of the highland avifauna of
Costa Rica and Panama. Revista de Biologia Tropical, 57, 333-349.

Biamonte, E., Sandoval, L., Chacoén, E. & Barrantes, G. (2011) Effect of urbanization on the avifauna in a tropical metropolitan
area. Landscape Ecology, 26, 183—194.
http://dx.doi.org/10.1007/s10980-010-9564-0

Brodkorb, P. (1938) New birds from the district of Soconusco, Chiapas. Occasional Paper Museum Zoology University of
Michigan, 369, 1-8.

Burkhardt, D. (1989) UV vision: a bird’s eye view of feathers. Journal of Comparative Physiology A, 164, 787-796.

Cadena, C.D., Klicka, J. & Ricklefs, R.E. (2007) Evolutionary differentiation in the Neotropical montane region: molecular
phylogenetics and phylogeography of Buarremon brush-Finches (Aves, Emberizidae). Molecular Phylogenetics
Evolution, 44, 993—-1016.
http://dx.doi.org/10.1016/j.ympev.2006.12.012

Cadena, C.D. & Cuervo, A.M. (2010) Molecules, ecology, morphology, and songs in concert: how many species is Arremon
torquatus (Aves: Emberizidae)? Biological Journal of Linnean Society, 99, 152—176.

DIFFERENCES BETWEEN MELOZONE BIARCUTA SUBSPECIES Zootaxa 3895 (1) © 2014 Magnolia Press - 113


http://dx.doi.org/10.1093/sysbio/sys094
http://dx.doi.org/10.1007/s10980-010-9564-0
http://dx.doi.org/10.1016/j.ympev.2006.12.012

http://dx.doi.org/10.1111/1.1095-8312.2009.01333.x

Chesser, R.T., Banks, R.C., Barker, F.K., Cicero, C., Dunn, J.L., Kratter, A.W., Lovette, I.J., Rasmussen, P.C., Remsen, Jr. J.V.,
Rising, J.D., Stotz, D.F. & Winker, K. (2010) Fifty-first supplement to the American Ornithologists’ Union check-list of
North American birds. Auk, 127, 726—744.
http://dx.doi.org/10.1525/auk.2010.127.3.726

Chesser, R.T., Banks, R.C., Barker, F.K., Cicero, C., Dunn, J.L., Kratter, A.W., Lovette, I.J., Rasmussen, P.C., Remsen, Jr. J.V.,
Rising, J.D., Stotz, D.F. & Winker, K. (2012) Fifty-third supplement to the American Ornithologists' Union check-list of
North American birds. Auk, 129, 573—588.
http://dx.doi.org/10.1525/auk.2012.129.3.573

DaCosta, J.M., Spellman, G.M., Escalante, P. & Klicka, J. (2009) A molecular systematic revision of two historically
problematic songbird clades: Aimophila and Pipilo. Journal of Avian Biology, 40, 206-216.
http://dx.doi.org/10.1111/.1600-048X.2009.04514.x

Ferrez Weinberg, R. (1992) Neotectonic development of western Nicaragua. Tectonics, 11, 1010-1017.
http://dx.doi.org/10.1029/92TC00859

Garrigues, R. & Dean, R. (2007) The birds of Costa Rica, a field guide. Zona Tropical Publication, San José, Costa Rica, 416
pp-

Garcia-Moreno, J., Ohlson, J. & Fjeldsa, J. (2001) MtDNA sequences support monophyly of Hemispingus tanagers. Molecular
Phylenetics Evolution, 21, 424-435.
http://dx.doi.org/10.1006/mpev.2001.1027

Goldsmith, T.H. (1990) Optimization, constraint, and history in the evolution of eyes. Quarterly Review of Biology, 65,
281-322.

Haffer, J. (1974) Avian speciation in tropical South America, with a systematic survey of the toucans (Ramphastidae) and
Jjacamars (Galbulidae). Publications of the Nuttall Ornithological Club, Cambridge, 390 pp.

Haffer, J. (1987) Quaternary history of tropical America. /n: Whitmore, T.C. & Prance, G.T. (Eds.), Biogeography and
Quaternary history in tropical America. Clarendon Press, Oxford, pp. 1-18.

Hart, N.S. (2001) Variation in cone photoreceptor abundance and the visual ecology of birds. Journal of Comparative
Physiology A4, 187, 685—697.
http://dx.doi.org/10.1007/s00359-001-0240-3

Hellmayr, C.E. (1938) Catalogue of birds of the Americas and the adjacent islands. Field Museum Natural History, 430, 1-662.

Howell, SN.G. & Webb, S. (1995) 4 guide to the birds of Mexico and northern Central America. Oxoford University Press,
New York, 1010 pp.

Joyce, A.T. (2006) Land use change in Costa Rica: 1996-2006, as influenced by social, economic, political, and environmental
factors. Litografia e imprenta LIL, San José, Costa Rica, 272 pp.

Klicka, J., Burns, K. & Spellman, GM. (2007) Defining a monophyletic Cardinalini: a molecular perspective. Molecular
Phylogenetics Evolution, 45, 1014—-1032.
http://dx.doi.org/10.1016/j.ympev.2007.07.006

Klicka, J., Johnson, K.P. & Lanyon, S.M. (2000) New World nine-primaried oscine relationships: Constructing a mitochondrial
DNA framework. Auk, 117, 321-336.
http://dx.doi.org/10.1642/0004-8038(2000)117[0321:NWNPOR]2.0.CO;2

Klicka, J., Barker, F.K., Burns, K.J., Lanyon, S.M., Lovette, 1.J., Chaves, J.A. & Bryson, Jr. R.W. (2014) A comprehensive
multilocus assessment of sparrow (Aves: Passerellidae) relationships. Molecula Phylogenetics and Evolution, 77,
177-182.
http://dx.doi.org/10.1016/j.ympev.2014.04.025

Maia, R., Eliason, C., Bitton, P-P., Doucet, S. & Shawkey, M. (2013) pavo: an R package for the analysis, visualization and
organization of spectral data. Methods in Ecology and Evolution, 4, 906-913.
http://dx.doi.org/10.1111/2041-210X.12069

Marshall, C.J. & Liebherr, J.K. (2000) Cladistic biogeography of the Mexican transition zone. Journal of Biogeography, 27,
203-216.
http://dx.doi.org/10.1046/j.1365-2699.2000.003 88 .x

Matyjasiak, P. (2005) Birds associate species-specific acoustic and visual cues: recognition of heterospecific rivals by
blackcaps. Behavioral Ecology, 16, 467—471.
http://dx.doi.org/10.1093/beheco/ari012

Mayr, E. (1976) Evolution and diversity of life. Belknap Press, Cambridge, 736 pp.

Meiri, S. (2011) Bergmann's rule—what's in a name? Global Ecology and Biogeography, 20, 203-207.
http://dx.doi.org/10.1111/j.1466-8238.2010.00577.x

Millsap, B.A., Seipke, S.H. & Clark, W.S. (2011) The Gray Hawk (Buteo nitidus) is two species. Condor, 113, 326-339.
http://dx.doi.org/10.1525/cond.2011.100089

Patten, M.A. (2010). Null expectations in subspecies diagnosis. Ornithological Monographs, 67, 35-47.
http://dx.doi.org/10.1525/0m.2010.67.1.3.

Remsen, J.V. Jr., Cadena, C.D., Jaramillo, A., Nores, M., Pacheco, J.F., Pérez-Eman, J., Robbins, M.B., Stiles, F.G., Stotz, D.F.
& Zimmer, K.J. (2013) A classification of the bird species of South America. American Ornithologists' Union: Version
July 2013. Available from: http://www.museum.Isu.edu/~Remsen/SACCBaseline.html (accessed 12 November 2013)

114 - Zootaxa 3895 (1) © 2014 Magnolia Press SANDOVAL ET AL.


http://dx.do
http://dx.doi.org/10.1525/auk.2010.127.3.726
http://dx.doi.org/10.1525/auk.2012.129.3.573
http://dx.doi.org/10.1111/j.1600-048X.2009.04514.x
http://dx.doi.org/10.1029/92TC00859
http://dx.doi.org/10.1007/s00359-001-0240-3
http://dx.doi.org/10.1016/j.ympev.2007.07.006
http://dx.doi.org/10.1642/0004-8038(2000)117%5b0321:NWNPOR%5d2.0.CO;2
http://dx.doi.org/10.1016/j.ympev.2014.04.025
http://dx.doi.org/10.1111/2041-210X.12069
http://dx.doi.org/10.1046/j.1365-2699.2000.00388.x
http://dx.doi.org/10.1093/beheco/ari012
http://dx.doi.org/10.1111/j.1466-8238.2010.00577.x
http://dx.doi.org/10.1525/cond.2011.100089
http://dx.doi.org/10.1525/om.2010.67.1.3.

Ricklefs, R.E. (2012) Species richness and morphological diversity of passerine birds. Proceedings of the Natural Academy of
Sciences, 109, 14482—14487.
http://dx.doi.org/10.1073/pnas.1212079109

Rising, J.D. (2011) Familiy Emberizidae (buntings and New World sparrows). /n: del Hoyo, J., Elliot, A. & Christie, D. (Eds.),
Handbook of the birds of the world. Vol. 16. Tanagers to New World blackbirds. Lynx Edicions, Barcelona, pp. 428—683.

Sanchez, J.E., Criado, J., Sanchez, C. & Sandoval, L. (2009) Costa Rica. /n: Devenish, C., Diaz Fernandez, D.F., Clay, R.P.,
Davison, 1.J. & Yépez Zabala, 1. (Eds.), Important bird areas of Americas: priority sites for biodiversity conservation.
BirdLife International, Quito, Ecuador, pp. 149-156.

Sandoval, L. & Mennill, D.J. (2012) Breeding biology of White-eared Ground-sparrow (Melozone leucotis), with a description
of a new nest type. Ornitologia Neotropical, 23, 225-234.

Sandoval, L. & Mennill, D.J. (2013) Morphometric measurements permit accurate sexing of three species of Mesoamerican
ground-sparrow (Genus: Melozone). Wilson Journal of Ornithology, 125, 471-478.

Sandoval, L. & Mennill, D.J. (2014) A quantitative description of vocalizations and vocal behaviour of the Rusty-crowned
Ground-Sparrow (Melozone kieneri). Ornitologia Neotropical, 25, 219-230.

Sandoval, L., Méndez, C. & Mennill, D.J. (2013) Different vocal signals, but not prior experience, influence heterospecific
from conspecific discrimination. Animal Behaviour, 85, 907-915.
http://dx.doi.org/10.1016/j.anbehav.2013.02.006

Sandoval, L, Méndez, C. & Mennill, D.J. (2014) Individual distinctiveness in the fine structural features and repertoire
characteristics of the songs of White-eared Ground-sparrows. Ethology, 120, 275-286.
http://dx.doi.org/10.1111/eth.12206

Sclater, P.L. & Salvin, O. (1868) Descriptions of new or little-known American birds of families Fringillidae, Oxyrhamphidae,
Bucconidae, and Strigidae. Proceedings of Zoological Society London, 36, 322-329.

Stiles, F.G. & Skutch, A.F. (1989) A4 guide to the birds of Costa Rica. Cornell University Press, Ithaca, 632 pp.

Stoddard, M.C. & Prum, R.O. (2008) Evolution of avian plumage color in a tetrahedral color-space: a phylogenetic analysis of
New World buntings. American Naturalist, 171, 755-776.
http://dx.doi.org/10.1086/587526

Vorobyev, M. & Osorio, D. (1998) Receptor noise as a determinant of colour thresholds. Proceedings of Royal Society London
B, 265,351-358.
http://dx.doi.org/10.1098/rspb.1998.0302

Webb, S.D. & Rancy, A. (1996) Late Cenozoic evolution of the Neotropical mammal fauna. /n: Jackson, J.B.C., Budd, A.F. &
Coates, A.G. (Eds.), Evolution and environment in tropical America. University of Chicago Press, Chicago, pp. 335-358.

APPENDIX A. List of skins used in this study, measured at Museo de Zoologia Universidad de Costa Rica (UCR),
Museo Nacional de Costa Rica (MNCR), the Field Museum of Natural History (FMNH), the University of Michigan
Museum of Zoology (MZUM), and the Muséum National d'Histoire Naturelle (MNHN).

Melozone biarcuata biarcuata:

Female: FMNH 109482, FMNH 22986, FMNH 109483, FMNH 109480, MNHN 1880-3400.

Male: MZUM 98401, MZUM 108106, MZUM 89016, MZUM 108105, FMNH 212687, FMNH 212685, FMNH 109481,
FMNH 23374, FMNH 22988, FMNH 22990, FMNH 22985, FMNH 22987, FMNH 22983, FMNH 22984, FMNH 22989,
FMNH 23373, FMNH 212682.

Melozone biarcuata hartwegi:

Female: MZUM 94608, MZUM 103527, MZUM103529, MZUM107783, MZUM 107784, MNHN 1975-798, MNHN 1975-
799, MNHN 1975-800.

Male: MZUM 94610, MZUM 94609, MZUM 94607, MZUM 103526, MZUM 103528, MZUM 103530, MZUM 103531,
MZUM 107780, MZUM 107781, MZUM 107785, MZUM 103959, MNHN 1975-797.

Melozone biarcuata cabanisi:

Female: UCR 3176, UCR 2577, MNCR 186, FMNH 6834, FMNH 72939, FMNH 72938.

Male: UCR 2436, UCR 2435, UCR 1218, MNCR6335, MNCR23050, MNCR5175, MNCR 23051, MNCR 4561, FMNH
374214, FMNH 6835, FMNH 72940, FMNH 72937, MNHN 1999-2299, MNHN 1999-2297.

APPENDIX B. List of recordings used in this study, obtained from Laboratorio de Bioacustica Universidad de Costa
Rica (UCR), the Macaulay Library of Natural Sounds Cornell Laboratory of Ornithology (ML), the private collection of
Jesse Fagan (JF), and the private collection of Knut Eisermann (KE). Asterisks indicate recordings made by L. Sandoval
that are being archived in Laboratorio de Bioacustica Universidad de Costa Rica and are awaiting catalogue numbers.

Melozone biarcuata biarcuata:
15259ML El Salvador, Santa Ana, Cerro Verde; 106025ML El Salvador, Sonsonate, Finca Altamira; KE57 Guatemala, Tucura,
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