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ORIGINAL INVESTIGATION



A new species of Philander Brisson, 1762 (Didelphimorphia, Didelphidae) David A. Flores, Rube´n Marcos Barquez, Marı´ a Mo´nica Dı´ az PIDBA (Programa de Investigaciones de Biodiversidad Argentina), Facultad de Ciencias Naturales, Universidad Nacional de Tucuma´n, Miguel Lillo 205, CP 4000, Tucuma´n, Argentina CONICET (Consejo Nacional de Investigaciones Cientı´ficas y Te´cnicas), Argentina Received 20 September 2006; accepted 20 April 2007



Abstract A new species of Philander, known from two localities in Bolivia and one in Peru, is described. The new species is externally similar to sympatric populations of P. opossum, but both have several differences, such as ventral pelage color, nasal morphology, condition of the zygomatic arches, and rostral tympanic process of the petrosal. Morphometric differences with other taxa in the genus are also shown. Based on the few localities known at present, it is probable that the new taxon has a wide geographic range in Amazonian forest. The description of another species of Philander reﬂects the complexity of the genus, and the fact that the holotype corresponds to a museum specimen demonstrates one more time the importance of the study of the systematic collections. We describe external, dental, and cranial morphology, and we offer morphometric data as well as comparisons with other species in the genus. r 2007 Deutsche Gesellschaft fu¨r Sa¨ugetierkunde. Published by Elsevier GmbH. All rights reserved. Keywords: Philander; Bolivia; Peru; Systematics; Taxonomy



Introduction The genus Philander Brisson, 1762 includes several species commonly known as four-eyed opossums, owing to the presence of a pale spot above each eye. It has a wide distribution in the Neotropics, being known from Tamaulipas, Mexico, and south to northern Argentina (Hershkovitz 1997). The extant forms of Philander were included within the subgenus Metachirus (genus Didelphys) by Thomas (1888). For decades, the nomenclatorial status of the genus was discussed by several authors (e.g. Hershkovitz 1949, 1976, 1981, 1997; Husson 1978; Pine 1973; Gardner 1981). Simpson (1972) and Pine Corresponding author. PIDBA (Programa de Investigaciones de Biodiversidad Argentina), Facultad de Ciencias Naturales, Universidad Nacional de Tucuma´n, Miguel Lillo 205, CP 4000, Tucuma´n, Argentina. E-mail address: davﬂ[email protected] (D.A. Flores).



(1973) suggested that Philander should be treated as a subgenus of Didelphis, but Reig et al. (1987) showed that the group was clearly distinctive in a diverse array of anatomical traits. To date, the species included in the genus, and their distributions, remain uncertain in several taxonomic and distributional aspects (see Patton and da Silva 1997; Lew et al. 2006). Traditionally, Philander was considered to be a monotypic genus, containing only P. opossum and several synonyms (Cabrera 1958), among them P. andersoni (Osgood, 1913), P. mcilhennyi (Gardner and Patton, 1972), and P. frenatus (Olfers, 1818). Emmons and Feer (1990) and Gardner (1993) considered Philander andersoni to be a valid species and included P. mcilhennyi as a junior synonym. Hershkovitz (1997) reviewed the genus adding to the analysis several morphological traits such as craniodental and soft anatomy, as well as distribution and behavior, and recognizing only two species: P. opossum
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and P. andersoni (including P. mcilhennyi). Posteriorly, Patton and Da Silva (1997) conferred speciﬁc status to P. mcilhennyi and P. frenatus differing from P. andersoni and P. opossum, respectively. Results from recent studies allowed some analysis that led to deep modiﬁcations in the systematics and taxonomy of the group (e.g. Patton and da Silva 1997; Castro-Arellano et al. 2000; Patton and Costa 2003; Gardner 2005; Lew et al. 2006). The species P. andersoni and P. mcilhennyi are clearly different in dorsal dark coloration pattern (Hershkovitz 1997; Patton and da Silva 1997), and notable genetic divergence exists (Patton and da Silva 1997; Patton and Costa, 2003). Although most taxonomic questions with regard to P. mcilhennyi and P. andersoni are resolved, in the widely distributed P opossum still there are many questions regarding geographic variation and taxonomic composition. Examples are the diverse criteria used to determine the subspeciﬁc composition and geographic ranges (see Cabrera 1958; Patton and da Silva 1997; Gardner 1993, 2005; Hershkovitz 1997; Castro-Arellano et al. 2000), as well as the recent description of two new species in the genus, P. deltae and P. mondolfii (Lew et al., 2006). These recently described new species were previously considered innominate subspecies of P. opossum by Hershkovitz (1997) and by Castro-Arellano et al. (2000). In this widely distributed and highly variable Neotropical group, the ﬁnding of new morphotypes with restricted distributions and unique morphological patterns is highly probable. While studying neotropical marsupials, including specimens deposited in collections, and others recently trapped in the Peruvian Amazon, we found some specimens of Philander from the lowland forests of central Bolivia, and from northeastern Peru, that show particular morphological traits not assignable to any of the previously named species, but to a new taxon that is described below. Additionally, we have also included morphometric data and comparisons with all other species of the genus recognized to date.



Material and methods Specimens of the new species (Fig. 1) were compared with museum specimens of all of the species of the genus recognized at present (P. andersoni, P. mondolfii, P. frenatus, P. mcilhennyi, and P. opossum, see Material and Methods), as well as with descriptions from the literature (e.g. Thomas 1923; Gardner and Patton 1972; Hershkovitz 1997; Patton and da Silva 1997; Castro-Arellano et al. 2000; Lew et al. 2006). Because, we have not examined specimens of the recently described P. deltae, our comparison is based on the description and pictures provided by Lew et al. (2006). All specimens examined are listed indicating localities and catalog numbers. Acronyms and abbreviations of collections are as follows: AMNH, American Museum of Natural



15



Fig. 1. Dorsal (top left) and ventral (top right) views of skull, and lateral (bottom) view of skull and mandible of Philander new species (CML 561). Scale bar: 1 cm. History, New York; BMNH, British Museum (Natural History), London; CIES, Coleccio´n del Centro de Investigaciones Ecolo´gicas Subtropicales, Parque Nacional Iguazu´, Argentina; CML, Coleccio´n Mamı´ feros Lillo, Universidad Nacional de Tucuma´n, Tucuma´n, Argentina; MACN, Museo Argentino de Ciencias Naturales ‘‘Bernardino Rivadavia’’, Buenos Aires, Argentina; MLP, Museo de La Plata, La Plata, Argentina; MUSM, Museo de Historia Natural de la Universidad Nacional Mayor San Marcos, Lima, Peru; MVZ, Museum of Vertebrate Zoology, University of California, Berkeley; RMNH, Rijksmuseum van Natuurlijke Historie, Leiden. The specimens collected have not yet been accessioned institutionally, so they are here identiﬁed with the initials of the collector (MMD, M. Mo´nica Dı´ az). Specimens examined: Philander new species (7) – Bolivia: 7 km North of Santa Rosa (CML 561, holotype, AMNH 246441, paratype); Casarabe (AMNH 261269, 261270, 261271, 261272). Peru: Paujil, W del km 37.4 de la carretera IquitosNauta, 4103.5270 S 73126.5350 W (MMD 3865). Philander andersoni (35) – Ecuador: Copataza (AMNH 67295, 67296); Napo (BMNH 34.9.10.253); Near River Napo (BMNH 34.9.10.252); Pastaza, Sarayacu (AMNH 67294); Rio Napo (BMNH 34.9.10.253, 32.8.4.35); San Jose´ (AMNH 68286, 68288). Peru: 1 km al E del km 25.3 de la carretera
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Iquitos-Nauta (MMD 4652); Boca Rı´ o Curaray (AMNH 72011, 72012, 72013, 72014, 72015, 72016, 72017); Boca Rio Mazan (BMNH 32.8.4.34); Cerro Galeras, Rı´ o Pauchsi Yacu (AMNH 72018, 72019, 72020); Chanchamayo (BMNH 92.10.1.17); Iba´n˜ez, Junin (BMNH 28.5.1.20); Iquitos (AMNH 98663, BMNH 28.7.21.106, 28.7.21.105); Rı´ o Amazonas, Orosa (AMNH 74088); Rı´ o Galvez, Nuevo San Juan ( ¼ Nuevo San Juan de Mayorun) (AMNH 268222, 268223, 268224, 273039); San Lucas, W km 43 de la carretera IquitosNauta (MMD 3775), Utcuyaco, Junin (BMNH 0.7.7.62, P. opossum nigratus, holotype). Venezuela: Mt. Duida, Playa del Rı´ o Base (AMNH 76980, 76981). Philander mcilhennyi (9) – Peru: Loreto, Rı´ o Ga´lvez, Nuevo San Juan ( ¼ Nuevo San Juan de Mayoruna) (AMNH 272818, 273040, 273054, 273055, 273089, MUSM 13299). Brazil: Espirito Santo (BMNH 3.9.4.109, 3.9.4.110); Nova Vida, right bank Rio Jurua´, Acre (MVZ 190342). Philander mondolfii (15) – Colombia: Meta, Restrepo, Caney (AMNH 133119, 133120); Meta, Villavicencio (AMNH 35832, 136163). Venezuela: Maripa (AMNH 16951); Rı´ o Yuruani (AMNH 30709, 30710, 30711, 30712, 30713, 30714, 30715, 30716, 30717, 30718). Philander frenatus (60) – Argentina: about 13 km South of Clorinda (AMNH 256980, CML 2065, 2083); Chaco, Parque Nacional Chaco, Camping sobre Rı´ o Negro (MACN 20866, 20868); Chaco, Rı´ o de Oro (MACN 14342); Misiones, Arroyo Piray Guazy (CML 1811); Misiones, Arroyo Urugua-ı´ , curso medio (MACN 49307, 49465, 49376); Misiones, Arroyo Urugua-ı´ , km 10 (MACN 51127, 51133); Misiones, Fracran (MACN 52.19); Misiones, Parque Nacional Iguazu´, acceso a Cataratas (CIES 91); Misiones, Rı´ o Urugua-ı´ , a 30 km al N de Puerto Bemberg (MACN 51.18); Parque Nacional Pilcomayo (MLP 7.VIII.98.4); Parque Nacional Pilcomayo, Abadie Cue, (MACN 20743); Parque Nacional Pilcomayo, Estero Poi (MACN 20734, 20735, 20736); Parque Nacional Pilcomayo, Lata Cue (MACN 20737, 20738, 20739, 20740); Parque Nacional Pilcomayo, Paso Pomelo, (MACN 20741, 20742). Brazil: Fazenda da Toca (MVZ 182067); Fazenda Intervales (MVZ 182066), Goia´s, Ana´polis (AMNH 133043, 133047, 133068, 133074); Majacuba (AMNH 96620); Rio Grande do Sul (BMNH 84.2.8.29); Rio de Janeiro (AMNH, 133106, 133107); San Francisco, San Paulo (BMNH 1.6.6.96); Santa Catarina, Hansa (BMNH 28.10.11.59, 29.6.6.71, 29.6.6.72); Sa˜o Sebastia´n, Sa˜o Paulo (BMNH 2.4.6.37, 2.4.6.38); SE Brazil (RMNH 12839, 12840, 12846, 12848, 24304); Serra Capara˜o, Fazenda Cardozo (AMNH 61851, 61852, 61853); Serra de Capara˜o, Boa Esperanc¸a (AMNH 80352, 80353); Urucum (AMNH 37063, 37064); Paraguay: Sapucay (BMNH 2.4.7.48, 2.11.7.14, 3.2.3.32, 3.2.3.34, 3.2.3.35, 3.2.3.36 P. opossum azaricus, holotype). Philander opossum opossum (80) – Brazil: ‘‘Amazonas’’ (BMNH 77.77); Amazonas, Rı´ o Madeira, Aurara Igarape (AMNH 91749, 91750); Amazonas, Rı´ o Madeiro, Borba (AMNH 91748); Amazonas, S bank R. Amazonas, Villa Bella Emperatriz (AMNH 93526, 93527, 93528); Para, Capim (AMNH 203347, 203348); Rio Negro (BMNH 34.6.26.15); Rio Tocantis, Ilha do Taiuna (AMNH 96714, 96717, 96719, 96723, 96724, 96725, 96730, 96556, 96557, 96558, 96559, 96560, 96561, 96562, 96563, 96564, 96565, 96566); Tefe, Santa Isadora (AMNH 78954). French Guiana: Paracou, near Sinnamary (AMNH 266379, 266381, 266382, 266383,



266384, 266385, 266386, 266387, 266389, 266391, 266392, 266393, 266394, 266395, 266396, 266397, 266398, 266399, 266400, 266401, 266994, 266995, 266996, 266997, 266998, 267014, 267328). Guyana: Demerara (BMNH 80.11.29.9); Ramuru (BMNH 1.6.4.129, 1.6.4.132); Rio Demerara (BMNH 7.6.20.12); Rio Suriname (BMNH 10.5.4.50). Suriname: Albina (RMNH 23947); Clevia (RMNH 12841, 17753, 17795, 22100, 22110, 22111); near Paramaribo (RMNH 12838, 22099, 22102, 22106, 21727, 22103); Paramaribo (BMNH 52.1210, 52.1204, 52.1206, 84.373); ‘‘Suriname’’ (RMNH 7252, 7253). Philander opossum canus (67) – Bolivia: 4 km SE de Palacios (AMNH 210410); Beni, 6 km S Buena Hora (AMNH 210401); Beni, 8 km. N Exaltacion (AMNH 210403); Beni, Camiaco (AMNH 210402); Beni, Guayaramarin (AMNH 209145, 209146); Beni, Mamore River (AMNH 210409); ‘‘Bolivia’’ (AMNH 260034, 260037, 263964); Buenavista, Santa Cruz (BMNH 26.1.12.19, 28.2.9.85); Ibare River (AMNH 210408); Ibare River mouth (AMNH 210404, 210405, 210406); Isla Gargantua (AMNH 262415); Pando, Rio Nareuda (AMNH 248703); Pando, Agua Dulce (AMNH 262411); Puerto Caballo (AMNH 210411, 210412); Puerto Siles (AMNH 210413, 210414); Rı´ o Mamore, 5 km S Guayaramarin (AMNH 209147); Rı´ o Tijamuchi (AMNH 261273); Santa Cruz, Hameras (AMNH 135887); Santa Cruz, Pcia. Sara, 7 km N de Santa Rosa (CML 548, 549, 550, 559, 570, 582); Santa Cruz de la Sierra (BMNH 47.11.22.15 P. opossum crucialis, holotype). Brazil: S bank R. Amazonas, Villa Bella Imperatriz (AMNH 92880, 93527). Peru: 13 de Febrero, Fundo Nemith, E km 33 de la carretera Iquitos-Nauta (MMD 3737); Boca Rı´ o Urubamba (AMNH 75906, 75907, 75908, 75910, 75925, 76054); Corrientillo, km 6 de la carretera Iquitos-Nauta, 4.5 km al O camino a Zungarococha (MMD 1995); Chicosa, upper Ucayali (BMNH 28.5.2.225); Iquitos (AMNH 98643, 98657, 98660, 98661); Loreto, Rı´ o Ucayali, Sarayacu (now Ucayali Department) (AMNH 76448, 76450); Moralillo, 1,5 km al E y 500 m al S del km 15,2 de la carretera IquitosNauta (MMD 835); Moyabamba (BMNH 27.1.1.160); Padrecocha (MMD 2972); Pasco, Prov. Oxapampa, Nevati Misio´n (AMNH 230028, 254509); Pasco, Prov. Oxapampa, San Pablo (AMNH 230030, 230033, 230034, 230035); Rı´ o Amazonas, Orosa (AMNH 73852); Santa Rosa Alta Ucayali (AMNH 75909); Santo Tomas 6 km W del km 1 de la carretera IquitosNauta, (MMD 3398); Tingo Maria (BMNH 27.11.1.236); Varillal, 1,6 km W del km 13,6 de la carretera Iquitos-Nauta (MMD 1033); Yumac Yacu (BMNH 27.1.1.162, 27.1.1.163, 27.1.1.168). Philander opossum fuscogriseus (81) – Belize: Baking Pot (BMNH 66.3864); Central Farm (BMNH 64.2027, 65.3863). Colombia: Antioquia, Alto Bonito (AMNH 37749). Costa Rica: Alajuela, Vijagual ( ¼ Bijagual), Jabillo San Carlos (AMNH 141916, 141917); Costa Rica (AMNH 150034); Juan Vin˜as (AMNH 18096, 18097, 18098, 18099, BMNH 66.4387); Puerto Cortez (AMNH 139249); Puntarenas, Palmar (AMNH 139320, 139461, 139462, 139463, 139464). Guatemala: Finca El Cipres (AMNH 69276); San Marcos, Finca Carolina (AMNH 74182); Yacuru (BMNH 9.6.11.16). Honduras: 5 miles up Roman River (AMNH 24232), La Lima (BMNH 63.1720). Mexico: 24 mi. S Veracruz (AMNH 190445, 190446, 190447); Alvarado (AMNH 172266, 172267, 172268, 172269, 172270, 172271, 176704); Co´rdoba (AMNH 30525); Juxtla,
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Chiapas (BMNH 94.12.18.27); Lake Catemako (AMNH 172273, 17275); Oaxaca, 5 mi. W Chiltepec 1 (AMNH 189480); Oaxaca, Rı´ o Sarabia, 18 mi. North Marias River (AMNH 185754); Pasa Nueva (AMNH 17177); San Andre´s (AMNH 172262, 172263, 172264, 172265); San Luis Potosı´ , El Salto Falls (AMNH 172277, 172278, 172279, 172280, 172281, 172282); Tecnon, Yucata´n (BMNH 52.404). Nicaragua: Managua, Lake Jiloa (AMNH 176706, 176707, 176708); Matagalpa (AMNH 28317, 28328, 28329, 41393); Rı´ o Coco (AMNH 29258, 29259, 29260, 29261, 29262, 29263, 29264, 29265); San Juan (AMNH 29266, 29267); San Ramo´n del Norte (AMNH 28318); Vijagua (AMNH 29537). Panama: Boquero´n, Chiriqui (AMNH 18902, 18903, 18904, 18905, 18907); Bogava (BMNH 0.7.11.75, 0.7.11.77, 0.7.11.78, 0.7.11.79); Sevilla, West of Panama (BMNH 3.3.1.120, 3.3.1.121). Philander opossum melanurus (47) – Ecuador: Cebollal (AMNH 61393); Chimborazo, Ventura, 7 mi. N Bucay (AMNH 61607, 61608, 61609); Chimborazo, Chimbo and Coco Rivers (AMNH 62366, 62367, 62368, 62369); Chimborazo, Puente de Chimbo (AMNH 62373, 62374, 62375, 63527); El Oro, Salvias (AMNH 46573); El Chiral (AMNH 47191, 47192); Gualla (BMNH Near Gualla, Pichincha (BMNH 34.9.10.254); Guayaquil (BMNH 320), Guayas, Bucay (AMNH 61398, 61399, 61400, 61401, 61402, 61403, 61404, 61405); Limo´n (AMNH 67053, 67054, 67055); Paramba, Rio Mira, Esmeralda (BMNH 97.11.7.61 P. opossum melanurus, holotype); Pinas (AMNH 61394, 61395, 61396, 61397); San Javier (BMNH 1.3.19.41, 1.9.19.42, 1.3.19.43); Uindo (BMNH 13.10.2.59, 13.10.24.72, 13.10.24.73). Colombia: Cauca, Cocal (AMNH 32606); Colombia (AMNH 136164, 136165, 136166); Choco, Bagado, (AMNH 34372, 34373); Condota, Choco´ (BMNH 14.5.28.30 P. opossum melantho, holotype); Tolima, Rı´ o Frı´ o (AMNH 33029).
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including the claw; ear length (EL), between notch and tip of the pinna; weight (W), body weight in grams; occipito-nasal length (ONL), from the anterior tip of nasals to posterior most projection of the occipital condyle; postorbital constriction (PC), least distance across the cranium measured posterior to the postorbital processes; zygomatic breadth (ZB), greatest distance across the outer margins of the zygomatic arches; length of nasal (LN), from posterior border to anterior border of the nasal; maximum breadth of nasals (BN1), width of nasals measured in their posterior part, at the level of the frontomaxillar suture; width of nasals (BN2), width of nasals measured in their anterior part at the point of premaxillarmaxillar suture; palate length (PL), from posterior margin of alveolus of incisor to medial posterior border of palate; width across canines (C–C), distance between the outer margin of upper canines; width across molars (M–M), distance between the outer margin of upper last molars. The Numerical Taxonomic and Multivariate Analysis System (Rohlf 1993) was used to generate a principal components analysis (PCA) to evaluate morphological variation among P. opossum canus, P. mondolfii and the new species. The election of taxa for statistical analysis was based in the morphological similarity of P. mondolfii with the new species, and the geographic sympatry of P. opossum canus. Data for 5 cranial measurements (ONL, ZB, MM, BN1, and BN2), included in the multivariate analysis, were taken from the specimens examined in this study (Table 1). In describing the new species we followed Ridgway (1912) for coloration; for terminology of skull morphology we followed Wible (2003); tooth nomenclature follows Reig et al. (1987), and dental terminology follows Tribe (1990).



Results



Measurements



Philander olrogi, new species



External, cranial, and dental measurements were recorded for the specimens examined of the new species (Table 1), for the other 5 recognized species, and 5 subspecies of P. opossum (Table 2). Cranial measurements were taken with digital calipers to the nearest 0.05 mm. Measurements and abbreviations are as follows: total length (TL), from tip of snout to tip of tail; tail length (T), the length between the point of insertion of the tail into the body and the last caudal vertebrae; hind foot length (HFL), from the heel to the tip of the longest digit,



Type Material: Adult male, skin and skull, CML 561 (Fig. 1), collected on 15 July 1975 by R.M. Barquez and R.A. Ojeda (original ﬁeld no. 135). The single paratype is split, with the skull deposited at the AMNH (no. 246441), and the skin at the CML (no. 2084). The paratype is an adult female with a well developed marsupial pouch, collected on 27 July 1975 by R.M. Barquez and R.A. Ojeda (original ﬁeld no. 227). Both,



Table 1.



Measurements of Philander new species



Locality Collection no. 1



2



3



Sex TL T



AMNH 261269 M AMNH 261270 H AMNH 261271 M AMNH 261272 M AMNH 246441(skull)/CML 2084 H (skin) CML 561 (holotype) M MMD 3865 M



For abbreviations see Material and methods.



520 570 525 540 522



270 307 290 260 280



HFL EL



M



ZB



ONL LN PL



BN1 BN2 PC M–M C–C



38.0 40.0 42.0 40.0 38.0



– – – – 213



34.8 35.1 33.5 35.7 30.9



63.0 66.0 62.1 64.8 60



4.0 4.9 4.0 4.9 4.3



7.8 8.5 7.4 8.7 7.5



7.8 7.7 7.4 8.0 8.4



19.8 19.5 19.5 19.7 19.1



10.7 10.8 10.4 10.8 9.8



26.5 35.6 4.7 32.2 44 4.7



8.1 9.5



8.2 19.6 8.7 21.7



10.4 12.4



540 275 38.2 562 271 44



30.0 39.0 37.0 29.0 40.4



42.5 284 35.4 61.2 33 550 39 73.9



29.2 28.1 27.2 29.3 26.3



38.1 38.7 37.3 38.5 35.7
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Table 2. Summary statistics (mean, range, and sample size) of measurements (mm) and weights (g) of Philander olrogi, P. mondolfiii, subspecies of P. opossum, P. andersoni, P. mcilhennyi, and P. frenatus Philander olrogi TL T HFL EL W ZB ONL LN PL BN1 BN2 PC M–M C–C



539.90 279 39 40.33 33.60 34.83 64.97 28.72 38.72 4.47 8.23 8 19.88 10.82



Philander mondolfii



(520–570) (260–307) (38–42) (38–44) (29–39) (30.9–39) (60–73.9) (26.3–32.2) (35.7–44) (4–4.9) (7.4–9.5) (7.4–8.7) (19.1–21.7) (9.8–12.4)



7 7 7 7 7 7 7 7 7 7 7 7 7 7



Philander opossum opossum TL T HFL EL W ZB ONL LN PL BN1 BN2 PC M–M C–C



530 308.3 42 36 344.5 37.6 72.2 35.2 43 4.7 8.1 8.7 21 11.3



(400–600) (295–320) (41–43) 36–36) (269–420) (32.9–43) (65.4–79.6) (30.7–39.9) (39.6–46.9) (3.9–5.9) (7–9.4) (8.2–9) (20.1–22) (10.2–12.8)



487 262 35.4 30.6 120.6 32.9 62.5 28.7 37.2 4 7 8.4 19.1 9.9



(230–620) (170–320) (24.1–43) (10–39) (120–230) (27.2–41) (55–70.5) (19.3–33.1) (33.3–40.5) (3.4–4.9) (6–8.7) (7.4–9.5) (17.3–20.3) (7.3–11.7)



(503–543) (265–290) (30–40) (31–31) (260–260) (30.1–34.9) (58.1–62.5) (26.3–29.8) (35.1–37) (3.4–4.8) (6.5–7.9) (8.1–8.6) (17.9–19) (8.7–10.6)



6 6 6 1 1 6 5 5 5 6 6 6 6 6



536.4 287.6 40.4 36.4 35.48 33.55 64.97 30 39.30 4.05 7.32 8.03 19.77 10.13



Philander opossum melanurus 3 3 3 2 2 15 15 15 15 15 15 15 15 15



526.8 258.5 43.7 30 – 34.3 65.6 31.3 39.5 4.1 7.7 8.8 19.8 10.5



Philander frenatus TL T HFL EL W ZB ONL LN PL BN1 BN2 PC M–M C–C



515 275.7 36.3 31 260 31.6 60.2 28 36.2 4.1 7.3 8.4 18.4 9.4



Philander opossum canus



(483–582) (238–285) (38–49) (30) – (27.8–40.4) (58.6–74) (27.6–35.8) (35.7–43.6) (3.1–5.4) (6.3–9.5) (8.3–9.4) (17.6–21.4) (8.3–12.7)



584 303.50 41 36.50 405 35.01 68.94 34.75 41.18 4.54 7.64 8.71 20.69 10.84



(581–587) (302–305) (41–41) (36–37) (390–420) (31.5–37) (62.3–72.5) (32.1–38) (38.1–43.9) (3.9–5) (6.9–8.7) (8–9.5) (19.9–22.6) (9.6–12)



24 24 31 31 29 37 36 37 37 37 37 37 37 37



Philander opossum fuscogriseus 18 18 18 1 – 25 25 25 25 25 25 25 25 25



578.18 287.15 43.90 34.41 503.50 37.28 70.97 34.28 42.69 4.55 8.17 8.63 21.29 11.39



Philander andersoni 23 23 20 17 7 24 24 27 25 15 15 25 20 24



(500–582) (218–380) (35–47) (33–42) (31–42) (29.7–37.8) (57.4–73.2) (26.5–35.7) (35.5–44.6) (3–4.9) (6.5–8.7) (5.5–9.3) (18.5–21.5) (9.3–11)



(520–640) (258–330) (40–68) (29–40) (503.5–503.5) (32.4–42.4) (65.7–79.6) (29.7–38) (37.5–46.5) (3.3–5.4) (6.8–9.8) (5.6–9.9) (19.4–22.9) (9.1–13.8)



28 26 27 23 1 28 24 29 29 29 29 29 29 29



Philander mcilhennyi 2 2 2 2 2 7 7 8 8 8 8 8 7 7



– – – – – 38 74.3 37.5 45.1 5.2 8.9 9.3 22.2 11.8



– – – – – (36.3–41.7) (69.8–78.3) (34.3–39.7) (42.5–47.7) (4.5–6) (7.9–10.5) (8.7–9.6) (21.2–23.1) (11–12.7)



0 0 0 0 0 6 6 6 6 6 6 6 6 6



See Materials and methods for a description of measurements and acronyms.



the holotype and paratype come from the same locality: 7 km North of Santa Rosa (171030 S, 631350 W), Sara Province, Department of Santa Cruz, Bolivia. Additional Records: Four additional adult specimens (listed as P. opossum by Anderson, 1997, p. 162, 163)



were collected by L.A. Ruedas in 1985, at Casarabe, Department of Beni, Bolivia (three males and one female, all skin, skull and skeleton). A ﬁfth specimen is an adult male collected by M.M. Dı´ az in 2004, at Paujil, W del km 37.4 de la carretera Iquitos-Nauta, Provincia
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de Maynas, Departamento Loreto, Peru (original ﬁeld no. MMD 3865, skin in alcohol and skull extracted). This specimen will be deposited in the Mammal Collection of the Universidad Mayor San Marcos (MUSM), Lima, Peru. Distribution (Fig. 2) and Habitat: Known from only two localities in Bolivia, and one in Peru. The type and paratype were captured in wire Tomahawk traps placed along the borders of a marshy area surrounding a small lagoon formed by accumulation of rainwater. The environment was tall forest with a predominance of palm trees. Six specimens of P. opossum were also captured in the same area. The specimen from Peru was captured in second growth tropical humid forest with a wire Tomahawk trap set near an artiﬁcial impoundment used to raise ﬁshes. Etymology: This species is dedicated to the memory of Dr. Claes Ch. Olrog, the organizer of the ﬁeld trip to Bolivia that resulted in the collection of the new species. Also, Dr. Olrog contributed greatly to the study of mammalogy in Argentina, stimulating and inspiring his students to the study of mammals and to organize and maintain the mammal collections in Tucuma´n (Coleccio´n Mamı´ feros Lillo), Argentina. Diagnosis: Fur short; dorsal coloration fuscous black or dark grayish, guard subterminal silver, sides cream buff; head blackish, darker than the dorsum; end of the muzzle grayish, rhinarium unpigmented. Venter ochraceous buff, a coloration that extends to the cheeks and throat. Hair of venter with dark gray bases absent. Ears



Fig. 2. Distribution of Philander olrogi in Bolivia and Peru: 1. Type locality: Bolivia, 7 km North of Santa Rosa, Sara Province, Santa Cruz Department; 2. Bolivia, Casarabe, Beni Department; 3. Peru, Paujil, W del km 37.4 de la carretera Iquitos-Nauta, Maynas Province, Loreto Department.
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dark and rounded, with their bases ochraceous buff and black at distal half, without yellow hairs on their posterior base. Tail clearly bicolor, with proximal 3/4 blackish brown, distally cream buff, tip of similar coloration as base, although cream in some specimens. Tail covered by short hairs for the proximal ﬁfth of its length; ventral hairs cartridge buff color; and caudal scales spiral, each with 3–5 spine hairs of equal length. Hands with brown hairs dorsally; toes paler, claws well developed slightly surpassing the tips of the toes; four interdigital tubercles, with thenar and hypothenar pads well developed. Feet with ochraceous buff hairs on dorsal side; strong claws (except in the hallux) slightly surpassing the tips of the toes; four plantar tubercles are present: two interdigital, thenar, and interdigital pad between hallux and second digital joins with the hypothenar pad. Skull (Figs. 1 and 2) with rostrum short and wide. Nasals wider anteriorly at 2/3 of its length, abruptly expanded at the level of the frontomaxilar suture, with their lateral margins not well pointed, and posteriorly not reaching the level of the supraorbital process. Paracanine fossae shallow. Interorbital region wide and anteriorly divergent. Zygomatic arches well expanded, posteriorly divergent in dorsal view, and notably curved in ventral plane. ZB larger than zygomatic length. Temporal crests well marked and converging anteriorly to frontoparietal suture. Braincase globose, with its breadth less than rostrum length. In lateral view, occipital plate protrudes posteriorly. In ventral view, pterygoid region wide, and rostral tympanic process of petrosal notably weak, although visible. Description: Total length, 520–570 mm; head–body, 235–291 mm; hind foot, 38–44 mm; ear, 30–42.5 mm; weight 284–550 g. External pattern of dorsal pelage similar to the sympatric P. opossum. Dorsal coloration fuscous black or dark grayish, with subterminal guard silver. Sides paler than the dorsum. In males the middle dorsal line is much darker than in females. A welldeﬁned cream colored spot is located above each eye; head blackish brown from the forehead to the muzzle. Cheeks cream but lighter than the general coloration of the venter. Vibrissae well developed. Ears rounded notably bicolored with broad dark margins, and without yellow hairs on their posterior base. Forelimbs cream buff and legs cream buff anteriorly, but posteriorly with the same color of the dorsum. Venter ochraceous buff, more evident at the chest but not extending to the legs. In males the ventral coloration is stronger, but the marsupium area of the females has more marked reddish tones. Skull robust, with a wide rostrum and PC well marked; zygomatic arches well expanded and posteriorly divergent. Temporal crests short, converging posteriorly to a point anterior to frontoparietal suture. The sagittal crest is poorly developed in the holotype
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(Fig. 1), although in older specimens this structure is evident; a shallow depression is visible at the connection point of the temporal crests. Premaxilla lacks a posterior projection which is present in other species of the genus. Infraorbital foramen well-developed at the level of P2. There is no introgression of the nasals between the frontals, which reach their widest border in the frontomaxillar suture at level of lacrimal foramen. Postorbital processes well developed, especially in males; frontal process of the jugal present, but inconspicuous. In lateral view, the maxillar-lacrimal suture located anterior to the maxillar-yugal suture; lacrimal foramina subdivided in two small foramina; anterior border of the orbits reaches the level of the M1. In zygomatic arch, the anterior border of the squamosal well separated from the posterior border of the orbit; and notably curved in ventral plane. Paracondylar processes with tips blunt and well-developed, extending beyond the occipital condyles. Supraoccipital-parietal sutures are V-shaped. Dorsal side of foramen magnum rounded and formed by the exoccipital bones. Lambdoid crests small, but well-developed in old specimens. In lateral view, the occipital plate is clearly visible. Alisphenoid tympanic processes with an apical peak, barely more extended ventrally than the postglenoid process, although in old specimens the postglenoid process can be better developed. A bony wall deﬁnes a secondary foramen ovale, which is aligned with the carotid foramen; rostral tympanic process of petrosal is thin and short; a thin and ring-shaped ectotympanic is located between both structures. The basioccipital present a midline Y-shaped crest forming the medial border of paired oval muscular depressions. Palate wide and robust, with palatine foramina evident; incisive foramina short, reaching the middle portion of the canine; paracanine fossa not welldeveloped; and maxillopalatine vacuities extended from M1 to M3. Posteromedial foramen of palate placed anteriorly in relation to the minor palatine foramen. Glenoid fossa and posglenoid processes well-developed. Mandible robust, with mandibular condyles laterally expanded; coronoid processes wide, and angular processes short. First upper incisors orthodont; in occlusal view, crowns of upper incisors 2–5 are rounded. P1 half the size of the P2, P2 and P3 subequal, the latter bulbous in shape; a small diastema located between P1 and P2; an additional posterior cingula present in upper and lower premolars. M1–M3 with metacone larger than paracone and stylar area with 5 cusps, conical and not laterally compressed; paracrist contact the stylar cusp B, metastyle developed, and metacrist slightly longer than posprotocrist. M2 slightly smaller than M3; M3 with a stylar border similar in size as the anterior border, protocone slightly compressed, ectoﬂexus small without labial cingula, and cusps B and D well developed. M4 compressed but as wide as M3 and metacone smaller



than protocone. Lower incisors markedly procumbent; p2 larger and higher than p1 and p3. A small diastema visible between p1 and canine, and p1 and p2. Lower molars with trigonids wider than long, talonids as wide as trigonids, metaconids taller than paraconids, anterior cingula small, and weak labial cingulae at the base of hipoﬂexids. Entoconids and hipoconids subequal, and hypoconulids smaller. Measurements: Tables 1 and 2 Comparisons (Fig. 3): Philander olrogi was compared with all the other recognized species of Philander (see Table 2 for basic statistic comparisons). Also, we compared P. olrogi with holotypes of taxa previously treated as subspecies of P. opossum (e.g. P. o. azaricus, P. o. crucialis, P. o. melantho, see Material and Methods). Several of the external characters of P. olrogi are similar to the patterns observed in the Bolivian and Peruvian populations of P. opossum, even with specimens collected at the same locality. The dorsal coloration and some tegumentary traits (such as the shape and disposition of the caudal scales, tail and ear color, among other) are similar to the Peruvian and Bolivian populations of P. opossum. However, in the new species the tail is covered by short hairs and the ears lack yellow hairs at the posterior base, whereas in P. opossum the tail is covered by long hairs, and yellow hairs are abundant on the posterior base of the ears. In skull morphology both species show differences not associated with sexual dimorphism or ontogenetic variation that can clearly separate one species from another. The skull of P. olrogi is proportionally more robust at the rostrum than in all other species of the genus. In a bivariate plot (Fig. 4) including specimens of similar age assigned to the Bolivian sympatric taxon P. opossum, it is easy to distinguish the new species, because of their proportionally broad nasals at the point of premaxillarmaxillar suture. Although P. mcilhennyi, P. mondolfii, and some subspecies of P. opossum, have a robust rostrum, this is wider and shorter in P. olrogi, compared with the TL of the skull (Table 2 and Fig. 4). Additionally, in all specimens of P. olrogi the nasals extend anteriorly to the level of the postorbital processes, while in the other species it generally ends posteriorly near to the level of the postorbital processes (Fig. 3). The zygomatic arches in P. olrogi (especially in male specimens) are robust, posteriorly divergent (as in P. deltae), triangular in dorsal view, and with a well marked PC, whereas in the other species, even when the zygomatic arches are expanded, they are rounded in dorsal view (Fig. 3). In P. olrogi, an extension of the nasal between frontals is not evident (Fig. 1), as in P. mondolfii, while in the other species a strong introgression of nasals between frontals exists (Fig. 3).
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Fig. 4. Bivariate scatterplots of nasal breadth at the frontomaxillar suture (BN2) on occipitonasal length (ONL) in bolivian populations of Philander olrogi (D) and Philander opossum canus (m).



Fig. 3. Dorsal view of the skulls of Philander olrogi, P. frenatus, P. opossum canus, P. andersoni, and P. mcilhennyi. Scale bar: 1 cm.



Although the general morphological pattern of P. olrogi is similar to P. mondolfii, both species are clearly different in some external and cranial speciﬁc characters. Externally, the ventral area of P. mondolfii is pale cream or whitish, whereas in P. olrogi it is ochraceous buff. The zygomatic arches of P. mondolfii are notably curved in dorsal view, and moderately arched in the ventral plane (see Fig. 5 in Lew et al. 2006), whereas in the new species they are divergent posteriorly, and notably arched in the ventral plane (Figs. 1 and 3). On the other hand, the paracanine fossae are deeper in P. mondolfii, relative to the not very deep fossae exhibited in P. olrogi (Fig. 1). The temporal crests are notably short in P. olrogi (Figs. 1 and 3), and are longer and reaching the fronto-parietal suture in P. mondolfii. In lateral view, both species are clearly



different in the shape of braincase, being notably higher in P. olrogi than in P. mondolfii (Fig. 1; see Fig. 5 in Lew et al., 2006). Finally, P. mondolfii and P. olrogi can be easily distinguished morphometrically in a multivariate analysis, between some specimens of similar age and same sex (Fig. 5). The specimens of P. olrogi have proportionally wider zygomatic arches related to P. mondolfii, this tendency being more pronounced in males than in females. Compared with P. deltae, our new species is in general smaller and exhibits several external and cranial differences. The prevailing dark brown color in the middorsal line of P. deltae is absent in P. olrogi. The characteristic ochraceous buff venter of P. olrogi contrasts clearly with the uniformly cream ventral area of P. deltae. On the other hand, the lateral coloration in P. olrogi does not extend to the abdominal area, as in P. deltae (see Fig. 4c in Lew et al., 2006). In P. olrogi the supraorbital spots are well deﬁned and the ears are pigmented over half its length, whereas in P. deltae the spots are poorly deﬁned and the ears are pigmented only on their distal edges. On the skull, the rostrum of P. deltae is narrow, the premaxillae is posteriorly projected to the edge of P1 alveolus, and there is a broad maxillary-frontal suture, whereas in the new species the rostrum is typically robust, the premaxillae is posteriorly projected to the canine alveolus, and there is a narrow maxillary-frontal suture. On the posterior region of the skull, the supraoccipital-parietal suture is U-shaped, and the paraoccipital processes are well developed, widely surpassing the ventral edge of the occipital condyles in P. deltae. On the other hand, the supraoccipital-parietal is V-shaped, and the paraoccipital processes are moderately long, barely surpassing the ventral edge of the occipital condyles in P. olrogi. P. olrogi is easily distinguishable from P. andersoni and P. mcilhennyi by the pelage pattern, because P. olrogi lacks the dark middorsal color and the pale cream spot at the medial base of the ears, which are
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characteristic of P. andersoni. On the skull, the premaxilla extends posteriorly beyond the posterior edge of the P1 alveolus, whereas in P. olrogi this element extends back to the posterior edge of canine alveolus. It also lacks the long dorsal fur of P. mcilhennyi, and their characteristic blackish ventral fur. Another difference is the base of the tail, covered with long hairs in P. mcilhennyi, while covered by short hairs in P. olrogi, and the ears, completely black in P. mcilhennyi, and unpigmented on the base in P. olrogi. As in P. opossum, the external characteristics of P. olrogi are nearly similar to P. frenatus. The latter species, previously considered as a subspecies of P. opossum, was recently elevated to species level, according to phylogeographic studies made by Patton and Da Silva (1997), which are followed by Gardner (2005). The principal differences between P. frenatus and P. olrogi are the rostrum and nasals longer and slender, zygomatic arches not expanded, and weaker postorbital process in P. frenatus.



Phenetic analysis: a principal components analysis of correlations among characters was used to evaluate variation in size and shape between P. olrogi and two other taxa in the genus (P. mondolfii and P. opossum canus). The eigenvalues of the ﬁrst 3 principal components were 3.25 (64.96%), 1.04 (20.88%), and 0.32 (6.42%) respectively, explaining 92.22% of total variance. Loadings of the 5 variables analyzed along components I and II are shown in Table 3. In the bivariate plot of components I and II (Fig. 5), P. olrogi and P. mondolfii are clearly separated in both dimensions. The specimens of P. olrogi are located in the lower part of the plot, whereas the specimens of P. mondolfii are in the upper part of the plot. On the other hand, the specimens of P. opossum canus are dispersed on the plot, not clearly differentiated from P. mondolfii, but separated from the new species.



Discussion Table 3. Principal components analysis among three taxa of Philander



ZB ONL BN1 BN2 LN



PC I



PC II



PC III



0.239 0.241 0.148 0.189 0.182



0.0008 0.137 0.371 0.196 0.294



0.558 0.00009 0.008 0.294 0.139



Loading of the characters analyzed along the ﬁrst 3 components. See text for abbreviations.



Fig. 5. Multivariate relationships of three species of Philander. Projections of scores for principal components I and II. Symbols: (K) P. olrogi, (’) P. mondolfii, and (m) P. opossum canus.



In its wide geographical range, the genus Philander shows considerable variation both in color pattern and body size (see Hershkovitz 1997; Patton and da Silva 1997), which has lead to different criteria in understanding the composition of species and subspecies, and their distributions. Considering the recent deep changes and taxonomic arrangements in the group, the description of a new species of Philander, with a particular morphotype is not unexpected (Patton and da Silva 1997; Patton and Costa 2003; Lew et al. 2006). The systematics of Philander have been relatively well studied in other parts of their distribution, outside of Bolivia (e.g. Hershkovitz 1997; Patton and da Silva 1997; Patton and Costa 2003; Lew et al., 2006), where only one species (P. opossum) was previously cited (Anderson 1997). On the other hand, three species of Philander were recorded in Peru (P. opossum, P. andersoni, and P. mcilhennyi) (Gardner 2005). Hershkovitz (1997) considered the Bolivian and Peruvian populations as P. opossum quica, while Anderson (1997) included the Bolivian subspecies in P. opossum canus. Patton and da Silva (1997) recognized six subspecies of P. opossum, P. o. azaricus and P. o. canus from Bolivia and P. o. canus form Peru. In recent revisions (Castro-Arellano et al. 2000; Gardner 2005) only P. o. canus is recognized for Bolivia and Peru. There is no doubt that P. olrogi is closely related to P. opossum, considering the external similarities and sympatric distribution. In Bolivia and Peru, there is punctual sympatry between P. olrogi and P. opossum (both species were captured at the same trap site), and the same specimens assigned here to the new species, were identiﬁed as P. opossum canus by Anderson (1997). However, when specimens of P. opossum canus from Bolivia and Peru are compared with our series of
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P. olrogi, several differences can be easily detected (see Comparisons and Fig. 4). On the other hand, it is also interesting to note the possible close relationship between P. mondolfii and P. olrogi, based on the similarities in the general shape of the skull. Also, although the known geographic ranges of both species are fully allopatric, the southernmost locality of P. mondolfii (Villavicencio, Cordillera Oriental, Colombia), it is placed not so far away from the northernmost locality of P. olrogi (Iquitos, Peru), both separated for about 800 km. However, both taxa occur in clearly different habitats, P. mondolfii in montane and piedmont forests, whereas all localities of P. olrogi are in lowland Amazonian forests of Bolivia and Peru (Fig. 2). An extensive revision of all species of the genus (except P. deltae) and subspecies of P. opossum (see Material and methods), as well as the fact that P. olrogi has been registered in two localities with similar environments in Bolivia and one far away in Peru, indicates that the distribution of the new species would be wide in the Amazonian forest. The description of this taxon, as well as other neotropical marsupials described in recent decades, or reassigned to new genera, such as Hyladelphys kalinowskii (Voss et al. 2001), Chacodelphys formosa (Voss et al. 2004a), Marmosops creightoni (Voss et al. 2004b), Cryptonanus ignitus (Dı´ az et al. 2002), Monodelphis ronaldi (Solari 2003), M. reigi (Lew and Pe´rez-Herna´ndez 2003), Philander deltae and P. mondolfii (Lew et al. 2006), or some species of Gracilinanus (Hershkovitz 1992), are based on specimens that, for decades, were deposited in systematic collections, unidentiﬁed, or wrongly identiﬁed. This reﬂects in some way a lack of systematic studies, at least in the didelphid group, based on South American specimens deposited in museum collections. The recognition of P. olrogi, as well as the recent identiﬁcation of two new species of the genus from Colombia and Venezuela (Lew et al., 2006), reﬂects the complexity of the group, inasmuch as in the beginning only one species was recognized, and now it is represented by at least seven. Although, we recognize that the analysis of tissues for genetic evidence of the species recently described is necessary, we believe that our identiﬁcation of particular morphological traits in a series of specimens assigned to P. olrogi, are enough to discriminate the new taxon from those already described in the genus. Additionally, new genetic evidence could reveal the true relationships of this new species with the other forms recognized in the genus.



Acknowledgements For permitting access to materials, we thank to R. Voss (American Museum of Natural History, New York), Hein van Grow (Rijksmuseum van Natuurlijke Historie, Leiden), Daphne Hills (British Museum of Natural History, London), O. Vaccaro (Museo Argen-



23



tino de Ciencias Naturales, Buenos Aires), Mariano Merino (Museo de La Plata), and Victor Pacheco (Museo Universidad Mayor San Marcos, Lima). We thank to Adrian Tejedor, Sergio Solari, Alfred Gardner, and William Lamar for improving the manuscript, and for the preliminary discussion. Eckhard Heyman translated the abstract into German. This work was supported by a Kalbﬂeisch Postdoctoral Research Fellowship from the American Museum of Natural History, and a Beca de Perfeccionamiento del Consejo de Investigaciones de la Universidad Nacional de Tucuma´n (CIUNT), Argentina to DAF. MMD thanks to Joseph Vinetz, the principal investigator of the grants (Grant no. 1R01TW005860; United States Public Health Service National Institute of Allergy and Infectious Diseases, USA) that supported the ﬁeldwork in Peru; also the ﬁeld workers, and the Instituto Nacional de Recursos Naturales (INRENA), Ministerio de Agricultura of Peru for permits to capture and collect specimens. RMB acknowledge to Consejo Nacional de Investigaciones Cientı´ ﬁcas y Te´cnicas (CONICET), and Universidad Nacional de Tucuma´n, Argentina.



Zusammenfassung Eine neue Art der Gattung Philander Brisson, 1762 (Didelphimorphia, Didelphidae) Eine neue Art der Gattung Philander wird von zwei verschiedenen Lokalita¨ten, eine in Bolivien, die andere in Peru, beschrieben. Die neue Art a¨hnelt a¨ußerlich sympatrischen Populationen von P. opossum, zeigt aber auch eine Reihe von Unterschieden wie z.B. in der Fellfa¨rbung der Ventralseite, der Morphologie der Nase, der Form des Jochbogens und des rostralen Tympanalfortsatzes des Petrosum. Außerdem gibt es morphometrische Unterschiede zu anderen Taxa der Gattung. Die wenigen bisher bekannten Lokalita¨ten weisen auf eine weite geograﬁsche Verbreitung der neuen Art im Amazonastieﬂand hin. Die Beschreibung einer neuen Art der Gattung Philander spiegelt die Komplexita¨t dieser Gattung wider, und die Tatsache, dass der Holotyp einem bereits vorliegenden Museumsexemplar entspricht, belegt einmal mehr die Notwendigkeit der Bearbeitung taxonomischer Sammlungen. In der vorliegenden Arbeit werden die a¨ußere, dentale und craniale Morphologie beschrieben sowie morphometrische Daten mit denen anderer Arten der Gattung verglichen.
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